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3. Timeline: 

The data collection of metabolomics and incident heart failure are already accomplished and 

there is no other data collection work needed. When the proposal is approved, data analysis 

process will start. The manuscript will be prepared when data analysis is done (~ 3-6 months).  

 

4. Rationale:  



 

Heart failure (HF) is a major public health problem with an estimated prevalence of 6 million 

affected individuals in the United States, and this number is increasing with an aging population. 

With the advent of high-throughput metabolomics, scores of circulating metabolic signatures 

have been identified to assist clinical management of HF. 1-11 In contrast, little progress has been 

made to study the metabolic changes that presage the development of HF. We previously 

reported two metabolites that were related to HF risk in the African Americans among the 

Atherosclerosis Risk in Communities (ARIC) study.12 However, the generalizability of identified 

HF-related metabolites remains unknown. In addition, the etiology of HF is complex, with the 

distinction between ischemic and non-ischemic etiologies particularly important. The 

metabolomic predictors of HF with vs. without antecedent myocardial infarction (MI) have not 

been previously studied. With the recent availability of additional metabolomics data in ARIC 

and prolonged follow-up (i.e. additional eight years follow-up compared to our early work), we 

propose to evaluate the association between serum metabolites and HF risk in 2472 AAs and 

1551 EAs enrolled in ARIC to explore the consistent and divergent metabolic predictors of HF 

across two race groups, and evaluate the prognostic relevance of the identified metabolites on HF 

with and without a preceding MI. 

 

 

5. Main Hypothesis/Study Questions: 

The overall objective of this proposal is to determine whether metabolomic profiling is 

associated with HF risk, and whether the identified HF metabolites differentially relate to 

incident HF with versus without preceding myocardial infarction. 

 

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:  

This is a prospective study design using metabolomics information from ARIC visit 1 and 

incident HF information followed by 2016.   

 

Exclusion criteria:  

The individuals will be excluded from this study, whose metabolites data and HF follow-up 

information are missing, as well as other covariates. Participants with HF history at Visit 1 will 

also be excluded from the analysis. 

 

 

Variables:  

Outcome variables:  

 

1) Incident HF followed by 2016 (primary);  

 

Incident HF is defined as the first occurrence of a hospitalization with a HF diagnosis 

according to the International Classification of Diseases- 9th Revision (ICD-9) code 428 



(428.0 to 428.9) in any position, or a death certificate with an ICD-9 code of 428 or with 

an ICD-10 code of I50 among any of the listed diagnoses or underlying causes of death. 

 

2) Incident HF without preceding myocardial infarction, exclude prevalent MI cases at 

baseline and censor participants with an incident MI during follow-up at the time of MI 

(secondary) 

 

MI is defined based on a history of MI at Visit 1 or an incident hospitalized acute 

myocardial infarction post-Visit 1. 

 

Incident HF without preceding MI is defined as an incident HF event post-Visit 1 

occurring in the absence of a history of prior MI at Visit 1 or an incident post-Visit 1 MI 

event occurring prior to the incident HF event.  

 

3) Incident HF with prior myocardial infarction (secondary). 

 

Incident HF with prior MI is defined as an incident HF event post-Visit 1 occurring in a 

participant with a history of prior MI at Visit 1 or with an incident MI event occurring 

post-Visit 1 but before the incident HF event. 

 

Exposure variables: 245 named metabolites detected in both batches;  

Metabolites will be excluded if satisfying the following:  

1) The proportion of missing value of the samples is higher than 25% in either batch; 

2) The Pearson correlation coefficient between Batch 1 (2010) and Batch 2(2014) 

measurements on the same stored sample is less than 0.3. 

 

Covariates:  

Age, gender, study center, race, BMI, smoking, alcohol, SBP, blood pressure lowering 

medication, estimated glomerular filtration rate (eGFR), prevalent CHD, prevalent stroke, 

prevalent atrial fibrillation, prevalent diabetes and batch effect.  

 

Statistical data analysis:  

 

Statistical analysis will be conducted within AAs and EAs respectively followed by fix-effect 

inverse variance meta-analysis. Metabolites will be winsorized at 0.5% and standardized (mean = 

0. SD = 1) prior to the analyses. We will run Cox proportional hazards regression in each race 

group for several models to account for potential confounding factors. Model 1 will be adjusted 

for age, sex, and batch-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. 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. We will evaluate the identified 

metabolites for their association with HF with and without precedent myocardial infarction. We 

will also examine the potential effect modification by sex using stratified analysis and interaction 

term. 
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