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FGF-23	and	vascular	calcificaAon:		
is	it	set	in	stone?		



Outline 
•  The cardiorenal connection 

– Epidemiology 
– Clinical observations 

•  FGF23 and vascular calcification 
– Mixed data: for and against 

•  Is FGF23 a useful biomarker afterall? 
•  The way forward 



Shennong is thought to have lived between 
the 27th and 25th centuries BC   

“The heart and the kidneys were closely related” 

Ailment: "non-coordination between the heart and the kidney” or “心腎不交” 
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“The heart and the kidneys were closely related” 

Ailment: "non-coordination between the heart and the kidney” or “心腎不交” 




Data Source: Reference Table H12. Abbreviations: AHD, atherosclerotic heart disease; AMI, acute 
myocardial infarction; CHF, congestive heart failure; CVA, cerebrovascular accident.    

Causes of death in ESRD patients, 2013   

USRDS 2016 

53% CV deaths	



Ho YW, et al. HK J Nephrol 2013 

HK Renal Registry, HACRC 



Stage 1 
Hyperfiltration 
or preserved  

GFR 
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Mild ↓ in 

kidney function 

Stage 3 
Moderate ↓ in 

kidney function 

Stage 4 
Severe ↓ in 

kidney function 
Stage 5 
ESRD 
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 Disease 
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 ml/min/1.73m2 
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↑ Serum creatinine 

Macroalbuminuria 
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Meta-analysis of 1.2 M subjects from 21 studies 



Change in cardiovascular risk during 
CKD progression	



CV-renal connection 

?



?	



Pleiotropic endocrine and auto-/paracrine functions of FGF23	



Endocrine and auto-/paracrine functions of 
soluble Klotho	







Vascular calcification	

•  is highly prevalent in CKD / ESRD  
•  independently predicts future CV events / mortality  
•  Calcification occurs in both the intimal and medial 

layers of vessels, but medial calcification is the 
major form in ESRD patients.  

•  Medial calcification increases arterial stiffness and 
pulse pressure, induces LVH, reduces perfusion of 
the coronary arteries, and ultimately promotes 
increased CV mortality. 	



Tsuchiya K, et al. Contrib Nephrol 2015	



 Fibroblast growth factor 23 is elevated before parathyroid 
hormone and phosphate in chronic kidney disease 

Isakiva T, et al. Kidney International, Volume 79, Issue 12, 2011, 1370–1378 





FGF23 was negatively associated with 1,25-dihydroxyvitamin D3 
but not urinary absolute or fractional phosphate excretion 

The main demonstrable effect of FGF23 in the setting of preserved renal 
function is suppression of 1,25-dihydroxyvitamin D3 rather than stimulation of 
renal phosphate excretion. 
 



Higher FGF23 concentrations associate with LV systolic 
dysfunction in dialysis patients	

Sharma S et al. Clin Nephrol 2013	







Incidence of AF: Median follow-up of 7.6 years  





Associations of FGF-23 With Subclinical Cardiovascular Disease:	
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Associations of FGF-23 With Incident Cardiovascular Events	

During 
7.5-year 
follow-up 



Cumulative incidences of CV events by serum FGF-23 concentration	



eGFR 90.9 (22.1) ml/min/1.73 m2  
UACR 151 (588) mg/g, median 13 mg/g	



Cross-sectional associations between plasma FGF23 and 
clinical variables	



All-cause mortality	 CV events	

initiation of chronic dialysis re FGF23 quartiles	







no biomarker outperformed 
age and the classical risk 
factors as a predictor of VC 
either in the aorta or in the 
coronaries.	



Lowering the load of PO4 
to control FGF23 

•  Use of PO4 binders 
•  Limiting dietary phosphate / protein 





148 patients with eGFR=20–45 randomized to calcium acetate, lanthanum 
carbonate, sevelamer, or placebo. Primary endpoint was change in mean serum 
phosphorus from baseline to 9 months 

      Reduction serum P                  No change in FGF23          Increase in CAC 



Lowering serum P did not improve medium term outcome in 
predialysis CKD subjects with near-normal serum P; it 
increases vascular calcification rates 



795 MDRD study 
participants 
randomized to low 
or high PO4 diet 



No Association of 24-h urine phosphate excretion with incident ESRD, 
CVD mortality, non-CVD mortality, and all cause mortality 

Selamet et al. KI 2016 



Dietary PO4 control may 
not be effective in 
improving clinical 
endpoints 
 
Limitations of the MDRD 
posthoc analysis ((baseline 
P, low ACEi penetrance, 
drastic inc in P intake over 
time) 
 
Need of further studies 
 
When targeting dietary 
phosphate restriction, 
however, the focus 
should clearly be on 
phosphate additives 
and not on protein 
 
 



The practicing clinician might wonder “does it matter to patient care whether 
the FGF23 level rises before PTH or the reverse?” 
 
Interventions designed to slow the progression of CKD, such 
as those targeting FGF23, are unlikely to be undertaken on any widespread 
basis when the eGFR is well above 60 ml/min per 1.73 m2 .  
 
Practical implications: the earlier that the FGF23 level rises, the more 
pronounced is its rise, and the greater its demonstrable effects on other 
biological processes (e.g., on vitamin D metabolism), the 
stronger the rationale is for undertaking an intervention designed to lower 
FGF23 levels— such as the COMBINE study and large potential follow-up 
studies. Such studies take time, energy, and resources…. 



COMBINE Study: The CKD Optimal Management With BInders and NicotinamidE study	

Isakova T, et al 



•  FGF23 is evidently a biomarker for CKD-MBD 
•  Evidence for and against FGF23 for an early biomarker 

and relation with CV events 
•  Hence the jury is still out! 
•  Interventional studies that reduce FGF23 with longitudinal 

FU may yield a more definitive answer – maybe in          
10 yrs (Vervloet M, personal comm, 25 Aug 2016)	



Thank you! 

Victoria Harbour, HK 

Acknowledgment:  
Gary Chan 
Stella Yiu 
Liu Yang 
Miao Lin 
Ruixi Li 
Haojia Wu 
Dickson Wong 
Chris Chan 
Joseph Leung 
Loretta Chan 
Kar Neng Lai	


