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3. Timeline: Data to be used in this proposal are already available. Analyses and 
manuscript preparation will be performed over the next 6 months. 
 
4. Rationale:   
Atrial fibrillation (AF) is the most common sustained cardiac rhythm disorder and 
increases the risk of various adverse cardiovascular events such as stroke, myocardial 
infarction (MI), heart failure, vascular dementia, and mortality.1 Most patients with AF 
are asymptomatic, and thus attempts are made to screen AF among individuals at high 



risk of AF based on prediction models including risk factors such as age, sex, race, 
hypertension, diabetes mellitus, and history of heart failure, myocardial infarction and left 
ventricular hypertrophy.2, 3, 4 The c-statistic of those models ranged from 0.70-0.78 but 
probably can be improved with other biomarkers. 
 
In this context, growth differentiation factor 15 (GDF-15) is a promising predictor of AF. 
Specifically, GDF-15 is a distant member of the transforming growth factor ß (TGF-ß) 
superfamily and is involved in various biological processes like cell proliferation, 
differentiation, and apoptosis.5 Moreover, some basic studies have shown that GDF-15 
plays a role in myocardial fibrosis, hypertrophy, and endothelial dysfunction.6 Indeed, 
GDF-15 has been independently associated with several cardiovascular outcomes such as 
heart failure, myocardial infarction, and left ventricular hypertrophy.7, 8, 9  
 
Regarding the association of GDF-15 with incident AF, conflicting results have been 
reported. Specifically, out of four studies exploring this association, two studies10, 11 
reported positive association (i.e., higher levels of GDF-15 related to higher risk of 
incident AF), one study12 null association, and the other13 an inverse association. Also, 
only two were community-based studies,10, 12 and both of them exclusively assessed 
white individuals.  
 
Therefore, to more comprehensively explore the association of GDF-15 with incident AF, 
we will analyze data from the ARIC Study, a biracial community-based cohort. The large 
sample size with a long follow-up over 30 years will allow us to conduct subgroup 
analysis and investigate the improvement of AF risk prediction using GDF-15. 
 
 
5. Main Hypothesis/Study Questions: 
-GDF-15 will be positively associated with incident AF independently of potential 
confounders. 
-GDF-15 will improve the prediction of incident AF beyond traditional predictors. 
 
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). 
    
Inclusions/exclusions: 
- All ARIC participants with GDF-15 data at visit 3 and without prevalent AF (defined by 
ECG at visits 1-3 or AF hospitalization before visit 3). 
- Given the data availability and length of follow-up, we will primarily use visit 3 GDF-
15 but will also explore GDF-15 at visits 2 (when available) and 5.  
 
Exposure:  
-GDF-15: measured by Soma scan at ARIC visits 2, 3 and 5. 
 
Outcome:  



-Incident AF: AF identification14 will be based on hospital discharge codes (ICD-9 codes 
427.31 and 427.32 for atrial fibrillation and flutter, ICD-10 codes I48.x) and death 
certificates (427.3 or I48) after the relevant visit followed through 2018.  
 
Other variables of interest and covariates: 
-Sociodemographics: age from visit 3, race, gender, education level from visit 1 
-Physical information: body mass index (height, body weight), waist circumference, heart 
rate, systolic and diastolic blood pressure (and use of antihypertensive medication), 
kidney function measures (GFR as estimated by the CKD-EPI equation using serum 
creatinine and/or cystatin C16), lipid profiles (total cholesterol, HDL cholesterol, 
triglyceride, and the use of cholesterol-lowering medications)  
-Lifestyle: smoking status, alcohol consumption, and physical activity 
-Medical history: cardiovascular disease (coronary heart disease, stroke, and heart 
failure), diabetes mellitus 
-other biomarkers: inflammatory biomarkers (CRP and white blood cell count) and 
cardiac biomarkers (high-sensitivity cardiac troponin T and NT-proBNP) 
 
Statistical Analysis Plan:  
-GDF-15 will be treated as categorical (e.g., quartiles) and continuous variables. 
-Comparing baseline characteristics across quartiles of GDF-15 using chi-square tests and 
analysis of variance. 
-Cumulative incidence of AF across quartiles of GDF-15 over the follow-up. 
-Cox proportional hazards models to estimate hazard ratio and 95% confidence intervals 
of incident AF across quartiles of GDF-15. Models will be adjusted for the above listed 
covariates. Model 1 will be crude. Model 2 will be adjusted for demographic variables, 
i.e., age, race, gender and level of education. Model 3 will be adjusted for AF classic risk 
factors, e.g., systolic blood pressure, antihypertensive medication, smoking, alcohol, total 
cholesterol, HDL cholesterol, body mass index, diabetes mellitus and a history of 
cardiovascular disease (coronary heart disease, heart failure). Model 4 will be further 
adjusted for biomarkers associated with AF, i.e., hs-cTnT and NT-proBNP.11, 15, 16 
-Prediction statistics: We will compute Hosmer-Lemeshow χ2, c-statistics, and net 
reclassification improvement for models with and without GDF-15. 
-Sensitivity analyses: subgroup analysis by age (< and ≥ median age), gender (male vs. 
female), race (black vs. white), BMI, lifestyle (smoking status, alcohol consumption), 
prevalent cardiovascular disease like coronary heart disease, heart failure, stroke and 
diabetes mellitus (yes vs. no).  
  
Limitations:  
-Soma Scan provides values of GDF-15 in relative fluorescence units but not in absolute 
concentration. 
-The ascertainment of AF is based mostly on hospital discharges codes or death codes. 
Some cases of AF diagnosed and treated in outpatient settings could be missed and 
misclassified.  
-Paroxysmal AF and subclinical AF could be missed. 
-Residual confounding. 
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