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3. Timeline:  Data analysis and manuscript preparation is anticipated to take place within one 
year of approval of this proposal. 
 
 

4. Rationale: Ultra-processed foods are defined as industrially manufactured, ready to eat 
food or drinks that contain additives and nonculinary substances, with little or no intact foods.1 
They are typically high in sugar, salt and refined carbohydrates, and low in micronutrients and 
fibers. In the U.S., these foods are becoming easily accessible and the consumption has been 
continuously increasing in both adults and children over the past two decades.2,3 The 
consumption of ultra-processed food in the U.S. is estimated to constitute over half of total 
energy intake.4 Previous studies have also linked higher ultra-processed food consumption with 
adverse health outcomes including cardiovascular diseases, diabetes mellitus and cancer.  
 

In recent years, there have been debates surrounding the classification of ultra-processed 
food.8,9 Although useful as a holistic approach to assess a unique characteristic of food 
consumption, ultra-processed food classification do not disentangle processing from nutritional 
content. High throughput, untargeted proteomic profiling provides an unprecedented opportunity 
to identify levels of plasma proteins that represent ultra-processed food consumption. Studying 
the proteomics of ultra-processed food allows for the discovery of objective biomarkers of ultra-
processed food. Additionally, since proteomics analyses can provide substantial information, 
including protein-protein interactions, food metabolisms, and protein involvement in biological 
pathways, assessing prospective associations between ultra-processed foods-related proteins and 
health outcomes can provide further insights regarding the biological activity that links ultra-
processed food consumption to disease. 
 
 
5. Main Hypothesis/Study Aims:  
Specific Aim 1: To discover novel biomarkers of ultra-processed food consumption using 
untargeted proteomics. 
 
Specific Aim 2: Assess the prospective associations between ultra-processed foods-related 
proteins and health outcomes including chronic kidney disease, coronary heart disease, and all-
cause mortality. 
  
Hypothesis 1: We hypothesize that a set of proteins will be associated with levels of ultra-
processed food intake. 
 
Hypothesis 2: We hypothesize that a subset of ultra-processed foods-related proteins will be 
prospective associated with health outcomes including chronic kidney disease, coronary heart 
disease, and all-cause mortality. 
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6. Design and analysis - please address the following aspects: 

a) inclusion/exclusion 
For specific aim 1, we will exclude participants based on following criteria: 

1) Missing proteomics data 
2) Missing or implausible dietary data 

a. Missing 10 or more items on the food frequency questionnaire 
b. <500 or >3500 kcal/day energy intake for women, <600 or >4500 kcal for 

men 
3) Non-black and non-white participants, black participants from Minneapolis, 

Minnesota, and black participants from Washington County, Maryland 
4) Missing covariates [age, sex, race, center, body mass index, education level as a 

proxy for socioeconomic status, smoking status, physical activity level, total energy 
intake, diabetes status, hypertension status, coronary heart disease, and estimated 
glomerular filtration rate (eGFR)] 

5) Prevalent coronary heart disease cases; eGFR less than 60 mL/min/1.73m2; missing 
incident chronic kidney disease or incident coronary heart disease information. 

b)  study design 
We will investigate whether plasma proteins levels are associated with levels of ultra-
processed foods intake, and if ultra-processed food-related proteins are associated with health 
outcomes. We will use available plasma proteomics data measured by the SomaScan® 
(SomaLogic, Inc., Boulder, CO, USA) platform from plasma specimens collected from study 
participants at study visit 3, and ultra-processed foods intake calculated based on dietary 
intake data collected with a food frequency questionnaire at study visit 3. Outcome 
ascertainments were continued from visit 3 (1993-1995) until December 31st, 2020. 

 
c) outcome and other variables of interest with specific reference to the time of their 

collection 
Dietary Assessment: 

Dietary intake was assessed using a semi-quantitative 66-item food frequency 
questionnaire (FFQ) which was modified from the original Willett FFQ.10,11 Participants 
reported their usual intake of food items of a specified portion size during the preceding year. 
The FFQ was administered at study visit 3 by trained interviewers. Nutrient intake was 
derived by multiplying the servings of each food item by its nutrient content which was 
obtained primarily from U.S. Department of Agriculture sources. 
 
