ARIC Manuscript Proposal #3542

PC Reviewed: 1/14/20 Status: Priority: 2
SC Reviewed: Status: Priority:

1.a. Full Title: Association of cardiac troponin T and N-terminal pro-B-type Natriuretic Peptide
with longitudinal changes in left ventricular structure and function: The Atherosclerosis Risk in
Communities Study

b. Abbreviated Title (Length 26 characters): cTnT, NT-proBNP and LV remodeling

2. Writing Group:

Writing group members: Peder Langeland Myhre, Brian Claggett, Christie Ballantyne, Liz
Selvin, Kunihiro Matsushita, Dalane Kitzman, Suma Konety, Thomas Mosley, Amil Shah;
others welcome

I, the first author, confirm that all the coauthors have given their approval for this manuscript

proposal. _ AS___ [please confirm with your initials electronically or in writing]

First authors: Peder Langeland Myhre
Address: 75 Francis Street, Boston, MA 02115

Phone: +47 930.25.644 Fax: 8573071944
E-mail: p.l.myhre@medisin.uio.no

ARIC author to be contacted if there are questions about the manuscript and the first author
does not respond or cannot be located (this must be an ARIC investigator).

Name: Amil Shah, MD, MPH
Address: 75 Francis Street, Boston, MA 02115
Phone: 857.307.1960 Fax: 8573071944

E-mail: ashahll@rics.bwh.harvard.edu

3.  Timeline:
We will begin work on the analysis immediately after obtaining approval and data. We estimate
the time to journal submission will be less than 6 months from data acquisition

4. Rationale:
Cardiac troponin measured by a high-sensitivity assay (hs-cTn) detects low-grade cardiomyocyte
damage, and is prognostic of incident heart failure (HF) and mortality in community-based



studies 3. Moreover, higher hs-cTn concentrations are associated with greater left ventricular
(LV) hypertrophy and diastolic dysfunction in the general population, and the presence of both
elevated hs-cTn and LV hypertrophy or diastolic dysfunction seems to reflect a particularly
malignant phenotype * *°. N-terminal pro-B-type natriuretic peptide (NT-proBNP) is released by
ventricular myocytes in the response to increased ventricular wall stress, and is an established
prognostic biomarker in HF in both acute and stable settings. ® ” Circulating NT-proBNP
concentrations associate with several measures of cardiac structure and function, and most
prominent is the correlation with LV wall stress.® In general population studies, higher
concentrations of NT-proBNP are associated with heightened risk of incident HF and
cardiovascular (CV) death. ® 1 Pooled data from FHS, CHS, PREVEND and MESA suggest that
cardiac troponin and NT-proBNP are predictive of both incident HFpEF and HFrEF, with a
stronger association to HFrEF for both biomarkers.'* While the cross-sectional associations of
hs-cTnT and NT-proBNP with cardiac structure and function has been well described in the
general population, the extent to which circulating NT-proBNP and hs-cTnT concentrations
predict longitudinal changes in cardiac function is not known. In a previous analysis from the
MESA study assessing serial CMR among persons primarily in mid-life, higher hs-cTn
concentrations at baseline (Visit 1) were associated with a higher likelihood of increasing LV
mass and greater extent of late gadolinium enhancement 10 years later (Visit 5).1> However, data
on LV diastolic function, systolic deformation, left atrial size, and pulmonary pressure — all
prognostically important in HFpEF — were not available. Furthermore, little data exist regarding
the correlation of longitudinal changes in cardiac biomarkers with concomitant changes in
cardiac structure and function. Evaluating the association of cardiac biomarkers at Visit 5, and
changes from Visit 5 to 7, with longitudinal changes in echocardiographic measures from Visits
5to 7 in ARIC will help disentangle the temporal relationship between abnormalities of
circulating biomarkers and alterations in cardiac structure and function predisposing the HF
development.

5. Main Hypothesis/Study Questions:

We hypothesize that, among HF-free community-based older adults, higher baseline
concentrations, and greater increases over ~5 years, of hs-cTnT and NT-proBNP are associated
with (a) longitudinal increase in LV mass and worsening of LV systolic and diastolic function
over ~5 years, and (b) heightened risk of both incident HFpEF and HFrEF. We will assess each
biomarker individually and in combination with respect to longitudinal changes in cardiac
structure and function, and to risk of incident HFpEF and HFrEF to address the following aims:

1. Determine the associations of Visit 5 concentrations of hs-cTnT and NT-proBNP with
longitudinal changes in echocardiographic measures of LV structure, systolic function,
and diastolic function between Visits 5 and 7. This analysis will be stratified by HF status
(no HF V5/no HF V7, no HF V5/HF V7, HF V5).

2. Determine the associations of changes in concentration from V5 to V7 of hs-cTnT and
NT-proBNP with longitudinal changes in echocardiographic measures of LV structure,
systolic function, and diastolic function between Visits 5 and 7. This analysis will also be
stratified by HF status (no HF VV5/no HF V7, no HF V5/HF V7, HF V5).

