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3.  Timeline: Analyses will begin when the proposal is approved. We anticipate that a first
draft of the manuscript will be available within approximately one year of manuscript proposal
approval.

4. Rationale:

Plant-based diets are rich in plant foods and low in animal products. Epidemiological
studies, including the ARIC Study found that quality of plant-based diets is important to consider
for the development of chronic conditions.*™ In the ARIC Study, greater alignment with an
overall plant-based diet and a provegetarian diet (diets relatively higher in plant foods and lower
in animal products) was associated with a lower risk of incident CVD.®> Greater alignment with a
healthy plant-based diet (diets relatively higher in healthy plant foods, but lower in unhealthy
plant foods and animal products) was associated with a lower risk of cardiovascular risk factors
(chronic kidney disease, type 2 diabetes, and hypertension), and deaths due to CVD.>%" In
contrast, an unhealthy plant-based diet (diets relatively higher in unhealthy plant foods, but lower
in healthy plant foods and animal products) was associated with higher risk of these
conditions.’

Several plant foods that are considered ‘unhealthy’ in unhealthy plant-based diets are highly
processed and may include industrial substances such as chemical additives, colorants,
emulsifiers, and flavorings. These foods, termed ‘ultra-processed foods,” have been consistently
linked to several adverse health outcomes, such as incident CVD.8 Recent evidence suggests that
plant foods that are ultra-processed can be detrimental to health. In a recent study of British
adults, greater consumption of plant foods that are ultra-processed (e.g., confectionery, ready-
made baking mixes, soft drinks, snacks, processed soy products) was associated with a higher
risk of incident CVD and mortality.® However, the mechanisms that explain the observed
associations of plant-based diets, quality of plant foods, and CVD are incompletely known.

Epigenetic aging may help explain mechanisms underlying the observed associations.
Epigenetic aging refers to the biological age expressed within an individual’s DNA. Acceleration
in epigenetic aging based on DNA methylation, including 1) Horvath, 2) Hannum, 3) GrimAge,
and 4) PhenoAge]*%*3 is thought to represent future risk of coronary heart disease, heart failure,
and all-cause mortality, independent of chronological age.**® Plant-based diets can modify
DNA methylation patterns in several ways: by influencing the availability of methyl donors (e.qg.,
folate) which are involved in one carbon metabolism, altering activity and function of enzymes
that facilitate or reverse methylation, and modulating oxidative stress.!®*® Plant foods that are
ultra-processed contain pro-inflammatory compounds (acrylamide, per- and polyfluoroalkyl
substances),'>?° which may lead to accelerated epigenetic aging. A large population-based study
of US adults found that the Dietary Approaches to Stop Hypertension (DASH) diet was
associated with decelerated epigenetic aging (lower levels of GrimAge and PhenoAge), and
mediated 22-45% of the association between DASH diet and all-cause mortality.?* Nonetheless,
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no previous study has examined if epigenetic aging is a pathway through which plant-based
diets, and quality of plant foods, are associated with incident CVD.

Considering these gaps, our proposal aims to 1) evaluate the associations between four
plant-based diet indices, previously associated with incident CVD in the ARIC Study, and
epigenetic aging, 2) examine the associations between plant foods that are ultra-processed and
epigenetic aging, and 3) test if epigenetic aging mediates the associations between plant-based
diets, quality of plant foods, and incident CVD in two large community-based cohorts.

5.Main Hypothesis/Study Aims:

Hypothesis 1: Greater adherence to the overall plant-based diet index, provegetarian diet index,
and healthy plant-based diet index is associated with slower epigenetic aging. Greater adherence
to the unhealthy plant-based diet index is associated with faster epigenetic aging.

Hypothesis 2: Greater intake of plant foods that are not ultra-processed is associated with slower
epigenetic aging. Greater intake of plant foods that are ultra-processed is associated with faster
epigenetic aging.

Hypothesis 3: Epigenetic aging mediates the association between the overall plant-based diet
index, provegetarian diet index, and healthy plant-based diet index and incident CVD.

Hypothesis 4: Epigenetic aging mediates the association between ultra-processed plant foods
and incident CVD.

