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3. Timeline:

First pass analyses will begin as soon as requisite electrocardiographic, environmental,
genetic and covariate data have been assembled. Anticipated completion is six months
once data are available.

4. Rationale:

Repolarization is an active process by which differences in cation concentrations
across cell membranes return to their resting levels. The duration of the
electrocardiographic QT interval (QT) on the resting standard twelve-lead
electrocardiogram (ECG) provides useful information about its temporal dimensions in
the ventricular myocardium. QT prolongation has been associated with increased risk of
sudden cardiac death.' Environmental and genetic causes of QT prolongation and its
clinical manifestations have been identified. For example, many epidemiologic studies
have suggested that elevated ambient particulate matter (PM) concentrations are
associated with increased risk of cardiovascular disease (CVD) morbidity and mortality,>
? including ventricular arrhythmias® > and QT prolongation.® Recent studies have
suggested that the effect of PM on ventricular repolarization is one of the underlying
mechanisms linking air pollution to increased risk of CVD.”"* The National Human
Genome Research Institute (NHGRI) has also catalogued the discovery of at least fifteen
known genetic variants on eleven loci influencing the distribution of QT, including
NOSIAP,'*** KCNQ1,'*'>** KCNH2,"> ** PLN,'* > 2> LITAF,">* NDRG4,'*** and
ATPI1B1'"">** in individuals of European and African ancestry. However, few studies
have used genome-wide association methods to help identify genetic variants that may
modify the QT-prolonging effects of environmental factors like ambient PM. Additional
research on PM interactions with QT is therefore warranted.

The proposed manuscript directly addresses the paucity of information on the
complex interplay of SNPs and PM on ventricular repolarization. The well-characterized
ARIC and WHI CT cohorts are ideal for GWA analyses designed to leverage major,
existing, and funded resources. Genomic, environmental and electrocardiographic data
from these two cohorts can support a well-powered, rigorous examination of the degree
to which SNPs modify PM-QT associations, as described in the power section below.
Filling this gap in knowledge will (1) advance understanding of genetic susceptibility to
and the pathophysiological mechanisms underlying PM-mediated arrhythmogenesis in
ethnically and geographically diverse populations and (2) inform epidemiologists,
environmental health scientists, and federal regulators responsible for evaluating air
quality standards in terms of their ability to protect cardiovascular health.

5. Main Hypothesis/Study Questions:

We therefore propose a GWA study to (1) examine gene-by-PM effects as they relate to
the QT interval and (2) evaluate the consistency of these interactive effects among race
and gender groups.

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).



Overview. The proposed study will be conducted in the ARIC and WHI CT cohorts,
based on the foundation provided by ARIC Ancillary Study #2009.08, “Modification of
PM-Mediated Arrhythmogenesis in Populations” (R01- ES017794; Whitsel, PI) and two
WHI Ancillary Studies: #140 “The Environmental Epidemiology of Arrhythmogenesis in
WHTI” (RO1-ES012238; Whitsel, PI) and #264 “Genetic Modification of PM-Mediated
Arrhythmogenesis” (RO1-ES017794; Whitsel, PI).

Study population. The focus will be on approximately 34,000 uniformly well-
characterized and consenting participants living in the contiguous 48 U.S. states (U.S.
Environmental Protection Agency Regions 1-10) within 500 miles of their exam site who
had one or more high quality ECGs between 1987 and 1999 and consented to use of
DNA for genetic research. The population will include seven distinct subpopulations: (1)
black women, (2) Hispanic women, and (3) white women in the WHI CT, including
~4000 WHI participants in GARNET (Genome-wide Association Studies of Treatment
Response in Randomized Clinical Trials) and ~4000 WHI participants in WHIMS (WHI
Memory Study); and (4) black women, (5) white women, (6) black men, and (7) white
men in ARIC. These seven subpopulations will be used to independently identify gene-
by-PM interactions for QT interval between approximately 2.5 million SNPs using
imputed data from the Affymetrix 6.0 platform and daily mean ambient PM
concentrations spatially interpolated at geocoded participant addresses.

Environmental exposure: Particulate matter. The proposed work will focus on
location-specific daily mean concentrations of PM, s and PM; at geocoded addresses of
ARIC participants between 1987 and 1999. We estimated the concentrations using a
practical approach to spatial interpolation developed and validated by our group.>>>*

Genetic exposure. SNPs were imputed using MACH (version 1.0.16) and the publicly
available phased haplotypes from HapMap (release 22, build 36) as a reference panel.

Phenotypes. Ventricular repolarization, defined as maximum QT interval duration (ms)
across all twelve leads. This phenotype will be analyzed linearly as an interval-scale
measure.

