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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 "2 Progression of CKD may lead to end-
stage renal disease (ESRD). The yearly mortality rates for individuals treated with
dialysis for ESRD exceed 20% °. 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 *. Additionally,
multiple studies have confirmed that kidney disease is heritable °. Apart from major
cardiovascular risk factors such as hypertension, genetic causes contribute directly to the
complex disease CKD.

One of the major contributors to CKD is type 2 diabetes mellitus (T2DM). Diabetes
mellitus accounts for about 45% of new ESRD cases in the US, and about 30% of
individuals with type 2 diabetes develop overt kidney disease. While it has largely been
assumed that the excess risk of renal complications seen among individuals with T2DM
is likely the result of the interaction between inadequate glycemic control over time and
susceptibility genes for renal disease, we hypothesize that genetic variants conferring
T2DM risk may also contribute to the risk of CKD, independent of their effects on
T2DM. Several lines of evidence have led us to this hypothesis:

First, rare monogenic diseases such as familial hypoplastic glomerulocystic kidney
disease caused by mutations in the HNF1b gene ®’ are characterized by the development
of both renal cysts and diabetes syndrome in affected individuals. In this situation renal
disease is not a consequence of diabetes, but rather, both the renal and diabetes
phenotypes are caused by the same mutations. This suggests that genetic variations can
affect common physiologic or cellular pathways that are present in both the kidney and
the pancreas. This has lead us to considering specific shared pathways (detail beyond this
proposal).

Second, the central nervous system has been hypothesized to contribute to the etiology of
T2DM. 1t is therefore also thinkable that genetic variations can affect common
physiologic or cellular pathways that are present in both the central nervous system as
well as the kidney, but not in the pancreas (for T2DM, there is a series of review articles
from Nature Genetics Review, I believe, maybe just Nature, that have gone over this; will
look it up tomorrow).

Third, previous linkage studies have identified overlapping genomic regions that have
been suggestive for linkage with T2DM and GFR on chromosome 20 (*'° and
unpublished results of GFR in Mexican Americans from FIND) and on chromosome 1q
(""" and unpublished GFR results in Mexican Americans from FIND).

Lastly, preliminary results from the Atherosclerosis Risk in Communities (ARIC)
Study indicate that one gene known to confer risk for T2DM (TCF7L2, manuscript
proposal #1141) and another gene that is apparently associated with T2DM in the ARIC
Study (KIF6, manuscript proposal #1161) seem to confer risk for incident CKD beyond
their effect on T2DM.

Therefore, we propose to study the association between incident CKD and well-known
T2DM susceptibility alleles. The field of T2DM genetics has been progressing rapidly.
Variants in genes that confer risk for T2DM, such as, KCNJ11, PPARG, CAPN10, and
HNF4a, have been established from candidate gene studies / linkage studies over the past
decade '*'®. Moreover, recently result from new genome-wide association analyses have




added genes, such as TCF7L2 '/, SLC30A8, and 2 loci in the IDE-KIF11-HHEX and
EXT2-ALX4 regions '® to the list of T2DM susceptibility genes. We propose here to
study variations in TCF7L2, KIF6, PPARG, CAPN10, HNF4a, KCNJ11, SLC30A8 and
variations in the IDE-KIF11-HHEX and EXT2-ALX4 regions. In addition, we propose to
study variants in the less well established candidate KIRREL3. Evidence for association
of variants within the KIRREL3 gene with T2DM exists from one genome wide
association study '*, and its transcription product (Neph2) localizes to the renal
glomerulus where it is an integral part of the glomerular filtration barrier '°. The protein
product of the SLC30A8 gene has been described to be exclusively located within the
beta cells of the pancreas. Typing a variant within this gene and including it into our
study should serve as a control of any observed effect: if consistent with our hypothesis,
one would expect to observe an effect of variants in diabetes genes and kidney function
beyond their effect through diabetes, however, this should not be the case for variants
within the SLC30AS8 gene.

Association studies in large study populations provide greater power for
identifying variants responsible for such traits “°. The hypothesis being proposed is novel
and biologically driven. The large representative sample, bi-racial population,
information about and measurement of cardiovascular and renal risk factors and function,
and the extended follow-up of the ARIC Study make it possible to prospectively study
genetic risk factors that may confer susceptibility to both T2DM and CKD. In addition,
studying large prospective cohorts like the ARIC cohort allows for quantification both of
the relative risk as well as the attributable risk associated with CKD susceptibility genes.

