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4. Rationale:  

All-cause mortality is a traditional measure of disease burden in public health, and 

currently, cardiovascular disease (CVD) is the leading cause of death for all ages in the 

United States (1). Thus, early and accurate identification of people with high risk of 



death, particularly death of CVD, could assist targeting of preventive therapies in order to 

improve the overall health. Previous studies have shown that circulating biomarkers have 

the potential to predict all-cause mortality and cardiovascular mortality (2-5), but there 

lacks of a systematic way to fully explore the effect of all circulating molecules. 

Metabolomics, which characterizes small-molecular metabolites produced by a variety of 

biochemical and cellular processes, is a step closer to this ideal and is one path toward 

new biomarker discovery. In one recent study 4 out of 116 metabolites were associated 

with all-cause mortality as well as cardiovascular mortality using targeted metabolomic 

technology among Estonia and Finland populations (6). 

Untargeted metabolomic technology can capture all possible small molecules in a 

biosample, and thus it provides the opportunity to more fully assess relationships between 

metabolites and mortality. African-American adults have a higher rate of cardiovascular 

disease and mortality (1) than other racial groups, and the exact mechanism underlying 

such disparity is not clear. To date, no study has explored the metabolomic antecedents of 

all causal mortality and cardiovascular mortality in a large African-American population. 

In a well-characterized, population-based sample of African Americans from the 

Atherosclerosis Risk in Communities (ARIC) study, we propose to explore the 

longitudinal association of serum metabolome quantified by untargeted metabolomic 

technology with all-cause mortality and cardiovascular mortality.  

  

5. Main Hypothesis: 

1. Metabolomic variables measured at baseline in ARIC African Americans are 

associated with all casual mortality by December 31 2011, independent of 

traditional risk factors. 

2. Metabolomic variables measured at baseline, in ARIC African Americans are 

associated with cardiovascular mortality by December 31 2011, independent of 

traditional risk factors. 

 

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 and sample: 

This is a study consisting of ARIC African Americans with serum metabolomic data 

quantified at baseline (visit 1).  

 

Exclusion: 

 Persons with no metabolomic data (metabolomics profiling was completed in a 

random sample of African Americans from the Jackson, MS, field center); 

 Persons with missing outcome variables or baseline covariates; 

 

Outcome:  

 Death from any cause.  



 Cardiovascular mortality was defined as deaths in which the principal cause of 

mortality was cardiovascular in nature, using ICD-9 codes 390-459, or ICD-10 

codes I00–I99.  

 

Follow-up time: 

 From visit 1 in 1987-89 to event or to December 31, 2011. 

 

Likely covariates at baseline exam:  

 Age (yrs) 

 Sex 

 Body mass index (kg/m
2
) 

 The presence or absence of prevalent cardiovascular disease, hypertension and 

diabetes  

 Lipids levels (HDL and total cholesterol) 

 Current smoking status 

 Estimated Glomerular Filtration Rate (eGFRCKD-EPI, mL/min/1.73m
2
) 

 

Statistical Methods: 

As described in our previous work (7-8), a total of 204 reliable metabolites with 

reliability coefficients (RC) ≥ 0.6 and missing values < 80% will be included in the 

analyses. Metabolites (n=187) with RC ≥0.6 and have missing values in fewer than 50% 

of the sample will be treated as continuous variables (standardized prior to the analyses) 

with the missingness of metabolites are replaced by the lowest measured value. 

Metabolites (n=17) with RC ≥0.60 but have a moderate amount of missing data (values 

missing in 50- 80% of the sample) will be treated as ordinal variables (category 1: 

missing values, category 2: values below or equal to the median, category 3: values above 

the median). 

Cox proportional hazards models will be used to assess associations between each 

metabolite and all causal mortality adjusting for traditional risk factors (age, sex, BMI, 

prevalent diabetes, hypertension, HDL, total cholesterol, current smoking status, eGFR; 

and prevalence of major cardiovascular disease). In addition, cox proportional hazards 

models will be used to assess the associations between each metabolite and 

cardiovascular mortality accounting for the same risk factors. Statistical significance for 

the metabolomic data will be pre-specified at p < 1.6 × 10
-4

 using Bonferroni correction 

(0.05 / 308 metabolites). If more than one metabolite is identified, a MetScore, which 

sums the quartiles of each identified metabolite, will be used to test the joint effect on 

mortality prediction of these metabolites.  
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