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4. Rationale:  
Atherosclerotic cardiovascular diseases (ASCVD) are a leading cause of mortality and morbidity 
worldwide (1). The process of atherosclerosis begins decades before clinical manifestations of 
ASCVD events (2,3). Therefore, identification of pathophysiologic and protective markers of 
atherosclerosis in mid-life is essential in primordial and primary prevention of ASCVD events in 
late-life (4,5).  It is well known that inflammation-induced oxidative stress, dysregulated lipid 
metabolism and elevated remnant cholesterol contribute to the residual risk of cardiovascular 
disease (CVD). This residual risk is beyond what is captured by traditional lipid profiles (6) and 
clinically available risk assessment tools. The use of metabolomic analyses for comprehensive 
profiling of molecular markers in the lipid, amino acid and other pathways in systemic disease 
processes (7-9) provides an opportunity to identify the role of these metabolites in the 
development of ASCVD. 
 
Preclinical data indicate that low levels of plasmalogens, a class of membrane 
glycerophospholipids, modulate cardiometabolic changes (10) which could lead to 
atherosclerosis. However, population level associations of mid-life plasmalogens and other 
metabolites with anti-inflammatory properties with incident ASCVD events are lacking. 
In the Heart Strategies Concentrating on Risk Evaluation (Heart SCORE) study, a community-
based participatory research study of race-related disparities in ASCVD, we showed that mid-life 
levels of three plasmalogens, two amino acid metabolites, and a bilirubin degradation product, all 
of which have anti-inflammatory properties, are associated with lower risk of late-life ASCVD 
events (11). Secondary cohort validation of these findings are warranted.  
 
The ARIC study, with its longitudinal data and complimentary metabolomic, biomarker and 
serologic data will be used as a validation cohort for these findings.  
 
5. Main Hypothesis/Study Questions: 
 
Primary: We hypothesize that a subset of plasmalogen metabolites (with anti inflammatory 
properties including 1-(1-enyl-palmitoyl)-2-arachidonoyl-glycerophosphatidylcholine [GPC] (P-
16:0/20:4). 1-(1-enyl-palmitoyl)-2-arachidonoyl-glycerophosphatidylethanolamine [GPE] (P-
16:0/20:4); and 1-methylnicotinamide1-(1-enyl-stearoyl)-2-arachidonoyl-GPE (P-18:0/20:4) in 
mid-life will be inversely associated with ASCVD events including coronary heart disease, 
stroke and global cardiovascular events (CHD, stroke and HF) over a longitudinal follow up time 
period of >10 years.  
 
Secondary: We will assess amino acids pathway metabolites, specifically arginine, methionine, 
and cysteine sub pathways (2-oxoarginine, alpha-ketobutyrate) as well as bilirubin derived 
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metabolites (C16H18N2O5) with anti-inflammatory properties and their association with 
ASCVD events including coronary heart disease, stroke, and global cardiovascular events (CHD, 
stroke and HF) over a longitudinal follow up time period of >10 years. 
 
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). 
 
Metabolomic and serologic data from ARIC visit 1 will be used. These values will serve as the 
exposure variable and incident CHD, ischemic stroke and HF will be the outcomes. Follow up 
will be upto Demcember 31st 2019 
 
Metabolites to be assessed: 
1-(1-enyl-palmitoyl)-2-arachidonoyl-glycerophosphatidylcholine [GPC] (P-16:0/20:4).  
1-(1-enyl-palmitoyl)-2-arachidonoyl-glycerophosphatidylethanolamine [GPE] (P-16:0/20:4);  
1-methylnicotinamide1-(1-enyl-stearoyl)-2-arachidonoyl-GPE (P-18:0/20:4) and other 
plasmalogen and lipid pathway derivatives  
2-oxoarginine, 
alpha-ketobutyrate 
C16H18N2O5 and other bilirubin derivatives  
 
Endpoints to be assessed: 

1. Total/All CHD (fatal CHD, definite/probable MI, cardiovascular revascularization) 
2. Hard CHD ((fatal CHD, definite/probable MI) 
3. Stroke (ischemic/ thrombotic stroke) 
4. HF hospitalization consists of definite and probable acute decompensated HF (as 

adjudicated in the ARIC study) 
5. Global CVD (CHD + stroke+ heart failure) 
6. CV mortality and total mortality  

 
Covariates will include age, gender, race, heart rate, body mass index (BMI), lipids, current 
smoking, diabetes, hypertension, systolic blood pressure, eGFR, prediabetes (HbA1c 5.7- 
≤6.6%), impaired fasting glucose (fasting glucose>100mg/dl), hs-CRP, IL-6.  
 
Inclusion/ exclusion criteria: 
All eligible ARIC participants will be included in the study.  
Standard ARIC exclusions (race exclusions for different communities) will apply. The major 
exclusion criteria include participants without data on exposure, outcome, or covariates.  
 
Analysis: 
 
Participant characteristics will be reported as means and standard deviations, as medians and 
inter-quartile ranges (IQR), or as frequencies and percent, where appropriate. If lack of normality 
is not a concern and transformation is not required, then conventional statistics will be used.  For 
non-normal data, transformations and/ or non-parametric testing will be used.  
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Identification of Cardiovascular Disease Metabolite Associations 
Latent factors that might confound the relationship between metabolite levels and ASCVD 
events will be estimated using the method described by McKennan, et al. (12). For each 
metabolite, we will use logistic regression to regress ASCVD (yes/no) onto that metabolite’s log-
abundance while controlling for the baseline covariates in two models. First, we will use the 
“Basic model,” including the variables of the Pooled Cohorts Equations (PCE)(age, sex, race, 
hypertension medication use, systolic BP, smoking status, diabetes mellitus, high density 
lipoprotein (HDL) cholesterol, total cholesterol) (13,14). We will then control for inflammatory 
markers (hs-CRP and IL-6) by using a second “Complete model,” which included the covariates 
in the Basic model and log-concentrations of hs-CRP and IL-6. Both models were adjusted for 
latent factors. The Benjamini-Hochberg procedure (15) will be used to control the false 
discovery rate (FDR) at 10%. 
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