5.  Main Hypothesis/Study Questions:

Main hypothesis: Some of the genetic variants that have been associated with T2DM in
previous studies will be associated with incident CKD in the ARIC Study.

Study questions:

1. Will there be an effect of T2DM risk variants on incident CKD? Will this effect
extend beyond the variants’ effect on T2DM and hyperglycemia?

2. Will the association of these genetic variants and incident CKD be consistently
present for different definitions of incident CKD, as well as cross-sectionally with
measures of kidney function (estimated glomerular filtration rate) and kidney damage
(albuminuria)?

3. How will such associations be influenced by adjustment for or stratification on
T2DN, obesity, and hyperglycemia?

4.  Will the association of such genetic variants and CKD be present in both African
American and Caucasian individuals? Furthermore, can differences in frequencies of
such genetic variants between these two populations account for part of the differences in
disease risks?



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: Prospective follow-up of all ARIC participants meeting the inclusion
criteria from baseline (visit 1, 1987-1989) through January 1, 2003.

Some of the single nucleotide polymorphisms (SNPs) to be examined (KIF6, 2

variants) have been genotyped as part of a panel proposed by Celera diagnostics in
collaboration with Dr. Boerwinkle as described in ARIC Ancillary Study 2004.11 and
manuscript proposal #1161. 5 variants in the TCF7L2 gene have already been typed in
Dr. Boerwinkle’s lab as contract work, and are the variants proposed to study in MP
#1141. The PPARG variant Prol2Ala was typed as part of the GXE in all ARIC
participants. Variants in the KCNJ11, CAPN10s and KIF6 genes are on the ARIC MRI
list. SNP43 of CAPN10 was typed in 1800 African Americans only. The ARIC DNA
laboratory has typically genotyped the most promising diabetes variants in the entire
cohort. We will coordinate with Dr. Boerwinkle in proposing the relevant genotypes
which will be useful for this proposal as well as others (relevant phenotypes justifying
genotyping include diabetes, obesity, hyperglycemia and cancer).
Inclusions/exclusions: Participants who did not consent to genotyping will be excluded
from analysis (use of DNA data distributed by the Coordinating Center, confirmation by
using the variable “res_dna” in datafile “ictder02” (n = 45 individuals did not consent to
DNA use for the type of study outlined here)). Moreover, individuals reporting race other
than African American or white will be excluded (n = 48), as will be individuals missing
variables needed to calculate estimated glomerular filtration rate (¢GFR) as a measure of
kidney function at visit 1 (n = 150, all due to missing serum creatinine (variable
chma(9)). Depending on the definition of incident CKD used (see below), individuals
with severe hypercreatinemia (n = 40, serum creatinine >2.0 mg/dl for men, »1.8 mg/dl
for women) or those with eGFR < 60 at visit 1 (n = 462) will also be excluded from
analyses. Individuals lacking information on diabetes mellitus at visit 1 (n = 116) will be
excluded as well. The number of individuals excluded due to missing or unknown
genotype will depend on the SNP under investigation.

Outcome: The primary outcome will be CKD defined as defined by a rise in serum
creatinine of at least 0.4 mg/dl above baseline (n = 1,201) or a hospitalization discharge
or death coded for chronic renal disease (International Classification of Diseases, Ninth
Revision [ICD-9] codes 581-583 or 585-588), hypertensive renal disease (ICD-9 code
403), hypertensive heart and renal disease (ICD-9 code 404), unspecified disorder of
kidney and ureter (ICD-9 code 593.9), diabetes with renal manifestations (ICD-9 code
250.4), kidney transplantation, renal dialysis, or adjustment/fitting of catheter (ICD-9
codes V42.0, V45.1, or V56), hemodialysis (ICD-9 code 39.95) or peritoneal dialysis
(ICD-9 code 54.98), without acute renal failure (ICD-9 codes 584, 586, 788.9, and 958.5)
as the primary or secondary hospitalization code, all from ARIC surveillance datasets
(c02occl, c02celbl, cO2dthal).



In additional analyses, incident CKD as defined by a decrease in eGFR from >60
ml/min/1.73m’ at baseline to <60 ml/min/1.73m? at the second or fourth follow-up visit,
or CKD hospitalization or death (defined as above, n = 1,616) will be explored.
Additionally, albuminuria at visit 4 as well as eGFR at visit 1 and 4 will be investigated
cross-sectionally.

eGFR as a measure of kidney function will be calculated using the abbreviated
Modification of Diet in Renal Disease (MDRD) Study formula: eGFR (ml/min/1.73m* =
186.3 * (serum creatinine) ' '>* * age " * (0.742 if female) * (1.21 if black) *'.