3. Among persons free of HF at Visit 5, determine the association of concentrations of hs-
cTnT and NT-proBNP assessed at ARIC Visit 5 with incident HFpEF and incident



HFrEF post-Visit 5.

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:

We will relate hs-cTnT and/or NT-proBNP concentrations at Visit 5 (primary exposure variables
for analysis #1 and #3) and changes from Visit 5 to 7 (primary exposure variables for analysis #
#2) to (a) changes in echocardiographic measures from Visit 5 to Visit 7 (primary outcome
variables for analysis #1), and (b) incident HFpEF and HFrEF post-Visit 5 (primary outcome
variables for analysis #2). The associations with longitudinal changes in echo measures will be
assessed in the total sample of participants with echocardiographic data at Visits 5 and 7, and
stratified into 4 categories: 1) Established HF at Visit 5; 2) No HF at Visit 5, with incident HFpEF
during follow-up; 3) No HF at Visit 5, with incident HFrEF during follow-up; 4) No HF at Visit 5
and no incident HF during follow-up.

Inclusion/exclusion criteria:
For Analysis #1, completion of echocardiogram at Visit 7 will also be required. We will stratify
the analysis by known HF status at Visit 5.

For Analysis #2: ARIC participants who were HF-free at Visit 5 and have available hs-cTnT and/or
NT-proBNP and echocardiographic data at Visit 5.

Variables of interest:

1. Cardiac biomarkers (Visit 5 and 7): NT-proBNP, hs-cTnT

2. Echocardiographic variables (Visits 5 and 7): (1) LV structure (LV end-diastolic and end-
systolic volumes and dimensions), wall thickness, relative wall thickness, and mass); (2) LV
diastolic function (E wave, A wave, TDI E’, E/e’ ratio, LAVI, and LA diameter); (3) LV systolic
function (LVEF, global longitudinal strain, global circumferential strain); (4) pulmonary
hemodynamics (estimated PASP based on TR jet velocity) and right ventricular function (RV
fractional area change, TDI tricuspid annular s’)

3. Clinical covariates (Visits 5 and 7): age, gender, race/ethnicity, height, weight, blood pressure,
heart rate, history of hypertension, diabetes, dyslipidemia, coronary artery disease, prior Ml or
revascularization procedure, atrial fibrillation, prior stroke or TIA, heart failure, eGFR, serum
creatinine, hemoglobin, hematocrit, hemoglobin A1C, fasting glucose

4. Outcome variable: Adjudicated incident HF post Visit 5. 1 For the HF events with available
information on LVEF or with LVEF measurements in the nearest 6 months, we will categorize as
incident HFpEF or HFrEF. We will also analyze with the combined endpoint incident HF or
death to account for competing risk in sensitivity analyses.

Data analysis
hs-cTnT, NT-proBNP and the ratio between the two will be modeled as both an ordered
categorical (quintiles) and continuous variable. Clinical covariates, laboratory variables and



echocardiographic parameters of structure and function at Visit 5 will be described for each
category. For the continuous analysis, hs-cTnT and NT-proBNP will be log transformed, with
undetectable levels assigned a value half of the limit of detection for the assay. Changes in hs-
cTnT and NT-proBNP will be determined by calculating the ratio of VV7:V5 concentrations. The
biomarker concentrations and the ratio of change will be log transformed to account for the right-
skewed distribution in regression analysis. Cox proportional hazard models adjusting for age,
gender, race, comorbidities and eGFR will be applied to assess the association between hs-cTnT
and NT-proBNP at Visit 5 with time to incident HFrEF and HFpEF post Visit 5. For time to
event analyses with incident HFpEF as an outcome, participants with incident HFrEF will be
censored at the time of HF, and vice versa for incident HFrEF. Associations between the
biomarkers — and their changes — and changes in echocardiographic measurements from Visit 5
to Visit 7 will be assessed by univariable linear regression analysis and multivariable regression
analysis adjusting for age, sex, race, blood pressure, history of hypertension, diabetes, coronary
artery disease and eGFR. Additional models with interaction terms for gender and race will be
generated to assess for effect modification of the relationship by sex and race. To account for the
potential impact of regression to the mean, additional models will also adjust for the baseline
echocardiography and biomarker measurement from Visit 5. Analyses will be performed for the
total population and stratified in 4 categories: 1) Established HF at Visit 5; 2) No HF at Visit 5,
with incident HFpEF during follow-up; 3) No HF at Visit 5, with incident HFrEF during follow-
up; 4) No HF at Visit 5 and no incident HF during follow-up. All analyses will be performed
using STATA version 14 (StataCorp LLC; College Station, TX, USA), and a two-sided p-value
< 0.05 will be considered statistically significant.

Limitations: The major limitations relate to survival bias, as only participants who survived to
Visit 7 will be investigated, and to attendance bias, as only participants alive and attending both
Visits 5 and 7 will be included. We plan to perform supplemental analyses implementing inverse
probability of attrition weights to try to account for the potential impact of attendance bias.
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