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3. Timeline: 

Data analysis will start immediately using available FGF-23 measures and will be 
finalized once FGF-23 assays for the entire cohort are completed. 
 
4. Rationale:  

Fibroblast growth factor 23 (FGF-23) is a hormone involved in the regulation of 
phosphorus homeostasis, vitamin D metabolism and bone mineralization. Secreted 
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primarily by osteocytes in response to increased serum phosphorus levels, FGF-23 
reduces the expression and activity of Na/Pi cotransporters in the proximal tubules, 
lowers serum calcitriol levels, and suppresses PTH synthesis.1 In individuals with chronic 
kidney disease (CKD), FGF-23 levels are elevated, possibly in response to the reduced 
renal ability to eliminate phosphorus. Different studies have shown that, in individuals 
with CKD, FGF-23 levels are predictive of disease progression and overall adverse 
outcomes, including higher mortality and risk of cardiovascular disease.2,3 
 
Atrial fibrillation (AF) is a common cardiac arrhythmia associated with an increased risk 
of stroke, heart failure and mortality.4 CKD has been described as a potential risk factor 
for AF.5 However, the mechanisms linking CKD and AF risk are not well understood. 
Increase of FGF-23 level occurring in CKD could partly mediate this association. 
Experiments in animal models have found that FGF-23 has a direct effect in the 
myocardium, leading to left ventricular hypertrophy (LVH).6 Also, an association 
between FGF-23 and left ventricular hypertrophy has been found in cross-sectional 
studies.6,7 LVH, in turn, has been associated with higher risk of heart failure (HF) and 
AF.8,9 Therefore, exploring the association between FGF-23 and AF risk could help to 
understand better the interplay between kidney dysfunction and AF risk. 
 

5. Main Hypothesis/Study Questions: 

We hypothesize that higher levels of FGF-23 will be associated with increased risk of AF 
independently of kidney function and other known risk factors for AF.  
 

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 
Cohort analysis of ARIC participants with data on FGF-23 measured at visit 2 free of AF, 
followed up through the end of 2009. 
 
Exclusion criteria 
Individuals will be excluded if they meet any of the following criteria: 

- Prevalent AF at visit 2 
- Missing or low quality baseline ECG 
- Missing FGF-23 measurements 
- Non-whites in Minneapolis and Washington County, non-whites non-blacks in 

Forsyth county 
 
Main outcome measure 
Incident AF, occurring between visit 2 and end of 2009 (end of 2010, if data are 
available). AF incidence will be identified from ECGs done at the study visits, presence of 



AF diagnosis in hospitalization discharge summaries, or AF listed as a cause of death, as 
described in previous publications.10 
 
Main independent variable 
FGF-23 measures as part of ancillary study 2009.17 in visit 2 serum. FGF-23 has been 
measured using ELISA. Preliminary QC data suggest adequate validity of FGF-23 
measurements (CV:14.5%; Pearson r = 0.88, with >3 SD outliers removed). 
 
Other covariates 
Age, sex, race, study center, education, BMI, height, smoking, systolic and diastolic 
blood pressure, use of antihypertensive meds, diabetes, prevalent coronary heart 
disease, prevalent heart failure, ECG-derived left ventricular hypertrophy, eGFR, serum 
phosphorus, serum calcium, hsCRP, NTproBNP, PTH. 
 
Statistical analysis 
We will use Cox regression models to estimate the association between FGF-23 and AF 
incidence. Appropriate transformations of FGF-23 will be done if the variable is non-
normally distributed. We will explore the shape of the FGF-23 / AF association using 
restricted cubic splines, and will model FGF-23 based on this analysis (e.g. quartiles, 
continuous, etc.) 
 
We will obtain hazard ratios and 95% confidence intervals running the following models: 

 Model 1: age, sex, race-adjusted 

 Model 2: Model 1 + study center, education, BMI, height, smoking 

 Model 3: Model 2 + systolic and diastolic blood pressure, use of antihypertensive 
meds, diabetes, prevalent CHD, prevalent HF [variables included in the CHARGE 
AF risk score], hsCRP, ECG-based left ventricular hypertrophy 

 Model 4: Model 3 + eGFR, serum phosphorus, serum calcium, PTH 
 
We will conduct stratified analysis by sex, race, age, and eGFR categories. 
 
To explore whether a potential association between FGF-23 and AF risk is mediated by 
HF risk, we will conduct an additional analysis in which we will exclude individuals with 
prevalent HF and censor those who developed HF at the time of HF. 
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