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4. Rationale:  

An unhealthy diet is considered one of the factors that have contributed to a rapid 

increase in the incidence of cardiovascular diseases. To date, the framework in nutrition 



science including the role of diet has been largely reductionist in nature (e.g., by focusing 

on deviations from the norm, one nutrient at a time).(1) However, emerging technologies 

including metabolomics now allow investigation of the complexity of links between diet, 

lifestyle, and genetics, since such links can be eventually reflected by levels of the 

metabolome.(2) Furthermore, metabolomics offers potential in the area of nutritional 

assessment because it measures a range of small molecules present in a biological system 

that can characterize the physiologic state of the human body.(3, 4) Therefore, 

metabolomics could play roles in identification of novel biomarkers of dietary intake and 

in dietary assessment. In a well-characterized, population-based sample of African 

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

explore the cross-sectional associations of multiple named metabolites quantified by 

untargeted GS/MS/MS with dietary intakes measured by a semi-quantitative food 

frequency questionnaire at baseline.  
 

5. Main Hypothesis: 

Metabolomic factors are associated with self-reported dietary intakes in African 

Americans at baseline independent of age, sex, body mass index, overall energy intakes 

per day and kidney function (as measured by estimated Glomerular Filtration Rate, 

eGFR). 

 

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 nested study consists of ARIC African Americans with serum metabolomic 

data quantified (metabolomics profiling was completed in a random sample of African 

Americans from the Jackson, MS, field center) and usual dietary intake information at 

baseline (visit 1) measured by food-frequency questionnaire (FFQ).  

Exposures: 

 Food subgroups, major food groups, and derived dietary patterns (see below in 

Dietary assessment) 

Outcome:  

 The standardized levels of the measured named metabolites 

Covariates: 

 Age (yrs) 

 Sex 

 Body mass index (kg/m
2
) 

 Energy intakes per day (kcal/d) 

 Kidney function, measured as eGFR (mL/min/1.73m
2
, calculated using the 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation(5)) 

Metabolomics data: 
Based on both practical and theoretical considerations, we have placed each of the 

357 measured named metabolites into three groups based on the percentage of 

individuals having values below the detection limit (bdl) for that metabolite. 



 Group 1 contains named metabolites (n=309) with < 50% of the individuals 

having values bdl. The metabolites are to be treated as continuous variables 

during data analysis with the value bdl replaced by the lowest measured value in 

this sample for that metabolite.  

 Group 2 contains named metabolites (n=29) that have a moderate amount of data 

bdl (50- 80% of the individuals). For this group, we consider values bdl as 

category 1. For the measured (non-missing) values, we consider values below the 

median as category 2 and values above the median as category 3. These categories 

form an ordinal variable and it is to be used during data analysis.  

 Group 3 contains named metabolites (n=19) that have >80% the data bdl. For this 

group, we consider those values bdl as category 1 and the measured (non-missing) 

values as category 2. An ordinal variable will be used during data analysis.  

 

Dietary assessment: 

At baseline, usual dietary intake was assessed by a 66-item interviewer-

administered semiquantitative FFQ, which was a modified version of the 61-item 

instrument developed by Willett et al.(6) Food and beverages from the FFQ were 

categorized into 29 food subgroups, which were used to derive dietary patterns via 

principal components analyses (PCA). The subgroups were further collapsed into 5 major 

food groups: meat, dairy, fruits and vegetables, refined grains, and whole grains.(7) The 

29 single food subgroups, PCA-derived dietary patterns and 5 major food groups will be 

the exposure variables for this proposed manuscript.  

 

Statistical Methods: 

For each metabolite, linear regression will be conducted to estimate its relations 

with each of single food subgroups, each of PCA-derived dietary patterns, and each of 

major food groups, independent of above covariates at baseline. 

         Statistical significance for the metabolomic data will be pre-specified with an 

experiment-wise =0.05 (2 tailed) and a modified Bonferroni procedure will be used to 

consider the correlations among metabolites.(8, 9) 
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