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B-type natriuretic peptides are peptide hormones that are synthesized in and released from the 
ventricular myocytes in response to cardiac overload and ischemia 1,2. Across a wide range of 
patient populations, circulating levels of the N-terminal fragment of its pro-hormone (NT-
proBNP) have been shown to predict cardiovascular risk independently of traditional risk factors, 
and to add incremental value to multivariate prediction models 3,4,5,6,7. In clinical trials 
populations selected for prior cardiovascular events and for chronic cardiovascular or renal 
disease, plasma levels of NT-proBNP have even been shown to predict cardiovascular events and 
death equally well as multivariate prediction models 8,9.  
 
However, the discriminatory ability of NT-proBNP as a univariate predictor of mortality has not 
been compared with multivariate prediction models in population-based cohorts of elderly 
patients with and without prevalent cardiovascular disease and diabetes. Therefore, we propose to 
evaluate whether NT-proBNP, as a univariate predictor, has a discriminatory ability for all-cause 
mortality which is similar in magnitude as that of an established risk model (The Pooled Cohort 
Equation Model, previously used as the comparator model when evaluating other novel 
biomarkers in the ARIC cohort 10). We furthermore propose to explore whether the predictive and 
discriminatory abilities of NT-proBNP varies by diabetes status, by cardiovascular disease 
history, and by length of follow-up. These analyses may help us understand better how NT-
proBNP performs as a predictor of mortality in an unselected cohort of elderly persons.  
 
5. Specific Study Questions: 
 

- Is the discriminatory ability of NT-proBNP, as a univariate predictor, of a similar 
magnitude as the discriminatory abilities of multivariate risk models, for the prediction of 
all-cause mortality? 
 

- Is the discriminatory ability of NT-proBNP, as a univariate predictor, similar in patients 
with and without diabetes, and in patients with and without prior cardiovascular events, 
for the prediction of all-cause mortality? 
 

- Does the discriminatory ability of NT-proBNP, as a univariate predictor, change with the 
length of follow-up, for the prediction of all-cause mortality? 

 
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: prospective observational cohort study  
 
Inclusion criteria: ARIC participants with visit 5 data for NT-proBNP  
 
 
 
 
 
Exclusion criteria:  

- Missing data for variables in the risk prediction models  
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- Missing follow-up data for mortality 
- Missing data for prior CVD status 
- Race other than Black or White 
-Black participants at Minneapolis and Washington  

 
 

Outcomes: all-cause mortality  
 
Model 1 = The Pooled Cohort Equation Model: age, sex, Black race, total cholesterol, HDL 
cholesterol, systolic blood pressure, use of antihypertensive medication, smoking status, and 
diabetes status  
 
Model 2: same variables as in model 1, with addition of eGFR, hs-CRP and hs-TnT  
 
Summary of data analysis: Baseline characteristics and mortality rates will be presented overall, 
by quartiles of NT-proBNP, by diabetes status, and by cardiovascular disease history. Prior 
cardiovascular disease history will be defined as MI/stroke/heart failure history at visit 1 and/or 
incident MI/stroke/heart failure between visit 1 and visit 5. Undetectable but non-missing values 
for NT-proBNP and hs-TNT will be assigned the values of 2.5 and of 0.003, respectively. Values 
of NT-proBNP will be log-transformed. Cox proportional hazards models and Harrel´s C-
statistics with 95% confidence intervals will be used to assess the prognostic and discriminatory 
abilities separately for Model 1, for Model 2, for NT-proBNP as a univariate predictor, and for 
Model 2 with the addition of NT-proBNP.  
 
Differences in C-statistics will be tested for statistical significance  

- between NT-proBNP and Model 1 
- between NT-proBNP and Model 2  
- between NT-proBNP and the full model 

 
The primary research question will be explored also in the following pre-specified sub-groups:  

- with/without diabetes  
- with/without cardiovascular disease history 

 
The primary research question will also be explored in a sensitivity analysis:  

- follow-up period restricted to two years 
- follow-up period restricted to four years   

 
Anticipated methodologic limitations or challenges:  
 
This analysis will assess the prognostic information of NT-proBNP measured on one single 
occasion (visit 5) and will not take into account possible changes in NT-proBNP during follow-
up. 
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