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4. Rationale:  

 As the population ages, recent attention is being given to the burden of atherosclerosis and 

its contribution to morbidity and mortality in the form of coronary artery disease, stroke and 

peripheral vascular disease. Carotid artery atherosclerosis is a direct cause of stroke, is associated 
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with multiple stroke subtypes
1
 and is a marker of systemic vascular disease, including coronary 

artery and peripheral vascular disease.
2
 High-resolution “black blood” MRI (BBMRI) is a 

powerful technique to quantify carotid plaque characteristics, allowing them to serve as 

biomarkers of disease severity or progression.  

 Recent work in ARIC has identified that the internal carotid arteries have remodeling 

characteristics that may be distinct from the common carotid arteries and coronary arteries.
3
 

Carotid artery geometry has been carefully quantified and is a weak predictor of carotid wall 

thickening.
4
 Contrast-enhanced and non-contrast techniques have been used to identify and 

characterize the morphology of plaque ulceration.
5
 Lipid core quantification, fibrous cap 

thickness and carotid wall thickness have been carefully characterized.
6
 These distinct plaque 

characteristics may demonstrate disease associations not previously identified using carotid IMT 

or other measures of systemic atherosclerosis.  

 For example, in ARIC, serum lipoprotein measurements have been examined in relation to 

plaque characteristics and the authors found that the ratio of atherogenic to non-atherogenic lipids 

was associated with the presence of a lipid core.
7
 Blood cellular markers such as monocyte toll-

like receptor (TLR-2) and myeloperoxidase were also associated with larger plaque size.
8
 Blood 

lactate was demonstrated to be an independent marker for carotid wall thickness.
9
 These specific 

plaque characteristics (such as lipid core, geometry, plaque size, etc.) offer an approach to study 

more complex exposures such as dietary intake, as they influence burden of atherosclerosis and 

might be associated with relatively subtle changes in plaque that would otherwise not be 

identified in more crude evaluations of carotid disease. 

 The Mediterranean (Med Diet), which is high is vegetables (legumes and greens), fish 

and olive oil, with a moderate amount of alcohol, while low in red meat and chicken, has been 

shown to improve health. One meta-analysis showed that this dietary pattern reduced overall 

mortality, mortality from cardiovascular diseases, incidence of or mortality from cancers, and 

incidence of Parkinson’s disease and Alzheimer’s Disease.
10

 Not much about the mechanism of 

these interesting findings is known. Recently, the PREDIMED study showed that a Med Diet 

supplemented with tree nuts was associated with delayed progression of carotid artery intima 

media thickness and plaque height, as measured by ultrasound, which provides insight into one 

biological effect.
11

 A Med Diet has also been shown to reduce lipid levels and LDL oxidation.
12

 

This is in contradiction to another cohort study which showed no relationship with Med Diet type 

pattern and carotid atherosclerosis.
13

  

Other dietary patterns, such as a Healthy Diet Pattern, as described in the MESA study, 



have shown an inverse association with carotid intima media thickness.
14, 15

 Another cohort, the 

British IRAS study, found a positive correlation with an unhealthy diet pattern (high in low- fiber 

breads and cereals, red and processed meat, cottage cheese, tomato foods, regular soft drinks and 

sweetened beverages and low in wine, rice and pasta, meal replacements and poultry) and 

common carotid but not internal carotid intima media thickness.
16

 An unhealthy diet pattern, 

labeled the “traditional” pattern in a Finnish cohort, yielded similar results.
17

 Although it is clear 

that associations between dietary intake and carotid atherosclerosis are present, there is no 

consensus on which particular dietary pattern is most important and no data on which aspects of 

carotid plaque are affected. 