Classification of Ultra-Processed Food: 

All food items on the FFQ were classified into one of four categories according to the 
NOVA classification system based on processing level: 1) unprocessed or minimally 
processed foods, including foods obtained directly from the nature, and undergo little or no 
alteration other than methods such as freezing, drying or pasteurization, and with no addition 
of culinary ingredients; 2) processed culinary ingredients, including substances extracted 
from natural foods or by natural process such as pressing, grinding or crushing. Examples 
such as salt, sugar, vegetable oils and fats; 3) processed foods, including products that have 
undergone specific preparation or preservation with the use of level 2 added to level 1 foods 
to preserve or to make them more palatable; 4) ultra-processed foods, including products that 
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were made entirely or mostly from industrial formulations with artificial additives and 
nonculinary substances.12 

We previously published the classification of food items FFQ administered in the ARIC 
study according to processing level.13, 14  

 
Outcome Assessment: 
Incident chronic kidney disease will be defined using the following criteria: 

1. A reduced kidney function, defined by eGFR less than 60 ml/min/1.73 m2, along with 
a decline of at least 25% in eGFR in comparison to the initial visit. 

2. Stage 3 or higher chronic kidney disease-related hospitalizations (based on 
International Classification of Disease [ICD] 9 and 10 code). 

3. Death related to stage 3 or higher diagnosis of chronic kidney disease according to 
ICD code, identified through linkage to National Death Index 

4. End-stage renal disease diagnosis, kidney dialysis or transplantation identified 
through linkage with the U.S. Renal Data System (USRDS) registry. 

 
Incident coronary heart disease will be defined as hospitalized myocardial infarction or 

fatal coronary heart disease. Incident cases were identified through active surveillance on 
cardiovascular disease-related hospitalizations and deaths by study staff and were adjudicated 
by a group of experts. 

 
All-cause mortality defined as death caused by any reason, as determined through linking 

to the National Death Index, conducting telephone interviews with relatives or proxies, and 
actively monitoring local hospital discharge and state death records. 

 
Proteomic Profiling:  

Plasma specimens were stored at -80°C since collection at visit 3 (1993-1995). In the 
ARIC study, participants were instructed to fast for 12 hours prior to the study visit. As such, 
the proteomic profiling of plasma specimens reflects the impact of usual dietary intake on the 
proteome rather than recent intake. The proteome could be considered the internal dose of 
dietary intake as it reflects not only the consumption of food but also the metabolism of food. 

 
Modified aptamers, which are protein-specific binding reagents that have been prepared 

using chemically modified DNA, are used to quantify proteins by SomaLogic (Boulder, 
Colorado).15,16 The modifications provide nucleotides with protein-like functional groups 
allowing for binding with high affinity and specificity to proteins. The current version of the 
SOMAscan platform quantifies approximately 5,000 proteins. Proteomic data underwent the 
SOMAscan standardization and normalization process. Additional data cleaning and quality 
control procedures were conducted by ARIC study investigators. 17  

 
d) summary of data analysis  

For specific aim 1: 
To characterize the proteomic profile of ultra-processed food, we will use visit 3 data. We 

will conduct analyses to examine individual proteins as well as identify a composite of proteins 
that are representative of ultra-processed food. Proteins will be log-transformed to improve the 
normality of their distribution. We will use linear regression models to investigate the association 
between log-transformed protein levels as the outcome variables and ultra-processed food as the 
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exposure variable. Multivariable regression models will adjust for age, sex, race, study center, 
education level, smoking status, body mass index, physical activity levels, eGFR, total energy 
intake, and disease status including diabetes status, hypertension status, and coronary heart 
disease. 

We will combine multiple candidate proteins that are significantly associated with ultra-
processed food since panels of multiple biomarkers provide better estimates of dietary intake 
than single biomarkers.18 We will dichotomize ultra-processed food empirically (highest quartile 
vs. lower 3 quartiles) given the lack of a clinically important threshold, as we have previously 
done in a previous publication on the metabolomics of dietary acid load.19 We will calculate the 
area under the curve (C statistic) for incremental ability of each individual protein (as well as the 
panel of proteins) to predict the highest quartile vs. lower 3 quartiles of ultra-processed food. We 
will calculate Pearson’s correlation coefficients between the significant proteins to describe their 
interrelationships.  

