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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 industrial food formulations that have undergone
multiple processing steps, with the addition of non-culinary and chemical substances to enhance
appearance, flavor, and shelf life. These foods are often high in sugar, salt, and fat, and low in
protein, fiber, and micronutrients. Previous evidence has suggested that higher consumption of
ultra-processed foods is associated with adverse health outcomes, including metabolic syndrome,
obesity, cardiovascular disease, chronic kidney disease, cancers, and mortality (1-6).

Since obesity is a well-established risk factor for type 2 diabetes, and ultra-processed food
consumption has been linked to weight gain and obesity, it is crucial to determine whether ultra-
processed foods is related to diabetes risk independent of body mass status or is mediated by
weight gain. Teasing apart this relationship can guide targeted interventions and management
strategies.

Most of the previous studies on ultra-processed food and their health impacts were
conducted in European populations, which have different consumption levels and food
preferences compared to the U.S. population (7, 8). Studies conducted in the U.S. have consisted
of predominantly white populations (9). Given that diabetes disproportionally affects non-white
individuals in the U.S., it is important to examine the association between ultra-processed food
consumption and diabetes risk within a diverse population, to allow for broader generalizability.

Diet is a modifiable risk factor for diabetes. Assessing change in diet, particularly regarding
ultra-processed food consumption, is essential for developing prevention strategies that can
alleviate the public health burden of diabetes.

Given the increasing consumption of ultra-processed foods (10), our study aims to: 1)
investigate the relationship between ultra-processed food consumption and diabetes risk and
explore the role of body mass index in the association between ultra-processed foods and
diabetes; and 2) evaluate changes in ultra-processed food intake over a 6-year period and its
impact on subsequent diabetes risk. This comprehensive approach will provide valuable insights
into the complex interplay between diet, obesity, and diabetes, helping inform targeted
interventions for diabetes prevention and management.

5.  Main Hypothesis/Study Questions:

Specific Aim 1: To evaluate the association between ultra-processed food consumption and risk
of incident diabetes.

Hypothesis 1: Higher ultra-processed food consumption is associated with a higher risk of
incident diabetes.

Specific Aim 2: To evaluate the association between change in ultra-processed food intake and
risk of incident diabetes.
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Hypothesis 2: An increase over time in consumption of ultra-processed food or sustained
high level of intake of ultra-processed food during a 6-year period is associated with a
higher risk of incident diabetes.

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:
We will first investigate the association between ultra-processed foods consumption

assessed at visit 1 and subsequent risk of incident diabetes during follow-up. Then, we will
calculate the change in ultra-processed foods intake between visit 1 and visit 3 and risk of
incident diabetes after visit 3.

Inclusion/Exclusion Criteria:
We will exclude participants based on the following criteria:

1. Participants with missing dietary intake information or derived nutrient information
(missing more than 10 items).

2. Participants with missing or implausible energy intake data (women: <500 or >3500 kcal;
men: <600 or >4500 kcal).

3. Non-black and non-white participants.

4. Black participants in Minneapolis, Minnesota and Washington County, Maryland study
sites.

5. Participants with missing covariates (age, gender, race-center, body mass index, leisure
time physical activity, smoking status, education level, total cholesterol, systolic blood
pressure, and fasting glucose).

6. Participants with prevalent diabetes at baseline defined as elevated glucose levels
(defined as a fasting glucose >126 mg/dL or a non-fasting glucose >200 mg/dL), self-
reported diagnosis, or medication use.

Dietary Assessment:

A 66-item semi-quantitative food frequency questionnaire (FFQ) that was modified from the
Willett food frequency questionnaire was used to collect information on consumption of foods
and beverages in the past year. The questionnaire was administered by trained interviewers at
study visits 1 and 3, and different sizes of cups and glasses were provided to the participants to
help visualize the portion size. Food questionnaire answers ranged from almost never to more
than 6 times per day.

