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4. Rationale:

Metabolomic profiling in individuals with CKD has the potential to identify novel biomarkers and
provide insight into disease pathogenesis. We examined the association between blood metabolites and
CKD progression, defined as subsequent development of ESRD or eGFR halving, in 1773 participants of
the Chronic Renal Insufficiency Cohort (CRIC) study and 962 participants of the African American Study
of Kidney Disease and Hypertension (AASK). In CRIC, more than half of measured metabolites were
associated with CKD progression in minimally adjusted Cox proportional hazards models, but the number
and strength of associations was markedly attenuated by serial adjustment for covariates, particularly
eGFR. Ten metabolites were significantly associated with CKD progression in fully adjusted models in
CRIC; five of these metabolites were also significant in fully adjusted models in AASK, highlighting
potential markers of glomerular filtration (e.g. methylguanidine, pseudouridine) or azotemia
(homocitrulline). Our findings also nominate N-acetylserine as a potential marker of kidney tubular
function, although its association with CKD progression was significant in CRIC only. We propose to use
ARIC as a third cohort by which to measure the association of the 10 implicated metabolites. Because of
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genetic associations linking ACY1 to N-acetylserine metabolism, we will also evaluate for these
associations in ARIC.

5.  Main Hypothesis/Study Questions:

Aim 1: To replicate observed associations between metabolites and CKD progression observed
in CRIC and AASK.
Aim 2: To replicated observed genetic associations between SNPs in ACY1 and N-acetylserine.

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
consent to participate in cardiovascular research and available metabolomics data. All analyses
will exclude those with ESKD at the study visit. For the GWAS of N-acetylserine, we will only
evaluate participants who have consented to genetic research.

Exposure: The exposure for aim 1 will be metabolites. We will perform imputation for
metabolites missing <80% of the time. A priori, we plan to impute missing data with the lowest
value, as done in previous studies. Metabolites will be log-transformed. For aim 2, SNPs will be
the exposure. We will perform analyses separately within the European-American and African-
American populations.

Outcomes:

The main outcome will be CKD progression, defined as GFR decline more than 50% using
subsequent visit data or 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.

Statistical Analysis:

We will evaluate the association between metabolites and outcomes using Cox proportional
hazards model for CKD progression/ESRD. 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-creatinine, hypertension, diabetes). For N-
acetylserine, we will evaluate genetic associations separately in whites and Blacks, adjusting for
age, sex, and genetic principal components.

Limitations:
At visit 5, ARIC is a relatively older population, very different from the participants in
AASK and CRIC.
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