 The ARIC data used a food frequency questionnaire (FFQ) to determine dietary 

preferences. Dietary intake was assessed over the previous year using an interviewer 

administered, 66-item food frequency questionnaire, during visit 1 and 3, and the Carotid MRI 

visit. The frequency of intake of certain items as ranked from 0 to 9 (almost never to > 6 times 

per day). This is different from other methods such as 24-hour food recall, or food recall records, 

which also have their strengths and weaknesses in terms of accuracy. Biomarkers such as the 

percent of fatty acids in either cholesterol ester of phospholipids fraction of plasma can be used to 

standardize the accuracy of the FFQ in reliably determining FFA consumption.
18

  

 Despite inherent weakness in the FFQ, there have been several interesting studies produced 

from this ARIC data using dietary patterns. Using principal components analysis, a “Healthy” and 

“Western” dietary pattern were identified.
19, 20

 Diet patterns and alcohol intake were shown to 

have specific associations with markers of cellular activation and inflammation, such as platelet 

glycoprotein IIb and other flow cytometry markers.
19

 In the carotid intima media thickness subset 

(case controlled to those that had carotid intima thickening and those that did not), intake of the 

vitamins folate, vitamin B6 and vitamin B12 and cold breakfast cereals (presumed fortified with 

vitamins) had lower levels of plasma homocysteine.
21

 Homocysteine has been identified a risk 

factor for atherosclerotic and thromboembolic disease. A study also addressed the angiopoietin-

like 4 gene (ANGPTL4[E40K], which has a common allele that mediates HDL levels, and found 

that diet, specifically carbohydrate intake, modified HDL and triglyceride levels.
22

 Together, 

these data suggest that diet patterns modify gene expression, and inflammatory biomarker levels. 

Carotid plaque morphology may be a biomarker of these associations. 

 

 This proposal seeks to further explore core relationships of dietary intake with carotid 

plaque characteristics using the cutting edge BBMRI, as utilized in the Carotid MRI ARIC 

ancillary study, which has the capacity to elucidate imaging biomarkers of disease status.  



 

 

5. Main Hypothesis/Study Questions: 

1. A Healthy Diet pattern, as defined by principal components analysis, will be inversely 

associated with carotid plaque characteristics, as measured by lipid core presence and volume, 

mean fibrous cap thickness and maximum wall thickness in the internal carotid artery. A 

Mediterranean-Diet-Like Pattern (MED-Like), as determined by a score defined below, will also 

be inversely associated with carotid plaque characteristics. 

 

2. A diet high in processed sweets and fructose consumption, “Sweet Diet” as measured by the 

glycemic index and glycemic load, AND an Unhealthy Diet Pattern defined by principal 

components analysis will be associated with increased burden of carotid plaque, as measured by 

similar characteristics. 

 

3.  The Unhealthy Diet and the Sweet Diet (elevated glycemic load and index) will each be 

associated with plaque inflammation, as measured by contrast-enhanced BBMRI.  

 

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 methodological limitations or challenges if present). 
Study Design: Prospective data collection on risk factors with cross-sectional definition of the 

outcome based on the nutrition assessment performed at the Carotid MRI visit (2004 to 2005 

years). 

Inclusion: All individuals in the ARIC cohort with a completed Carotid MRI and a complete food 

frequency questionnaire (FFQ) at the Carotid MRI visit. 

Exclusion: Missing Carotid MRI data; Missing dietary data, outlying energy intake  

Data Analysis: 

Hypothesis 1: Linear regression; the Healthy Diet, as described by PCA and MED-like diet  

(composite variable, divided into quintiles) will be used in separate models.  The independent 

variables, predicting carotid plaque characteristics, as measured by lipid core volume, mean 

fibrous cap thickness and maximum wall thickness in the internal carotid artery. The measures for 

the independent variables will be taken from the Carotid MRI visit. We will also consider a 

“global” z-score from all variables of plaque characteristics that represents total “plaque burden”.  

 



Hypothesis 2: Linear regression; Sweet diet and Unhealthy diet as defined by PCA  (composite 

variable, divided into quintiles), will be used in separate models. Predictors will be the same as in 

Hypothesis 1. 

