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4. Rationale:  

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, with a lifetime risk of 1 

in 3 among whites and 1 in 5 among African Americans.1 The prevalence of AF increases with 

older age, from 0.1% among people younger than 55 years to 9% among people 80 years or older.2 

The risk of AF increases with advancing age, taller height, European ancestry, smoking, higher 

weight, higher blood pressure, blood pressure medication use, diabetes, history of myocardial 

infarction, and history of heart failure.3, 4 In addition to the traditional clinical risk factors listed 

above, various biomarkers have been identified as risk factors for incident AF including markers of 

inflammation,5-8 oxidative stress,9 myocardial necrosis,5, 10, 11 myocardial stress,5, 12-17 and mineral 

metabolism.18, 19 Despite the relatively high prevalence and incidence of AF, our understanding of 

its pathobiology and precipitants remains superficial. Identification of novel biomarkers can 

advance our understanding of AF mechanisms, enhance opportunities for risk prediction, and 

potentially provide targeted preventive strategies for AF.  

 

 Proteomic profiling enables systematic high-throughput analysis of proteins and may 

substantially accelerate novel biomarker discovery. Relatively unbiased proteomics approaches 

have the advantage of allowing simultaneous screening for large numbers of proteins involved in 

different biological pathways. Recently, 3 longitudinal cohort studies have reported proteomic 

profiling and the risk of new-onset AF. 6, 17, 20 The first study used a proximity extension assay 

(Olink Proseek Multiplex Cardiovascular 96 x 96 kit) to screen 92 proteins in 2 community-based 

cohorts of older adults in Sweden with a total of 271 incident AF cases in 1703 participants over a 

median follow-up of around 9 years.17  They identified 7 proteins that were associated with 

incident AF after adjustment for age and sex. Two proteins, NT-proBNP and IL-6, remained 

significantly associated with incident AF after multivariable adjustment and Bonferroni 

correction.17 The second cohort study used a community-based sample from Italy and focused on 

75 inflammatory marker proteins identified from proximity extension assays (the Olink Proseek 

Multiplex CVD I 96 x 96 and the Proseek Multiple Inflammation I 96 x 96 kits).6 There were 117 

new AF cases among 880 participants during a 20-year follow-up. The Italian study reported the 

results of 75 inflammatory biomarkers including FGF-23, fatty acid binding protein 4, and IL-6, 

none of which were associated with AF after adjustment for age and sex.6 The third study, from 

Framingham, used single-stranded DNA-based aptamers as affinity reagents (measured by the 



SOMAscan platform) to screen for 1373 proteins.20 This study included 1885 participants with 349 

incident AF cases during a mean follow-up of 18 years. In this study, Ko et al. identified 8 proteins 

associated with AF after adjustment for age and sex, and after further adjustment for AF risk 

factors, 2 proteins (ADAMTS13 and NT-proBNP) remained associated with new-onset AF.20   

 

The ARIC study provides the opportunity to examine the relationship between proteomics and 

incident AF in an elderly cohort (mean age at visit 5 = 76). A recent collaboration between 

SomaLogic and the ARIC study allows for proteomic assay using SOMAscan version 4.0 (~5,000 

proteins) in ~5,000 participants (~25% African American) at visit 5. At this time, ARIC has 

approximately 5 years of follow-up data and nearly 500 incident AF events after visit 5, making 

this analysis feasible in this cohort. The ARIC cohort has power to detect novel associations by 

having a larger sample size and more AF cases than the 3 previous studies, along with a shorter 

follow-up time to potentially detect acute associations. ARIC also allows us to examine 

associations by black and white race.  

 
 
 
 
5. Main Hypothesis/Study Questions: 

The main objective of this proposal is to evaluate aptamer-based proteomic profiles with incident 

AF in an elderly cohort of black and white men and women.  

 

 
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 from visit 5 until the end of 2017 or most recent data. Follow-up is 
approximately 5 years.  
 
