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3. Timeline: 
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4. Rationale:  

 
Plant-based diets, which are comprised predominantly of plant foods and are low in 

animal products, are associated with a lower risk of cardiovascular disease (CVD).1,2 In a 
community-based cohort (ARIC Study), we used four published plant-based diet indices to 
investigate the associations with CVD risk factors (hypertension, chronic kidney disease (CKD)), 
and incident CVD. Greater adherence to an overall plant-based diet and a vegetarian diet was 
associated with a lower risk of these clinical outcomes.2–4Healthful plant-based diets (high in 
healthful plant foods; low in unhealthful plant foods and animal products) were associated with a 
lower risk of CVD mortality, hypertension, and CKD.2–4 In contrast, unhealthful plant-based 
diets (high in unhealthful plant foods; low in healthful plant foods and animal products) were 
associated with an elevated risk of hypertension and CKD.2–4 Potential mechanisms by which red 
and processed meat influence CVD risk (e.g., formation of trimethylamine-N-oxide) have 
emerged.5 However, the molecular mechanism relevant for an overall diet that is high in plant-
based diets and low in animal products and CVD is poorly understood.  

Recently, technological advancement in high throughput proteomics has allowed 
simultaneous identification and quantification of thousands of proteins.6 Large-scale proteomics 
has the potential to offer insights on biological processes that regulate food metabolism,7 given 
that dietary intake directly and indirectly influences the proteome. Vitamins A and C has plasma 
carrier proteins (vitamin A for retinol binding protein 4; vitamin C for glucose transporters and 
solute carriers).8,9 Vitamin C is also an antioxidant that reduces oxidative stress, indirectly 
impacting associated protein networks.10 Supplementation of other nutrients that are rich in 
plant-based diets (e.g., vitamin E and folate) has been shown to alter the abundance of plasma 
proteome.11,12 Based on these nutrients, protein markers of plant-based diets may implicate 
inflammation and other pathways. However, no study examined the associations between the 
plasma proteome of plant-based diet indices and linked them to incident cardiovascular disease. 
 
5. Main Hypothesis/Study Questions: 
 
Aim 1: To identify plasma proteins associated with greater adherence to 4 different types of 
plant-based diets (overall plant-based diets; healthful plant-based diets; unhealthful plant-based 
diets; and provegetarian diets) 
 
Aim 2: To evaluate the prospective associations between plant-based diet-related proteins and 
incident CVD 
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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: Cross-sectional analysis (aim 1) of large-scale proteomics (SomaLogic) and 
plant-based diet indices, which were assessed at study visit 3 (1993-1995) and prospective 
analysis (aim 2) of diet-related proteins and risk of incident CVD through the latest follow-up 
period 
 
Eligibility criteria: Approximately 11,000 ARIC participants with proteomic profiling data 
from visit 3 plasma specimens and data on dietary intake 
 
Exposures & Outcomes: For aim 1, the exposure will be 4 plant-based diet indices (overall 
plant-based diet index (PDI); healthful plant-based diet index (hPDI); unhealthful plant-based 
diet index (uPDI); provegetarian diet index), and the outcome will be proteins. For aim 2, the 
exposure will be diet-related proteins (i.e., the subset of proteins that are statistically significantly 
associated with plant-based diets in aim 1) and the outcome will be incident CVD. 
  

Plant-based diet indices: At visit 3, participants’ usual dietary intake was assessed by 
trained interviewers using a modified version of the 66-item semiquantitative Willett food 
frequency questionnaire.13 Participants reported the frequency with which they consumed 
foods and beverages of a specific serving size in the previous year. We will calculate the 
PDI, hPDI, uPDI, and provegetarian diet index using the responses from the food frequency 
questionnaire. Details on calculation of these scores are provided in our previous study and 
described in the table below (Table 1).3  

 
Table 1. Classification and calculation of plant-based diet scores 3
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Proteomics: Fasting plasma samples were shipped to SomaLogic (SomaLogic, Boulder, CO) for 
proteomic profiling. We will focus on approximately 5,000 proteins which were identified in 
ARIC participants (visit 3).  
 
