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4. Rationale:  

 According to the National Health and Nutrition Examination Survey (NHANES), 

77.9 million Americans 20 years of age or older currently have hypertension
1
.  In the 



same survey, the age-adjusted prevalence of hypertension was estimated to be 75% for 

women and 65% for men aged 65 an over
2,3

.  Hypertension frequently underlies 

cardiovascular disease; evidence suggests that hypertension is present in 69% of adults 

with incident myocardial infarction, 77% with incident stroke, and 74% diagnosed with 

incident heart failure
1,3

. 

 Fibroblast growth factors (FGFs) are a family of proteins involved in numerous 

biological activities throughout the body
4
.  FGF23 is principally involved in the 

regulation of energy and mineral metabolism.  FGF23 is produced by osteocytes and 

osteoblasts, and participates in calciophosphoregulation and bone homeostasis
4,5

.  The 

components of the bone and renal systems are highly interrelated; as kidney function 

declines disruption of mineral homeostasis occurs.  Therefore calcium
6
, phosphorus

7
, 

magnesium
8
, and vitamin D imbalance

9,10
 are all involved in the development of chronic 

kidney disease – mineral bone disease (CKD-MBD)
11

.  Cardiovascular disease is a 

leading cause of mortality among those with CKD
12–15

.  Furthermore, in both the general 

population
16–18

 and those with CKD
18–20

, positive associations have been found between 

FGF23 and cardiovascular morbidity and mortality.  It is increasingly believed that the 

cardiovascular pathologies associated with CKD may be due, in part, to disturbances in 

mineral regulation
4,21,22

. 

  Development of hypertension with aging occurs in conjunction with, (i) the 

inability of the renal system to maintain mineral homeostasis, and (ii) changes in cardiac 

and vascular structure
23

.  A rise in serum phosphorus precedes FGF23 elevation, and 

though limited, existing literature is suggestive of a positive association between elevated 

serum phosphorus and incident hypertension
24

.  Prior work has shown elevated serum 

phosphorus to be associated with vascular calcification
25

; structural and functional 

vascular alterations have been associated with risk of incident hypertension
26,27

.  A 

positive association has also been found between FGF23 and atherosclerosis
18

, though it 

is unclear whether it acts independently of phosphorus
28,29

.  Additionally, high circulating 

FGF23 has been associated with endothelial dysfunction and arterial wall stiffness
30–32

, 

and inflammation
33,34

 - factors which may contribute to the increased peripheral 

resistance typical of essential hypertension.  Lastly, it is also possible that FGF23 is an 

early indicator of impaired kidney function; volume overload as a consequence of poor 

renal function may be a precursor to incident hypertension
35

.  

 To date, the association between FGF23 and hypertension has not been examined; 

information on serum phosphorus in relation to hypertension risk is sparse.  Therefore, 

we aim to explore the association between FGF23, serum phosphorus, and incident 

hypertension in the ARIC cohort.  

 

5. Main Hypothesis: 

 Elevated serum FGF23 will be positively associated with risk of incident 

hypertension. 

 Elevated serum phosphorus will be positively associated with risk of incident 

hypertension. 

 

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 methodological limitations or challenges if 

present). 

 

Study Design 

 Prospective cohort from ARIC visit 2, when serum FGF23 and phosphorus were 

measured, to the development of incident hypertension. 

 

Inclusion/Exclusion 

 Participants with prevalent hypertension (diagnosed or undiagnosed according to 

ARIC criteria) will be excluded at baseline.  Additionally, individuals who are neither 

African American nor white, and African Americans from the MN and MD centers will 

be excluded at baseline.  

 

Variables 

  Exposures: Serum FGF23, serum phosphorus. 

  

  Outcome:  

- Primary: Incident hypertension based on measured blood pressure (SBP140 mmHg 

and/or DBP90 mmHg) and/or antihypertensive medication use at ARIC visits 3 

and 4. 

- Secondary: Incident self-reported hypertension based on ARIC annual follow-up 

phone calls. 

 

  Potential effect modifiers and/or mediators: Race, sex, diabetes, and eGFR (modeled as 

≥90, 60-89, and 15-59 ml/min/1.73 m
2
; derived using the CKD-EPI 2012 equation 

which incorporates both creatinine and cystatin C
36

. 

 

  Other confounders: Age, sex, ARIC field center, education, physical activity, smoking 

status, alcohol intake, BMI, diabetes, prevalent CVD (CHD/HF/stroke), LDL-C, 

HDL-C, triglycerides, and lipid lowering medication.  

 

Data analysis 

 Baseline characteristics of participants will be described using means and 

proportions stratified by levels of the exposures.  Cox proportional hazards regression 

will be used to explore the relationship between serum FGF23, serum phosphorus, and 

risk of incident hypertension.  Cubic splines may also be used to visually depict the 

associations, and aid in selecting the most appropriate representation.  The exposures will 

likely be modeled categorically.  Incident hypertension will be modeled as a dichotomous 

variable.   

 Our first model will adjust for age, sex, and race/ARIC field center.  Model 2 will 

additionally adjust for education, physical activity, smoking status, BMI, and prevalent 

CVD.  Model 3 will further adjust for: (i) eGFR alone, and (ii) eGFR, diabetes, CHD, and 

lipid lowering medication use.  Finally, when FGF23 is modeled as the exposure we will 

also adjust for serum phosphorus.   

 Sensitivity analyses will explore: (i) the impact of modeling eGFR using alternate 

approaches (continuously and derived from different equations), (ii) excluding 



individuals with prehypertension to verify the robustness of the association, and (iii) 

excluding individuals with prevalent CVD to evaluate the robustness of the association.  

Initial analysis will include only objectively measured hypertension at study visits; a 

secondary analysis will include self-reported hypertension obtained though study visits 

and annual follow-up telephone calls.  Cross-product terms will be used to evaluate 

whether race, sex, diabetes, and kidney function modify the relationship between (i) 

serum FGF23, and (ii) serum phosphorus and risk of incident hypertension.  Stratified 

results will be presented, as appropriate.  Mediation will be considered present if beta 

coefficients are altered by 10% or more upon inclusion of diabetes or eGFR in the 

statistical models. 
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