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4. Rationale:

Chronic kidney disease (CKD) has been recognized as a public health problem which
affects an estimated 19 million adults in the US (1). Progression of CKD may lead to
end-stage renal disease (ESRD). The yearly mortality rates for individuals treated with
dialysis for ESRD exceed 20% (2). Therefore, early identification of individuals at
increased risk for CKD and effective intervention is essential. Previous studies have
shown that sub-groups of individuals susceptible to kidney disease exist (3).
Additionally, multiple studies have confirmed that kidney disease is heritable (4). Apart
from major cardiovascular risk factors such as hypertension, genetic causes contribute
directly to the complex disease CKD.

Association studies in large study populations provide greater power than family-based
linkage studies for the identification of common genetic variants underlying complex
diseases (5). Recently, genome-wide association studies (GWAS) to discover
associations of common single nucleotide polymorphisms (SNPs) and a phenotype of
interest have become feasible. Screens of 100,000-500,000 common SNPs across the
genome have led to the discovery of variants significantly associated with age-related
macular degeneration (6), type 2 diabetes (7-10), obesity (11, 12), inflammatory bowel
disease (13), and heart disease (14-16). To date, there have not been any reports on
genome-wide association studies with kidney disease as the phenotype.

In 2006, the NHLBI genotyped 116,204 markers on 1,320 related and unrelated
Framingham Heart Study (FHS) participants not selected for a specific phenotype using
the Affymetrix GeneChip Human Mapping 100K set. Kidney disease as the phenotype of
interest was analyzed using 3 different traits: 1) continuous eGFR in ml/min/1.73m*
(MDRD Study equation(17)), 2) CKD defined as eGFR<59 ml/min/1.73m* (women) or
<64 ml/min/1.73m* (men), 3) continuous serum cystatin C levels (mg/l). Analyses were
performed using both FBAT (18) and GEE models to account for relatedness among
study persons. Lists containing the SNPs with the top 100 lowest p-values for association
with each of the 3 traits as well as those showing p-values <0.01 with at least two of the
traits were passed on to ARIC investigators for the selection of SNPs to be replicated in
the ARIC cohort. A signed memorandum of understanding with the Framingham
investigators exists.

We propose to replicate the association of these SNPs with traits related to kidney disease
in the ARIC Study.

5.  Main Hypothesis/Study Questions:

Main hypothesis: SNPs that were significantly associated with kidney traits in the ARIC
Study will also be significantly associated with kidney traits in Caucasian ARIC
participants.

Study questions:
1.  Will the association between these SNPs and kidney traits observed in the FHS
replicate in Caucasian ARIC participants?



2. Will this association also be present in African American ARIC participants?
Furthermore, can differences in frequencies of such genetic variants between
Caucasians and African Americans account for part of the differences in disease
risk?

3. Will the association be observed cross-sectionally as well as prospectively (incident
CKD), and with different kidney traits?

4. How will such associations be influenced by adjustment for or stratification on
important CKD risk factors such as age, hypertension, or type 2 diabetes?

5. Will the observed associations be for variants lying in genes, and if so, in those with
a known pathophysiological role in kidney disease? Can new hypotheses for kidney
disease mechanisms be generated?

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:

SNPs will be selected for replication based on statistical, biological, and cost
considerations. Initially, we selected the 8 SNPs (rs10509132, rs6831700, rs1613631,
rs2228210, rs2419912, rs2827732, rs4553158, rs6495446) significantly associated with
each of the 3 kidney traits studied in FHS at p <0.01 for replication in the entire ARIC
cohort. Genotyping will be carried out using the Sequenom iPLEX platform at the ARIC
DNA lab in Houston (E. Boerwinkle). SNPs failing on this platform will be typed using
TaqMan assay. In addition, SNPs in kidney disease candidate genes that were on any of
the lists received from FHS will be typed (rs2839235, rs10520688, rs1455177,
rs3779748, rs1743955, 152061063, rs4835136, rs4148686). Further SNPs may be added
to this list in coordination withthe ARICDNA lab and following Dr.
Boerwinkle's direction as chair of the laboratory committee.