We will use the Bonferroni method to account for multiple comparisons.20 We will randomly 
divide the study population into a 2/3 discovery sample and a 1/3 validation sample. We will 
examine which proteins that were statistically significant (p<0.05/number of proteins analyzed) 
in the discovery (2/3) sample are also statistically significant (p<0.05/number of proteins 
statistically significantly associated with ultra-processed food in the discovery sample) in the 
validation sample. 

We will examine potential differences by sex and race in stratified analyses. We will 
formally test for differences by sex, race and body mass index categories using likelihood ratio 
tests. We will also conduct pathway analysis using a broader list of proteins, that are statistically 
significant at FDR<0.05 threshold.  
 
For specific aim 2: 

After obtaining the list of proteins that are significantly associated with ultra-processed food 
consumption in aim 1, we will use Cox proportional hazards models to evaluate the prospective 
association between ultra-processed foods-related proteins and time to incident coronary heart 
disease, chronic kidney disease and all-cause mortality.  

We will calculate hazard ratios for each outcome with the corresponding 95% confidence 
intervals per doubling of proteins levels (log2-transformed). We will account for known 
confounders including age, sex, race, center, education level, smoking status, physical activity 
level, body mass index, eGFR, and total energy intake. We will use Bonferroni correction and 
false discovery rate methods to adjust the statistical threshold to account for multiple 
comparisons and reduce the likelihood of detecting false positive findings. 
 
 

e) Any anticipated methodologic limitations or challenges if present 
Ultra-processed foods intake was recorded using self-reported food frequency questionnaire, 

which relies on respondents’ ability to report frequency and portion size and is prone to biases 
and errors. Future research is warranted to examine the proteomic profile of ultra-processed food 
intake in well controlled feeding studies. Exposure misclassification of food into processing level 
categories using the NOVA classification system is possible. Specifically, the relatively short 
length of the questionnaire could result in an underestimation of the absolute intake of ultra-
processed food. However, we should be able to adequately rank participants within the 
population according to consumption of ultra-processed food. There is relatively less detailed 
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information available about specific foods in the ARIC study compared to dietary data collected 
using other assessment tools (e.g., 24-hour dietary recall). We will use the rubric used in 
previous manuscripts on ultra-processed food and coronary heart disease and ultra-processed 
food and chronic kidney disease in the ARIC study, which have passed peer review and are now 
published. 13, 14 
 The SomaLogic platform estimates proteins in relative levels, thus, subsequent work is 
needed to develop methods for absolute quantification of ultra-processed foods biomarkers. 
 The FFQ used in this study were not specifically designed to answer food processing 
questions, hence some common ultra-processed food items were not included, and the dietary 
intake data may not accurately reflect the current American’s diet. 

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 category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
 
 
 
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.)  ☐ Yes    ☒ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only” 
and/or “Not for Profit” ? ☐ Yes    ☐ No 
(The file ICTDER is distributed to ARIC PIs 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? ☐ Yes    ☒ 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 ICTDER05 must be used to 
exclude those with value RES_DNA = “No use/storage DNA”? ☐ 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]  
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☒ 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)? 
MP #3727 - Association between ultra-processed food consumption and risk of coronary heart 
disease and chronic kidney disease in the Atherosclerosis Risk in Communities Study 

 
 This previous proposal did not incorporate proteomic data.  
 
MP #3755 – Protein Biomarkers of the DASH Diet and Hypertension Risk in the ARIC study 
 
 This previous proposal was focused on another dietary exposure.  
 
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  ☐ No  Skip 
to question 12 
 
11.b. If yes to 11.a., is the proposal  

☒ A. primarily the result of an ancillary study  
☐  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables) 
 

11.c. If yes to 11.a., list number* 2021.27  
 
*ancillary studies are listed by number 
https://aric.cscc.unc.edu/aric9/researchers/ancillary_studies/approved_ancillary_studies [ARIC 
WebsiteAncillary 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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