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be conducted upon approval of this manuscript proposal. Results (not data) will be shared with 
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the ARIC Publications Committee. 

 

4. Rationale:  

Prior studies have shown that overall diet quality may have beneficial effects on cardiovascular 

disease (CVD) (1-4). Prior population-based studies have utilized dietary scores developed to 

assess diet quality, such as the Mediterranean-style diet score (MDS) and the Alternative Healthy 

Eating Index (AHEI) score (1, 5-7). In general, adherence to favorable dietary patterns, as 

assessed by these scores, is associated with less weight gain, lower risk of incident 

cardiovascular disease, and decreased risk of death (6-9). However, there is a gap in knowledge 

of the biological underpinnings of the beneficial effects of the high-quality diet. For example, 

several studies suggest that diet may modify DNA methylation, a major epigenetic phenomenon, 

and potentially affect metabolic phenotypes (10-13). To date, little is known about the DNA 

methylation signature associated overall diet quality. 

 

5. Main Hypothesis/Study Questions: To determine the association between a Mediterranean-

style dietary pattern (MDS) and DNA methylation profiles and between the Alternative Heath 

Eating Index (AHEI) score and DNA methylation profiles. 

 

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 sample:  

Cohort Ethnicity N Methylation Dietary assessment 



Framingham Heart 

Study (FHS) [including 

Offspring and Third 

Generation cohorts] 

Caucasian  ~3300 Illumina 

450K  

Based on FFQ 

Rotterdam Study Caucasian 951 Illumina 

450K  

Based on FFQ  

Atherosclerosis Risk in 

Communities (ARIC) 

Study 

Caucasian  

African 

American  

4,000 Illumina 

450K 

Based on FFQ 

Multi-Ethnic Study of 

Atherosclerosis 

(MESA) 

Caucasian 

Hispanic 

African 

American  

1250 Illumina 

450K 

Based on FFQ 

 

Exclusion criteria (criterion 1 is required, others depend on cohort availability):  

1. History of myocardial infarction or stroke 

2. Cancer (excluding non-melanoma skin cancer) 

3. Bariatric surgery   

4*. Heavy alcohol consumers, defined as 21 drinks/week in men or 14 drinks/week in 

women. A drink is defined as 12 ounces of beer, 4-5 ounces of wine, or 1.5 ounces of liquor, 

where one drink is equivalent to ~14 g of ethanol.  

 

We will conduct two analyses. The primary analysis will use sample after applying exclusion 

criteria 1 to 3. In sensitivity analysis, we will also exclude heavy alcohol consumers.  

 

Dependent variable: Methylation beta score (i.e., proportion of CpGs that are methylated, 

ranging from 0 to 1) normalized using appropriate method. This project will analyze CpGs at 

autosomal chromosomes. The Framingham Heart Study used DASEN method to normalize 

methylation beta score. In addition, we calculated surrogate variables using SVA package in R. 

We then calculated the residuals for methylation beta score using linear regression model with 

adjustment for sex, age, and surrogate variables that associated with MDS (P<0.1).   

 

Independent variable: MDS and AHEI score. Detailed interpretation regarding the two scores 

are shown in the separate documents (slices for developing the two dietary scores). Scores are 

standardized by cohort-specific standard deviation.  

 

Covariates:  

1. Sex (men or women, dichotomous) 

2. Age (years, continuous) 

3. Energy intake (kcal/day, continuous), assessed using cohort-specific dietary assessment 

tool such as food frequency questionnaire, 24-hour dietary recall, or weighted food 

record.  

4. Smoking status. Current smoker yes or no, but may vary by cohort (e.g., current smoker, 

former smokers, & never).  



a. Current smoker: Study volunteer who has smoked at least one cigarette a day in 

the past year.  

b. Former smoker: Study volunteer who has previously smoked at least one cigarette 

a day but has stopped for at least one year. 

c. Never smoker: Study volunteer who has never smoked.   

5. Physical activity level. Cohort-specific definition. Preliminary analysis in the 

Framingham Heart Study used questionnaire based physical activity score.  

6. BMI (kg/m2) 

7. White cell counts. Cohort-specific data. The Framingham Heart Study used estimated cell 

counts for CD8T, CD4T, NK, Bcell, and Mono based on approach proposed by 

Houseman et al. Omit this if your cohort has methylation from single cell type.  

8. Lab for methylation assessment. As needed by cohort.  

9. Technical variables. Cohort-specific. Preliminary analysis in the Framingham Heart 

Study calculated residuals for methylation beta score after adjustment for surrogate 

variables and used the residuals as dependent variables.  

 

Statistical model (Please perform analysis in overall sample as well as in each ethnicity, i.e., in 

Caucasian, Hispanic, and American African separately):  

Models*:  

Model 1: Residuals of methylation beta score = MDS/AHEI + sex + age + energy intake + 

ethnicity + cell counts + labs 

Model 2: Residuals of methylation beta score = MDS/AHEI + sex + age + energy intake + 

ethnicity + smoking status + physical activity level + cell counts + labs  

Model 3 **: Residuals of methylation beta score = Model 2 covariates + BMI   

* Use multiple linear regression model or linear mixed model for family data.  

