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Lipoprotein a(Lp(a)) is a plasma lipoprotein that has been established as a potent risk factor for
cardiovascular events and mortality.!3 Elevated Lp(a) levels have been independently associated
with increased atherosclerotic cardiovascular disease (ASCVD) risk, even among individuals on
statin therapy and among those with low density lipoprotein (LDL) cholesterol <70 mg/dl.1* The
mechanisms via which Lp(a) mediates its effects are, however, largely unknown.! Lp(a) has a
unique structure which comprises apoB-100, an LDL-like moiety that is thought to mediate
atherosclerosis, and an apo(a) moiety, similar to plasminogen, and thought to mediate
thrombosis.3® It is unclear if the pathogenicity of Lp(a) and its mediation of ASCVD events
occurs via inflammatory, atherogenic or thrombotic mechanisms, or a combination of all
three.1:3>6

The LPA gene that encodes Lp(a) has been identified as one of the strongest indicators for
cardiovascular disease, holding promise for potential therapies targeted at lowering Lp(a) levels
for the reduction of cardiovascular disease.® Several guidelines including the U.S. National Lipid
Association and the European Society of Cardiology guidelines currently recommend one time
Lp(a) measurement in individuals with intermediate or high ASCVD risk, premature
cardiovascular disease and a high chance of exhibiting very high inherited levels of Lp(a).”®

There is, however, currently no uniform method of measuring and reporting Lp(a) values, and so
there is no uniform cut-off value above which risk of ASCVD is conferred.}® Nonetheless, one
unifying fact through the literature is that higher levels of Lp(a) is associated with higher
ASCVD risk,® and in the United States, the National Lipid Association has postulated that Lp(a)
values >50mg/dl is associated with increased risk of ASCVD.? Interestingly, Blacks have been
shown to have higher Lp(a) levels than Caucasians, and Lp(a) cut-off values for the prediction of
ASCVD risk has been demonstrated to be race dependent.>%910

Coronary Artery Calcium (CAC) is an indicator of overall atherosclerotic burden that has been
extensively validated for cardiovascular disease risk prediction.!*!2 Unlike other measures of
atherosclerosis which are based on population estimates, CAC gives an individualized
assessment of atherosclerosis, and is widely used to assess subclinical atherosclerosis among
individuals with intermediate cardiovascular disease risk.*'12

Studies have examined the relationship between CAC and lipoproteins including high density
lipoprotein and LDL, however, few have examined the relationship between CAC and Lp(a).1**°
The relationship between Lp(a) and CAC is thus, still rather unclear, although it appears to be
dependent on race,'®-18 sex,’*14 and certain comorbidities including diabetes and
dyslipidemia.’*!® Additionally, Lp(a) has been causally linked to some extra-coronary
calcification including aortic valve calcification(AVC), which is also thought to be race
dependent.?>-22 More research in this field is required to further understand the mechanism via
which Lp(a) exerts its effect on the cardiovascular system.

Although Lp(a) has gained increased popularity over the last several years and is recommended
by some for inclusion in management guidelines,® more information concerning its utility in
cardiovascular disease risk assessment is required. Thus, we propose to use the Atherosclerosis
Risk in Communities (ARIC) study to evaluate the relationship between Lp(a) in middle age and
the presence of CAC in older age. We also plan to use the ARIC dataset to assess the association
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between Lp(a) and measures of extra-coronary calcification including AVC and Thoracic Aortic
calcification(TAC).

5. Main Hypothesis/Study Questions:
Hypotheses:
e Lipoprotein a(Lp(a)) at middle age is independently associated with coronary artery
calcium in older age
e Lp(a) in middle age will also be associated with other measures of extra-coronary
calcification (TAC and AVC) in older age.

