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4. Rationale and Motivation:  
Aortic stenosis (AS) is the most common moderate to severe valvular heart disease in the 
U.S, and its prevalence increases with aging.(1) The prevalence of severe AS among 
persons > 75 years of age is approximately 3.4 %. The number of persons eligible for aortic 
valve intervention is therefore expected to increase as average life expectancy increases in 
Western countries.(2) Calcific aortic valve disease is the leading cause of AS in this context 
and is characterized by progression from leaflet thickening and calcification (aortic 
sclerosis) to significant hemodynamic stenosis.(3) 
 
Common risk factors of atherosclerosis, including hypertension, diabetes, and 
dyslipidemia, are independently associated with severe AS in older populations.(4) 
However, no therapy currently exists to prevent the progression of aortic calcification and 
stenosis.(5) Several mechanistic pathways have been related to aortic calcification, 
including inflammation, neurohormonal activation, lipid oxidization, and 
biomineralization.(6) While biomarkers of LV wall stress (NT-proBNP) and injury (high 
sensitivity Troponin) are elevated in higher grades of AS (7) where they may be used to 
guide the intervention decisions,(8,9) little is known regarding other circulating biomarkers 
predictive of the development of hemodynamic valve stenosis. Such data may provide 
novel insights into mechanisms underlying AS and facilitate early prediction of persons at 
risk for the development of AS in late life. 
 
We propose to leverage proteomic data available in mid- (Visit 3) and late-life (Visit 5) 
and serial echocardiographic assessments of aortic valve hemodynamics available in ARIC 
to identify circulating biomarkers predictive of hemodynamic valve stenosis and stenosis 
progression. We will also perform Mendelian randomization analyses on candidate 
proteins to identify novel proteins with potential causal associations with AS.  

 
5. Main Hypothesis/Study Questions:  

We hypothesize that individual proteins and protein networks will be associated with AS 
severity and its progression.  

 
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 is a longitudinal analysis using data from ARIC Visits 3, 5, and 7. We will use 
aptamer-based proteomics measurements from Visits 3 and 5, and echocardiographic data 
on aortic valve hemodynamics available at Visits 5 and 7, and clinical covariates from all 
three study visits. First, we will identify proteins associated cross-sectionally with aortic 
valve hemodynamics at Visit 5. We will then identify the sub-set proteins associated with 
progressive changes in AV hemodynamics between Visits 5 and 7. 

 
 



 
Inclusion/Exclusion criteria:  
We will include ARIC participants who underwent echocardiographic assessment at Visit 
5 and were free of mitral or aortic valve replacement. Participants with prior aortic valve 
replacement at Visit 5 will be excluded. 
 
Key variables of interest:  
 

1. Exposure:  
 
Proteomic data from Visits 3 and 5: SOMAscan assay (Somalogic Inc., Boulder, 
CO). 
 

2. Outcome:  
 
Aortic valve parameters:  
Primary measures of interest: Aortic valve peak velocity, calculated aortic valve 
area (AVA), aortic valve mean gradient, and aortic valve dimensionless index. 
Additional measures: Aortic valve velocity time integral (VTI), LV outflow tract 
(LVOT) VTI, LVOT diameter, calculated stroke volume (SV) and stroke volume 
indexed to BSA (SVi), aortic regurgitation severity. 
 

3. Co-variates: 
 

• Clinical covariates Visit 5 and 7:  
Age, gender, race/ethnicity, body mass index (BMI), history of hypertension, 
diabetes, dyslipidemia, prior or current smoking, blood pressure, heart rate, eGFR, 
serum creatinine, hemoglobin, hematocrit, hemoglobin HbA1c, prevalent chronic 
kidney disease, coronary heart disease (prior myocardial infarction (MI) or 
revascularization procedure), atrial fibrillation, prior stroke, prevalent heart failure 
(HFpEF or HFrEF) and cardiac symptoms including dyspnea, angina, and 
exhaustion 
 

• Echocardiographic covariates (Visits 5 and 7):  
 

Measures of cardiac structure and function: (1) left ventricular end-diastolic volume 
(LVEDV), end-systolic volume (LVESV), and mass (LVM); mean wall thickness 
(MWT), relative wall thickness (RWT); (2) LV diastolic function (E wave, A wave, 
E', E/e' ratio, left atrial volume index (LAVi), and pulmonary artery systolic pressure 
(PASP); (3) LV systolic function (Left ventricular ejection fraction (LVEF), global 
longitudinal strain, global circumferential strain) 

 



• Cardiac biomarkers covariates (Visit 5):  NT-proBNP, hs-cTnT, CRP. 

