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4. Rationale:

Cardiovascular disease is the leading cause of morbidity and mortality in the United States. (1)
Primary prevention of cardiovascular disease is a public health priority and cardiovascular
biomarkers are useful tools that enhance a clinician's ability to identify apparently healthy
patients at risk for future cardiovascular disease events. (2) Lipoprotein(a) level [Lp(a)] in the
blood is one such biomarker associated with major adverse cardiovascular events (MACE)
independent of traditional cardiovascular risk factors (TRF). (3, 4) Circulating Lp(a) levels are
largely determined by a variety of differences in the LPA gene, including biochemical influences
on transcription factors, variations in LPA single nucleotide polymorphisms (SNPs) and the
inter- and intra-individual heterogeneity in kringle 1V type 2 (KIV-2) repeats. (5) Two large
Mendelian randomization studies support the causal relationship between genetically elevated
levels of Lp(a) and the risk of MACE. (6, 7) Family history of Myocardial Infarction (FHMI) by
itself is also an independent risk factor for developing MACE in the general population. (8)
Despite a strong genetic basis that determine Lp(a) concentration in the blood, there is a paucity
of literature regarding the association between Lp(a) levels and family history of myocardial
infarction(FHMI). Additionally, the interaction between these two non-traditional cardiovascular
risk factors (non-TRF) for predicting incident MACE in a multi-ethnic cohort free of
cardiovascular disease has not been evaluated. In the proposed project, we wish to explore the
independent and joint associations between Lp(a) and FHMI for predicting MACE among
participants enrolled in the ARIC Studly.
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5. Main Hypothesis/Study Questions:

Lipoprotein(a) levels and family history of myocardial infarction are both predictors of incident
MACE, but interact with each other in a manner that Black and White ARIC participants with
high Lp(a) and FHMI have the highest incidence of MACE.

1. To establish the relationship between race-specific Lp(a) levels and FHMI in the ARIC study
2. To investigate the independent association between race-specific Lp(a) levels and FHMI with
incident MACE.

3. To investigate the joint association and interaction between race-specific Lp(a) levels and
FHMI for incident MACE.



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:
Prospective cohort study

Inclusion criteria:

Participants of the ARIC Study with information available for lipoprotein(a) concentration in
mg/dl, family history of myocardial infarction (any family history — defined as the presence of
history of a heart attack in parents which was assessed by means of interviewer-administered,
standardized questionnaires during ARIC study visit; and premature family history of myocardial
infarction — defined as a parent who had a heart attack occurring in a father before the age of 55
years or in a mother before the age of 60 years), 10-year ASCVD risk estimator variables (age,
gender, race, diabetes, systolic blood pressure, antihypertensive use, smoking, total cholesterol,
high density lipoprotein-cholesterol) as well as diastolic blood pressure, body mass index, statin
use, non-HDL cholesterol, low density lipoprotein-cholesterol, and triglycerides will be included.
The data from baseline ARIC examination will be used.

Exclusion criteria:
Participants who have a history of cardiovascular disease at ARIC visit 1 (MI, stroke, heart
failure, or atrial fibrillation) or renal failure at baseline will be excluded.

Outcomes:

The study participants will be assessed for MACE outcomes at the time of latest ARIC follow
up: incident CHD events (myocardial infarction, silent infarction identified by ECG, coronary
artery bypass surgery, and coronary angioplasty), CHD death (death lacking a probable non-
CHD cause and with a recent myocardial infarction, chest pain within 72 hours of death, or a
history of CHD), heart failure hospitalization (defined by International Statistical Classification
of Diseases and Related Health Problems codes of 428. x [9th Revision] or 150 [10th Revision]
in any position on the hospital discharge list or on a death certificate with death from heart
failure in any position), and stroke.

Data analysis:

The distribution of Lp(a) levels among participants of the ARIC cohort will be described using
median (interquartile range) and mean (SD) levels. We will use standardized values of Lp(a)
from ARIC visit 1 during our analyses. These standardized values were obtained by using a
conversion equation derived from a comparison between samples measured using the double-
antibody enzyme-linked immunosorbent assay technique (used in ARIC visit 1) and a
commercially available automated immunoturbidimetric assay (Denka Seiken Co. Ltd., Tokyo,
Japan; used in ARIC visit 4). Given marked racial variation in Lp(a) levels, with Blacks having
higher levels than Whites, race-specific Lp(a) concentrations will be evaluated.

The baseline characteristics of participants with and without family history of MI will be
compared. The characteristics will include: median age, gender proportion, race proportion,
proportion with diabetes, median systolic blood pressure, proportion with antihypertensive use,



proportion with smoking, median total cholesterol, median HDL-C, median diastolic blood
pressure, median BMI, proportion with statin use, median non-HDL cholesterol, median LDL-C,
median triglycerides, median race-specific Lp(a) concentration, and proportion of participants
with Lp(a) >30 mg/dl.

A. The cumulative incidence curves of MACE for Lp(a) greater and lesser than 30 mg/dl in
Black and White participants, with and without a family history of MI, will be
constructed. These curves will be compared by using the log rank test. Similar
cumulative incidence curves for race-specific quintiles of Lp(a) concentration in
participants with and without a family history of M1 will be constructed and compared
using the log rank test.

B. Race-specific univariate and multivariate-adjusted Cox proportional hazards models will
be used to assess the association between Lp(a) levels and incident MACE. Univariate
models will use Lp(a) in different ways: as greater or less than 30 mg/dl, race-specific log
Lp(a) concentration (per 1-unit SD), and race-specific Lp(a) concentration quintiles. The
race-specific univariate models will be stratified by those with and without FHMI. The
race-specific multivariate models will use Lp(a) in the above three ways and adjust for
age, gender, race, diabetes, SBP, antihypertensive use, smoking, total cholesterol, HDL,
BMI, statin use, and triglycerides. Multivariate models will be stratified by those with
and without FHMI. The interaction between FHMI and Lp(a) will be evaluated by using
the multiplicative variable in the fully adjusted Cox model.

Analyses A and B will be repeated after stratifying participants by history of premature FHMI.

Sensitivity analysis: During ARIC visit 4, Lp(a) levels were measured using a commercially
available automated immunoturbidimetric assay (Denka Seiken Co. Ltd., Tokyo, Japan). This
assay is less sensitive to isoform sizes as compared to the double-antibody enzyme-linked
immunosorbent assay used in ARIC visit 1. We plan to use the standardized values of Lp(a) from
ARIC visit 1 during our analyses. These values will be obtained from the conversion equation
described above. In order to account for the potential differences in association with MACE that
arise by using standardized Lp(a) values at ARIC visit 1, we will repeat analyses A and B in the
study population after participants that developed MACE between ARIC visits 1 and 4 are
further excluded.

All statistical analyses will be performed using SAS.
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