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4. Rationale:  

 

Heart failure affects roughly 5.7 million Americans and the total cost of treatment in 2012 was 

estimated to be $30.7 billion
1
. The clinical burden of heart failure necessitates additional 

methods of prevention. Lipoprotein (a) [Lp(a)] is a structurally heterogeneous proatherogenic 

lipoprotein composed of an LDL-like moiety to which a unique glycoprotein, apolipoprotein (a) 

[apo(a)], is covalently linked to a single molecule of apolipoprotein B-100 (apoB-100). Apo(a) 

also contains a variable number of kringle repeats that affects characteristics such as isoform 

size, plasma levels, and synthetic rate
2, 3

. Elevated plasma levels of Lp(a) are a significant risk 

factor for atherosclerotic cardiovascular disease
4-9

. Plasma levels of Lp(a) vary widely among 

individuals and recent studies have shown that common genetic variants in the LPA gene such as 

rs10455872 and rs3798220 are associated with elevated levels of Lp(a) and with an increased 

risk of coronary artery disease that is independent of traditional risk factors
10

. Given its 

proatherogenic properties, Lp(a) may be a risk factor for heart failure that is predominantly 

ischemic in origin. The association between Lp(a) levels and heart failure, however, has yet to be 

elucidated. In this study, we plan to examine the association of Lp(a) levels with incident heart 

failure hospitalization in the ARIC study. We hypothesize that higher levels of Lp(a) and genetic 

variants associated with increased Lp(a) levels will be associated with greater risk for incident 

heart failure hospitalization.  

 

5. Main Hypothesis/Study Questions: 

 

We hypothesize that higher levels of Lp(a) and genetic variants associated with increased Lp(a) 

levels will be associated with greater risk for incident heart failure hospitalization. 

 

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 Lp(a) from ARIC visit 4 will be used. Lp(a) will serve as the 

exposure variable and incident heart failure hospitalization will be the outcome. Covariates will 

include age, gender, race, body mass index (BMI), current smoking, diabetes, total 

cholesterol/high-density lipoprotein cholesterol (TC/HDL-C), and hypertension.   

The association between Lp(a) data from ARIC visit 1 and incident heart failure hospitalization 

will be determined as a secondary analysis as the Lp(a) data from ARIC visit 4 assay, which is 

not influenced by the number of kringle repeats.  

 

Finally, we will assess whether Lp(a) levels and high risk genotypes of LPA, rs3798220 and 

rs10455872, are associated with increased risk for incident heart failure hospitalization.   

 

Inclusion/ exclusion criteria: 



All eligible ARIC participants will be included in the study. The major exclusion criteria include 

a preexisting diagnosis of heart failure (prior to visit 1 and visit 4, respectively for each analysis), 

participants without data on exposure, outcome, or covariates. We will also exclude race other 

than African American or white and African American participants from Minnesota and 

Washington field centers. Participants with a diagnosis of CHD will be included.  

Analysis:  

 

The following analyses will be conducted:  

 

1. Lp(a) values from visits 1 and 4 will be divided into appropriate quintiles based on Lp(a) 

levels in each visit respectively. The association of Lp(a) with incident heart failure 

hospitalization will be assessed by quintiles. We will also examine the association of 

incident heart failure hospitalization per 1 standard deviation increase in Lp(a) levels 

separately using visits 1 and 4. Cox proportional hazard regression models will be 

developed. Model 1 will adjust for age, gender, and race. Model 2 will adjust for 

covariates in model 1 as well as systolic blood pressure, history of hypertension, diabetes, 

current smoking status, body mass index, and heart rate. Model 3 will adjust for variables 

in model 2 plus HDL-C and non HDL-C (to examine if the association of Lp(a) with 

heart failure hospitalization holds after adjusting for traditional lipids). Model 4 will 

adjust for covariates in model 3 as well as prevalent CHD at visit 4 and incident CHD 

after visit 4 to assess if there will be attenuation of the association of Lp(a) levels with 

heart failure hospitalization. We will assess for possible interactions of Lp(a) on incident 

heart failure by race, gender, and diabetes. If significant interactions are noted, a 

subgroup analysis will be performed.  

2. In the sensitivity analyses, we will identify the top and bottom 5% of the extremes of 

Lp(a) from each visit (1 and 4) respectively. The association with incident heart failure 

hospitalization will be compared between the top and bottom 5% of Lp(a) values using 

similar adjustment models.  

3. The association between the presence of high risk genotypes of LPA, rs3798220 and 

rs10455872, and incident heart failure hospitalization will be assessed using similar 

models as described above.  

 

Methodological limitations or challenges 

1. Two different assays were used to measure Lp(a) levels in visits 1 and 4. For the visit 1 

Lp(a) assay, we will correct for the units as was performed in the previously published 

paper from the ARIC study
4
.  

2. The definition of heart failure is based on ICD codes only.  
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