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4. Rationale:  
Coronary heart disease (CHD) is the leading cause of death globally and in the United States, 
killing over 375,000 Americans a year (1). Over the last decades, a number of biomarkers have 
been discovered that are associated with CHD (2-4). However, the molecular etiology of CHD 
remains poorly understood. Metabolomics, which characterizes small-molecular metabolites 
produced by a multitude of metabolic, physiologic and cellular processes, serves as proximal 
reporter of early disease processes. In addition, the human metabolome is the ultimate product of 
gene by environment interaction which forms a bridge between the genome and human diseases, 
creating valuable opportunity to investigate the molecular etiology for CHD. Studies have shown 
that new metabolite signatures can be identified to enhance CHD risk prediction models (5-7). 



Our preliminary results in African-Americans show that histidine is associated with incident 
CHD (8). With the availability of metabolomics data in ARIC European and African Americans, 
we propose to explore the longitudinal association of serum metabolome quantified by 
untargeted GS/MS/MS with incident CHD. 
 
5. Main Hypothesis/Study Questions: 
 
To identify the associations between metabolite levels and incident CHD in ARIC European and 
African Americans. 
 
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: 
The ARIC study participants with serum metabolomic data (1,553 European Americans and 
2,479 African Americans) quantified at baseline (visit 1) and follow-up for incident CHD events.  
 
Exclusion: 

 Persons with no metabolomic data; 
 Persons with missing outcome variables or baseline covariates; 
 For incident CHD analyses, exclusion of prevalent cases 

 
Outcome:  

 Incident CHD by December 31, 2013 
 

Likely covariates at baseline exam:  
 Age (yrs) 
 Gender 
 Race 
 Body mass index (BMI, kg/m2) 
 Systolic blood pressure (SBP) and use of hypertensive medications (yes/no) 
 The presence or absence of diabetes  
 Lipids levels (LDL-C, HDL-C, and triglycerides) 
 Current smoking status or pack years 
 Estimated Glomerular Filtration Rate (eGFRCKD-EPI, mL/min/1.73m2) 

 
Statistical Methods: 

We will primarily focus on 245 named metabolites detected in both European Americans 
and African Americans with missing values or values below the detection limit (BDL) ≤ 25%. 
Metabolite levels will be analyzed as a continuous variable; where missing/BDL values will be 
imputed with the lowest value to those without missing data. Metabolites will be standardized 
(centered at its mean and scaled by its standard deviation) prior to the analysis. We will 
secondarily examine the metabolites with missing data between 25%-75%, and they will be 
analyzed as ordinal variables.  



We will use Cox proportional hazards model to assess the longitudinal association 
between metabolite levels and incident CHD. We will adjust for traditional risk factors 
(including age, sex, race, BMI, prevalent diabetes, SBP, use of hypertensive medications, LDL, 
HDL, triglycerides, current smoking status, eGFR) and batch effect. In the secondary analyses, 
we will examine potential effect modification using statistical tests for interaction and by 
stratifying by gender and race. Statistical significance for the metabolomic data will be pre-
specified at p < 2×10-4 using Bonferroni correction (0.05/245 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 CHD prediction of these metabolites We assume 1) a sample 
size at 4032, 2) among which 15.5% individuals developed incident CHD during follow up, 3) 
the variance of the metabolite is 1 (metabolite levels will be standardized), 4) the square of 
correlation between the covariate of interest is 0.3 (corresponds to r = ~0.6), 5) the alpha level at 
0.0002 (Bonferroni correction: 0.05/245 named compounds), and then 80% power will be 
achieved if the hazard ratio sits outside the range of (0.80, 1.25). We identified a hazard ratio at 
0.67 for histidine and incident CHD association in our previous work (8). 

 
We will also investigate the ability of the model to predict risk using Harrell's c statistic 

(9), and calculate the net reclassification index (NRI) and the integrated discrimination index 
(IDI) (10) based on 10-year risk of CHD for four categories: 0-5% (low risk), 5-10% (low-
intermediate risk), 10-20% (intermediate-high risk) and >20% (high risk) (11).  
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