Inclusions/Exclusion: Individuals who did not consent to DNA research as well as those
not of Caucasian or African American race will be excluded. Quality control will be
performed and genotypes not meeting the standards (see below) will be excluded.
Outcome: Kidney disease traits will be evaluated cross-sectionally as well as
prospectively. For cross-sectional analyses, the association of genotypes with eGFR,
In(eGFR), albumin-to-creatinine ratio (ACR), and eGFR<60 ml/min/1.73m* will be
studied at ARIC study visit 1 (eGFR) and 4 (eGFR, ACR). For prospective analyses,
incident CKD will be defined as a rise in serum creatinine >0.4 mg/dl above baseline or
kidney disease hospitalization or death, or as incident eGFR <60 ml/min/1.73m* or
kidney disease hospitalization or death.

Other variables of interest: age, gender, systolic and diastolic blood pressure,
antihypertensive medication, diabetes mellitus, smoking, triglycerides, HDL cholesterol,
education.

Data analysis:



Quality control: SNPs exhibiting a call rate is <90%, a p-value for the test of Hardy-
Weinberg equilibrium of <10"-4, and a minor allele frequency of <5% will be dismissed
from analyses.

In all analyses, an additive genetic model will be assumed. All analyses will be carried
out stratified by race.

The primary analysis to be conducted will be cross-sectional and consistent with the
analysis conducted in the FHS to avoid having to adjust for multiple testing. Specifically,
multivariable regression models adjusted for age, sex, systolic blood pressure, hypertension
treatment, HDL-cholesterol, smoking, diabetes, and body mass index will be run. Consistent
with the FHS analyses, we will run this model in 1) a linear regression analysis with
continuous eGFR as the outcome, and ii) a logistic regression model with eGFR <60
ml/min/1.73m* as the outcome. Additional secondary analyses will be conducted to
investigate the association of genotypes with the albumin-to-creatinine ratio (ACR) in a
multivariable linear regression model. For all continuous kidney traits, means will be
calculated and compared for the three genotypes at each SNP using ANOVA.

In additional secondary analyses, the association of the genetic variants and incident
CKD will be studied. For these prospective analyses, follow-up time will be counted
from ARIC visit 1 until the visit date at which the creatinine rise / eGFR decline
occurred, or the date of CKD hospitalization discharge or death, or the earlier of the two
dates for participants meeting both definitions. Non-cases will be censored at the earlier
of the date of last contact (or date of non-CKD death) or December 31, 2002. Incidence
rates of CKD will be calculated using person-time methods. Kaplan-Meier estimates of
mortality will be computed, and log-rank tests will be used to compare survival curves
among the genotypes. Each SNP will be tested for association with incident CKD in
multivariable Cox proportional hazard analyses, adjusted for the same covariates as the
primary analysis. We will estimate the effect size (RH of incident CKD) and 95%
confidence interval for each SNP.

The distribution of baseline characteristics in the study population by genotype for
significantly associated SNPs as well as by outcome will be computed using t-tests, chi-
square tests and ANOVA as applicable.

Determination of statistical significance: For each of the SNPs in a plausible CKD
candidate gene, results will be considered significant at a p-value of <0.05 (19). For the
other 8 SNPs, a Bonferroni correction will be applied, resulting in a significance level of
a = 0.00625 (two-sided).

Power: The power in ARIC is high for moderate associations. A simplified analysis for
incident CKD of cases vs. non-cases (ignoring follow-up time) shows that assuming
alpha = 0.05, an OR of 1.3 (or 1.6 if larger genetic effects are hypothesized) and allele
frequencies of 0.2, 0.1, 0.05 and 0.01 results in calculated power of 98.5% (100%),
88.3% (100%), 64.4% (98.9%), and 19.0% (53.7%).

Limitations: We will only be able to investigate the most significantly associated SNPs
as well as those in the most interesting candidate genes. Undetected population
substructures might possibly impact our findings. However, the impact of population
stratification on false-positive findings has been reported as low (20). In addition, we will
be getting data from ancestry informative makers from CIDR shortly. This information
can then be incorporated into our analyses.
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