ARIC Manuscript Proposal #2818

PC Reviewed: 8/9/16 Status: Priority: 2
SC Reviewed: Status: Priority:
l.a. Full Title:

The association of remnant-like particle cholesterol (RLP-c) and LDL-TG with
cardiovascular events: ARIC study

b. Abbreviated Title (Length 26 characters):
RLP-C and LDL-TG in CVD events

2. Writing Group:
Anum Saeed, MD
Christie M. Ballantyne, MD
Vijay Nambi, MD, Ph.D.
Wensheng Sun, MPH
Salim Virani, MD, Ph.D.
Yu Bing, Ph.D.

Elena Feofanova, MS
Eric Boerwinkle, Ph.D.
Josef Coresh, MD
Gerardo Heiss, MD
Cameron Guild, MD

Ron C. Hoogeveen, Ph.D.



I, the first author, confirm that all the coauthors have given their approval for this
manuscript proposal. ___AS

First author: Anum Saeed, MD

Address:

Baylor College of Medicine,
6565 Fannin Street,

MS A601/ STE B160
Houston, TX 77030

Phone: 713 798 1225
Fax: 713798 7885
E-mail: anum.saeed@bcm.edu

ARIC author to be contacted if there are questions about the manuscript and the first
author does not respond or cannot be located (this must be an ARIC investigator).

Name: Ron Hoogeveen

Address:

Baylor College of Medicine,
6565 Fannin Street,

MS F701/ STE F756
Houston, TX 77030

Phone: (713) 798-3407

Fax: (713) 798-7400
E-mail: ronh@bcm.edu
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4. Rationale:

A well-known association exists between elevated Triglycerides (TGs) and
atherosclerotic cardiovascular disease (ASCVD) & 2. However, it is generally believed that
high TGs per se are not the cause of atherosclerosis but are merely a marker of high
levels of cholesterol in triglyceride-rich lipoproteins (TGRLs). Elevated TGs are linked to
deregulated lipoprotein metabolism, leading to a delayed clearance of TGRLs3. Recent
scientific data is suggestive of a role of TGRLSs and their cholesterol content as a strong
predictor of ASCVD. Much of these signals have been based on genetic evidence from
genome-wide association studies and mutational analysis which have provided evidence
that TGRLs are in the causal pathway for atherosclerotic CV disease thus, highlighting

their pathogenic role4:5.

TGRL hydrolysis (of both intestinal and liver generated TGRLs) results in atherogenic
remnants. Since the cholesterol to triglyceride content in TGRLs varies, it may be
clinically more appropriate to measure TGRLs and their cholesterol content which is the
remnant cholesterol. The remnant cholesterol can be predicted as all the cholesterol that
is not found in the LDL and HDL (Total cholesterol — LDL cholesterol minus HDL
cholesterol) as done previously®. Ultracentrifugation and nuclear magnetic resonance
spectroscopy are other ways of measuring remnant cholesterol however both are rather
expensive for routine use in the clinical settings. Recently, an assay has been developed
that allows immunoseparation of remnant-like particles (RLP) as well as the

measurement of cholesterol (RLP-c) and triglyceride (RLP-TG).

Previous publications have focused on the role of RLP-c and RLP-TG as markers of
CHD. McNamara et al. showed the RLP-c measured via an immunochemistry

mechanism, as an independent risk factor for CVD in women. RLP-c increases the



susceptibility of the coronary endothelium to oxidative stress thereby, inhibiting the
NO-mediated arterial dilations. It has also been determined that RLP-c upregulates
endothelial expression of intracellular adhesion molecule-1 and vascular cell adhesion
molecule-1, which are responsible for monocyte recruitment into the arterial wall, and
tissue factor, which is essential for thrombotic events. Thus, these pro-inflammatory
and pro-atherothrombogenic effects of RLP-c are likely to explain the association with

high RLP-C levels with an increased cardiovascular event incidence.

