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4. Rationale:  
 
NAT8 is a liver- and kidney-specific gene that encodes for N-acetyltransferase 8, an enzyme 
suggested to play a role in detoxification processes through catalyzing the acetylation of cysteine 
conjugates to form mercapturic acids which can be excreted in bile and urine.1 Previous genetic 
studies have identified rs13538, a common non-synonymous single nucleotide polymorphism 
(SNP) in NAT8, as well as other variants within or near NAT8, to be associated with estimated 
glomerular filtration rate (eGFR) or incident CKD.2-5 Variants in the promotor region of NAT8 
were found to have protective effects against hypertension and kidney failure.6  
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Previously, we conducted a genome-wide association study of untargeted serum metabolites 
among African American Atherosclerosis Risk in Communities Study (ARIC) participants. We 
found that rs13538 was strongly associated with N-acetylornithine and N-acetyl-1-
methylhistidine, and that higher circulating levels of these metabolites were associated with 
lower eGFR and higher incidence of CKD without adjusting for eGFR and the association with 
incident CKD became insignificant after adjusting for baseline eGFR.7 
 
The associations between rs13538 and other N-acetyl amino acids were not evaluated because of 
the limited number of metabolites quantified in the previous study. Further, it is unknown 
whether NAT8-associated N-acetyl amino acids are also associated with ESKD. Given the 
expansion of the Metabolon platform and the availability of metabolomics data at Visit 5, we 
now propose to extend the study by addressing these additional research questions. We have 
performed the same analyses in the African American Study of Kidney Disease and 
Hypertension, the Modification of Diet in Renal Disease, and BioMe. We will conduct meta-
analyses to combine results from ARIC with findings from these cohorts. 
 
5. Main Hypothesis/Study Questions: 
 
Hypothesis 1: The NAT8 variant rs13538 is associated with N-acetyl amino acids in addition to 
those previously evaluated (i.e., N-acetylornithine and N-acetyl-1-methylhistidine) quantified 
using untargeted serum metabolomic profiling in ARIC participants. 

Hypothesis 2: Specific N-acetyl amino acids associated with rs13538 are also associated with 
ESKD. 

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:  
 
Hypothesis 1: Association study in eligible participants at Visit 5, performed separately between 
blacks and whites. 
 
Hypothesis 2: Longitudinal study of eligible participants followed from Visit 5 till the date of 
ESKD, death, or administrative censoring, whichever occurred first. 
 
Inclusion/exclusion criteria: 
 
Hypothesis 1: Participants age >18 at Visit 5, agreed to DNA research, and with both genotyping 
and untargeted serum metabolomic profiling at Visit 5 will be included. We will exclude 
participants who have eGFR <15 ml/min/m2, prevalent ESKD, or missing age, sex, race, eGFR, 
urine ACR at Visit 5. 
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Hypothesis 2: Participants age >18, with serum metabolomic profiling at Visit 5 will be 
included. We will exclude participants who have eGFR <10 ml/min/m2, prevalent ESKD, or 
missing age, sex, race, eGFR, urine ACR at Visit 5. 
 
Outcomes: 
 
Hypothesis 1: The cross-sectional associations between rs13538 and circulating levels of N-
acetyl amino acids will be evaluated. Here, the metabolite is the outcome. 
 
Hypothesis 2: End-stage kidney disease, ascertained using linkage to the US Renal Data System 
(USRDS) or based on the International Classification of Diseases, Ninth or Tenth Revision, 
Clinical Modification (ICD-9-CM/ICD-10-CM) codes for hospitalization or death. 
 
Exposures: 
 
Hypothesis 1: Rs13538 genotype. 
 
Hypothesis 2: N-acetyl amino acids that are associated with rs13538. 
 
Covariables: 
 

Covariable name Type Description Time of collection 

Age Continuous Year Visit 5  
Sex Binary Male/female Visit 5 

Race Binary Black/white Visit 5 
eGFR calculated 
using CKD-EPI 

equation 

Continuous mL/min/1.73 m2 Visit 5 

Urine albumin to 
creatinine ratio 

(ACR) 

Continuous mg albumin/gram urine creatinine Visit 5 

Smoker Categorical Never/Past/Current Visit 5 

Diabetes Binary 
 

Yes/no 
Fasting glucose greater than 126 mg/dL, non-fasting 
glucose greater than 200 mg/dL, self-reported 
physician diagnosis, or antidiabetic medication use 

Visit 5 

Hypertension Binary 
 

Yes/no 
Blood pressure of ≥140/90 mm Hg or current use of 

antihypertensive medication 

Visit 5 

Coronary artery 
disease  

Binary 
 

Yes/no 
Self-reported history of myocardial infarction or 

cardiac procedure 

Visit 5 

Body mass index 
 

Continuous kg/m2 Visit 5 
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Analysis plan: 
 
Hypothesis 1: Rs13538 genotype (or dosage information if imputed) will be extracted from 
existing genotype data. The methods of genotyping in ARIC have been previously described.7 
Details about metabolomic profiling and assessment have also been described and published 
previously.7 Metabolite values will be natural log-transformed and scaled to a median of 1 prior 
to analyses. For the purposes of genetic associations, we will evaluate both by excluding missing 
values and also by imputing with the lowest detectable level. We will only include metabolites 
that are N-acetyl amino acids. Rs13538 will be coded using an additive genetic model. We will 
perform linear regressions of rs13538 on each N-acetyl amino acid, adjusting for age, sex, eGFR, 
urine ACR, body mass index, history of smoking, history of diabetes, history of hypertension, 
history of coronary artery disease. Analyses will be stratified by race. The assumption of 
linearity will be checked for metabolites with significant associations by categorizing metabolite 
levels into quartiles and quintiles and repeating analyses. 
 
Hypothesis 2: Cox proportional hazards regression will be used to calculate the hazard ratio for 
ESKD. The time metric will be time since visit 5. Participants will be considered at risk from 
Visit 5 until ESKD, death, or administrative censoring. All Cox models will include as 
covariables age, sex, eGFR, urine ACR, body mass index, history of smoking, history of 
diabetes, history of hypertension, history of coronary artery disease. Metabolite levels below the 
assay detectable limit will be imputed with the lowest detected value for that metabolite in all 
samples. Metabolite values will be natural log-transformed and scaled to a median of 1 prior to 
analyses. Analyses will be stratified by race. A power calculation was performed to estimate 
effect size. We used the following parameters: Sample size N=6,538 (estimated number of 
eligible participants at Visit 5); Probability of an ESKD event Pr=0.01; Power=0.80. Using a 
two-sided test, the target hazard ratio is estimated to be 2.00. We plot power by estimated effect 
size below: 
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All significance levels will be Bonferroni adjusted. Statistical analyses will be performed using R 
(R Foundation, Vienna, Austria) or Stata/IC 14.2 (Stata Corp., College Station, TX). 
 
Methodologic challenges:  
 
Hypothesis 1: Measurement precision may vary by metabolite, affecting likelihood of detecting 
associations for different metabolites. We will take into account metabolites’ coefficients of 
variation in blind duplicates in interpreting results. 
 
Hypothesis 2: The total number of ESKD events is 45, which may limit our power to detect 
associations. We plan to meta-analyze these same associations in the African American Study of 
Kidney Disease and Hypertension, the Modification of Diet in Renal Disease, and BioMe 
cohorts to increase sample size and power.  
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
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