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“Dementia”: a syndrome …
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cognitive  func tions  that:

 mark a dec line  from a previous level of functioning
 impair one's ability to pe rform  eve ryday ac tivit ie s



Alzheimer’s disease neuropathology is common, 
but rarely occurs alone

Kapasi, DeCarli, & Schneider. Acta Neuropathol. 2017
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Outcomes typically evaluated in research on 
the relation of air pollution to dementia
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Sta te  of the
epidem iologic scien ce
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

Lo n g -t e rm  e xp o su re  t o  P M2.5 is  “like ly t o  b e  
c a u sa l” in  re la t io n  t o  “n e rvo u s  sys t e m  e ffe c t s .” 

US EP A In t e g ra t e d  Sc ie n c e  As s e s s m e n t  fo r  P M (20 19 )

35 s t u d ie s  m e t  
q u a lit y re vie w .

P M2.5  fa s t e r 
co g n it ive  d e c lin e

Ot h e r e vid e n ce  
m ixe d  o r sp a rse .

Sys t e m a t ic  re v ie w : W e u ve  e t  a l. EHP  (20 21)

16  s t u d ie s  (11 
d e e m e d  h ig h  

risk  o f b ia s )
P M2.5  ↑d e m e n t ia  risk

Le ss  p ro n o u n c e d  w  a d m in  re c o rd s .

O t h e r e vid e n ce  
m ixe d  o r 
sp a rse .

Sys t e m a t ic  re v ie w : W ilk e r  e t  a l. BMJ  (20 23)



Recent developments in ou tcom es :

Does exposure to a ir  pollu t ion  
promote the n eur opa thology tha t  
un der lies  dem en tia ?

Jennifer Weuve, ScD  jweuve@bu.edu



Emphasis has been on the pathology of AD 
(beta amyloid          + pathologic tau          )

Clearance of β-
amyloid from brain

Tau build-up 
in brain

Chinese Longitudinal Healthy 
Longevity Survey (N=1131)
(Ma, 2022)

PM2.5

NO2

Ozone

Wisconsin ADRC and Wisconsin 
Registry for Alzheimer’s Prevention 
(N=795)
(Kimura, 2026)
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But no assns of PM2.5 or 
ozone with PET measures of 

β amyloid or tau



Autopsy studies of PM2.5 and neuropathology of AD
STUDY N EXPOSURE 

PERIOD 
BEFORE DEATH

Estimated odds ratios (95% CI) per 1 µg/m3 PM2.5

Neuropath AD Beta amyloid Pathologic tau

ACT
(Shaffer, 2021)

832 10 y ABC Score
OR: 0.79
(0.49-1.19)

CERAD
*OR: 1.35
(0.90-1.90) 

BRAAK stage 
*OR: 0.99
(0.64-1.47)

Penn
(Kim, 2025)

602 1 y ADNC score
*OR: 1.19
(1.11-1.28)

CERAD
*OR: 1.20
(1.11-1.30)

BRAAK stage
*OR: 1.20
(1.11-1.29)

Emory
(Chistensen, 
2024)

224 1 y ABC score
*OR: 1.45
(0.92-2.28)

CERAD
*OR: 1.92
(1.12–3.30)

BRAAK stage
*OR:1.15
(0.77-1.69)

* From ordinal logistic regression analyses.
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Challenges in drawing inferences from autopsy studies 
of PM2.5 and neuropathology of AD

• Selection bias
• who agrees to autopsy and who dies and at what age

• related to dementia risk
• air pollution exposure, too? 

• Clinical vs community samples



Challenges in drawing inferences from autopsy studies 
of PM2.5 and neuropathology of AD

• Exposure assessment: is end of life the appropriate period?

• Outcome assessment: AD is not the only neuropathologic 
change that fuels dementia



Vascular, vascular, vascular

Alzhe imer-only dementias are ra re
 Many (most?) people with dementia have ce rebrovas cula r pa thology
 Cerebrovascular pathology seems to potentia te  AD pathology in 

manife s ting symptoms  
 Cognitive benefits of the US POINTER tria l likely driven by vas cula r 

bene fits  (Schott JM. JAMA. 2025 PMID: 40720604).