Other variables of interest: Variables needed to calculate eGFR: serum creatinine from
visit 1, 2, and 4 (chma09, chmb08, lipd6a), age (vlage01l), race (racegrp), and gender
(gender). The variable “ACRv2” will be used to assess the albumin-to-creatinine ratio
(ACR) at visit 4. The SNPs to be explored are contained in the datafiles “Celera AS”
(KIF6, 1 SNP, variable cv14), “snp p.sas7bdat” (KIF6, 1 SNP and PPARG, 2 SNPs) and
“uc4598 p.sas7bdat” (TCF7L2, 5 SNPs).

Diabetes mellitus at each study visit (1-4) will be defined as present if fasting glucose
>126 mg/dl after an 8-hour fast (variable fast0802), non-fasting glucose >200 mg/dl
(variable glucos01), reported physician diagnosis of DM (variable HOM10E), or the
reported intake of DM medication in the previous 2 weeks (variable msra08f). In
addition, DM at visit 4 will be updated incorporating information of the oral glucose
tolerance test at visit 4 (variable gl2siu41), classifying individuals with a 2-hour OGTT
value >11.1 mmol/l as diabetic. Information on HbAlc and duration of diabetes will be
incorporated if known (all individuals with diabetes and a random subset of others).
Incident DM cases and their follow-up time will be assessed as reported previously 2.
Further covariates include risk factors for CHD: blood pressure (variables sbp2la and
dbp21a), use of anti-hypertensive medication (hyptmd04), HDL- and LDL-cholesterol
(hdl02 and 1d101), diabetes mellitus (diabts03), smoking (cursmk01), and body mass
index (bmi0O1) at visit 1. Body mass index will be incorporated as a time-varying variable
using BMI at study visits 2, 3, and 4.

Other covariates may be selected, depending on the specific SNP of interest and the
hypothesized function of the corresponding gene.

Data analysis:

Data checks: Hardy-Weinberg equilibrium (HWE) in controls will be checked by race
for each SNP by using Fisher exact test >,

Differences in the distribution of genotypes between individuals included in the study and
those excluded from our analyses will be conducted. Moreover, differences in the
distribution of CKD and DM cases between those missing genotype data and those with
available genotype data will be assessed using chi-square tests.

Exploratory and cross-sectional data analyses: The distribution of baseline
characteristics in the study population by genotype as well as by outcome will be
computed using t-tests, chi-square tests and ANOVA as applicable. All association
analyses will first be examined within each self-reported race groups as well as stratified
by DM status. For cross-sectional analyses of the association of genotypes with eGFR
and albuminuria, mean eGFR and albumin-to-creatinine ratio (ACR) will be estimated
and compared for the three genotypes at each SNP using ANOVA. Multiple linear



regression will be used to examine the association of genotypes and continous eGFR and
ACR. Models will be constructed to account for effects of potential confounders similar
to the construction of Cox proportional hazards models (see below).

Survival analyses: For CKD cases, follow-up time will be counted from 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. These analyses will be carried out adjusted for baseline DM status as well as
stratified by baseline DM status.

In regression analyses, an additive genetic model will be assumed unless indicated
otherwise by results of the analysis, or unless the allele frequency of a given candidate
variant is low, in which case a dominant model combining the risk of heterozygotes and
homozygotes for the rare allele will be used. Genotype will be coded as 0 (zero copies of
the risk increasing allele), 1 (one copy of the risk increasing allele), or 2 (two copies of
the risk increasing allele). Stratified analyses will be conducted to examine the potential
for interaction and effect modification between the covariate (e.g., DM, BMI,
hypertension) and the association of the SNP and incident CKD.

