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Venous thromboembolism (VTE) is the third most common cardiovascular disease after
myocardial infarction and stroke. It is estimated that at least 900,000 people could be affected by
VTE (1 to 2 per 1,000) each year in the United States. Estimates suggest that 60,000-100,000
Americans die of VTE, of which 10 to 30% of people will die within one month of diagnosis.
Sudden death is the first symptom in about one-quarter of people who have a pulmonary
embolism (PE) and one-third of people with VTE will have a recurrence within 10 years.
Because of the public health burden and expense of VTE, we need to find more biomarkers to
help us detect or predict VTE and/or monitor the treatment prescribed.

Ceruloplasmin (CP) is an enzyme synthesized in the liver that is responsible for transport
of circulating copper and is also involved in iron metabolism. It is an acute-phase reactant that
may have antioxidant actions but can also participate in the generation of free radicals that seems
to underlie several illnesses such as myocardial infarction, arteriosclerosis, unstable angina,
abdominal aortic aneurysm, vasculitis and peripheral arterial disease and even dementia.*”

There is strong evidence that inflammation, where CP levels are increased, is associated
with increased risk of atherothrombosis.®’ Several studies have demonstrated a relationship
between various proteins involved in inflammatory processes and VTE. S. V. Sveinsdottir et al.
did not show a significant relationship between inflammatory markers (fibrinogen, orosomucoid,
al-antitrypsin, haptoglobin and ceruloplasmin) and VTE incidence. ARIC previously found that
elevated CRP, but not fibrinogen, is independently associated with increased risk of VTE.?

Two single nucleotide polymorphisms (SNPs) have been located in the CP gene promoter
and associated with higher CP concentrations in blood (rs11708215 and rs113072552).>° We
also propose to address the association between these SNPs, circulating CP and VTE incidence
in the Atherosclerosis Risk in Communities (ARIC) Study.

5. Main Hypothesis/Study Questions:

Aim #1: To determine the association between circulating CP and the incidence of VTE in
the ARIC study.



Aim #2: To determine the association of rs11708215 and rs13072552 with CP

concentrations and the incidence of VTE.

We hypothesize that individuals with higher CP concentrations will have an increased risk
for VTE and that genetic variants associated with higher CP levels will also be associated with
increased VTE.

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:
A follow-up data analysis will be performed utilizing longitudinal data from the ARIC

cohort, using visit 4 as baseline.

Inclusion/exclusion criteria:

We will exclude individuals with (1) prevalent VTE at baseline based on prior VTE
diagnosis, (2) missing baseline CP data, (3) missing other covariates, (4) race other than white or

African-American.

Variables of interest:

Main outcome of interest: Venous thromboembolism incidence
VTE outcomes have been identified through the LITE ancillary study. The time to incident
VTE from baseline through December 31, 2011, will be the main outcome variable.

Main independent variables of interest: CP blood concentrations and SNPs

In the ARIC study, CP levels were assessed through laboratory tests at visit 4.



Plasma CP levels were measured by immunoturbidimetric assay using an automated
chemistry analyzer (Olympus AU400e, manufacturer Olympus Life Science Research Europa
GmbH).

Covariates

From visit 4, measured covariates to be included in the main analysis are age (continous),
gender (male/female), race (African American/white), and body mass index (BMI), and hormone
replacement therapy, if available. We will also consider some other blood markers measured at
visit 1 or visit 3: factor VIII, VWF, aPTT, D-dimer, and factor XI, but do not expect them to be
confounders.

Likewise, other risk factors as such as blood pressure, diabetes, smoking, lipid levels and
physical activity were not strong VTE risk factors in ARIC, but we will verify that they are not

confounders in this analysis.

Statistical analysis:

Cox proportional hazards models will be used to determine the association between CP
concentrations and incident VTE. Initially, we will explore the shape of the association of CP
with VTE risk using restricted cubic splines. Log transformations will be done if necessary. If
appropriate, circulating CP will be divided into quartiles. We will also assess linear associations
based on the spline model. The following models will be used to analyze the CP-VTE

association:

e Model 1: adjustment for age, gender, race, BMI and HRT, study site

e Model 2: Model 1 + adjustment for other potential confounders

e Model 3: Model 2 + CRP (This model will be run to see whether CP or CRP is the
stronger inflammatory biomarker for VTE).
In a second step, we will run linear regression testing association between CP SNP

(rs11708215, rs13072552) and CP concentrations. These analyses will be stratified by race.
Finally, a race-stratified Cox models testing associations between CP SNP rs11708215,
rs13072552 separately and VTE risk will be performed with adjustment for age, sex, and race.

Additional models will adjust for covariates listed above, as well as for CP concentrations



to test whether any association between rs11708215 or rs13072552, if present, are mediated by
concentrations of circulating CP.

We expect to include more than >400 incident events of VTE, which will provide
sufficient power to study the association of circulating CP with VTE risk in the entire sample.

Strengths and limitations:

Strengths of the study include the large sample size and power to measure associations
between CP and VTE. However, there are a couple of limitations. Although the LITE study
validated VTEs, some VTE cases treated in outpatient settings are missed. In addition, there may
be some misclassification of the CP concentrations exposure since there is no follow-up
information on circulating CP after visit 4. As a result, if the CP measures happened to change

over time, there is no additional information to examine such changes from follow-up data.
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