Air pollution has  e s tablis hed ca rdiovas cula r e ffec ts

 But diagnosing “vascular dementia” is fraught with difficulty



Autopsy studies of air pollution and cerebrovascular 
pathology

AERONOSE

909 decedents from 4 
community-based cohorts 
of the Rush Alzheimer’s 
Disease Center

PM2.5, NO2, 
NOx, O3 

5 years before 
death

3 AD neuropathology 
measures

6 cerebrovascular 
pathology measures

3 measures of other 
dementia 
neuropathologies

Jenson TE et al. medRxiv 2026.02.03.26345515; doi: https://doi.org/10.64898/2026.02.03.26345515. R01AG067497

https://doi.org/10.64898/2026.02.03.26345515


Autopsy studies of air pollution and cerebrovascular 
pathology: AERONOSE

AERONOSE: Estimated cerebrovascular pathology prevalence 
ratios, using MESA Air’s Chicago prediction models

Jenson TE et al. medRxiv 2026.02.03.26345515; doi: https://doi.org/10.64898/2026.02.03.26345515. R01AG067497
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Cerebral 
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https://doi.org/10.64898/2026.02.03.26345515


Autopsy studies of air pollution and cerebrovascular 
pathology: AERONOSE

AERONOSE: Estimated cerebrovascular pathology prevalence 
ratios, using MESA Air’s Chicago prediction models

Jenson TE et al. medRxiv 2026.02.03.26345515; doi: https://doi.org/10.64898/2026.02.03.26345515. R01AG067497

Cerebral
Arteriolosclerosis

Cerebral
Atherosclerosis

Cerebral 
Amyloid 
Angiography

https://doi.org/10.64898/2026.02.03.26345515


Autopsy studies of air pollution and cerebrovascular 
pathology: Adult Changes in Thought

Blanco MN et al. See her poster here at the conference!

Prevalence ratio (95% CI) per SD 
increment in 10-year air pollutant 

concentration
NOx
(SD: 6 ppb)

PM2.5
(SD: 0.3 µg/m3)

Cerebral 
Arteriolosclerosis

0.95
(0.84-1.08)

1.07
(0.99-1.15)

Cerebral 
Atherosclerosis

0.95
(0.87-1.04)

1.05
(0.99-1.12)

Cerebral amyloid 
angiography

0.90
(0.69-1.17)

0.84
(0.74-0.97)



Recent developments on
exposu r e

Jennifer Weuve, ScD  jweuve@bu.edu



Emerging research on 
UFPs and air pollutant 
mixtures: Adult 
Changes in Thought

Blanco MN et al. See her poster here at the conference!

Mixture

UFP



Sources of PM2.5 in relation to dementia risk: 
Health and Retirement Study (U.S.)
In a study by Zhang et al (2023):
 10-year mean exposures to total PM2.5 and PM2.5 from 9 

sources estimated for 27,857 participants …

Zh a n g  e t  a l. JAMA In t  Me d  20 23



Hazard ratios (95% CIs) of incident dementia per interquartile increment in 10-year mean 
concentration of source-specific fine particulate matter (PM2.5)
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Other evidence on wildfire air pollution

 Study of 1.28M members of Kaiser Permanente Southern California (Elser, 
2025).
 Per 1-μg/m3 increment in 3-year mean of:
 wildfire PM2.5 exposure, dementia OR=1.12 (95% CI, 0.98-1.28)
 nonwildfire PM2.5 exposure, dementia OR=1.007 (95% CI, 1.002-1.011)

 Study of 5,699 participants of LASI-DAD in India (Zhang, 2025).
 Exposure to wildfire PM2.5 was:
 Not associated with cognitive performance
 Associated with slower rate of cognitive decline
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