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3. Timeline: 6-9 months from data acquisition

4. Rationale:

It has been recently demonstrated that Ap amyloid deposits, which are critical in the
pathogenesis in Alzheimer’s dementia (AD), not only in the brain, but also in the myocardium.*
Most amyloid in the heart has been generally thought to be related to TTR and light chain
deposition. Thus, our burgeoning understanding of the neuro-cardiac axis is expanding. In this



seminal study, AD was linked to greater left ventricular wall thickness as well as worsening
diastolic function compared to a matched cohort. However, such an association is possibly
confounded by greater comorbidity burden in those with AD (as vascular risk factors are
associated with AD as well), rather than representing amyloid infiltration and subject diastolic
dysfunction.?

One important genetic determinant of AD is variation in ApoE. In particular, the ApoE4
isoform has been linked to increased risk and earlier disease onset of AD.® The ApoE gene exists
on chromosome 19 and has 3 codominant alleles (E2, E3, and E4). Frequency of ApoE4 varies
by race — it is roughly 15% in Caucasians individuals and 25% in African Americans.* Further,
there is a dose response relationship between ApoE and risk for AD, and heterozygotes have a 2-
3x increased risk of AD, where the risk is significantly higher among homozygotes (up to 30x).>
However, the risk has significant effect modification by gender and race, with the effect greater
in women and Caucasians.®

Thus, whether genetic risk for AD is associated with left ventricular remodeling, diastolic
dysfunction, and heart failure is unknown. Such a mendelian randomization allows greater ability
to parse out the effects of an Ag cardiac deposition and subsequent echocardiographic infiltration
and HF risk. Since ApoE is also a lipoprotein involved in cholesterol homeostasis and has been
implicated in atherosclerotic cardiovascular disease (but does not appear related to
hypertension),? our analysis of the risk of ApoE and heart failure will address the modestly
increased risk of coronary heart disease.’

5.  Main Hypothesis/Study Questions:
The two main study questions are:
1.) Is genetic variation in the gene encoding ApoE associated with adverse cardiac structure
and function as assessed by echocardiography?
2.) Are individuals with certain polymorphisms in ApoE (E4) at increased risk of incident
heart failure?

We hypothesized that genetic variation in ApoE is associated with alterations incardiac structure,
function, and risk of incident heart failure.

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 and inclusion/exclusion criteria: We will prospectively study ARIC participants
starting with Visit 1 data and with available genetic data to determine risk of incident heart failure.
Since echocardiographic data was collected from Visit 5 (2011-2013) and thus includes only
surviving and participating ARIC study patients, a separate cross-sectional analysis will be
performed for those individuals to relate genetic variation in apoE to cardiac structure/function.

Cross-sectional outcome: Echocardiographic correlates of ApoE4 variants, in particular left
ventricular wall thickness, diastolic function, left atrial size, and pulmonary artery systolic
pressure.



Longitudinal outcome: Time to incident heart failure hospitalization or death, as well as time to
incident heart failure hospitalization and time to death.

Variables of interest: Baseline demographic, comorbidities, medication, and laboratory values
(including troponin and BNP) will be compared by presence of ApoE4 (no alleles, 1 allele, or 2
alleles). Echocardiographic data at visit 5 will be compared by ApoE4 status.

Genetic Analysis

Genotyping of APOE polymorphisms coding for €4 was detected using the TagMan assay
(Applied Biosystems, Foster City, Calif) and completed in 2004 for the entire cohort.® We will
stratify by self-reported ethnicity and perform genetic association analyses within each ethnicity
for each of our phenotypes of interest. For our longitudinal analyses, we will adjust for age, sex,
systolic blood pressure, and LDL and HDL cholesterol, and history of coronary heart disease.

Limitations: The major limitations of the study are dropout before the echocardiographic study at
Visit 5 (which will bias potentially toward less severe manifestations of the genetic risk) as well
as influence of atherosclerotic risk on HF risk. For the latter, our analysis will therefore adjust for
standard cholesterol values (LDL, HDL) as well as history of coronary heart disease.
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The most related proposal is the following below, for which Scott Solomon (senior author of this
proposal) is also a co-author on this manuscript. While this substudy assessed echocardiographic
correlates of cerebral amyloid on PET imaging, our analysis focuses on genetic risk using ApoE
polymorphism in the entire ARIC cohort for the longitudinal analysis.
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