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FGF-23 was first identified in the ventrolateral thalamic nucleus 
of the mouse brain,4 and its importance was revealed in patients with 
autosomal dominant hypophosphatemic rickets (ADHR)5 wherein the 
missense mutation of the FGF-23 gene conferred resistance to the 
proteolytic cleavage of the FGF-23 protein. The full-length active 
FGF-23 increased phosphorus excretion leading to hypophosphatemia. 
FGF-23 is mainly expressed by osteocytes and osteoblasts in bone, 
but it is also expressed by salivary glands, stomach, and at much lower 
concentrations by other tissues, including skeletal muscle, brain, 
mammary gland, liver, and heart.6 

FGF-23 maintains serum phosphate levels in the normal range 
by inhibiting NaPi-2a and NaPi-2c-co-transport on the brush border 
membrane of proximal tubules thereby suppressing renal phosphate 
absorption and promoting its excretion.7 In order to transmit its signal, 
FGF-23 forms a heterotrimer complex with receptor FGF1Rc and co-
receptor Klotho (a-Klotho) -an anti-aging protein. Klotho binds to the 
C-terminal of FGF-23 which is cleaved during its functional dynamics 
to produce inactive C-terminal and N- terminal fragments.8 Thus, in 
the bloodstream, apart from the C-terminal inactive fragment of FGF-
23; two distinct forms of the FGF-23 protein circulate: a full-length 
mature active intact form (227 amino acids) and a shorter form (155 
amino acids-the N-terminal fragment) lacking the unique 73-amino 
acid COOH terminal tail.9 Thus, FGF-23 requires a transmembrane 
protein Klotho for its signaling.8 Klotho binds more avidly to FGFRs 
in the presence of Klotho, and triggers intracellular signaling pathways 
that mediate its biological action.10 

Another important function of FGF-23 is to act as a counter 
regulatory hormone to vitamin D. It decreases synthesis of 1, 25 
(OH)2 D by suppressing 1-alpha hydroxylase enzyme and accelerates 
its degradation by activating 24 hydroxylase.11 In a classic negative 

endocrine feedback loop, 1,25(OH)2 D stimulates FGF-23 secretion, 
and FGF-23 lowers levels of 1,25(OH)2 D.12 The regulation of FGF-
23 transcription is controlled by a vitamin D response element in the 
FGF-23 promoter13 such that some vitamin D activity is essential for 
FGF-23 production. This is supported by the finding of undetectable 
FGF-23 levels in vitamin D receptor–ablated mice, even after dietary 
phosphate loading, and in 1-α hydroxylase–ablated mice.14 Klotho and 
the vitamin D endocrine system also reciprocally regulate each other 
wherein Klotho decreases 1, 25(OH)2D synthesis in the kidney. It has 
also been reported that the Vitamin D receptor controls expression 
of the Klotho gene. 1,25(OH)2D stimulates both Klotho and FGF-23 
and both FGF-23 as well as Klotho inhibit 1,25(OH)2D via inhibiting 
1α-hydroxylase.15,16 

First evidence linking FGF-23 and cardiac disease was presented 
by Corda et al.,17 and Scheinowitz et al.,18 who reported that FGF-23 
causes cardiac hypertrophy by inducing changes in gene expression 
that are similar to those caused by chronic pressure overload.17,18 This 
results in left ventricular dysfunction (LVD) that is characterized by 
increased extracellular matrix deposition, hypertrophy, and apoptosis 
of individual myocytes and increased risk of congestive heart failure 
and death.19 In an in vitro experimental system escalating doses of 
FGF-23 induced a dose-dependent increase in the surface area of 
neonatal rat ventricular cardiac myocytes and activated hypertrophic 
gene programs.20 FGFR inhibitors prevented FGF-23-mediated 
hypertrophy, indicating that the effect was mediated by FGFRs, which 
are expressed on cardiac myocytes. These results were confirmed in a 
series of experiments in rodents.20 

