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proposal.

4. Rationale:

N-terminal B-type natriuretic peptide (NT-proBNP) is a well-established biomarker in the
diagnosis and prognosis of patients with heart failure (HF). In the general population,
increasing levels of circulating NT-proBNP is associated with increasing risk for future
HF events and cardiovascular disease (CVD) mortality (1). Data on the association
between change in NT-proBNP over time with HF events is more limited. Analysis from
the Cardiovascular Health Study (CHS) by deFilippi et al demonstrated among older
adults (mean age 72.7 years) with elevated NT-proBNP at baseline that increase in NT-
proBNP at follow-up had increased risk for HF and CVD death while those with
decrease in NT-proBNP at follow-up had lower risk for adverse events when compared
to individuals with stable values (2). However, how the association between change in
NT-proBNP with incident HF may differ by age, race, sex and comorbidities including
diabetes, hypertension and obesity is not well understood. Moreover, how changes in
modifiable risk factors such as blood pressure, blood glucose or body mass index (BMI)
over time associate with changes in NT-proBNP over time is unclear.

Better understanding of how change in biomarkers over time relate to dynamic change
cardiovascular risk has important clinical implications. Prior analysis from drug trials
have shown association between therapy and reduction of circulating NT-proBNP (3).
Thus, NT-proBNP change may prove useful as a surrogate for therapeutic efficacy in
CVD risk modification. Our goal in the present analysis is to leverage the data from the
Atherosclerosis Risk in Communities (ARIC) study to 1) evaluate the association
between NT-proBNP change with HF events and CVD death and explore potential
differences by age, race, sex and commodities, 2) assess how change in modifiable risk
factors including blood pressure, blood glucose, BMI, lipids and smoking status over
time relate to changes in NT-proBNP.

5. Study Aims:

1. Assess the association between change in NT-proBNP over time and future risk
for incident HF events and CVD death at middle age (change between visits 2-4)
as well as at older age (change between visits 5-6). Assess for potential
differences in association of NT-proBNP change with incident HF and CVD death
by race, sex, hypertension status, diabetes status, obesity, smoking status and
prevalent coronary heart disease status.

2. Assess association between change in modifiable risk factors over time — systolic
blood pressure (SBP), diastolic blood pressure (DBP), blood glucose, BMI, lipids
and smoking status with changes in NT-proBNP.



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 methodological limitations or
challenges if present).

Aim 1:

Study Design:

For analysis of NT-proBNP change in middle age, participants who attended both ARIC
visit 2 and visit 4 (~6 years apart) will be included. Participants with prevalent HF by
visit 4 and those without NT-proBNP measurements at visit 2 or ARIC visit 4 will be
excluded.

For analysis of NT-proBNP change in older adults, participants who attend both ARIC
visit 5 and visit 6 (~5 years apart) will be included. Participants with prevalent HF by visit
6 and those without NT-proBNP measurements at visit 5 or ARIC visit 6 will be
excluded.

Exposure Variables:

Change in NT-proBNP will be modeled as both continuous variables and categorical
variables.

Continuous variable — absolute change and percent change.
Categorical variables as:
Visit 2 (5) <125pg/mL/ Visit 4 (6) <125pg/mL (-/-);
Visit 2 (5) <125pg/mL/ Visit 4 (6) 2125pg/mL (-/+);
Visit 2 (5) 2125pg/mL/ Visit 4 (6) <125pg/mL (-/+);
Visit 2 (5) 2125pg/mL/ Visit 4 (6) 2125pg/mL (+/+);
As well as:
>25% increase from visit 2 (5) to visit 4 (6);
>25% decrease from visit 2 (5) to visit 4 (6);
<25% increase or decrease between visits
Outcome Variables:

Incident HF hospitalization and CVD death and all-cause death.

Statistical Analysis:



1. Construct Cox proportional hazard models to estimate association between NT-
proBNP change with risk for incident HF hospitalization and CVD death.
Adjustment models (using visit 2 or visit 5 covariables depending on the index
visit) as follows.

Model 1: age, sex, race.
Model 2: model 1 plus systolic blood pressure, diastolic blood pressure,
hypertensive medication use, diabetes, Alc, LDL-C, triglyceride, eGFR,
BMI, CHD and smoking.

2. Perform stratified analysis by race, sex, hypertension status, diabetes status,
obesity status, eGFR (>60 mL/min/1.73m? vs <60 mL/min/1.73m?), smoking
status, CHD status.

Aim 2:

Study Design:

For analysis of NT-proBNP change in middle age, participants who attended both ARIC
visit 2 and visit 4 will be included. Participants with prevalent HF by visit 4 and those
without NT-proBNP measurements at visit 2 or ARIC visit 4 will be excluded.

For analysis of NT-proBNP change in older adults, participants who attend both ARIC
visit 5 and visit 6 will be included. Participants with prevalent HF by visit 6 and those
without NT-proBNP measurements at visit 5 or ARIC visit 6 will be excluded.

Exposure Variables:

Change in modifiable risk factors between visit 2 (5) to visit 4 (6) modeled as absolute
and percent change for SBP, DBP, fasting glucose, BMI, LDL-C and change categories
for current smoking status (i.e. visit 2 nonsmoker/visit 4 nonsmoker; visit 2 smoker/visit
4 nonsmoker; visit 2 nonsmoker/visit 4 smoker; visit 2 smoker/visit 4 smoker).

Outcome Variables:

Change in NT-proBNP between visit 2 (5) and visit 4 (6) modeled as categorical
variables:

>25% increase from visit 2 (5) to visit 4 (6);

>25% decrease from visit 2 (5) to visit 4 (6);

<25% increase or decrease between visits (stable)

Statistical Analysis:

Perform multinomial logistic regression analysis assessing association between change
in modifiable risk factors with NT-proBNP change categories. We will first assess
association between each risk factor and NT-proBNP individually and then perform
multivariable analysis.



Limitations:

Though we will adjust for multiple co-variables, we cannot completely exclude
residual confounding in this observational study.
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