** Model 3 are secondary model.  

 

 Cohort-specific analysis and meta-analysis 

1. Discovery-Replication:  The primary analysis is using model 1 results in Caucasian 

samples.  

a. Discovery EWAS in the FHS Caucasian samples  

i. False discovery rate (FDR) < 0.05 

b. Replication in Caucasian samples of ARIC, MESA, and RS 

 i. Cohort-specific analysis in ARIC, MESA, and RS Caucasian samples.  

ii. meta-analysis using fixed effect models or random effect models (if I-squared 

> 25%).  

iii. Bonferroni corrected p-value (0.05/number of discovered CpGs) 

2. We will run parallel discovery-replication analysis using model 2 and 3 in Caucasian 

samples. To increase sample size, we will meta-analyze all Caucasian samples. Same fixed or 

random effect model will be used. We will compare the three models in this analysis.  

3. Separate analysis will be conducted in MESA Hispanic samples. We will test if there are 

CpGs significant at FDR < 0.05. We will test if the significant CpGs are differentially 

methylated in Caucasian samples (Bonferroni correction will be applied, i.e., 0.05/the 

number of significant CpGs). We will also test if replicated CpGs in Caucasian samples are 

significant in Hispanic samples (at Bonferroni corrected p-value threshold).  



4. In African American samples. EWAS will be conducted in African American samples in 

each cohort. We will conduct fixed effect models or random effect models (if I-squared > 

25%) to meta-analyze cohort-specific results. Similar in Hispanic samples, we will select 

CpGs (at FDR < 0.05) and test if they are differentially methylated in Caucasian samples 

(Bonferroni-corrected threshold). we will also test if replicated CpGs in Caucasian samples 

are significant in African American samples.  

5. We will meta-analyze all samples to test if there are common differentially methylated 

CpGs in all ethnicities.  

 

Exploration of potential function of identified CpGs: We will test the association between 

diet scores, identified CpGs and gene expression levels in cohorts with available data. In 

addition, we will conduct gene set enrichment analysis, pathway analysis, enrichment analysis 

for localization to different genomic features.  

 

Testing association of identified CpGs and change in CVD risk factors: We will test the 

prospective association of CpGs with longitudinal changes in CVD risk factors including waist 

circumference, systolic blood pressure, diastolic blood pressure, fasting glucose, fasting insulin, 

fasting triglycerides, fasting HDL, and fasting LDL (measured or calculated using the 

Friedewald equation). We will also test if CpGs predict the development of incident metabolic 

syndrome, hypertension, hypertriglyceridemia, low HDL, and prediabetes and type 2 diabetes. In 

this analysis, we test will if and to what extent the observed association between CpGs and CVD 

risk factors is mediated by MDS. This analysis will be conducted in all cohorts with available 

data. A meta-analysis will be implemented to analyze cohort-specific results. In addition to 

analyze single CpG, we will create a weighted methylation score using all significant CpGs and 

test its association with CVD risk factors.  

 

7.a. Will the data be used for non-CVD analysis in this manuscript? ____ Yes    __X__ No 

 

 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude persons 

with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 

analysis RES_DNA = “CVD Research” would be used? ____ Yes    ____ No 

(This file ICTDER has been distributed to ARIC PIs, and contains  

the responses to consent updates related to stored sample use for research.) 

 

8.a. Will the DNA data be used in this manuscript? __X__ Yes    ____ No 

 

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the file ICTDER03 must be used to exclude those with value 

RES_DNA = “No use/storage DNA”? __X__ Yes    ____ No 

 

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 

Study manuscript proposals and has found no overlap between this proposal and 

previously approved manuscript proposals either published or still in active status.  

ARIC Investigators have access to the publications lists under the Study Members Area of 

the web site at:  http://www.cscc.unc.edu/ARIC/search.php 
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__X____ Yes     _______ No 

 

10. What are the most related manuscript proposals in ARIC (authors are encouraged to 

contact lead authors of these proposals for comments on the new proposal or 

collaboration)?  

 

MS #2322: DNA methylation-related SNPs interact with fatty acids and triglycerides 

 

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 

ancillary study data? ____ Yes    __X__ No 

 

11.b. If yes, is the proposal  

___  A. primarily the result of an ancillary study (list number* _________) 

___  B. primarily based on ARIC data with ancillary data playing a minor role 

(usually control variables; list number(s)* __________  __________ __________) 

 

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   

 

12a. Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 

approval, the manuscript proposal will expire. 

 

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 

has access to the published results of NIH funded research.  It is your responsibility to upload 

manuscripts to PubMed Central whenever the journal does not and be in compliance with this 

policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 

http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 

http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 

automatically upload articles to PubMed central. 

 

13. Per Data Use Agreement Addendum, approved manuscripts using CMS data shall be 

submitted by the Coordinating Center to CMS for informational purposes prior to 

publication. Approved manuscripts should be sent to Pingping Wu at CC, at 

pingping_wu@unc.edu. I will be using CMS data in my manuscript ____ Yes __x__ No 
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