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4. Rationale:

The aim of this study is to investigate vascular risk factors that may be associated with risk of
Parkinson’s disease (PD) in the community-based ARIC cohort. Vascular risk factors such as
hypertension, diabetes, and obesity, especially from midlife, have previously been associated
with cognitive impairment and incident dementia.>:’ In PD, some studies have suggested that the
presence of vascular risk factors is associated with worse motor? and cognitive performance.®®
However, these studies often don’t have access to these risk factors at midlife and often miss the
relevance of multiple of these comorbidities.

Although studies suggest a stronger association between VRFs and cognition in PD, there are a
few studies that have addressed whether vascular risk contributes to the motor phenotypes and
clinical diagnosis of PD.? Since PD and other neurodegenerative disorders like dementia are not
isolated pathogenically, it’s possible that vascular risk factors may contribute to risk of PD
beyond just its cognitive facets.

In addition to evaluating which risk factors may yield a higher risk of Parkinson’s disease, this
study also seeks to evaluate whether vascular risk may be more prevalent in Parkinson’s patients
with dementia when compared to those with PD but without dementia. There is extensive
literature showing that vascular risk pathogenically contributes to dementia® and cognition?37.
With this in mind, we hypothesize that in this cohort, vascular risk factors will be associated not
only with presence of PD (vs no PD) but also with PD-dementia (vs PD without dementia). We
will also evaluate, in the entire cohort, the role of midlife vascular risk factors in PD-dementia
compared to dementia (without PD), PD (without dementia), and in individuals with neither PD
nor dementia.

5. Main Hypothesis/Study Questions:

1. Midlife vascular risk factors will be associated with a higher risk of Parkinson’s
Disease.

2. Midlife vascular risk will be elevated in individuals with PD-dementia, although we
anticipate that associations will be similar to those between midlife vascular risk
factors and dementia (but not PD), but both will be increased relative to associations
between midlife vascular risk and PD (without dementia), and all will be elevated
relative to no-PD/ no-dementia.

3. Within the population of ARIC participants with adjudicated PD diagnoses, those
with dementia will be more likely to have a higher amount of vascular risk factors
than those without dementia.

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).

Design: Prospective cohort

Participant inclusion: All ARIC participants will be eligible for inclusion. Any participants with
a diagnosis of prevalent dementia or PD at visit 1 will be excluded.
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Outcome: Our primary outcome for Hypothesis 1 will be adjudicated diagnosis of Parkinson’s
disease, with estimated dates of onset as derived in prior ancillary work. For Hypotheses 2 and 3,
we will define Parkinson’s Disease with Dementia as those individuals with both an adjudicated
PD diagnosis (N=226) and a dementia diagnosis; we will not consider date of onset of this
combined diagnosis because we anticipate that some individuals will get one diagnosis (such as
PD) before the other (dementia), and others will be diagnosed in the opposite order, making it
challenging to determine date of onset of the combined diagnosis.

Also for Hypothesis 2, we will use dementia / no-PD as level 3 dementia from prior ARIC work,
and no-PD/ no-dementia as having no diagnosis of either condition at any point over follow-up.

Exposures of interest: The primary independent variables will be vascular risk factors collected
primarily at baseline — smoking, diabetes, hypertension, hypercholesterolemia, and BMI. In
addition to these, physical activity and presence of APOE e4 genotype will also be considered
independent variables.

Data analysis: Cox proportional hazards models will be used if there are enough participants
with information for date of diagnosis of PD; if there are not enough cases with an estimated date
of diagnosis, we will focus on logistic regression as our primary analysis for Hypothesis #1.

For hypothesis #2, the primary analysis will include a multinomial logistic regression, with no-
PD/no-dementia as our reference group, and PD (no dementia), PD+dementia, and dementia (no
PD) as separate outcomes.

Covariates: Presence of each vascular risk factor, number of VRFs, and ARIC stroke risk score
will be used as independent variables in separate analyses for hypothesis 1. Hypotheses 2 and 3
will primarily use the summative tally of vascular risk factors as an independent variable.
Individual vascular risk factors will be investigated as an independent variable for hypotheses
2/3 when the sample size is sufficient for such an analysis. We will use 3 sequentially nested
models for adjustment in each analysis. Model 1 will include demographic factors- age, sex,
race-center, and level of educational attainment. Model 2 — in addition to model 1, vascular risk
factors (smoking, diabetes, hypertension, hypercholesterolemia, BMI, and presence of APOE e4
genotype) not including the independent variable where appropriate (not applicable for the model
evaluating number of VRF’s). Model 3 — in addition to model 2, preexisting conditions- coronary
heart disease, prevalent stroke before visit 1, and incident stroke preceding PD/Dementia
diagnosis.

For hypothesis #3, the analysis will be conducted among individuals with a diagnosis of PD, and
Cox proportional hazards models will be used to evaluate time-to-dementia onset, with the same
nested models as described above. If date of onset is not available, we will do logistic regression
analyses to test these associations (dementia yes/ no among those with PD).

In addition to these models, a sensitivity analyses will be conducted to evaluate these
relationships stratified by sex and race to determine if results differ in these subgroups. A
separate sensitivity analysis will evaluate the impact of the competing risk of stroke and
nondementia death using a competing risks proportional hazards model.
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