6. Design and analysis - please address the following aspects:

a) Inclusion/exclusion: Individuals with dietary data collected at ARIC visit 1 (1987-1989)
and visit 3 (1993-1995), and methylation data collected at visit 2 (1990-1992) or visit 3
will be eligible for the analyses. We will exclude participants with 1) implausible dietary
intake (men <700 or 4500 kcal and women <500 or >3500 kcal), 2) missing more than 10
items in the food frequency questionnaire (FFQ), 3) missing DNA methylation data, 4)
prevalent CVD, 5) missing covariates (described below), and 6) missing incident CVD or
follow-up time.

b) Study design: Cross-sectional analysis (hypothesis 1 and 2) of plant-based diet indices,
plant foods that are ultra-processed, and epigenetic aging. Mediation analysis (hypothesis
3 and 4) of epigenetic aging and incident CVD through the latest follow-up period.

c) Outcome and other variables of interest with specific reference to the time of their
collection:

Hypothesis 1 and Hypothesis 2:

Exposure: Plant-based diet indices. At visit 1 and 3, participants’ usual dietary intake
was assessed by trained interviewers using a modified version of the 66-item
semiquantitative Willett FFQ.?? Participants reported the frequency with which they
consumed foods and beverages of a specific serving size in the previous year. We will
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average responses from the food frequency questionnaire conducted at visit 1 and visit 3,
and calculate the 4 plant-based diet indices (overall plant-based diet index, provegetarian
diet index, healthy plant-based diet index, and unhealthy plant-based diet index). Details
on calculation of these scores are provided in our previous study.>

Plant foods that are ultra-processed or minimally processed. From the FFQ, we will
identify the plant foods that are ultra-processed (e.g., margarine or margarine and butter
blend; chocolate bars or pieces; candy without chocolate; pie (ready-made or from mix),
donuts; cake or brownie; cookies, Danish pastry, sweet roll, coffee cake and croissant;
cold breakfast cereal; biscuits, cornbread, cold breakfast cereal; peanut butter; potato or
corn chips; French fried potatoes; low calorie soft drinks; regular soft drinks; fruit-
flavored punch or non-carbonated beverages). Intake of these foods will be summed to
calculate ultra-processed plant foods. We will identify plant foods are unprocessed or
minimally processed by examining the list of food items in the FFQ.

Outcome: DNA methylation was assessed using the Illumina Infinium
HumanMethylation 450 BeadChip platform. We will calculate four epigenetic aging
outcomes: 1) Horvath, 2) Hannum, 3) GrimAge, and 4) PhenoAge. Horvath’s model
calculated epigenetic age as a weighted average of the 353 CpG sites, adjusting for blood
cell type proportions.t® The Hannum model is calculated in a similar manner as Horvath’s
model but is weighted by blood cell type proportions.t* GrimAge is calculated using 10
methylation biomarkers, chronological age, and sex.'?> PhenoAge is calculated based on 9
clinical biomarkers and chronological age.*® We will calculate four measures of
epigenetic age using Horvath’s online calculator.?® We will also consider GrimAge2,
version 2 of GrimAge which was reported to have stronger association with morbidity
outcomes than GrimAge.?* We will use residuals from a linear regression model
(epigenetic age as the response variable and chronological age as an independent variable
and technical variables as a covariate). Higher residuals of epigenetic aging indicate
faster biological aging.

Other variables of interest: Covariates will include age, sex, race-center, education,
income (such as area deprivation index), total energy intake, smoking status, physical
activity, alcohol consumption, and body mass index.

Hypothesis 3 and Hypothesis 4:
Exposure: Four epigenetic measures calculated above: 1) Horvath, 2) Hannum, 3)
GrimAge or GrimAge2, and 4) PhenoAge.

Outcome: Incident CVD. 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 in the ARIC Study. 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.

Other variables of interest: Covariates will include age, sex, race-center, education,
income (such as area deprivation index), total energy intake, smoking status, physical
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activity, alcohol consumption, and additional clinical factors (body mass index, estimated
glomerular filtration rate (Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) 2021 race-free equation), hypertension, diabetes, and low-density lipoprotein-
cholesterol)

d) Summary of data analysis:

For hypothesis 1 and 2, multivariable linear regression models will be used study the
association between 1) each plant-based diet index (per 10-point higher), and 2) plant
foods that are ultra-processed (per serving higher) 3) plant foods that are not ultra-
processed (per serving higher) and four residuals of epigenetic aging (response variables).
Models will be adjusted for covariates outlined above. Then, analyses will be repeated
using quartiles of each dietary exposure. The median value of each dietary exposure from
each quartile will be used to test for a linear trend. Estimates will be meta-analyzed
across the ARIC Study and MESA. To take into account multiple testing, we will use the
Bonferroni-adjusted P values.

