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4. Rationale:  
 

Inflammation and vascular endothelial activation reflect the early stages and progression of atherosclerotic processes and 
are associated with incident CVD1-4.  Much of the support for these associations stems from large epidemiological studies 
where systemic biomarkers of inflammation and endothelial activation, such as  C-reactive protein (CRP), interleukin-6 
(IL-6), homocysteine, fibrinogen, soluble intracellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion 
molecule-1 (sVCAM-1), and e-selectin, have been measured.  In addition to strong associations with basic demographic 
characteristics such as age, sex, and race, lifestyle factors also predict concentrations of these analytes.  In particular, 
several epidemiological studies have shown that dietary factors are associated with circulating biomarkers of systemic 
inflammation and endothelial activation5-7.     
 
Data from four large cohort studies have shown inverse associations between such biomarkers and dietary patterns 
reflecting high intake of fruits & vegetables, whole grains, nuts, fish, and low-fat dairy foods 8-11.  Conversely, studies also 
report positive associations between biomarkers of inflammation/endothelial activation and dietary patterns reflecting high 
intake of red meat, refined grains, high-fat dairy, and fried foods8-11.  Consistent with these data are associations between 
inflammatory biomarkers and select nutrients (inversely associated: fiber12, 13, antioxidant vitamins14, polyunsaturated fatty 
acids15, 16, positively associated: trans fatty acids17, 18) and foods/beverages (inversely associated: whole grains13, fruits & 
vegetables19, nuts20, coffee21).  These observational data are further supported by intervention studies showing dietary 
change can influence concentrations of inflammatory biomarkers22-24. 
 



The function and activities of platelet and leukocytes are important in inflammatory and atherosclerotic processes25-27.  
Flow cytometry can be used to characterize platelet and leukocyte activation and cellular aggregation in whole blood, as 
well as quantify both intracellular and membrane-bound platelet- and leukocyte-derived factors28.  Thus, platelet and 
leukocyte dynamics measured by flow cytometry are a closer representation of real-time biological processes than are the 
biomarkers typically measured in large-scale epidemiological studies.  However, because the technique is labor-intensive 
and expensive, few large scale studies have utilized flow cytometry, and no large-scale studies have both measures by 
flow cytometry and measures of dietary intake. 
 
We propose to study the cross-section relations between cellular activation markers and aggregates measured by flow 
cytometry and dietary patterns and their constituent food groups in the Atherosclerosis Risk in Communities Carotid MRI 
Study.   
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5. Main Hypothesis/Study Questions: 
 

We hypothesize that dietary patterns high in whole grains, fruits & vegetables, nuts and other food sources of 
polyunsaturated fatty acids will be inversely associated with markers of platelet and leukocyte activation and cellular 
aggregation.  Conversely, we hypothesize that dietary patterns high in red meat, refined grains, high-fat dairy, and fried 
foods will be positively associated with these markers.  Furthermore, we plan to explore how much of the dietary pattern-
marker associations are contributed by individual food groups (e.g., whole grains, total fruits and vegetables, 
red/processed meat). 
 
6. Design and analysis  
 

Exclusions— 
 

Participants from Forsyth County, NC and Jackson, MS (no dietary assessment) 
Non-white participants  
Missing flow cytometry data  
Taking chemotherapy or steroids 
 
Dependent Variables— 
 

Leukocyte markers:  
lipopolysaccharide receptor (CD14+), toll-like receptor 2/4 (TLR-2/-4), P-selectin glycoprotein ligand-1 (CD162+— in 
monocytes, granulocytes, & lymphocytes), Pan-leukocyte marker (CD45+), myeloperoxidase (MPO+— in monocytes & 
granulocytes) 
 
Platelet markers:  
Platelet glycoprotein IIIa (GPIIIa, CD61), platelet glycoprotein IIb (GPIIb, CD41), P-selectin (CD62P), CD40 ligand 
(CD154). 
 
Cell aggregates: 
Platelet-monocyte aggregates, Platelet-granulocyte aggregates, Platelet-lymphocyte aggregates 
 
Independent Variables— 
 

Dietary patterns derived by principal components analysis— 
 

Preliminary data from the 1102 participants who provided dietary data show two clear dietary patterns: 
Factor 1: high factor loadings (>0.30) for the food groups other vegetables, dark yellow vegetables, cruciferous 

vegetables, green leafy vegetables, fruit, legumes, fish (not fried), tomatoes, whole grains, poultry, nuts  
Factor 2: high factor loadings (>0.30) for the food groups processed meat, red meat, French fries, refined grains, high-fat 

dairy, desserts, sugar-sweetened beverages, candy, white potatoes, eggs, pizza, added animal fat 
 

We will also explore associations between individual food groups loading highest on these dietary patterns (e.g., 
vegetables, fruit, fish, whole grain, nuts, processed or red meat, refined grains) and flow cytometry markers (analytical 
details presented in subsequent sections) 
 
Please note that we propose cross-sectional analyses to take advantage of the more comprehensive dietary assessment 
completed by ARIC MRI participants.  Furthermore, we anticipate that proximal dietary exposures are more relevant to the 
real-time biological processes reflected in flow cytometry markers.  Lastly, recent rapid changes in the food supply and in 
some dietary recommendations between early exam diet assessments and the ARIC MRI study complicate interpretation 
of study results with an outcome of this nature.  This may be especially true in an older population where disease burden 
is high.  



 
Data Analysis— 
 

Participant characteristics and means of each dependent variable will be calculated by dietary pattern score quartile (or 
quintile) separately for each dietary pattern.  P-trends across categories will be calculated with the dietary pattern 
modeled continuously.  
 
*Model 1 adjusted for energy intake, age, sex, and study center 
 
*Model 2 adjusted for above + education level, smoking status & cigarette years, physical activity level, ethanol intake, 

lipid-lowering medication use   
 
*†Minimal model adjusted for study center, energy intake + variables consistently correlated with flow cytometry markers (p 

<0.01 for ≥3 markers Folsom, et al. MS#1206): + sex, smoking, ethanol intake, lipid-lowering medication use, and 
hypertension medication use  

†Note: This list does not include LDL-C and TG which also satisfy the above criteria but are potential pathway 
intermediates. 

 
Additional analyses— 
 

Because associations attributed to dietary patterns may be largely accounted for by individual food groups (driving 
forces), models that simultaneously include a single top-loading food group (e.g., whole grains) and the dietary pattern to 
which that food groups contributes (in the whole grains example, factor 1) will be explored.  
 
Tests of interaction between dietary patterns and sex, medication use, diabetes, and CHD will also be conducted. 
 
*All models will be appropriately weighted as necessitated by IMT sampling procedures 
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