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4. Rationale:  
N-terminal pro-brain-type natriuretic peptide (NT-proBNP) is a stable amino acid 
fragment co-secreted with BNP from the ventricular cardiac myocytes in response to left 
ventricular strain or ischemia.1,2 NT-proBNP is routinely used in clinical settings as a risk 
stratification marker in the management of congestive heart failure (HF).1,2 Community- 
based studies have also demonstrated that NT-proBNP is associated with an increased 
risk of mortality and incident cardiovascular disease (CVD) in community-based 
populations.3–6  
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A number of studies have shown that NT-proBNP improves risk discrimination in 
the general population. However, until recently, clinical guidelines had not incorporated 
biomarkers such as NT-proBNP in CVD risk assessment, especially for HF risk. 7 
Furthermore, NT-proBNP is not used to guide care among individuals not hospitalized 
for heart failure.7,8 Until recently, the American College of Cardiology (ACC)/American 
Heart Association (AHA) classification of HF risk stages did not include cardiac 
biomarkers (such as NT-proBNP or troponin). Individuals with a history of 
atherosclerotic cardiovascular disease (coronary heart disease or stroke) but without any 
evidence of structural heart disease or symptoms are classified as having stage A HF. The 
stage B HF definition has been that of asymptomatic structural heart disease based 
echocardiographic data, and not including biomarkers data.7 More recently in 2021, a 
new definition of HF stages has been proposed by some professional societies (the Heart 
Failure Society of America, the Heart Failure Association of the European Society of 
Cardiology, and the Japanese Heart Failure Society), , and included the evidence of 
elevated biomarkers (NT-proBNP [≥125 pg/mL] or cardiac troponin) as an alternative 
approach to define stage B HF.8  
No current guidelines for HF risk assessment or management address the possibility of 
having levels of NT-proBNP among asymptomatic individuals without a history of HF 
(or CVD).7,8 We hypothesize that there is an important fraction of individuals in the 
community without history or symptoms of HF or evidence of structural heart disease 
who have an increased risk of mortality and adverse cardiovascular outcomes and that 
these individuals can be efficiently identified on the basis of NT-proBNP. Establishing 
that certain levels of NT-proBNP are ‘risk equivalent’ for CVD could identify a very 
high-risk group of otherwise asymptomatic individuals. This group could potentially 
benefit from appropriate preventative therapy (such as statins, angiotensin receptor 
blockers or angiotensin converting enzyme inhibitors, which can slow cardiac 
remodeling.9). 

We will use data from the community-based Atherosclerosis Risk in Communities 
Study (ARIC) study to compare the risks of mortality and cardiovascular outcomes (CVD 
or cardiovascular mortality) in individuals without a prior history of clinical CVD 
(including HF) but with elevated NT-proBNP to those with a prior history of CVD. We 
hypothesize that these two groups will have equivalent risks of death and adverse 
cardiovascular outcomes, suggesting that NTproBNP can serve as a ‘risk equivalent’ in 
some individuals.  
 
5. Main Hypothesis/Study Questions: 
Aims:  
To evaluate the risks mortality and cardiovascular outcomes (mortality and events 
including coronary artery disease [CHD], stroke and HF) among individuals without 
CVD (including CHD, stroke, or HF) but with elevated NT-proBNP vs. those with a prior 
history of CVD.  
  



Hypothesis:  
We hypothesize that individuals without CVD (including HF) but with elevated NT-
proBNP will have a risk of adverse outcomes equivalent to that of individuals with a 
history of CVD (including CHD, stroke, or HF).  

 
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 perform a prospective cohort analysis of the joint associations of CVD status 
(yes vs. no) and NT-proBNP (at Visit 4 – baseline) with incident mortality and 
cardiovascular outcomes (mortality and cardiovascular events), occurring after Visit 4.  
 
Exposures:  
The exposures will include NT-proBNP (measured in stored blood samples collected at 
Visit 4) and the CVD status at Visit 4. 
Prevalent CVD at Visit 4, which will be defined as a history of CHD, stroke, or HF.  
We will use two approach to define NT-proBNP categories as follows: 

- First approach:  low: <100 pg/mL, moderate: 100 to less than 300 pg/mL, and 
elevated: ≥300 pg/mL. This categorization will only be applied to individuals 
without any history CVD at Visit 4.  

- Second approach: low: <125 pg/mL, moderate: 125 to less than 450 pg/mL, and 
elevated: ≥450 pg/mL. This categorization will also apply to individuals without 
any history of CVD at Visit 4.  

 
Outcomes:  
The outcomes will include the following incident events after Visit 4: overall mortality, 
cardiovascular-related mortality, atherosclerotic cardiovascular disease (ASCVD –
including CHD and/or stroke), and HF. Incident HF will be defined as HF hospitalization 
or death after Visit 4.  
 
Exclusions:  
We will exclude individuals of non-Black or non-White race/ethnicity due to small 
numbers, and those missing data on the exposure variables, covariates, and outcome 
variables. For the exploration of the ASCVD outcomes (CHD and/or stroke), we will 
exclude individuals with prevalent CHD or stroke at Visit 4. For the analysis of the HF 
outcome, we will exclude individuals with prevalent HF at Visit 4.  
 
Covariates:  
Age, sex, race-center, smoking status, alcohol use, systolic blood pressure, anti-
hypertensive medications use, LDL-cholesterol, HDL-cholesterol, cholesterol lowering 
medications, body mass index, diabetes status, and estimated glomerular filtration rate 
(eGFR) 
  



Main Analyses:  
We will compare the participants’ characteristics by categories of prevalent CVD status 
and NTpro-BNP at Visit 4, with those without prevalent CVD further stratified by NT-
proBNP: low (<100 pg/mL), moderate (100 to less than 300 pg/mL) and elevated (≥300 
pg/mL). We will also examine baseline characteristics using the alternative NT-proBNP 
categorization (low: <125 pg/mL, moderate: 125 to less than 450 pg/mL, and elevated: 
≥450 pg/mL) among those without prevalent CVD.  

We will examine the association of risk categories defined using NT-proBNP and 
prevalent CVD status (low NT-proBNP & no CVD [reference], moderate NT-proBNP & 
no CVD, elevated NT-proBNP & no CVD, and prevalent CVD), and incident outcomes 
(all-cause deaths, cardiovascular mortality, ASCVD, CHD, stroke, and HF), using Cox 
regression to model the time to event data. We will also analyze NT-proBNP as a 
continuous variable and evaluate at which level of NT-proBNP the absolute risk 
(incidence rate) and hazard ratio for adverse outcomes are similar to persons with a 
history of CVD. 

For cardiovascular mortality and incident CVD outcomes, mortality due to other 
causes will be modeled as a competing risk using the Fine and Gray approach.10 For the 
incident ASCVD outcome, incident heart failure will not be considered a competing risk, 
or vice versa.  

The models will be adjusted for age, male sex, race-center (Model 1), with 
additional adjustment for current smoking, alcohol use, systolic blood pressure, 
hypertension medication use, total cholesterol, HDL-cholesterol, cholesterol-lowering 
medication use, diabetes, and eGFR (Model 2).  

We will conduct separate analyses using each of the two categorizations of NT-
proBNP among individuals without any history of CVD at Visit 4. 

In additional prospective analyses, we use the prevalent CVD instead as the 
reference group for comparisons.  
 
Limitations: 

1. Residual confounding due to the observational nature of the study. 
2. We will not evaluate the changes in NT-proBNP over time in relation to incident 

outcomes.  
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