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3. Timeline: We aim to complete the manuscript within 3 months from the time of approval.

4. Rationale: Heart failure (HF) represents a major public health challenge in the United
States, with significant morbidity, mortality, and healthcare costs.! In response, the 2022
AHA/ACC/HFSA Guideline for the Management of Heart Failure? emphasized HF prevention as
a priority. A central component of HF prevention is identifying individuals at highest risk who
are most likely to benefit from targeted interventions. To support this effort, a staging framework
for HF has been developed,? ranging from Stage A (at risk for HF) to Stage D (end-stage HF).
Stage B, or preclinical HF, encompasses individuals with structural heart disease but no HF
symptoms, who are at the greatest risk for progressing to clinical HF. This definition of
preclinical HF now includes elevated cardiac biomarkers (such as natriuretic peptides or high-
sensitivity cardiac troponin) in addition to imaging evidence of structural or hemodynamic
cardiac abnormalities.? Screening for cardiac biomarkers and initiating targeted interventions has
been shown to delay the onset of left ventricular dysfunction and symptomatic HF.2 However,
the optimal strategy for identifying individuals with preclinical HF at highest risk remains
unclear.

The 2022 AHA/ACC/HFSA Heart Failure Guideline also recommends the use of
multivariable risk models to more accurately assess the absolute risk of HF in at-risk
populations.? In this context, the AHA introduced the PREVENT (Predicting Risk of
Cardiovascular Events) risk algorithm in November 2023 to enhance the prediction of long-term
cardiovascular and HF risk.* PREVENT integrates traditional cardiovascular risk factors,
measures of metabolic and kidney health,>® and social determinants of health to predict 10- and
30-year risks. This model extends beyond the focus on atherosclerotic cardiovascular disease
(ASCVD) to also predict HF (PREVENT-HF) and total cardiovascular disease (PREVENT-
CVD). Despite its risk-prediction potential, the relationship between PREVENT-HF risk
estimates and preclinical HF remains unclear, as does the impact of preclinical HF measures on
prognosis and risk reclassification within PREVENT-HF categories.

To address these gaps, we aim to use data from the Atherosclerosis Risk in Communities
(ARIC) study to 1) evaluate the association between PREVENT-HF risk estimates and
preclinical HF; 2) to assess the incremental predictive information added by preclinical HF
measures beyond PREVENT-HF; and 3) to investigate how preclinical HF influences HF risk
reclassification within the PREVENT-HF risk categories. We hypothesize that considering
preclinical HF measures in concert with PREVENT-HF risk estimates will improve clinical HF
risk prediction and classification, ultimately informing strategies to prevent the progression of
HF.

5. Main Hypothesis/Study Aims:

1) To assess the prevalence and association of preclinical HF, identified by elevated cardiac
biomarkers and/or abnormal echocardiographic findings, with higher categories of
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estimated HF risk by PREVENT-HF (<7.5%; > 7.5 to < 10%; > 10 to < 15%; > 15t0 <
20%; and > 20%).

2) To assess whether preclinical HF measures add predictive information beyond that
provided by PREVENT-HF risk estimates

3) To evaluate the incidence rates (IR) of clinical HF (Stage C) across different PREVENT-
HF risk categories and determine whether incorporating preclinical HF measures refines
estimation of absolute HF risk |

6. Design and analysis - please address the following aspects:

a) inclusion/exclusion
The baseline (indexed) visit for this study is Visit 5. To focus on the primary prevention
population for which PREVENT-HF was developed, we will exclude participants with known
ASCVD, defined as coronary heart disease or ischemic stroke, or with a history of HF prior to
Visit 5. We will also exclude individuals missing follow-up data after Visit 5, those with missing
echocardiographic or cardiac biomarker data, and participants missing PREVENT-HF score
parameters or other key covariates. Additionally, we will exclude individuals aged 80 or older, or
those ineligible for PREVENT due to risk factor parameters outside of established normal ranges
(e.g., total cholesterol: 130-320 mg/dL, high density lipoprotein cholesterol (HDL-C): 20-100
mg/dL, systolic blood pressure: 90-200 mmHg, body mass index (BMI): 18.5-39.9 kg/m?, and
estimated glomerular filtration rate (eGFR): 15-140 mL/min/1.73m2).

