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4. Rationale:

Cardiovascular disease (CVD), including conditions of the heart, small vessel diseases of the brain
and related diseases of the circulatory system, including hypertension, are the leading causes of
morbidity and mortality in the world (1). CVD risk factors include, but are not limited to,
dyslipidemia (elevated levels of low-density lipoprotein cholesterol [LDL-C] and total cholesterol
[TC], decreased levels of high density lipoprotein cholesterol [HDL-C] and increased systolic
blood pressure (BP) (2). Multiple genes affecting lipoproteins and BP levels have been identified,
but only ~5% of the population variation in lipid profiles (3), and ~2% of the population variation
in BP and hypertension (4) are explained by the discovered genetic loci. Levels of CVD risk factors
change with age (5-7), and genetic factors influence that change. Understanding the longitudinal
change of risk factors can improve CVD risk prediction. To help identify underlying mechanisms
of the onset and progression of CVD, my proposed research aims to identify variants and genes
associated with the longitudinal change of 7 complex risk factor phenotypes (BP traits: SBP, DBP
and PP; lipids traits: TC, HDL, LDL, triglycerides) in European-American and African-American
adults participating in the Atherosclerosis Risk in Communities (ARIC) study.

5. Main Hypothesis/Study Questions:

1. To assess associations of common (MAF>5%) nonsynonymous and splice-site variants
with levels and, if main effect associations are present, with longitudinal change of 7 risk
factor phenotypes (blood pressure traits: SBP, DBP, PP; lipids traits: TG, TC, HDL-C,
LDL-C) in EAs and AAs (ages 45-62 at the baseline examination) using WES data from
the Atherosclerosis Risk in Communities (ARIC) study.

2. To assess associations of gene-based aggregation of rare (MAF<5%) nonsynonymous and
splice-site variants with levels and, if main effect associations are present, with longitudinal
change in the 7 risk factor phenotypes in EAs and AAs.

3. To assess interaction of selected potential time-dependent effect modifiers (BMI, WBC,
eGFR) with common single variants and gene-based sets of variants identified in Aim 1 on
levels of each of the 7 traits in EAs and AAs using nonsynonymous and splice-site variants
from the WES data in a longitudinal setting.

4. To investigate the relationship of the statistically significant variants and genes identified
in Aim 1 as well as their interactions with potential effect modifiers identified in Aim 2
and select CVD endpoints (CHD, heart failure, and ischemic stroke).

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: This is a longitudinal study that consists of 15,792 ARIC participants, with data
from the first five visits used for this research.

Exclusion criteria: Participants with missing cardiovascular risk factor phenotypes, covariates, or
whole exome sequencing measurements might be excluded from the analysis.
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Outcome variables: Sitting SBP and DBP was measured by a certified trained technician in
accordance with agreed-upon ARIC protocols, 3 times at visits 1-3, twice at visit 4 using a random
zero sphygmomanometer, and 3 times using an automatic sphygmomanometer (OMRON HEM-
907 XL) in visit 5. TG and TC (mg/dl) were measured by enzymatic procedures. HDL-C (mg/dl)
was measured in the fasting state using standard enzymatic and lipoprotein particle precipitation
methods. LDL-C was obtained using the Friedwald formula (TC-[TG/5+HDL-C]).

End points of CVD, including heart failure (HF), CHD and ischemic stroke, were obtained every
year using telephone interviews and hospital medical record review (8). Individuals were followed
up for events from baseline to 31 December 2017, and those who were lost to follow-up were
censored at the date of last contact.

Other variables: Serum creatinine was measured on Visits 1, 2, and 4 using a modified Kinetic
Jaffe method (9-11); at Visit 5, creatinine was measured in serum or urine on a Roche Modular P
Chemistry Analyzer (Roche Diagnostics Corporation) using a creatinase enzymatic method
(Roche Diagnostics, Indianapolis, IN 46250) (12). Creatinine-based eGFR was subsequently
calculated (13).

