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4. Rationale:  

Blood urea nitrogen (BUN) is a common laboratory test in clinical practice. It mainly 
reflects kidney function but also represents other clinical conditions such as gastrointestinal 
bleeding1and hyperthyroidism.2  Previous studies have shown that BUN levels were often 
elevated in patients with heart failure (HF)3, and higher levels of BUN were predictive of poor 



J:\ARIC\Operations\Committees\Publications 
 

prognosis in this clinical population.4-11 For example, a large US study with more than 50,000 
patients with HF identified BUN as one of the most potent prognostic predictors in this clinical 
population.11 However, little is known about whether BUN is associated with incident HF in the 
community.8 One study from China investigating 5,000 adults observed that BUN levels were 
not associated with incident HF once accounting for potential confounders. However, this study 
has a few important caveats: including only adults aged 60 years or older, relatively short follow-
up time of four years, and enrolling only Asians. 
 To overcome these caveats, we will examine the association of BUN with the subsequent 
risk of HF using data from the Atherosclerosis Risk in Communities (ARIC) Study. If BUN is 
robustly associated with HF risk in our study, our results would have clinical implications since 
BUN is widely measured in clinical settings but not specifically used to classify HF risk. Also, 
the value of HF risk prediction is greater than ever given the availability of new medications 
reducing the risk of HF (e.g., SGLT2 inhibitors13) and the growing interest in a risk-centered 
approach for guiding HF prevention. 14,15,16 
 
5. Main Hypothesis/Study Questions:  
Hypothesis 1: BUN is associated with incident HF, independently of potential confounders such 
as kidney function. 
 
Hypothesis 2: BUN improves the risk prediction of HF beyond conventional predictors of 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: A prospective cohort study. 
 
Inclusion: All Black and White ARIC participants with data of BUN but without a history of HF 
at visit 1. 
 
Exclusion criteria: 
-Self-reported race and ethnicities other than Black or White 
-Participants with prevalent HF at baseline are defined by the Gothenburg criteria that require the 
presence of specific cardiac and pulmonary symptoms as well as medical treatment of HF at 
previous visit17-19 
-Participants without data on BUN or relevant covariates 
 
Exposure:  

At ARIC visit 1, BUN levels were measured using the DART blood urea nitrogen reagent with a 
method based on the modification of the Talke and Schubert method.21  

 
Outcomes:  
Primary outcome: Incident HF 
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The first HF hospitalization. Classification of Diseases Code, Ninth Revision (ICD-9) or death 
from HF  (coded 428 for ICD-9 and I50 for ICD-10).18 
 
Secondary outcomes: Although our primary interest is HF, we will also explore myocardial 
infarction, stroke, atrial fibrillation, and peripheral artery diseases, as secondary outcomes.  
 
Other variables of interest and covariates: 
Sociodemographic: age, race, gender, education attainement, annual housholde income 
Physical information: blood pressure, body mass index, estimated glomerular filtration rate. 
Lifestyle: smoking status and alcohol habit 
Comorbidities: hypertension, dyslipidemia, diabetes, history of coronary heart disease, anemia. 
 
Statistical Analysis Plan:  

We will first compare baseline characteristics according to the quartiles of BUN. Then, 
using the Kaplan-Meier method, we will estimate the cumulative incidence of HF across these 
BUN groups. Their difference will be tested using a log-rank test. Subsequently, using Cox 
proportional hazards models, we will quantify the independent associations of BUN with 
incident HF. We will run the following models to evaluate the impact of potential confounders. 

Model 1 will adjust for demographic variables age, race/ethnicity, gender, and ARIC center. 
Model 2 will further adjust for sociodemographic variables: education and income  
Model 3 will additionally account for lifestyle factors: smoking status and alcohol habit.  
Model 4 will further adjust for clinical conditions such as blood pressure, antihypertensive 

medication use, body mass index, kidney function (eGFR by using CKD-EPI equation23), total 
cholesterol, high-density lipoprotein cholesterol, diabetes, and history of coronary heart disease, 
anemia.  

We will conduct a few sensitivity analyses. First, we will conduct subgroup analysis by age, 
sex, race, BMI, and other covariates to see whether there are different hazard ratios in each 
group. We will test potential effect modification with the likelihood ratio test. Second, we will 
see whether the results are similar when we use adjudicated HF cases after 2005. Finally, we will 
also run Fine-Gray models with death as a competing endpoint.  

If there is a significant association between BUN value and incident HF in the analysis 
noted above, we will assess whether the addition of BUN improves the prediction of incident 
HF. We will include the following predictors as the base model: BUN, age, blood pressure, body 
mass index, hypertension,diabetes, and anemia.  We will evaluate Harrell’s c-statistics and 
calibration.22 

We will repeat the analysis for the secondary outcomes listed above. 
 

Limitations:  
HF cases prior to 2005 not adjudicated 
Only data from Blacks and Whites 
BUN was measured only at visit 1 
Although adjusting for other covariates, there may still have residual confounding. 

 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
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