b) study design
This analysis will include both cross-sectional and prospective components. In the cross-
sectional analysis at ARIC Visit 5 (2011-2013), we will examine the association between higher
levels of predicted HF risk using the PREVENT-HF risk categories (<7.5%, >7.5% to <10%,
>10% to <15%, >15% to <20%, and >20%) and the presence of preclinical HF, defined by
elevated cardiac biomarkers and/or echocardiographic abnormalities. In the prospective analysis,
we will assess the impact of adding preclinical HF measures to PREVENT-HF risk estimation on
risk prediction for HF, and assess how preclinical HF measures relate to the absolute risk of
developing HF within PREVENT-HF risk categories assessed at the Visit 5 baseline.

c) outcome and other variables of interest with specific reference to the time of their
collection
Exposure:

In the cross-sectional analyses, the primary exposure will be predicted risk using the
PREVENT-HF score. PREVENT-HF risk will be modeled both continuously and categorically,
using the following risk categories: <7.5%, >7.5% to <10%, >10% to <15%, >15% to <20%, and
>20%. In the prospective analyses, the primary exposures will include the PREVENT-HF risk
score and measures of preclinical HF, defined as abnormal cardiac biomarkers and/or abnormal
cardiac function or structure on echocardiography. Abnormal biomarkers will be defined as N-
terminal pro-B-type natriuretic peptide (NT-proBNP) >125 pg/mL or high-sensitivity troponin T
>22 ng/L in men and >14 ng/L in women. Cardiac biomarkers will also be log transformed and
modeled continuously in assessing their impact on HF risk prediction. Abnormal cardiac
function or structure on echocardiography performed at Visit 5 will be defined according to
clinical guidelines and prior ARIC analyses (used to define the thresholds for “abnormal’ in the
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ARIC population)’. Quantitative measures will be assessed in accordance with American Society
of Echocardiography guidelines.® We will define abnormal cardiac structure and function based
on any of the following criteria: left ventricular ejection fraction (LVEF) <50%, global
longitudinal strain <16%, regional wall motion abnormalities, left ventricular mass index >116
g/m2 in men and >95 g/m2 in women, left ventricular end-diastolic volume index >75 mL/m? in
men and >62 mL/m? in women, left atrial volume index >29 mL/m?, average E/e' >15, tricuspid
regurgitant velocity >280 cm/s, or the presence of a valvular abnormality. Valvular abnormalities
will be defined as: peak aortic valve velocity >300 cm/s, mitral regurgitation jet area >4 cm?,
moderate or greater aortic insufficiency, or moderate or greater mitral stenosis.

Outcomes:

In the cross-sectional analysis, the outcome of interest will be measures of preclinical HF,
specifically cardiac biomarkers and echocardiographic findings. In the prospective analysis, the
primary outcome will be incident HF events, defined as hospitalization for HF or mortality due
to HF, occurring after Visit 5 through 12/30/2021. Potential incident HF events have been
adjudicated by an expert panel (for events occurring after 2005) using a standardized protocol.
These events were categorized as definite acute decompensated HF, probable acute
decompensated HF, chronic HF, non-HF events, or unclassifiable. For the purposes of this
analysis, cases classified as definite or probable acute decompensated HF, or new diagnoses of
chronic HF, will be considered incident HF events.

