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4. Rationale:

Abdominal aortic aneurysm (AAA) affects about 1-2% of women and 4%-8% of men
over 65 years old.! Rupture of AAA is associated with high mortality.? Identification of
risk factors for AAA may help reduce the incidence and death rate of AAA. Several risk
factors for AAA have been reported, including greater age® 4, male sex* °, white race®>®,
cigarette smoking, and hyperlipidemia.®** Genetic influence® was also demonstrated for
AAA, with heritability being as high as 0.7.1¢



A few large candidate-gene and GWAS studies, based on primarily European American
(EA) samples and case-control design, have associated common variants at about 10 loci
with AAA risk.}"2 The most recent GWAS, which was the largest, identified 4 new
loci: 1932.3 (SMYD2), 13g12.11 (LINC00540), 20q13.12 (near PCIF1I/MMP9/ZNF335),
and 21922.2 (ERG). These new findings need to be replicated in independent
populations. Furthermore, the identified variants explained a modest proportion of the
heritability of AAA,Z suggesting that additional genetic influences are yet discovered.

The ARIC AAA ancillary RO1 study (PI, Tang) has ascertained 665 AAAs in the entire
ARIC cohort. We therefore can test the hypotheses outlined below.

5. Main Hypothesis/Study Questions:

1. The new loci identified in the recent AAA GWAS can be replicated in ARIC; the
time-to-event data in ARIC will provide unique risk estimate (ie, hazards ratio) on
the influence of these loci on longitudinal risk of AAA.

2. GWAS and exome chip analyses with AAA will identify additional variants and
genes for AAA.

The analytical plan outlined below will utilize measured exome chip data and 1000g
GWAS imputation data generated in ARIC.

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).

We will utilize the analytical approach and pipeline that have been established for
GWAS and exome chip analyses in ARIC and applied by our team in many other
genetics projects. Analyses will focus on ARIC EAs. African American samples will not
be considered at the time of proposal due to limited number of AAA cases (n=44 with
genetics data). We are actively collaborating with the international AAA GWAS
consortium.? Where applicable, the association results from ARIC will be meta-analyzed
with the other studies of the consortium.

We will conduct the following analyses for AAA:

1) We will conduct replication analysis of the following four new loci/genes
reported by the most recent AAA GWAS? in the EAs of ARIC: rs1795061 in
SMYD2, rs9316871 in LINC00540, rs3827066 near PCIF1/MMP9/ZNF335, and
rs2836411 in ERG. All the four SNPs are available in the ARIC 1000g imputation
with excellent imputation quality score (>0.98). We will exclude participants with
known AAA surgery at baseline (n=11) or uncertain AAA status during follow-up
(n=30). We will use a Cox proportional hazards model to associate SNP allele
dosages with times-to-event calculated from cohort-entry to the time of clinical
AAA diagnosis. We will compute hazards ratios (HRs) with adjustment for age,



sex, field center, and the first five principal components for population
stratification. The association between the SNPs and AAA risk will be modeled in
an additive model. As part of the collaboration between Dr. Tang and Dr.
Matthew Bown (one of the senior authors of the AAA GWAS paper?®), Dr. Bown
has provided Dr. Tang genotype data for these four SNPs in a new set of 338
cases and 292 controls ascertained in Grace. Therefore, the replication results
from the two studies will be meta-analyzed by using a p value-based, sample size-
weighted approach. A short report is expected to come out of the analysis.

2) GWAS of AAA based on the 1000g imputation data in ARIC EAs. The
association between allele dosage of each SNP in the 1000g data and AAA will be
assessed by using logistic regression implemented in SNPTEST. ?® Covariate
adjustment and sample exclusions will be the same as in 1) above. Drs. Bown and
Cristen Willer (University of Michigan) are expanding their AAA meta-analysis
and have invited ARIC study to join through Dr. Tang. Therefore, the AAA
GWAS in ARIC will likely join this expanded meta-analysis project.

3) Analysis of AAA with the exome chip data in ARIC.

a. Single variant association analyses: Single markers of a suitable
frequency depending on the total sample size (e.g., >1% minor allele
frequency or >10 minor allele count) will be analyzed for their association
with AAA in binomial function models using seqMeta, which can meta-
analyze association results across cohorts. Covariate adjustment is the
same as described above.

b. Gene-based analyses: For variants of low frequency (e.g., <1% minor
allele frequency or another suitable cutpoint), we will evaluate the rare
variants in aggregate within a gene in R using the seqMeta package (ie,
genetic burden test). The T1 (or T5) test will be performed. We will select
functional variants defined as missense, stop-gain, stop-loss, or splice site
changes.

c. Meta-analysis: Right now, the plan is to conduct separate analysis for
GWAS and exome chip data in the international AAA consortium. Some
cohorts in the consortium are generating exome chip data. When data from
several cohorts become available, meta-analysis of single-variant and
gene-based tests will be conducted to pool association results across
cohorts. A Bonferroni-correction will be applied based on the number of
variants or genes tested.

4) Assess the pleiotropic effect between the established SNPs for CHD and AAA.
The rationale is based on the observation of some overlap between the loci for
AAA and CHD (for example, LDLR, 9p21). Given that a lot more loci have been
reported for CHD?* than AAA, the proposed analysis might lead to identification
of additional loci for AAA that did not reach the genome-wide significance
threshold in the AAA GWAS.

Phenotypes: AAA



Covariates: age, sex, field center, and principal components of ancestry if appropriate.
Other risk factors including smoking and total cholesterol will be adjusted for in a
secondary analysis.
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