There has been limited evidence in the role of LDL-TG as an independent risk marker
for ASCVD. In a prior published cross sectional study by Marz et. Al, LDL-TG (measured
by B-quantification) was linked to CHD independent of LDL-C or CRP levels?.
Interestingly, in a secondary analysis of the AIM-HIGH trial population, LDL-TG was

not found to have predictive value in cardiovascular outcomes of that cohorts.

We aim to study these two different lipoprotein measurements linked to elevated TGs
namely, LDL-TG and RLP-c and their association to ASCVD. We hypothesize that
elevated levels of LDL-TG and RLP-c will be associated with increased risk of adverse

cardiovascular outcomes (CVD).

5. Main Hypothesis/Study Questions:

In this study, we will look at the comparison between calculated remnant cholesterol

and measured RLP-c and LDL-TG levels and incidence of cardiovascular events.

Primary: We hypothesize that individuals with elevated LDL-TG and RLP-c will be
associated with higher risk of adverse cardiovascular outcomes as compared to
individuals with lower LDL-TG and RLP-c levels.

Secondary: We will use genetic array analysis to investigate associations of genetic

polymorphisms with levels of LDL-TG and RLP-c.

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).

In the primary analysis, data on from ARIC visit 4 will be used. These values will serve
as the exposure variable and incident CHD, stroke, and CVD will be the outcomes.
Endpoints to be assessed:
1. Total/All CHD (fatal CHD, definite/probable MI, cardiovascular
revascularization)
2. Hard CHD ((fatal CHD, definite probable MI)
3. Stroke (ischemic/ thrombotic stroke)

4. CVD (CHD + stroke)

Covariates will include age, gender, race, body mass index (BMI), lipids, current
smoking, diabetes, and hypertension. Follow up period included will be from ARIC

study visit 4 (1996-1998) up to December 315t 2013.

Inclusion/ exclusion criteria:

All eligible ARIC participants will be included in the study.

Standard ARIC exclusions (race exclusions for different communities) will apply. The
major exclusion criteria include a preexisting diagnosis of CHD or stroke (prior to visit

4), participants without data on exposure, outcome, or covariates.

Analysis:
The lipid and lipoprotein values will be divided into appropriate quartiles and the

association with incident CHD, stroke, and CVD will be assessed by quartiles with



quartile one being the referent quartile. The distributions of continuous variables will be
evaluated to assess normality. The basic model 1 will be adjusted for age, gender, and
race. Model 2 will adjust for covariates in model 1 as well as total and high-density
lipoprotein cholesterol levels, systolic blood pressure, use of antihypertensive
medications, smoking status, diabetes mellitus status (the variables for the pooled
cohort risk equation. In an expanded model analysis, the data will also be adjusted for
BMI.

We will perform further sensitivity analysis by excluding those participants who are on
lipid lowering therapy. Associations between LDL-TG and RLP-c with anticipated

outcomes will be determined using Cox proportional-hazards modeling.

Furthermore, a genetic analysis will be performed for mapping any possible genetic
polymorphisms associated with the LDL-TG and RLP-c. We propose to analyze the
relationship of the LDL-TG and RLP-c with coding variants captured on the Illumina
Human Exome Beadchip. The LDL-TG and RLP-c will be analyzed using a single variant
analysis and a gene-based analysis. Polymorphic variants with MAF > 1% will be
analyzed individually in the single variant analysis. The effects of functional variants
(MAF < 1%) within a gene will be aggregated by summing up the score statistics using
the collapsing method in Li and Leal9. A variant will be considered functional if it is (1)
a stop gain/loss, (2) splice altering or (3) missense. The analysis will be carried out using
the R seqMeta package. Both analyses will adjust for age, gender and population
stratification. The significance threshold will be adjusted for the number of single

variants/genes examined.



Methodological limitations/ challenges:
A potential limitation of our study is that the measurements of genetic analysis will be

performed at only one time point using frozen plasma samples.
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