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4. Rationale:  
 
Heart failure (HF) is common, increasing in prevalence, leads to significant resource utilization, 
and disproportionately affects the elderly and African Americans.1 The size of the elderly 
population is growing, and the large majority of elderly persons have HF risk factors.2 HF with 
preserved left ventricular ejection fraction (LVEF; HFpEF), which comprises half of HF cases,3, 4 
accounts for up to 80% of prevalent HF in the elderly.5 This heterogeneous syndrome is 
associated with similar impairment in quality of life and rates of hospitalization as HF with 
reduced LVEF (HFrEF), greater mortality than similarly aged persons without HF, but no 
efficacious disease specific therapy.6-9 
 
Although a number of HF biomarkers have been identified to provide information on diagnosis 
and prognostication,10 little is known regarding the biologic pathways underlying HF in the 
elderly, precluding advances in preventive and therapeutic sciences targeting HFpEF. Prevention 
of HF is essential given the high prevalence of at risk elderly persons that is growing in size, the 
heightened morbidity, mortality, and resource utilization once overt HF develops, and the lack of 
efficacious therapies for the majority of HF in the elderly.   
 
Untargeted proteomics has effectively identified novel pathways relevant to myocardial 
infarction,11, 12 and holds promise to similarly identify novel molecular pathways relevant to 
HFpEF. A recent study has identified an eigenprotein that is positively associated with prevalent 
and incident HF in Caucasian population.13 To date, no large studies have employed targeted 
proteomics to identify molecular pathways predictive of HF and its phenotypes in a biracial 
population. We propose to evaluate the association between the proteome and HF risk in ARIC 
African and European Americans to identify novel modifiable biomarkers to improve the 
understanding of HF pathophysiology and risk prediction. 
 
5. Main Hypothesis/Study Questions: 
1. Identify individual circulating proteins and protein networks that associate with prevalent HF 
and HF stages; 
 
2. Identify individual circulating proteins and protein networks that predict incident HF and HF 
phenotype (HFpEF vs HFrEF). 
 
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:  
For the current analysis, we will focus on ARIC visit 5, consisting of ~5,000 ARIC participants 
with plasma proteomes and incident HF information followed up to 2017.  
 
We would like to extend our analysis to visits 2 and 3 when proteomics data at those visits are 
available to examine the protein changes in relation to HF and the difference of HF protein 
signatures at mid and old ages. This will likely involve new proposals if separate papers are 
planned. 



 
Exclusion criteria:  
Participants will be excluded if they are missing proteome data, HF information or key 
covariates. Participants with prevalent HF at visit 5 will also be excluded from the incident HF 
analysis. 
 
Variables:  
Outcome variables:  
 
1) Prevalent HF and HF stages at visit 5: 
Prevalent HF at Visit 5 will be defined based on adjudicated HF hospitalizations (A through C) 
since 2005, hospitalizations with HF ICD codes prior to 2005, and HF self-report as codified in 
the existing ARIC Variable ‘v5_prevhf52’.  
 
HF stages are defined using ACC/AHA guideline based on the presence of clinical HF risk 
factors, cardiac structural and functional abnormalities based on the Visit 5 echocardiogram, and 
the presence of prevalent HF at Visit 5.2 
 
Prevalent HF cases with quantifiable LVEF by echocardiography will be categorized as HFpEF 
(LVEF ≥ 50%) or HFrEF (LVEF < 50%) based on the Visit 5 echocardiogram. 
 
2) Incident HF followed by 2017: 
Incident HF will be defined based on ARIC committee adjudicated HF events post-Visit 5. 
Incident HFpEF and HFrEF will be defined using LVEF data abstracted from adjudicated 
hospitalizations.  
 
Exposure variables:  
Proteins measured by SOMAscan assay (Somalogic Inc., Boulder, CO). We will investigate the 
appropriate transformation of the relative florescence units (RFU) of protein levels, such as log 2 
and inverse normal transformation. Post-analysis filtering may be applied based on protein 
calibration factor. 
 
Covariates:  
Age, gender, study center, race, body mass index (BMI), smoking, alcohol, systolic blood 
pressure (SBP), blood pressure lowering medication, estimated glomerular filtration rate (eGFR), 
prevalent coronary heart disease (CHD), prevalent stroke, prevalent atrial fibrillation, prevalent 
diabetes, and prevalent chronic kidney disease.  
 
Statistical data analysis:  
 
We will run logistic and Cox proportional hazards regressions for prevalent and incident HF 
respectively using several models to account for potential confounding factors. Model 1 will be 
adjusted for age, sex, and race-center. Model 2 will additionally adjust for BMI, SBP and blood 
pressure lowering medication. Model 3 will further adjust for smoking, alcohol, eGFR, prevalent 
diabetes and CHD. Model 4 will additionally adjust for prevalent stroke and atrial fibrillation. 
Model 5 will additionally adjust for NT-pro-BNP and hs-TnT and hs-TnI to detect which protein 



signals add information beyond these important targeted assays.   The Benjamini–Hochberg 
procedure (BH step-up procedure) will be used to control false discovery rate (FDR) at level of 
0.05 to correct for multiple testing.  For incident HFpEF, participants developing HFrEF or HF 
with unknown LVEF will be censored at the time of the event. For incident HFrEF participants 
developing HFpEF or HF with unknown LVEF will be censored at the time of the event. We will 
compare these proteins to identified biomarkers (i.e. C-reactive protein, Troponin T and N-
terminal pro-B-type natriuretic peptide) that predict heart failure in the ARIC.14, 15 We will also 
explore 1) regularized regression methods (i.e. elastic net with Cox regression16) incorporating 
10-fold cross validation for parameter tuning and using the one-standard error rule to select a 
most parsimonious set of protein predictors; 2) statistical measure of discrimination (i.e. area 
under the receiver operating characteristic curve (AUC)) using 10-fold cross validation to report 
an average cross-validated C-statistics; 17, 18 and 3) Weighted Gene Co-expression Network 
Analysis19 to identify protein modules that relate to HF phenotypes. We will seek external 
studies (i.e. HUNT3 and/or MESA) for validation to minimize potential false positive findings 
originated from the large number of models tested. 
 
We already know, NT-pro-BNP and troponin elevations are strong risk factors for HF. 
Therefore, we will also explore the proteins correlated with these targeted assays to try to 
understand coordinated pathways, which are altered when these known protein risk factors are 
altered.  Exploratory analysis will also consider discriminant analysis to try to understand the 
extent to which clusters of proteins can distinguish endophenotypes within HF, such as HFpEF 
vs. HFrEF but other subgroups with different protein profiles and outcomes may exist as well. 
 
Interpretation of the statistical associations is enhanced by additional information on the biology 
of the disease and candidate proteins. We will explore protein databases related to their 
pathophysiology and coordinated regulation and relationship of blood to tissue expression to 
enhance the interpretation of statistical signals.  Finally, we will consider the use of Mendelian 
Randomization to test if candidate protein associations are likely to be causal. 
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