Each SNP will be tested for association with incident CKD in crude Cox

proportional hazard analyses, by race if applicable. Those with a p-value of < 0.1 in these
analyses will be considered for further analyses. Cox proportional hazard regression will
then be used to estimate the effect size (RH of incident CKD) and 95% confidence
interval for each SNP. Subsequent multivariate models will include basic variables (age,
sex, study center, and race if no interaction by race is observed), co-morbidities thought
to act as potential confounders, and relevant potential intermediate variables depending
on the putative function of the gene in which the SNP is located.
Control for diabetes: First, analyses will be examined stratified by diabetes status.
Individuals will contribute person time to the diabetes group they are in after the visit at
which diabetes status is known, e.g. if someone develops diabetes at visit 3 they will be
considered non-diabetic until that point and diabetic thereafter. In additional analyses,
individuals with prevalent DM will be excluded from analyses, and those with incident
DM will be censored at the time of their DM event should it occur prior to any CKD
event. Additionally, individuals with DM by visit 4 will be followed for incident CKD
after visit 4 stratified by categories of albuminuria (defined as normo, micro-, and
macroalbuminuria based on the ACR) at visit 4. If the increased risk of CKD by carriers
of the high risk genotype is present before but not after adjustment for diabetes we will
conclude that the risk of CKD is mediated by diabetes. If the association is substantially
attenuated but still significant we will need to consider adjustment for measurement error
in level of glycemic control and the ability to determine whether an independent effect on
CKD risk if present will likely be limited. If the association is similar before and after
stratification or adjustment for diabetes we will conclude that the genotype is likely to
confer risk of CKD through an independent pathway of hyperglycemia and diabetes.

Determination of statistical significance:



We recognize the limitations of screening a number of genetic variants as risk factors for
CKD. Determining statistical significance in the face of multiple testing is controversial
3 In this case, we will use the False Positive Report Probability (FPRP) ** to adjust for
the number of SNPs tested as we have proposed previously (MP #1203).

The power in ARIC is high for moderate associations. A simplified analysis of CKD
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:

An important limitation will be our inability to exclude the possibility that any positive
findings are due to residual confounding. Repeated measurements of blood glucose are
only available through study visit 4, and we cannot exclude the possibility that any
observed association between variations in a DM gene and incident CKD beyond the
effect conferred by diabetes could be due to T2DM developed after the last study visit. In
addition, the duration of fasting, the physician diagnosis of T2DM, and the intake of
T2DM medication are based on self report. To address this concern, sensitivity analyses
will be conducted limiting events to those occurring before study visit 4.

Another limitation to the proposed research project is the problem of multiple
comparisons that we will address as outlined above. Another problem is the possible
impact of undetected population substructures on the study findings. However, the impact
of population stratification on false-positive findings has been reported as low *. In
addition, we will be getting data from ancestry informative makers from CIDR shortly.
This information can then be incorporated into our analyses.

If there are positive findings, they will need to be scrutinized in terms of biological
mechanism and tested in further studies.
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Additionally, we propose to investigate the single nucleotide polymorphism
rs9939609 in the FTO gene (1, 2). This SNP is being typed / will be typed in the
ARIC Study as part of the regular contract work. The rs9939609 variant in the FTO
gene has been detected in a genome-wide association study for susceptibility loci for
type 2 diabetes (1). Mice in which the FTO region is deleted exhibit a phenotype
closely resembling the one observed in several inherited kidney disease syndromes



(3). We therefore plan to study the association of rs9939609 with the kidney traits as
outlined in manuscript proposal #1237.

The rest of the proposal will be as outlined in MP #1237.

3. Timeline:

4. Rationale:

5. Main Hypothesis/Study Questions:

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).

7.a. Will the data be used for non-CVD analysis in this manuscript? Yes
No

b. If Yes, is the author aware that the file ICTDERO2 must be used to exclude
persons with a value RES_OTH = “CVD Research” for non-DNA analysis, and
for DNA analysis RES_DNA = “CVD Research” would be used?

Yes _ No
(This file ICTDERO2 has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes
No

8.b. If yes, is the author aware that either DNA data distributed by the
Coordinating Center must be used, or the file ICTDERO02 must be used to
exclude those with value RES_DNA = “No use/storage DNA™?

____Yes ____ No

10.  The lead author of this manuscript proposal has reviewed the list of existing
ARIC Study manuscript proposals and has found no overlap between this proposal
and previously approved manuscript proposals either published or still in active
status. ARIC Investigators have access to the publications lists under the Study
Members Area of the web site at: http:// www.cscc.unc.edu/ARIC/search.php

Yes No



10. What are the most related manuscript proposals in ARIC (authors are
encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?

11. a. Is this manuscript proposal associated with any ARIC ancillary studies or use
any ancillary study data? Yes No

11.b. If yes, is the proposal
A. primarily the result of an ancillary study (list number* )

___ B. primarily based on ARIC data with ancillary data playing a minor

role (usually control variables; list number(s)*

)

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/

12. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the
date of the approval, the manuscript proposal will expire.
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