Standardized anthropomorphic measurements of weight (in kilograms) and height (in centimeters)
were obtained, and BMI (kg/m?) was calculated. Total WBC count was measured using automated
hematology analyzers on all 5 visits.

Whole Exome Sequencing: All sequencing was performed at the Baylor College of Medicine
Human Genome Sequencing Center (HGSC). Exomes were captured using the HGSC VCRome
2.1 reagent (14) (42Mb, NimbleGen) and all samples were paired-end sequenced using Illumina
GAIl or HiSeq instruments. Variant calling was completed using the Atlas2 (15) suite.

Whole exome variants were annotated using ANNOVAR (16) and dobNSFP v2.0 (17) according
to the reference genome GRCh37 and National Center for Biotechnology Information RefSeq.
Coding variants were annotated to a unique gene as well as splicing and nonsynonymous variants
categories.

Single variant analyses: To assess associations for each common (MAF>5%) nonsynonymous and
splice-site variant with levels of 7 risk factor phenotypes (blood pressure traits: SBP, DBP, PP;
lipids traits: TG, TC, HDL-C, LDL-C), for each variant, test was performed using the GEE
(https://cran.r-project.org/web/packages/geeM/geeM.pdf) and  LGEWIS  (https://cran.r-
project.org/web/packages/LGEWIS/LGEWIS.pdf) models in R. For each variant with nominal
evidence of a main effect (p-value<0.05) using both analytical methods, association with
longitudinal change of the corresponding CVD risk factor phenotype was tested, and test for
interaction was performed with each of the time-dependent potential effect modifiers (cBMI,
WBC, eGFR) on levels of each of the 7 risk factor phenotypes (BP traits: SBP, DBP, PP; lipids
traits: TG, TC, HDL-C, LDL-C).

Set-based Tests: To assess associations of gene-based aggregation of rare (MAF<5%)
nonsynonymous and splice-site variants with levels of CVD risk factor phenotypes, a set-based
test was performed using the naive burden test collapsing the variants within each gene
(https://cran.r-project.org/web/packages/geeM/geeM.pdf), and using LGEWIS (https://cran.r-
project.org/web/packages/LGEWIS/LGEWIS.pdf) in R. For each gene with nominal evidence of
a main effect (p-value<0.05) using both methods, association with longitudinal change in the

JAARIC\Operations\Committees\Publications


https://cran.r-project.org/web/packages/geeM/geeM.pdf
https://cran.r-project.org/web/packages/LGEWIS/LGEWIS.pdf
https://cran.r-project.org/web/packages/LGEWIS/LGEWIS.pdf
https://cran.r-project.org/web/packages/geeM/geeM.pdf
https://cran.r-project.org/web/packages/LGEWIS/LGEWIS.pdf
https://cran.r-project.org/web/packages/LGEWIS/LGEWIS.pdf

corresponding risk factor phenotype, as well as a test for interaction with each of the time-
dependent potential effect modifiers (cBMI, WBC, eGFR) on levels of the corresponding CVD
risk factor phenotypes was performed.

Conditional Analysis: To identify whether an observed gene-based test association is due to a
single rare or low frequency variant, conditional set-based test was performed using the LGEWIS
test (https://cran.r-project.org/web/packages/LGEWIS/LGEWIS.pdf) in R, conditioning on the
variant with the lowest p-value within the gene.

Associations with HF, CHD and Ischemic Stroke: To investigate the relationship of the identified
statistically significant variants and genes and clinical CVD endpoints (HF, CHD, ischemic
stroke), survival analysis was implemented in the ‘survival’ R package, using single variant and
naive burden tests, respectively (https://cran.r-project.org/web/packages/survival/survival.pdf).

Significance thresholds: Adjustment for multiple testing for the main effect models was
performed using Bonferroni correction (to account for the differing number of tests).
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# 3270 The association of leukocyte telomere length to longitudinal change in lung function and
respiratory infection: The NHLBI Pooled Cohorts Study
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approval, the manuscript proposal will expire.

Yes, the lead author is aware that manuscript preparation is expected to be completed in 1-3
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has access to the published results of NIH funded research. It is your responsibility to upload
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