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4. Rationale:

Vascular pathology is a likely contributor to dementia.l? Protein C is an anticoagulant in the
hemostasis mechanism, which protects the vasculature by maintaining the flow of blood and



stopping bleeding.>* Lower circulating protein C levels have been associated with incident
stroke, which is an established risk factor for dementia.>’ Lower protein C levels could
contribute to subclinical vascular damage leading to dementia without having stroke events
preceding dementia. Whether lower circulating protein C levels are associated with incident
dementia independent of dementia risk factors has not been assessed.

A major function of protein C is to prevent the excessive formation of blood clots.® In reaction to
vascular injury, protein C is activated by the thrombomodulin-thrombin complex to become
activated protein C (APC), which can deactivate two coagulants: active form of factor V (FVa)
and active form of factor VIII (FVIl11a). Most protein C in circulation is inactive and serves as a
reservoir.

Our knowledge on hemostasis regulation in the brain is much more limited compared with our
knowledge of hemostasis in other organs.® Circulating blood biomarkers, including C-reactive
protein, von Willebrand factor (VWF), activated factor V11l (FVIlla), fibrinogen, IL-10, IL-
1beta, IL-4 and IL-2, have been associated with dementia, cognitive decline, or brain imaging
measures of neurodegeneration in prospective studies and generated insight on the development
of dementia.>** In the peripheral vasculature, the impact of hemostatic factors varies by vascular
bed.? For example, protein C deficiency tends to affect venous thrombosis rather than arterial
thrombosis.** Little is known on the effects of hemostatic factors by vascular bed in the brain. In
addition, the venous contribution to subclinical features of dementia pathologies, such as white
matter hyperintensities and microinfarcts is still unclear.*>!® Studying the association between
circulating protein C and incident dementia may provide insight on potential contribution of
anticoagulant on dementia pathologies.

In the ARIC study, circulating protein C levels have been measured at visit 1 (1987-89) as part of
the Hemostasis Study’2° and are also available as part of the SomaScan assay at visits 3 and 5.
The SomaScan assay also has measures of the active form of protein C (APC). Incident dementia
events have been ascertained in all participants after visit 1. An association study on circulating
protein C levels and incident dementia may provide novel insight on hemostasis and dementia
pathologies.

5. Main Hypothesis/Study Questions:

Given that measures of protein C at visit 1 were from a validated assay with absolute
quantification, we will focus our main hypothesis on using visit 1 as the baseline. The analysis
on using the measures of protein C from the SomaScan assay at visits 3 and 5 will serve to
investigate whether the association of protein C with incident dementia may be consistent across
assay platforms, baseline age, and follow-up time.

Main hypothesis:

H1. Lower protein C levels at visit 1 (1987-89) will be associated with higher risk of dementia
independent of risk factors of dementia, including prevalent and incident stroke. The dementia
events will be censored at the end of visit 6 (2016-17) with approximately 29 years of follow-up.




Secondary hypotheses:

H2.1. Lower protein C levels at visit 3 (1993-95, SomaScan assay) will be associated with higher
risk of dementia independent of risk factors of dementia, including prevalent and incident stroke.
The dementia events will be censored at the end of visit 6 (2016-17) with approximately 24 years
of follow-up.

H2.2. Lower protein C levels at visit 5 (2011-13, SomaScan assay) will be associated with higher
risk of dementia independent of risk factors of dementia, including prevalent and incident stroke.
The dementia events will be censored at the end of visit 6 (2016-17) with approximately 6 years
of follow-up

Exploratory hypotheses:

These exploratory hypotheses are not intended for publication. The goal for testing them is to
explore the coherency of the relations of the main and secondary results with related data. The
exploratory results are not expected to be necessary for supporting the main and secondary
results for publication.

Exploratory hypotheses related to APC:

H3.1a. Higher SomaScan APC levels at visit 3 will be associated with higher risk of dementia
ascertained up to visit 6. APC is the active form that confers the anticoagulant effect. However,
the levels of APC may be reactions to injuries and could have risk association with incident
dementia, rather than protective association. In addition, the effect size of APC will likely be
weak because APC has more variability then protein C due to activation.

H3.1b. Higher SomaScan APC levels at visit 5 will be associated with higher risk of dementia
ascertained up to visit 6.

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: longitudinal cohort study

Inclusion criteria: Participants with self-reported race as white (from Washington county, MD;
Forsyth, NC; and Minneapolis suburb, MN) and black (from Jackson, MS and Forsyth, NC) and
with data in the exposure, outcome, and covariates

Exclusion criteria: Due to small numbers, we will exclude participants from Washington county
and Minneapolis suburb who were not self-reported white, participants from Jackson who were
not self-reported black, and participants from Forsyth who were not self-reported white and
black.

Exposure:

Primary exposure: Circulating protein C levels measured at visit 1.

Secondary exposures: Circulating protein C levels from SomaScan assay measured at visits 3
and 5.




Exploratory exposure: Circulating APC from SomaScan assay at visits 3 and 5.

