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4. Rationale:

Identifying modifiable risk factors for Alzheimer’s disease and related dementias
(ADRD) is a top priority for dementia-related research as the failure rate for clinical trials
remains staggeringly high.! However, only one-third of Alzheimer’s disease cases worldwide



can be explained by commonly recognized modifiable risk factors2, highlighting the need to
investigate novel exposures as potential causative agents. The detrimental effects of short- and
long-term exposure to air pollution on mortality and health status have been well-established**2,
More recently, the literature linking long-term, ambient air pollution to Alzheimer’s disease and
related dementias has grown dramatically, with evidence that suggests associations between
criteria air pollutants and cognitive level'*?!, cognitive decline?>?3, incident dementia®*2®, and
MRI-based measures of brain morphology?’-*° and cerebrovascular disease®.

Despite this growing body of evidence, the primary mechanisms by which air pollution
impacts cognition and brain health remain unclear. One commonly cited theory linking air
pollution to aging-related disease is that the accumulation of reactive oxygen species (ROS),
which can be produced by components of particulate matter (PM), oxides of nitrogen (NOx), and
ozone (O3), overwhelm the body’s antioxidant defense system and inflict damage on cellular
structures.®! Over time, sustained oxidative stress contributes to aging and disease®?, especially
neurodegenerative disease.®® Importantly, the beta-amyloid plaque accumulation that is
characteristic in Alzheimer’s disease patients has been proposed as a possible response to
sustained oxidative stress.>*

Despite this plausible mechanism, there is little epidemiologic literature regarding the
association between air pollution and brain amyloid accumulation in adults. Additionally, though
most studies of air pollution and brain health have focused on associations with particulate
matter, other criteria air pollutants, such as nitrogen dioxide (NOz2), have oxidative potential®,
and thus are equally important to consider as possible neurotoxins.

Therefore, we propose to study the association between cumulative mid- to late-life
exposure to criteria air pollutants (specifically PM1o, PM2s, O3, and NOx) and late-life amyloid
accumulation in the ARIC-Amyloid PET cohort.

5. Main Hypothesis/Study Questions:

1. Isexposure to PM1o, PM2s, 0zone, and NOx associated with elevated late-life amyloid
burden?
a. We hypothesize that long-term cumulative exposure to ambient PM1o, PM2s,
ozone, and NOx is associated with elevated late-life amyloid burden.
2. Are there factors that modify the association between cumulative exposure to ambient air
pollution and late-life amyloid burden?
a. We hypothesize that the association between long-term exposure to PM1o, PM2s5,
ozone, and NOx and late-life amyloid burden will be stronger in those with at
least one APOE e4 allele compared to those with no APOE e4 alleles.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design:

Cross-temporal evaluation of the association between past air pollution exposure and amyloid-
beta positivity on PET neuroimaging at Visit 5.



Inclusion/Exclusion Criteria:

We will exclude participants without amyloid-PET data at visit 5. The ARIC-PET imaging study
had specific exclusion criteria: contraindication to MRI, heavy alcohol use, renal failure, or a
clinical diagnosis of dementia (one participant who was retroactively diagnosed with dementia
underwent a PET scan, and will be excluded from all analyses). Only participants from the
Jackson, MS; Forsyth County, NC; and Washington County, MD field centers were enrolled.

We will also exclude participants whose addresses could not be geocoded, because we use
participant geocoded addresses to assign air pollution exposures. We will also exclude
participants who are otherwise missing air pollution exposure data.

Finally, we will exclude participants missing important covariate data (such as education and
APOE ¢4 genotype). If this results in substantial missingness, we will consider multiple
imputation to overcome this issue.

Outcome of Interest

Our outcome of interest is a florbetapir PET scan-derived global cortical measure of amyloid,
calculated as a weighted average of standardized update value ratios (SUVRS) in various regions
of the brain, as described elsewhere, with cerebellar gray matter as the reference.® Elevated
amyloid uptake will be defined as global SUVR>1.2 and treated as a dichotomous variable. PET
scans were conducted on a subset of ARIC participants at visit 5 (2011-2013).

Independent Variables of Interest

We will consider long-term exposure to PM1o, PM2s, 0zone, and NOx as our potential
predictors of interest. Our primary air pollution modeling approach uses two air pollution
emissions inventories and two chemical transport models to estimate PM1o, PM25, 0zone, and
NOx exposures at ARIC residential locations. Estimates are then weighted based on measured air
pollution levels at EPA monitoring stations to create ensemble predictions, and observation-data
fusing is used to correct biases in estimation. We will quantify prediction errors using a leave-
one-out cross-validation approach and will only use estimates passing QA/QC standards. Air
pollution estimates will be linked with ARIC addresses geocoded by Dr. Whitsel’s team to
produce residential address-level estimates of exposure. Note that we have generated new
geocode data at the time of each participant AFU call or Visit for the period of Visit 4 through
Visit 7.

Because amyloid accumulation appears to begin 10 to 20 years before the onset of clinical
symptoms, long-term exposures in midlife are most likely to be etiologically relevant for
amyloid accumulation in late life.%® Therefore, we will average estimated air pollutant exposure
at participants’ geocoded residential addresses from 2000 to 2010.

In sensitivity analyses, we will compare associations of amyloid burden with our air
pollution estimates to those with alternate estimates of air pollution exposures at ARIC



participant residential locations. Two of these alternate approaches were produced in the context
of ARIC Ancillary Study #2009.08 at geocoded addresses of participants using (1) national-
scale, lognormal ordinary kriging and national-scale, lognormal measurement error kriging and
(2) land use regression / spatial smoothing. We are also linking additional estimates produced
using (3) observation-fused aerosol optical depth and chemical transport model modelling
approach®, and (4) spatiotemporal modeling apporach. Note that not all models generate
estimates for all pollutants.

Covariates of Interest

We will consider the following covariates in our analyses:

e Demographics: sex, race, ARIC center, and visit 5 age

e SES: education, pre-retirement occupation, and pre-retirement health insurance status

e Health status at Visit 4: self-rated health, alcohol intake, smoking status, physical
activity, BMI

e Cumulative census tract measures of SES during exposure period: area deprivation index
(ADI) based on census data. We may also consider specific census-related SES measures
if they provide information different from the ADI, including median household income;
median value of owner-occupied homes; percent of households receiving interest,
dividends, or net rental income; proportion of adults with high school and college
degrees; proportion of individuals in professional, managerial, and executive
occupations; proportion of families below the poverty line; unemployment; and
population density.

e Effect modifiers: age, APOE e4, cognitive status

Statistical Analyses

We will use logistic regression to estimate the association between cumulative PM1o, PM2s,
ozone, and NOx exposure and late-life elevated brain amyloid burden, defined as a global SUVR
> 1.2. Exposures will be modeled per 5 ug/m? increase® for PM1o and PM25 and per 1 ppb
increase for ozone and NOx. All analyses will be adjusted for sex, race, ARIC center, visit 5 age,
and education. We will further adjust for pre-retirement occupation, pre-retirement health
insurance status, cumulative census tract-level ADI, and Visit 4 measures of self-rated health,
alcohol intake, smoking status, physical activity, BMI, , and APOE e4 status. We will assess
potential effect modification by APOE e4 genotype and visit 5 cognitive status by including
multiplicative interaction terms in our models.

Sensitivity analyses will consider whether effect estimates are sensitive to the choice of
modeling approach. We will also conduct analyses stratified by study site to consider the
possibility of intractable confounding by site. Finally, we will consider an alternate
parameterizations of amyloid status, as a continuous variable
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