 

Hypothesis 3: A novel method for detecting plaque “inflammation” will be assessed using the 

contrast-enhanced BBMRI results, based on an analysis that is currently underway in ARIC.
23

 A 

secondary analysis, assessing plaque “inflammation” will be assessed. In this method, the 

thickness of the non-contrast enhanced segment at the level of the common carotid artery will be 

subtracted from the diameter of the contrast-enhanced segment at this level. This measurement 

will represent “adventitial thickness, an established measure of vascular inflammation due to 

neovascularization”. Inflammation will be categorized as a categorical variable (0,1,2). Logistic 

regression will be sued with inflammation (yes/no) and inflammation score (ordinal logistic 

regression) as the outcome. The Sweet Diet and Unhealthy Diet will be predictors. Linear 

regression will be used with the continuous outcome of “neovascularization” with the same 

predictors.  

 

Diet Pattern Definition: 

Healthy and Unhealthy Diet patterns will be determined by principal components analysis (PCA). 

Daily intakes of food categories, as listed on the FFQ, will be calculated, and then summed into 

relevant food groups, with a target of 30 to 40 “food categories”. These categories will be used in 

pca, and an eigenvalue >2 will be used to select the diet patterns. Diet Patterns will be described 

by food categories achieving a factor loading score of ≥ 0.2.  

 

 The MED-Like Diet pattern will be defined based on a modification by the criteria put forth by 

Trichenopoulou et al. in the EPIC cohort.
24

.Briefly, the sex-specific medians of foods such as 

fruits, vegetables and fish, will be calculated, and a score will be created based on 9 to 10 food 

group items selected for similarity to a MED-Like Diet. 

 

The Sweet Diet will be defined with the glycemic load and the glycemic index. As has been done 

previously in ARIC, the average dietary glycemic load for each participant will be calculated by 

summing the products of the carbohydrate content per serving for each food times the average 

number of servings of that food per day times the glycemic index for that food. Glycemic index 

will be determined by dividing the glycemic load by the total carbohydrate intake per day.
25

 

 



Covariates of interest: Other variables that may influence carotid artery plaque characteristics 

will be included in the models and will include: age, race/center (combined variable), sex, 

education, composite physical activity variable, hypertension, diabetes, history of coronary artery 

disease, history of smoking, total caloric intake, and body-mass index. Statin medications is 

another important covariate. There may also be an interaction by FTO genotype, which has a 

known link with BMI and obesity.  

 

Outcome: Carotid plaque artery characteristics (total wall volume ICA; maximum wall thickness 

ICA; maximum lipid core area; mean cap thickness) as outline by Wasserman et al
6
 will be the 

major outcome. Inflammation will be dichotomized using the contrast-enhanced BBMI (yes/no) 

and an ordinal score, as well as a continuous measure using “neovascularization”. 

Variables of interest: Diet similar to Med Diet (composite variable), Sweet Diet (glycemic index), 

pca using FFQ data, alcohol intake, nutrition data from Carotid MRI, physical activity index. 

Other potential confounders: Hypertension, diabetes, age, APOE E genotype, FTO genotype and 

education. 

 

Limitations:  

Dietary patterns throughout life can affect carotid plaque characteristics. The FFQ is only a 

rudimentary assumption of dietary patterns that is prone to over and underreporting. Persons may 

change their dietary patterns through life. The Med Diet has received much focus. We will create 

two composite variables (Med-Like and Sweet Diet), but it will be related only to items of 

interest, and it will be difficult to say of what weight each item should have in the composite. 

Therefore, the construct will limit the conclusions.  The use of contrast-enhanced BBMRI as a 

marker of “inflammation” has not been well studied, and is only hypothesis driven. The burden of 

high-risk plaques is only about 20%, and there may not be enough subjects to demonstrate an 

association with high-risk plaques. The covariates of interest, such as smoking and hypertension, 

may have a much greater effect size on plaque characteristics that negates the association with 

diet patterns.  
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