Outcome:

Primary outcome: Incident dementia with baseline at visit 1 (1987-89) up to the end of visit 6
(2016-17) using the level 3 definition published previously.?* This definition incorporated results
from longitudinal cognitive evaluation from visits 2, and 4 (3 cognitive measures),
comprehensive neuropsychological battery at visits 5 and 6 (10 cognitive measures), dementia
classified based on Telephone Interview for Cognitive Status—Modified (TICSm), dementia
based on informant telephone interviews using a modified version of the Clinical Dementia
Rating and the Functional Activities Questionnaire among a subset identified as having suspect
dementia, or dementia cases identified solely by surveillance based on a prior discharge
hospitalization ICD-9 or death certificate code for dementia.?!

Secondary outcomes:
1) Incident dementia with baseline at visit 3 (1993-95) up to visit 6 (2016-17) using the
same definition as the primary outcome.
2) Incident dementia with baseline at visit 5 (2011-13) up to visit 6 (2016-17) using the
same definition as the primary outcome.

Other variables for primary analysis

Visit 1 variables

Demographics and genetics: age, sex, race, center, education levels, APOE genotype

Vascular risk factors: BMI, current smoking, hypertension and diabetes status, total cholesterol,
prevalent coronary heart disease and stroke, incident stroke up to visit 6 based on the ARIC
adjudicated definition and incident stroke follow-up time.?%?2

Hemostasis-related: platelet count, fibrinogen, FVIlic, and VWF. These coagulants are included
because they have been associated with dementia-related outcomes in ARIC.:

Other variables for secondary analysis

The secondary analyses will include the same covariates at visits 3 and 5 corresponding to the
respected baseline as the primary analysis if they are available for the full cohort. SomaScan
proteins are considered available if they are in the assay and have flag2=0 in the SomaScan data
annotation. Platelet count is not available at visit 3 and available at visit 5. VWF is not available
from the SomaScan assay (flag2 = 1). Factor VIl and fibrinogen from SomaScan assay are
available.

Visit 3 variables

Demographics: age, sex, race, center

Vascular risk factors: BMI, current smoking, hypertension and diabetes status, total cholesterol,
prevalent coronary heart disease and stroke, incident stroke up to visit 6 based on the ARIC
adjudicated definition and incident stroke follow-up time.?%?2

Hemostasis-related: Factor VIII and fibrinogen from SomaScan assay




Visit 5 variables

Demographics: age, sex, race, center (use v5center, instead of center)

Vascular risk factors: BMI, current smoking, hypertension and diabetes status, total cholesterol,
prevalent coronary heart disease and stroke, incident stroke up to visit 6 based on the ARIC
adjudicated definition and incident stroke follow-up time.?%?2

Hemostasis-related: platelet count, Factor VIII and fibrinogen from SomaScan assay

Data analysis:

Modeling of protein C levels. First, protein C levels will be analyzed by quintile for inspection of
potential non-linear association. Next, protein C levels will be modeled as a cubic spline to
evaluate the association across the full range of values. Appropriate transformation will be
determined based on the inspection of the distribution. The reference point and knots of the cubic
spline will be informed by the quintile analysis. Analysis using protein C measures from visit 1
will additionally consider reference range used in clinical practice.

Survival analysis methods

The survival analysis methods and models for the primary and secondary analyses will be the
same, except for the hemostasis-related covariates due to availability as stated in the Other
Variable section.

Given the long follow-up time and the age of the cohort, death can preclude the development of
dementia. Therefore, the primary analysis will use deaths unrelated to dementia as competing
risk events. We will use the Fine and Gray method, which is a proportional hazards model that
estimates subhazards for dementia.?® The proportional subhazards assumption will be checked
using Schoenfeld residuals.

Survival analysis models. A series of models will be used to assess the influence of potential
confounders on the strength of association between protein C and incident dementia.

Model 1 will be an unadjusted analysis for estimating the crude association.

Model 2 will include demographic and genetic variables (age, sex, race-center, education levels,
and APOE genotype)

Model 3 will add the vascular risk factors (BMI, current smoking, hypertension and diabetes
status, total cholesterol, prevalent coronary heart disease and stroke)

Model 4 will add incident stroke, which will be modeled as a time varying covariate.

Model 5 will add hemostasis-related variables.

Sensitivity analyses:
1) Repeat the competing risk models excluding participants with incident stroke prior to
incident dementia to evaluate potential residual confounding from incident stroke
2) Repeat the models using Cox regression to evaluate the potential bias due to the
competing risk of death. If the results are similar, for publication, the Cox regression may
be easier to understand. The competing risk results can be included as supplementary
analysis.




Additional Exploratory analyses

The analysis of SomaScan APC at visits 3 and 5 will be the same as the analysis for SomaScan
protein C at the same visit.

Limitations:

1) Other hemostatic factors that are available in ARC, mainly coagulants, are not included
in this proposal. Only Protein C, an anticoagulant, is included. Given that hemostasis is
complex and little is known about hemostasis in the brain, it is helpful to take a detailed
look at protein C, especially the protein C measures in SomaScan at visits 3 and 5 have
acceptable quality (flag2=0).

2) External validation plan has not been established. A potential validation cohort is the
Age, Gene/Environment Susceptibility (AGES) — Reykjavik Study.?® Given that we focus
on one protein and the protein C measures at visit 1 have been published previously,
external validation is not critical for publication.
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