Most relevant to CKD, left ventricular hypertrophy (LVH) in 
uremic rats that manifest markedly elevated FGF-23 levels was 
prevented by treatment with a pan-FGFR inhibitor despite persistence 
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Early detection of risk factors for enhanced primary prevention 

and novel therapies for treating the chronic consequences of 
cardiovascular disease (CVD) are of the utmost importance for 
reducing morbidity. Recently, fibroblast growth factors (FGFs) have 
been intensively studied as potential new molecules in the prevention 
and treatment of CVD mainly attributing to its metabolic effects 
and angiogenic actions.1 FGFs are multifunctional proteins; most 
commonly mitogens with regulatory, morphological and endocrine 
effects. They have been alternately referred to as “pluripotent” growth 
factors and as “promiscuous” growth factors due to their multiple 
actions on multiple cell types.2,3 Some members of the endocrine FGF 
family (FGFs FGF-1, 2, 4, 5, 19, 21 and 23) have shown multiple roles 
in regulating metabolic rate, adiposity, glucose homeostasis as well as 
direct effect on heart, influencing severity and extent of cardiovascular 
health.1 Among these FGFs, notably FGF-21 has shown cardio-
protective effects such as improving lipoprotein profile, endothelial 
dysfunction and reducing plaque formation.1 FGF-23; member of 
the FGF19 subfamily shows the highest degree of homology with 
FGF-21.2,3 However, contrary to FGF-21, elevated levels of the 
bone-derived, phosphate-regulating hormone FGF-23 has emerged 
as a novel candidate predictive of cardiovascular events and death, 
independently of traditional and CKD-specific risk factors.1,2 
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of equally severe untreated hypertension. These results confirmed 
the hypertension-independent effect of FGF-23 that was reported in 
the prospective analysis of normotensive CRIC participants.20 An 
especially important finding was that Klotho was not detected in 
cardiac myocytes, indicating that FGF-23-mediated hypertrophy of 
cardiac myocytes occurred independent of membrane-bound Klotho.20 

The finding of LVH in Klotho heterozygous mice that had moderately 
elevated FGF-23 levels (3-fold above normal), and more severe LVH 
in Klotho-ablated mice that had markedly elevated FGF-23 levels 
(>15-fold above normal) excluded the possibility that the soluble 
form of Klotho is needed for LVH to develop elevated FGF-23 levels. 
These results established the concept of Klotho-independent, direct 
end-organ toxicity of FGF-23 and a potentially prominent role of 
FGF-23 in the pathogenesis of uremic cardiomyopathy.21 Thus, LVH 
is one plausible biological mechanism to explain the link between 
higher FGF-23 and greater risk of mortality.

In CKD, higher FGF-23 levels are demonstrated to be associated 
with LVH, which is an important mechanism of congestive heart 
failure and arrhythmia, and a potent risk factor for mortality.22,23 

Cross-sectional studies in CKD, ESRD and non-CKD populations 
demonstrated that elevated FGF-23 is independently associated with 
greater left ventricular mass index (LVMI) and greater prevalence of 
LVH.24,25 In the study conducted by Gutierrez et al.,24 consisting of 162 
patients with CKD who underwent echocardiograms and computed 
tomography scans to assess LVD; multivariable-adjusted regression 
analyses in the overall sample showed that increased log FGF-23 
concentrations were independently associated with increased LVMI 
(5% increase per 1 SD increase in log FGF-23, P = 0.01), and risk of 
LVD (Odds Ratio OR per 1 SD increase in log FGF-23 2.1, 95%CI 
1.03, 4.2). Study Conducted by Mirza et al.,26 suggests that elevated 
serum FGF-23 levels, even within the normal range were also 
associated with increased LVMI and increased risk for the presence of 
LVH in elderly subjects leading to cardiac complications.26 Thus the 
above pioneering echocardiographic studies reported an association 
between FGF-23 levels and LVH; in cohorts that comprised both 
CKD patients24 and individuals with intact renal function.26 Tonelli 
et al.,27 2005 have reported FGF-23 as major predictors of mortality 
and potentially linked to a deranged Ca–phosphate metabolism.27 

In a study by Halankar et al.,28 echocardiographic parameters were 
evaluated at recruitment and at six month in dialytic CKD patients 
wherein significant decrease in the EDV was observed at six month. 
EDV is the amount of blood in the ventricles just before systole and 
if it increases then eventually may cause LVH, pulmonary congestion 
and edema. Although this study did not reveal direct correlation of 
FGF-23 with LV function, at six month there was decrease observed in 
in iFGF-23, P and CaxP in dialytic CKD patients on regular calcium, 
vitamin D and phosphate binder treatment as well as significant 
decrease in EDV. Several other studies have reported strong 
associations between FGF-23 and cardiovascular risk factors such as 
old age, hypertension, obesity, smoking, diabetes and higher levels 
of inflammatory markers.24,‒33 By demonstrating direct pathological 
effects of FGF23 on the heart, its mechanism and risk on CVD, future 
pharmacological interference with FGF23 and/or its cardiac receptor 
in CKD patients could be beneficial to prevent or treat CVD.
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