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 will be a prospective cohort study examining the association between Lp(a)
measurements at visit 4 and CAC score at visit 7

Inclusion criteria: All participants with Lp(a) measurements at visit 4 and CAC measurements
at visit 7

Exclusion criteria:
e Individuals who do not have information on Lp(a) values or CAC score
e Individuals with prevalent coronary heart disease at visit 7 (by design of the ARIC CAC
ancillary study)
¢ Individuals with missing covariates of interest

Exposure: Lp(a) at visit 4

Outcome:
e CAC score at visit 7
0 Secondary outcomes: Aortic valve calcification, Thoracic Aortic Calcium

Other variables of interest(Visit 4):
e Cardiometabolic risk factors:

0 Body mass index (BMI)

o0 History of hypertension or medication use for hypertension or elevated
systolic/diastolic blood pressure (>150/90mmHg)

o0 Diabetes, defined as HbA1C> 6.5%, fasting glucose level >126 mg/dL, non-
fasting glucose level >200 mg/dL (>11.1 mmol/L), self-reported physician
diagnosis, or use of antidiabetic medications.

0 Laboratory values: Triglycerides, High density lipoprotein cholesterol, Total
cholesterol, Lipid lowering medication

e Additional potential confounders: Age, Sex, Race, Family history of coronary heart
disease, Income, Smoking history
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Data analysis plan:

Lp(a) will be assessed as a dichotomized variable (normal/elevated) around the clinical
cut-off point of 50mg/dI.
CAC will be dichotomized into (minimal-mild/moderate-extensive) based on the
clinically actionable cut-off point of 100.
Baseline characteristics will be summarized by Lp(a) category. Means and proportions
will be reported for continuous and categorical values respectively. Differences between
continuous variables will be tested using two sample t-test and differences between
categorical values will be tested using y? statistic.
The association between Lp(a) and CAC will be assessed using logistic regression
models with incremental adjustment for confounders as outlined below:
0 Model 1: Crude
0 Model 2: Adjusted for age, sex, race
0 Model 3: Model 2+ all listed potential confounders above
0 Model 4: Model 3+ cardiometabolic factors (excluding lipid lowering medication)
0 Model 5: Model 4 + lipid lowering medication
*Lipid lowering medication is included separately to explore its importance in
modifying lipid parameters and to account for its possible difficult interpretation.
Interactions between Lp(a) and race, sex and family history of coronary heart disease will
be tested, and stratified analyses will be conducted if significant.
The association between Lp(a) and the secondary outcomes of AVC and TAC will also
be explored using the same models outlined above.
To assess the incremental value of Lp(a) over risk factors for predicting CAC,
0 A base model will be constructed including all the risk factors and confounders
listed above (Model 1*)
o0 Lp(a) will then be added to Model 1*
0 The area under receiver operating characteristic curves (AUC) for both models
will then be compared
For sensitivity analyses,
o0 CAC will be assessed as a continuous variable (log(CAC+1)) and as categories of
0, 1-99, 100-299, 300-1000, and >1000
o0 Lp(a) will also be assessed as a continuous log transformed variable and as
quartiles or as a categorical variable with thresholds of <=10, 11-20,21-30,31-50
and >50mg/dl, as power allows.
o0 Linear and ordinal logistic regressions will be used to evaluate the relationship
between Lp(a) and CAC modeled as continuous and categorical variables as
outlined above

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? Yes _ X _No

b. If Yes, is the author aware that the current derived consent file ICTDERO5 must be

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”
and/or “Not for Profit” ? Yes No
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Proposal # 1827: Relation of Lipoprotein (a) and small dense LDL (sdLDL) to incident
CVD: the ARIC study

Proposal # 160: Lipoprotein[a] as a risk factor for incident coronary heart disease

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data? X __ Yes No

11.b. If yes, is the proposal
A. primarily the result of an ancillary study (list number* 2016.06)
___ B.primarily based on ARIC data with ancillary data playing a minor role
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12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PubMed Central whenever the journal does not and be in compliance with this
policy. Four files about the public access policy from http://publicaccess.nih.gov/ are posted in
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