Classification of Ultra-Processed Food and Assessment of Diet Changes:
We used the NOVA classification system to categorize food items on the food frequency
questionnaire into one of the following groups:
e Group 1 (unprocessed or minimally processed foods): Obtained directly from plants or
animals, undergo little (e.g., drying, boiling, pasteurizing, squeezing) or no alteration
following their removal from nature.
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e Group 2 (processed culinary ingredients): Extracted from natural foods or from nature
through processes such as pressing, grinding, crushing, pulverizing, and refining. These
ingredients are mainly used to prepare, season, or cook the foods from Group 1.

e Group 3 (processed foods): A combination of foods from Group 1 and Group 2, used for
preservation or to enhance taste.

e Group 4 (ultra-processed foods): Industrial formulations made entirely or mostly from
substances extracted from foods, with little or no intact foods. These foods often contain
non-culinary substances (e.g., colorants, emulsifiers, and sweeteners).

We have applied this classification system in previous published papers on ultra-processed
food in the ARIC study (3, 4).

We will categorize ultra-processed food intake at visit 1 as low (below or equal to median)
or high (higher than the median), then categorize changes between visit 1 and 3 as sustained low
(low in both visits), sustained high (high in both visits), increased intake (low at visit 1, high at
visit 3), or decreased intake (high at visit 1, low at visit 3).

Outcome assessment:
Incident diabetes will be defined by the following three criteria used in prior ARIC study
publications (11, 12, 13):
e Elevated blood glucose levels (a fasting glucose > 126 mg/dL or a non-fasting glucose >
200 mg/dL), or HbA1c > 6.5% (when available).
e Current use of diabetes medication.
e Self-report of a physician diagnosis of diabetes.

As a sensitivity analysis, we will define incident diabetes based on treated diabetes
(medication use) only.

Statistical Analysis:

We will summarize participants’ baseline characteristics and nutritional characteristics
according to the quartiles of energy-adjusted ultra-processed food consumption. We will use chi-
square tests for categorical variables and ANOVA for continuous variable to test for differences
in participant characteristics and nutritional factors between quartiles of ultra-processed food
intake.

We will use Cox proportional hazards models, with time on study as the time metric, to
calculate hazard ratios (HR) and 95% CI for the association between baseline ultra-processed
food consumption and risk of diabetes using quartile 1 as the reference group. We will use Cox
proportional hazards models to assess change in ultra-processed foods intake and time to incident
diabetes since visit 3. Model 1 will adjust for age, sex, race, study center, and total energy intake.
Model 2 (main model) will further adjust for drinking status, leisure time physical activity, and
education level. In Model 3, we will further adjust for total cholesterol, systolic blood pressure,
and fasting glucose. In Model 4, we will additionally adjust for body mass index. We will test for
linear trend across quartiles using the median intake within each quartile. We will also perform
subgroup analyses (sex, race, body mass index categories) to identify potential effect modifiers
and test for interaction terms using likelihood ratio tests. We will also model ultra-processed
food intake as a continuous variable (servings/day) and assess the risk of diabetes associated with
each additional serving consumed per day. We will also model ultra-processed food intake using
restricted cubic splines to visually examine and test for linearity of the association.
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We will assess the associations between specific ultra-processed food subgroups (e.g.,
sugar-sweetened beverages, breakfast cereals, ultra-processed meats, dairy products) and risk of
diabetes to identify food groups that contribute to the overall association between ultra-processed
food and diabetes. We will also perform mediation analysis to estimate the percentage of the
associations between ultra-processed food intake and diabetes risk mediated by body mass index.

Anticipated Methodologic Limitations or Challenges:

Our dietary intake data were self-reported, which may be prone to measurement error and
recall bias. The food descriptions provided by the FFQ might not offer sufficient information to
accurately classify food processing levels, leading to potential misclassification error. We will
classify uncertain food items conservatively, meaning we will classify them in a less processed
categories when in doubt. We have previously used this classification system to characterize
processing level of foods consumption in the ARIC study and we observed that higher intake of
ultra-processed food is associated with elevated risk of incident chronic kidney disease and
incident coronary heart disease (3, 4). Additionally, the dietary intake data collected in the late
1980s may not accurately reflect the current consumption of ultra-processed foods. However, the
timing of the dietary data collection allows for long-term observation of the development of
diabetes.
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