Covariates: Age, sex, race, education, smoking status, alcohol use, systolic and diastolic blood
pressures, blood pressure medication use,non-HDL-C, low density lipoprotein cholesterol
(LDL-C), triglycerides (TGs), HDL-C, BMI, obesity, diabetes, and eGFR.

d) summary of data analysis

We will categorize participants into PREVENT-HF 10-year risk categories of: <7.5%; > 7.5
to < 10%; > 10 to < 15%; > 15 to < 20%; and > 20%. Then, we will compare participant

characteristics across the risk categories, using the chi-squared test for categorical variables and
analysis of variance (ANOVA) for continuous variables.

To assess the cross-sectional association of PREVENT-HF with measures of subclinical HF,
we will compare the prevalence of elevated cardiac biomarkers alone, abnormal
echocardiographic measures alone, and the combination of abnormal cardiac biomarkers plus
abnormal echocardiographic measures, across PREVENT-HF risk categories using the chi-
squared test. We will perform multivariate logistic regression to assess the odds of preclinical HF
across PREVENT-HF categories, using those with PREVENT-HF <7.5% as the reference. We
will also model PREVENT-HF score continuously in restricted cubic spline models to assess the
continuous association of PREVENT-HF with preclinical HF measures. We will conduct
sensitivity analyses in participants with very high-risk chronic kidney disease (stage G4, or stage
G3 or worse with significant proteinuria [ACR > 300 mg/g]) to evaluate whether advanced
chronic kidney disease modifies the relationship between cardiac biomarkers and clinical heart
failure risk.
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In prospective analyses, we will use adjusted Cox regression models to assess the relative
risk associations of higher PREVENT-HF scores with incident HF. We will also assess average
HF incidence rates (per 1,000 person years) for individuals in each PREVENT-HF risk category.
Within each of the PREVENT-HF risk categories, we will compare HF incidence across 4
groups related to the presence and degree of preclinical HF:

1) normal cardiac biomarkers and echocardiographic measures

2) abnormal cardiac biomarkers but normal echocardiographic measures

3) abnormal echocardiographic measures but normal cardiac biomarkers
4) abnormal cardiac biomarkers and abnormal echocardiographic measures

Lastly, to assess and compare the predictive performance of the PREVENT-HF risk model alone
to prediction metrics after the addition of preclinical HF measures to PREVENT, we will assess
for changes in risk discrimination (as reflected by the C-statistic), risk reclassification (as
reflected by the Net Reclassification Index (NRI)) and risk calibration (ratio between observed
and predicted HF risk). These will be used to evaluate the additive predictive value added by
preclinical HF measures to the PREVENT score. The three prediction models to be compared
are:

1. PREVENT-HF Alone: The PREVENT-HF score

2. PREVENT-HF + Cardiac Biomarkers: this will included the PREVENT-HF score plus
log transformed NT-proBNP and high-sensitivity cardiac troponin.

3. PREVENT-HF + Cardiac Biomarker Testing + Echocardiographic measures: This model
adds dichotomized echocardiographic measures (abnormal versus normal) to PREVENT-
HF and cardiac biomarker levels.

e) Any anticipated methodologic limitations or challenges if present

. !The guideline definition of cardiac structural and functional abnormalities is broad,
encompassing not only additional echocardiography parameters, but also include those
that may be derived from cardiac magnetic resonance or invasive catheterization
assessment, which are not available in our study.

e Incident HF in our study is defined as adjudicated hospitalization for decomensated HF,
thus we are not able to account for milder HF decompensation that may be managed in
the outpatient setting.

e Echocardiography data is only available at ARIC visit 5 and thus, our analysis will
primarily focus on older adults. The prevalence of preclinical HF will likely be lower in a
younger population. |

f) Will the author need Limited data to complete the proposed manuscript? [ Yes,
Limited data is needed (Provide a brief (2-3 sentences) justification for requesting
PHI data)’ . \ No, De-identified data will be sufficient.
*Please note, Limited dataset access is strict and rarely provided. Limited data includes
identifiable information such as dates (birthdays, visit dates, etc.). CMS, Genomic, Geocoded,

JAARIC\Operations\Committees\Publications September 2023 Version
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