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3. Timeline:  Data analyses will begin immediately.  Goal completion is June 2013. 

 

 

4. Rationale:  

Fibroblast growth factor 23 (FGF23) is a bone-derived endocrine hormone involved in 

the regulation of phosphorus homeostasis, vitamin D metabolism and bone 

mineralization.  Its primary physiologic actions are to induce urinary phosphorous 

excretion, inhibit activation of calcitriol [1,25(OH)2D], and suppress PTH synthesis
1-3

.   



FGF23 levels are correlated inversely with renal function
4, 5

, and in patients with chronic 

kidney disease (CKD), elevated serum FGF23 levels predict the progression of renal 

failure
6
, as well as total mortality

7, 8
.   

 Given interrelations between FGF23 and CKD
2, 3

 and the established role of CKD 

in elevating CVD risk
9
, together with accruing evidence suggesting that low levels of 

vitamin D may increase CVD risk
10

, evaluation of whether FGF23 is associated with 

CVD incidence is warranted.  This is especially true for cardiac conditions, given recent 

experimental work in rodent models suggesting that FGF23 may have a direct 

pathophysiological role in inducing left ventricular hypertrophy
11

.   

Recently, the Cardiovascular Health Study reported that FGF23 is positively 

associated with risk of incident heart failure, cardiovascular events, and total mortality
12

.  

An interaction was present, whereby relations were stronger among individuals with 

mild/moderate CKD.  Elevated FGF23 was also associated with mortality and recurrent 

CVD events among participants of the Heart and Soul Study, all of whom had prevalent 

coronary heart disease (CHD)
13

.  Conversely, FGF23 was not related to CHD in a small 

case-control study nested within the Health Professionals Follow-Up Study
14

.    

 Clearly, additional research is warranted.  One of the most intriguing questions is 

whether FGF23 is simply a marker of CKD, or whether it is associated with CHD and HF 

independent of kidney function.   

 

5. Main Hypothesis/Study Questions: 

 

We hypothesize that FGF23 will be positively associated with risk of incident coronary 

heart disease, heart failure and total mortality, independent of traditional CVD risk 

factors.   

 

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 cohort from visit 2 through the 2010 events follow-up. 

  

Inclusion/Exclusion 

 Participants with prevalent CHD and/or HF at visit 2 will be excluded, as will those 

who are neither African American nor white, and African Americans from the MN and 

MD centers.   

 

Variables 

  Exposures: Serum FGF23 (measured in visit 2 serum) 

 

  Outcomes:  

- Incident CHD based on validated myocardial infarction and fatal CHD 

- Incident HF based on hospital ICD codes 

- Combined outcome of incident CHD or HF 



- Mortality as death from any cause, based on active surveillance of all ARIC 

participants. 

 

  Potential effect modifiers: Age, race, sex, and eGFR (modeled as ≥90, 60-89, and 15-59 

ml/min/1.73 m
2
).  eGFR will be estimated using both creatinine and cystatin-C. 

 

  Other confounders: Age, race, sex, education, physical activity, smoking status, BMI, 

diabetes, LDL-C, HDL-C, triglycerides, and antihyperlipidemic medication use, 

systolic blood pressure, antihypertensive medication.   

 

Additional variables of interest: Serum phosphorous, parathyroid hormone, eGFR and 

FGF23 are physiologically interrelated.  We intend to carefully describe these 

interrelations, and are cognizant of the difficulty of differentiating between 

confounding and mediation in situations such as this. 

 

Data analysis 

 Visit 2 will serve as baseline for the current analysis.  Visit 2 participant 

characteristics will be described using means and proportions stratified by levels of the 

exposures.  Additionally we will use cubic splines and general linear regression to 

examine relations between serum phosphorous, parathyroid hormone, eGFR and FGF23. 

 Cox proportional hazards regression will be used to explore relations between 

FGF23 and risk of incident CHD, HF, and total mortality.  We will use cubic splines to 

visually depict the associations, and aid in selecting the most appropriate exposure 

representation.       

 Our first model will adjust for age, sex, and race.  Model 2 will additionally adjust 

for education, physical activity, smoking status and BMI.  Model 3 will further adjust for 

prevalent diabetes, systolic BP, hypertension medication use, lipid medication use, LDL-

C and HDL-C . Additional mediation models will also adjust for eGFR, serum 

phosphorous and PTH.  Mediation will be considered present if beta coefficients are 

altered by 10% or more upon inclusion of potential mediators in the statistical models.  

Cross-product terms will be used to evaluate whether age, race, sex, and/or eGFR modify 

relations of FGF23 to incident CHD,  HF and total mortality.  Stratified results will be 

presented, as appropriate.   
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