Study population 

• Inclusion criteria: ARIC participants with proteomic measures at visit 5  

• Exclusion criteria: Prevalent AF at visit 5 (from visit 5 ECG or hospitalization codes / ECG 

prior to visit 5), missing or low quality proteomic data, missing or indeterminate ECG 



measures at visit 5, race other than white or black and non-whites in the Minneapolis and 

Washington County field centers (due to low numbers), and those missing covariates. 

 

Ascertainment of AF 

The outcome will be incident AF. Incident AF will be ascertained death certificates or 

hospitalization discharge diagnosis codes (ICD-9-CM: 427.3, 427.31 or 427.32 or ICD-10: I48 in 

any position) through the end of 2017. Prevalent AF at visit 5 will additionally be identified by the 

study visit ECG.  

 

Proteomics Profiling 

Our exposure will be individual measures of protein levels from plasma samples (~5000 proteins).   

In brief, EDTA-plasma was obtained from blood samples that were collected during visit 5 and 

stored at -80. Protein levels in the plasma samples were measured by the SOMAscan platform, 

which uses single-stranded DNA-based aptamers to capture conformational protein epitopes.  

Protein levels are measured in relative fluorescent units (RFU). Standard SomaLogic quality 

control and normalization process have been applied to the protein measures. 

 

Covariates 

Covariates will be obtained at visit 5 and the following variables will be considered for inclusion 

in our models: age, sex, race/site, cigarette smoking status, height, weight, systolic and diastolic 

blood pressure, anti-hypertensive medication use,  diabetes, prevalent myocardial infarction, 

prevalent heart failure, diuretic use, liver disease (from ICD hospitalization codes), and estimated 

glomerular filtration rate (eGFR). 

 

 
Statistical analysis 
 
Our primary analysis will test the association between protein level and incident AF.  

 

We will examine distributions of protein levels and log-transform where appropriate. We may 

standardize levels to mean=0 and standard deviation=1 for comparison purposes.  

 



We will use Cox proportional hazards models to relate each protein level to incident AF (censored 

at the last follow-up time, death, or the end of 2017).  

 

• Model 1 will adjust for age, sex, and race/center.  

• Model 2 will adjust for Model 1 and additionally adjust for the remaining AF risk factors 

from the CHARGE-AF score4 including current cigarette smoking, height, weight, systolic 

and diastolic blood pressure, the use of hypertension medications, diabetes, prevalent 

myocardial infarction and prevalent heart failure.  

• Model 3 will additionally adjust for factors that could influence measured protein levels 

including eGFR, diuretic use, and liver disease.  

 

 

The P-value threshold for significance will be defined using Bonferroni correction to account for 

the number of analyzed proteins.  

 

We will explore interactions by sex, race, and age.  

 

Sensitivity analysis: For any proteins that are significant after adjustment in the above models, we 

will run several exploratory sensitivity analyses. We will exclude unreliable protein data (low 

quality data or data with low reliability in ARIC QC and pilot study which include both analytic 

and physiologic variability). We will flag outliers (>4 SD from the mean) and will winsorize them 

to avoid undue influence and violations of assumptions. Finally, we will restrict the analysis to 

those who were fasting at visit 5.  

 

We will consider an initial analysis that attempts to replicate the results from the Framingham and 

Swedish cohorts.  

 

Additional analysis: Finally, we will add any significant proteins from this project to an AF 

prediction model to determine if the proteins enhance the model discrimination and risk 

stratification. This new AF prediction model is being developed simultaneously in “ARIC #3236: 

AF prediction in the elderly – Norby”, using participants and data from visit 5. Full methods can 



be found in that proposal. Briefly, we will add any significant proteins to the AF prediction model 

and calculate the added predicted value of the complex model versus the simple model with the 

increment in C-statistic and the categorical net reclassification improvement (NRI). We will be 

lacking a comparative external cohort for validation of our prediction equation results, at which 

point we will use internal validation with bootstrapping methods.21  
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