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4. Rationale;



With the advent of highly sensitive assays, circulating troponin T is detectable in a
sizeable proportion of asymptomatic community dwelling individuals, with the
prevalence and magnitude of detectable troponin significantly higher with older age,
black race, and cardiovascular comorbidities such as hypertension, diabetes, and renal
insufficiency.>? Among elderly cohorts in particular, troponin T is detectable in
approximately 66% of individuals using these novel assays.”* Interestingly, the
association between this biomarker and clinical events may be stronger with incident
heart failure as opposed to incident ischemic events.** Detectable troponin levels with
these highly sensitive assays demonstrate a significant and graded association with
cardiovascular mortality and incident heart failure, even after adjustment for relevant
clinical characteristics and comorbidities."**

The mechanisms mediating this association are unclear. Troponin elevation is
significantly associated with increased left ventricular mass and wall thickness and
reduced LVEF by MRI? and with the presence of electrocardiographic left ventricular
hypertrophy.' Together, these findings suggest alterations in cardiac structure and
function associated with cardiovascular comorbidities may partially mediate or occur in
tandem with biomarker elevation. Diastolic dysfunction shares many risk factors with
LV concentric remodeling, can occur in the absence of overt ventricular remodeling,” and
is associated with mortality and incident heart failure in the elderly.®”® While strong
associations with LV structure and gross systolic function (measured by LVEF) have
been described, the relationship between troponin levels detected with high sensitivity
assays and measures of diastolic dysfunction has not been well described. Among 1005
community dwelling individuals greater than 70 years old, troponin I levels measured
with a standard assay were detectable with 22% of participants and significantly
correlated with LV mass and LVEF but not diastolic function.® However, this analysis
was significantly limited by both the relatively small proportion of participants with
detectable troponin and the relatively crude assessment of diastolic function, based solely
on mitral inflow Doppler parameters.

5. Main Hypothesis/Study Questions:

We hypothesize that, among asymptomatic ARIC participants with LVEF>50%,
echocardiographic parameters of diastolic dysfunction will be associated with higher
levels of troponin T using the high sensitivity assay, independent of LV mass index and
LV wall thickness.

Specifically, we aim to determine the association of parameters of diastolic dysfunction
(tissue Doppler imaging [TDI] E” — a measure of early diastolic relaxation; E wave/E’
ratio — a measure of instantaneous LV filling pressure; and left atrial volume index
[LAVi] — a marker of chronic elevations in LV filling pressure) with presence and
magnitude of hsTnT overall and stratified by LV geometry, by LVEF, and by prevalent
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:
This will be a cross-sectional analysis of the first 3,000 ARIC Visit 5 echocardiograms
analyzed.

Inclusion/exclusion criteria:

Participants in atrial fibrillation or with missing data for key echocardiographic criteria (E
wave, A wave, E wave deceleration time, TDI E’, and LA Vi) or biomarkers (hsTnT or
NT-proBNP) will be excluded from this analysis.

Key variables of interest:

1. Echocardiographic variables (visit 5 echo) of LV diastolic function (E wave, A
wave, E wave deceleration time, TDI E’, and LA Vi), LV structure (wall
thickness, relative wall thickness, systolic and diastolic diameters and volumes),
LV systolic function (LVEF, TDI S’, LV end-systolic elastance), and pulmonary
artery systolic pressure

2. Laboratory values (visit 5): high sensitivity troponin T, NT-proBNP, serum
albumin and creatinine, urine albumin and creatinine, hemoglobin and hematocrit,
glucose, hemoglobin A1C, total cholesterol, triglycerides, HDL, LDL

3. Clinical covariates (visit 5): age, gender, race/ethnicity, height, weight, blood
pressure, heart rate, history of hypertension, diabetes, dyslipidemia, coronary
artery disease, prior Ml or revascularization procedure, prior stroke or TIA,
peripheral arterial disease, heart failure, prior hospitalization for heart failure

Data analysis:

Troponin T will be modeled as both an ordered categorical and a continuous
variable. For the categorical analysis, the study population will be divided into groups
based on visit 5 hsTnT levels: participants with undetectable level will be placed in one
group and the other 4 groups will be generated by splitting the observed hsTnT levels
into approximate fourths. Clinical covariates, laboratory variables, echocardiographic
parameters of structure and function, and echocardiographic parameters of diastolic
function (E’, E wave/E’, LAVi, E/A ratio, E wave deceleration time) will be described by
hsTnT category. For the continuous analysis, hsTnT levels will be log transformed, with
undetectable values assigned a value just below the lower detection limit of the assay
(0.0029 pg/L). Correlation of hsTnT level with echocardiographic parameters of LV
structure, systolic function, and diastolic function will be assessed by univariable linear
regression and by multivariable linear regression after adjusting for age, gender, race,
blood pressure at time of echo, history of hypertension, diabetes, coronary artery disease,
eGFR, and NT-proBNP. A second multivariable model will then be generated which
further adjusts for LV mass index, LV relative wall thickness, and LVEF. Additional
models with interaction terms for gender and race will be generated to assess for effect
modification of the relationship between diastolic parameters and hsTnT levels by race or
gender. Finally, participants will be divided into categories of diastolic dysfunction
(normal, mild, moderate, severe) based on a modification of the Redfield criteria which



incorporates component diastolic dysfunction parameters. Prevalence and magnitude of
hsTnT levels in each category will be determined and the association of hsTnT level with
diastolic function grade assessed in univariable and multivariable analysis including the
same variables as noted above. Similar analyses will be performed with NT-proBNP as
the primary outcome (dependent) variable of interest.

Anticipated methodologic limitations:

A major limitation for this analysis is the echocardiographic determination of
diastolic dysfunction. Numerous parameters reflecting cardiac structure, transmitral
diastolic Doppler flow pattern, and mitral annular diastolic tissue velocities have been
associated with diastolic performance in small physiologic studies and these component
measures have been combined in numerous schemas for grading diastolic dysfunction,
with two schemas most commonly employed currently.7"*° We have focused our primary
analysis on assessing the relationship of hsTnT with three well-established diastolic
parameters, each reflecting a different manifestation of diastolic dysfunction, and each
know to vary monotonically with diastolic dysfunction. In a secondary analysis, to assess
the association of hsTnT with diastolic function grade, we combine these component
measures using a hybrid of the two most widely applied grading schemas which allows
for minimization of “unclassifiable’ individuals.

An additional limitation of this analysis is its cross-sectional nature. We anticipate
performing a follow-up analysis to assess the relationship between diastolic function,
hsTnT, and incident HF (both HF with preserved LVEF and HF with reduced LVEF)
once adequate clinical follow-up post-Visit 5 is available.
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