For hypothesis 3 and 4, causal mediation analysis will be used to investigate the degree to
which epigenetic aging mediates the association between each dietary exposure and
incident CVD (“mediation” package in R).?> Multivariable linear regression models
(same as above) will estimate the association between each dietary exposure and
epigenetic aging, and Cox regression models will estimate the association between
epigenetic aging and incident CVD. The proportion of the effect attributed to mediation
will be calculated as indirect effects / (direct and indirect effects).

As a sensitivity analysis, we will consider 1) stratifying by individuals with major health
conditions (type 2 diabetes status or prevalent CVD), and 2) a model adjusted and not
adjusted for body mass index.

e) Any anticipated methodologic limitations or challenges if present

Some DNA methylation data were assessed at visit 2. Thus, timing of DNA methylation
and dietary intake is not concordant. However, in the ARIC Study, differences in diet
between visit 1 and visit 3 was small and average of visit 1 and visit 3 dietary intake data
will improve the precision of usual dietary estimation.?® A sensitivity analysis restricting
the analytic sample to ARIC participants with DNA methylation data and dietary data at
visit 3 will be conducted.

f) Will the author need Limited data to complete the proposed manuscript?
Yes, Limited data is needed (Provide a brief (2-3 sentences) justification for
requesting PHI data) . [ No, De-identified data will be sufficient.*Please
note, Limited dataset access is strict and rarely provided. Limited data includes
identifiable information such as dates (birthdays, visit dates, etc.). CMS, Genomic,
Geocoded, Proteomics/Somalogic, and other -omic data all fall under the limited data
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category. De-identified data does not include dates. All dates are date adjusted to "Days
since Visit 1".

This proposal aims to investigate the associations between dietary exposures
(plant-based diets and plant-based diets that are ultra-processed), and epigenetic
aging. Access to DNA methylation data is needed.

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript?_ (Non-ARIC analysis means that the authors are not regarded as ARIC
investigators and the ""ARIC author™ is essentially just a facilitator rather than an integral
part of the writing group.) O Yes No

b. If Yes, is the author aware that the current derived consent file ICTDERO5 must be
used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”
and/or “Not for Profit” ? 0 Yes [ No
(The file ICTDER is distributed to ARIC Pls annually, 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 [1 No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the current derived consent file ICTDERO5 must be used to

exclude those with value RES_DNA = “No use/storage DNA”? X Yes [ No

9. The lead author or the "'sponsoring™ ARIC 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 website at:
https://aric.cscc.unc.edu/aric9/proposalsearch [ARIC Website[/Publications(|Proposal
Search]

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#3146 DNA methylation in Relation to Diet Quality in the CHARGE Consortium
The manuscript based on the proposal #3146 has been published [Ma J, Rebholz CM et
al., Whole Blood DNA Methylation Signatures of Diet Are Associated With
Cardiovascular Disease Risk Factors and All-Cause Mortality. Circulation: Genomic and
Precision Medicine. 2020;13:e002766.].
The present manuscript proposal will use different dietary exposure (plant-based diets)
and different outcome (epigenetic aging).
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MS#3774 Replication Request for: Omic signatures of vitamins C and E
The prior proposal was a replication where the ARIC Study contributed data, and focuses
on a different dietary exposure (vitamins C and E).

MS#3266 Epigenome-wide association study of nut consumption
The prior proposal focuses on a different dietary exposure (nut consumption).

MS#4195 Methylome of plant-based diets
The prior proposal aims to identify DNA methylation signatures of plant-based diets, but
did not focus on epigenetic aging.

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or does it use
current [or ongoing] ancillary study data (this includes ACHIEVE)? Yes [1No=>
Skip to question 12

11.b. If yes to 11.a., is the proposal
A. primarily the result of an ancillary study
O B. primarily based on ARIC data with ancillary data playing a minor role
(usually control variables)

11.c. If yesto 11.a., list number*

2022.07 Proteomic and epigenetic alterations associated with plant-based diets and CVD
(PI: Kim)

*ancillary studies are listed by number
https://aric.cscc.unc.edu/aric9/researchers/ancillary studies/approved_ancillary studies [ARIC
Website [JAncillary Studies]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
https://aric.cscc.unc.edu/aric9/publications/policies_forms_and_guidelines [ARIC
Website[]Publications( 'Publication Policies, Forms, and Guidelines].
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals
automatically upload articles to PubMed central.
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