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4. Rationale:

Selection methods that relate omic data to clinical outcomes may not identify weak but
cumulative effects of correlated features. Methods for determining statistical significance such as
Bonferroni correction are overly conservative in this setting. Further, integrating difference
sources of proteomics and metabolomics may help identify common molecular pathways that
underlie disease progression. We propose to apply Netboost, a dimension reduction technique, to
aggregate information across high-dimensional omic data and use these modules to relate the
summary meaures to clinical outcomes.!



The disease of interest is chronic kidney disease, a common and morbid disease that is associated
with risk of cardiovascular disease, end-stage kidney disease, and mortality, as well as outcomes
such as decreased quality of life, bone disease, and decreased cognitive function.?3 Chronic
kidney disease is highly related to both the metabolome and the proteome, components of which
may precipitate disease progression.*® Particularly in older populations, chronic kidney disease
can afflict over 40% of the population.® Identifying molecular pathways that are up- or down-
regulated in people with adverse outcomes may produce proteins or metabolites that may
targeted in disease prevention efforts.

5. Main Hypothesis/Study Questions:

Aim 1: To identify clusters of metabolites, and to relate them to adverse kidney outcomes.

Aim 2: To identify clusters of proteins, and to relate them to adverse kidney outcomes.

Aim 3: To integrate metabolites and proteins into clusters, and to relate them to adverse kidney
outcomes.

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 conduct a prospective analysis of the ARIC cohort, using study visit 5
with follow-up through December 31, 2018 (or the most recent surveillance year).

Study Population: The study population will include all members of the ARIC cohort with
available SOMAScan data, consent to participate in cardiovascular research, and available
metabolomics data. All analyses will exclude those with ESKD at the study visit.

Exposure: The exposure for each aim will be eigen-modules: for aim 1, eigen-metabolites, for
aim 2, eigen-proteins, and for aim 3, a mixture of metabolites and proteins. Because Netboost
requires non missing data, we will focus on metabolites missing <80% of the time, and evaluate
how robust clustering is to different methods of missing value imputation. A priori, we plan to
impute missing data with the lowest value, as done in previous studies. Both metabolites and
proteins have been measured using plasma from ARIC visit 5.

Outcomes:

The main outcomes will be slope of eGFR decline, CKD progression, and incident ESKD.
Incident ESKD will be defined as the initiation of renal replacement therapy (either dialysis or
transplant) and cases will be defined through linkage of the ARIC study with the United States
Renal Data System (USRDS) registry. CKD progression will be defined as ESKD, or 50%
decline in GFR using subsequent visit data. We will also assess cross-sectional relationships
with eGFRcrcys and log-ACR (urine albumin-to-creatinine ratio). We will estimate GFR based
on creatinine and cystatin using the CKD-Epi equation.

Statistical Analysis:



We will cluster omic measures using Netboost or a related dimension-reduction technique
such as weighted correlated network analysis. We will evaluate the association between
eigenmodules and outcomes using the appropriate statistical models: linear mixed models with
random intercept and slope for eGFR decline; Cox proportional hazards model for CKD
progression and incident ESKD. We will test associations in unadjusted models, demographic-
and study-center adjusted models, and fully-adjusted models, which include known risk factors
for adverse kidney outcomes (demographics, study center, cardiovascular disease, smoking,
eGFRcrcys, urine albumin-to-creatinin, hypertension, diabetes). For modules that are
significantly associated with kidney outcomes, we will evaluate genetic associations with
eigenmodules separately in whites and Blacks for potential Mendelian randomization studies and
seek replication at other visits or using other cohorts as available.

Limitations:
SOMAscan provides aptamer levels, which may not perfectly correlate with protein levels.
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