Cardiovascular Disease: Incident CVD will be defined as a composite of fatal or nonfatal 
coronary heart disease, definite or probable myocardial infarction, definite or probable stroke, 
and heart failure. Incident CVD was ascertained via annual telephone calls, active surveillance of 
local hospital discharge lists, health department death certificate files, and linkage to the National 
Death Index. Information from these sources were used to adjudicate CVD outcomes by a 
physician review panel.  
 
Other variables of interest: For aim 1, we will adjust for sociodemographic characteristics 
(age, sex, race-center, education), health behaviors (physical activity, smoking, alcohol intake, 
margarine intake), body mass index, eGFR, and total energy intake. For aim 2, we will 
additionally adjust for CVD risk factors, including diabetes and hypertension status. 
 
Statistical Analysis:  
 We will examine the characteristics of the study population according to quintiles of plant-
based diet scores using proportions for categorical variables and means (standard deviations 
(SD)) for continuous variables.  
 For Aim 1, we will use multivariable linear regression models to assess the association 
between 1-unit higher in plant-based diet indices and 5,000 individual proteins, adjusting for 
sociodemographic factors, health behaviors, and clinical factors (details above). To account for 
multiple testing, we will apply the false discovery rate at 0.05. As a secondary analysis, we will 
explore machine learning models. A protein signature of each of the 4 plant-based diet indices 
will be identified using elastic net models for optimal selection of proteins to represent plant-
based diets. A tenfold cross-validation approach, randomly splitting 90% of the ARIC study data 
as a training set and 10% as a validation set, will be used to select strength of penalty (lambda 
value) for the elastic net model.  
 For Aim 2, we will use Cox proportional hazards regression models to evaluate whether 
individual plant-based diet-related proteins and protein signatures for the 4 plant-based diet 
indices (from elastic net models) are prospectively associated with incident cardiovascular 
disease, additionally adjusting for diabetes and hypertension status. Statistical significance will 
be assessed as FDR <0.05 for individual diet-related proteins and at P <0.05 for the protein 
signature.  
 
Anticipated methodologic limitations of challenges: The present proposal will conduct a large 
number of statistical tests for approximately 5,000 proteins. There may be false positive findings, 
but we will apply the false discovery rate threshold of 0.05, and will replicate the findings in 
independent populations (Framingham Heart Study, Multi-Ethnic Study of Atherosclerosis).  
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    ___X_ No 
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MS#3884 Serum metabolomic signatures of plant-based diets and incident chronic kidney 
disease 
 

The manuscript based on this proposal has been published [Kim H, Yu B, Li X, Wong 
KE, Boerwinkle E, Seidelmann SB, Levey AS, Rhee EP, Coresh J, Rebholz CM. Serum 
metabolomic signatures of plant-based diets and incident chronic kidney disease. Am J 
Clin Nutr 2022;116:151–64]. The prior proposal used untargeted metabolomics data, 
whereas our study will use proteomics data.  

 
MS#3755 Protein biomarkers of the DASH diet and hypertension risk in the ARIC study 
 

The manuscript based on this proposal is in press [Du S, Chen J, Kim H, Walker ME, 
Lichtenstein AH, Chatterjee N, Ganz P, Ramachandran VS, Coresh J, Rebholz CM. 
Protein biomarkers of healthy dietary patterns: results from the Atherosclerosis Risk in 
Communities (ARIC) Study. J Nutr 2022 (Epub ahead of print: 
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11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
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11.b. If yes, is the proposal  
__X_  A. primarily the result of an ancillary study (list number: 2022.07) 
___  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 https://sites.cscc.unc.edu/aric/approved-ancillary-studies 
 
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. 
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