Inclusions. Consenting participants, GWAS data, QT data, PM data

Exclusions. Poor quality ECG, electronic pacemaker, Wolff—Parkinson—White
syndrome, QRS > 120 ms, atrial fibrillation, 2° or 3° AV block, heart failure, or anti-
arrhythmic medication use

Additive Genetic Model.
Yij = ﬁo + BlsNPi + BZPMij + B3SNPi*PMij + B4Ci , where
Yijis QT (ms) for the i"™ participant at the " visit

Bo is the intercept
PM;; is PM (ug/m’)



SNP; is the dosage of the genetic variant
Cj; is the vector of covariables

To identify interactive effects, we propose a stratified, longitudinal analysis of QT
interval duration. The initial strategy is to longitudinally model the average of repeated
outcomes and thereby facilitate estimation of effects by increasing power using methods
we have identified, tested and applied to large-scale genomic data in the Cohorts for
Heart and Aging Research in Genomic Epidemiology (CHARGE) Pharmacogenetics
Working Group over the last two years under ARIC AS#2009.10. The methods are easily
extended to estimate gene-by-PM interactions using conventional generalized estimation
equations (GEE). An identity link and an independence working correlation will be used
in this context. Although other structures can be accommodated, the latter will ensure
consistency of the GEE estimates in the presence of time-varying covariates and protect
against potential bias related to the putative effects of past QT prolongation on future PM
exposure,”*° Pan and Wall's small-sample GEE extension’' of Satterthwaite's method of
approximating the degrees of freedom’” associated with the ¢ reference distribution will
be implemented in R using the bossWithdf package. We assume separate analyses for the
seven subpopulations that are then combined by meta-analysis.

More powerful tests of gene-by-PM interaction across ancestral populations will be
based on an extension of kernel machine regression methods®® that aggregate SNP-level
score test statistics within genes. Such methods are particularly useful in genetically
diverse populations where different SNPs may be in linkage disequilibrium with causal
SNP(s). They also can accommodate complex SNP interactions, permit covariate
adjustment, and do not penalize SNPs with opposing associations within a gene.

The analysis plan described above relies on identical electrocardiographic, genetic
and environmental data in the ARIC study and WHI CT, i.e. the same ECG measures
estimated by the same ECG reading center using the same methods; approximately 2.5
million SNPs imputed to the same HapMap reference panel; and daily mean PM
concentrations estimated at all geocoded participant addresses using the same kriging
methods. Although issues related to phenotype and genotype harmonization have been
minimized by design, opportunities for replication of genes implicated in gene-by-PM
interaction analyses outside the ARIC study and the WHI CT may be limited to those
populations with comparable measures, e.g. the Multiethnic Study of Atherosclerosis.

Adjustments. We will include age (year) and median RR interval duration across all
twelve leads (ms) as covariables. Analyses will be stratified by study, race, and within the
ARIC study, gender. All analyses will be appropriately adjusted for both ancestral
admixture (using race-specific principal components in statistical models) and multiple
comparisons. To control for potential influences of season, day of week, time of day,
health, and weather in models examining genetic modification of the PM-ectopy
association, we will also add temporal, sociodemographic, clinical and weather co-
variables to models examining the SNP-PM interactions.

Power. In ARIC manuscript proposal #2078 we illustrated having at least 80% power to
detect ORs of 1.4-2.1 and 1.1-1.4 for SNP-PM, s and SNP-PM interactions as they
relate to ventricular ectopy. We therefore expect greater power to detect small




interactions in this context because QT is an interval-scale outcome measure and this
analysis includes ~8000 more participants from GARNET and WHIMS. Indeed,
depending on the number of risk alleles and assuming a minor allele frequency (MAF) of
0.05, we will have at least 80% power to detect percent decrements in QT of 1.2%-1.7%
and 3.9%-5.6% for SNP-PM,oand SNP-PM, s interactions.

Meta-analysis. We will examine heterogeneity among subpopulations as a function of
study, race, and gender. Although we expect modest power to detect heterogeneity, meta-
analytic methods will be used to combine gene-level results across subpopulations, when
appropriate. We also highlight our exploration of potentially more powerful gene-based
tests of association, as facilitated by KMR methods referenced above. These methods will
allow us to harness the benefits of gene-based tests (e.g. fewer statistical tests and
accommodation of a multiplicity of variants) while avoiding the potential for allelic
heterogeneity and population-specific patterns of linkage disequilibrium possible when
meta-analytically combining summary results across race/ethnicity.

Genome-wide Significance Level. 1 = number of tests
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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)?

#1940 — Whitsel, Modification of PM-Associated Heart Rate Variability in AS #2009.08.
The lead author of that proposal (Whitsel) is a co-author on this proposal. The focus of
#1940 is on gene-PM interactive effects related to HRV, while this proposal focuses on
gene-PM interactive effects QT interval duration

#2078 — Napier, Genome-wide Association Study of Particulate Matter and Ventricular
Ectopy in AS #2009.08. I am the lead author and the focus is on ectopy.

#1643 — Avery, Genetic association of ventricular repolarization and heart rate in the
multi-ethnic cohorts of the PAGE Consortium. The lead author of that proposal (Avery) is
a co-author of this proposal. The focus on #1643 is on examining whether mature genetic
variants generalize across multi-ethnic populations. There is no consideration of the
effects of PM.

Manuscript proposal #1152 (Post, Genomic Predictors of Sudden Cardiac Death) and
#1434 (Arking, “GWA and candidate gene studies for sudden cardiac death) focus on
sudden cardiac death and main effects of selected SNPs. Neither focuses on PM-gene
interactions as they relate to the QT interval.
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