Data Analysis:  
Cross-sectional association with AV hemodynamic measures at Visit 5  
Aim: To estimate the association of proteomics at Visit 5 with measures of AV 
hemodynamics (Vmax and AVA ) at Visit 5. 
Population: All participants who were free from previous valve replacement through 
Visit 5 and had available exposure measurements at Visit 5. 
Exposures: Proteomic data from Visit 5: SOMAscan assay  
Outcomes: AV Vmax and AVA at Visit 5, modeled as continuous variables. Secondary 
outcomes will include AV dimensionless index and mean gradient at Visit 5. 
 
Analyses 

o The association of proteins with Vmax and AVA will be estimated using 
multivariable linear regression with statistical significance defined using 
Bonferroni correction for multiple testing. We will sequentially adjust regression 
models for Visit 5 demographic characteristics (model 1: age, sex, race/ethnicity,  
heart rate and blood pressure of Visits 5), and clinical characteristics (model 2: 
coronary heart disease, HF, atrial fibrillation, diabetes mellitus, hypertension, and 
BMI). Additional sensitivity analyses will be performed excluding participants 
with abnormal LVEF and Visit 5.  

o We will utilize LASSO regularized regression with an initial Bonferroni filter as 
additional analyses.  

o For protein candidates associated with AV stenosis measures in cross-sectional 
analysis at Visit 5, association of their V3 levels with AV stenosis measures at V5 
will also be assessed. 

 
 
Association with progression in measures of AS severity from Visit 5 to Visit 7  
Aim: To estimate the association of AS-related circulating proteins with changes in 
measures of AS severity between Visit 5 & 7 (∆Vmax and ∆AVA) 
Population: All participants without previous valve replacement through Visit 7, 
proteomic data at Visit 5, and echocardiographic data at Visits 5 and 7. 
Exposures: Candidate proteins associated with AS severity measures from the cross-
sectional analysis above.  
Outcomes: Changes in AV Vmax and AVA between Visit 5 and 7. Secondary outcomes 
will include changes in AV dimensionless index and mean gradient. 
Analyses 

o We will use linear regression models to estimate the association of AS-related 
proteins (derived as above) with changes in measures of AS severity modeled as a 
continuous variable. In addition, we will sequentially adjust regression models for 
Visit 5 demographic characteristics (model 1: age, sex, race/ethnicity, and heart 
rate and blood pressure at Visits 5 and 7), and clinical characteristics (model 2: 
coronary artery disease, HF, atrial fibrillation, diabetes mellitus, hypertension, 



and, BMI). Additional sensitivity analyses will be performed excluding 
participants with abnormal LVEF and Visit 5 and/or Visit 7.   

o Additional analyses will employ LASSO regularized regression with an initial 
Bonferroni filter.  

o We will repeat analyses after excluding patients who experienced a cardiovascular 
event (MI, HF, stroke) between Visit 5 & 7 as sensitivity analysis. 

 
For key candidate proteins, we will evaluate for non-linear associations using polynomial 
terms and restricted cubic splines. Given established differences in aortic stenosis 
prevalence by gender and race/ethnicity, we will also conduct separate analyses 
according to gender and race/ethnicity. For candidate proteins demonstrating consistent 
associations with AV measures cross-sectionally at Visit 5, and their change from Visit 5 
to Visit 7, we will perform Mendelian randomization analyses to assess for possible 
causal associations with valve stenosis. (10) 
 
Anticipated methodologic limitations. 

• Survivor and attendance bias between Visit 5 and Visit 7 may lead to 
underestimation of changes in AV measures between visits, which may limit our 
power to detect associations with protein measures. We will perform sensitivity 
analyses using the inverse probability of attrition weights to avoid the non-
random attendance bias, which may direct our result toward the null. We will use 
clinical characteristics at visit 5 to estimate the probability weights.  

• Peak transvalvular velocity and pressure gradient are flow (stroke volume) 
dependent. We will there assess associations with peak velocity, but also with 
with AVA and dimensionless index which account for transvalvular flow. 

• The relation between AV Vmax and proposed proteomics may be non-linear. We 
will evaluate the non-linear associations in our analysis.  

• Absolute quantification of protein biomarkers is not available.  
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