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FGF-23: state of the art

Abstract

Approximately 10 years ago, a member of 
the family of the fibroblast growth factors, 
the hormone FGF-23 (fibroblast growth 
factor 23) was discovered. Its currently 
known functions involve phosphorus (P) 
metabolism and inhibition of 1α hydroxy-
lase, the enzyme responsible for the syn-
thesis of calcitriol. That discovery led to a 
better understanding of the mechanisms of 
P control, an element associated with mor-
tality, especially in chronic kidney disease. 
This study reviews several aspects of that 
hormone, such as its discovery, function, 
production, mechanism of action, and the 
most recent clinical studies about it. Af-
terwards, a discussion about the possible 
effects of those studies on clinical practice 
will be presented.
Keywords: chronic kidney failure; phos-
phorus;  parathyroid hormone; fibroblast 
growth factor receptors.
[J Bras Nefrol 2010;32(3):316-323]©Elsevier Editora Ltda.

Introduction

Approximately 10 years ago,1 a member 
of the family of the fibroblast growth 
factors, the hormone FGF-23 (fibroblast 
growth factor 23) was discovered. Its cur-
rently known functions involve the phos-
phorus (P) metabolism and inhibition of 
1α hydroxylase, the enzyme responsible 
for the synthesis of calcitriol.2 That disco-
very led to a better understanding of the 
mechanisms of P control, an ion associa-
ted with mortality, especially in chronic 
kidney disease (CKD). 

In the past two decades, the role of P in 
the body has been emphasized and innu-
merous studies have shown the association 
between P and mortality,3-9 suggesting that 
P could be a toxic element in certain circu-
mstances. However, for many years, P has 
been believed not to be a deleterious factor 
in patients with CKD, because it remains 
within the reference range for a long period 
in the course of that disease.10 One possible 
explanation for the phenomenon of P in-
crease observed in late stages of CKD was 
the trade off theory,11,12 according to which 
loss of kidney function could lead to P reten-
tion, followed by hypocalcemia, and con-
sequent elevation in serum PTH. However, 
those against that theory stated that PTH 
elevation preceded hyperphosphatemia, 
and, thus, that phenomenon could not be 
triggered by hyperphosphatemia.

The discovery of FGF-23 has contri-
buted to better understand that theory. 
Replacing the above-cited term “hyper-
phosphatemia” by “P overload”, it would 
be possible that, through the action of PTH 
and FGF-23, P excretion could be increased 
and its serum levels would be maintained 
within the reference range for long periods 
in the course of CKD. The consequence of 
that adaptation would be an elevation in 
PTH and FGF-23, in addition to a reduc-
tion in calcitriol levels.

Based on that concept, several clinical 
implications can be speculated and related 
to CKD mineral and bone disorder (CKD-
MBD). The following sections provide a 
review of several aspects of that hormone, 
such as its discovery, function, production, 
mechanism of action, and the most recent 
clinical studies about it. Afterwards, a dis-
cussion about the effects of those studies 
on clinical practice is presented. 
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Discovery of FGF-23

The first reports on phosphatonins date back to 
1994,13,14 in studies of patients with tumor-induced 
osteomalacia. Cultures of tumor cells revealed the 
presence of a 10 to 30 kDa thermosensitive factor that 
inhibited the Na-dependent tubular transportation of 
P, but not that of other substances, such as glucose 
and amino acids. That thermosensitive factor was na-
med phosphatonin. The result of that phenomenon 
was the biochemical phenotype of hypophosphate-
mia, increased P renal excretion, and low calcitriol 
(1α,25(OH)2D3) concentrations, consistent with the 
alterations observed in patients with autosomal do-
minant hypophosphatemic rickets and tumor-induced 
osteomalacia.

After six years, that phosphatonin was identified 
as a member of the fibroblast growth factor (FGF) 
family.1 The first member of that family, FGF-1, was 
identified in 198915, isolated from fibroblasts of the 
brain and pituitary gland. By the year 2000, 22 mem-
bers of that family had been identified and their func-
tions included: angiogenesis, mitogenesis, cell diffe-
rentiation, tissue repair, and metabolic regulation.16,17

In 20001, Japanese researchers identified, through 
homology assessment between the fibroblast growth 
factor 15 (FGF-15) of a mouse embryo and the use 
of a genetic database (GenBank Nucleotide Sequence 
Database), a new factor in the fibroblast growth fac-
tor family, named FGF-23.1 In addition, through ho-
mology assessment between the amino acid sequence 
of FGF-23 of mouse and human DNA, human FGF-
23 could be located. On that occasion, the FGF-23 
of mouse proved to be expressed mainly in the ven-
trolateral thalamic nucleus of the brain. The FGF-23 
functions were not known, but FGF-23 was believed 
to play an important role in the functions of the ven-
trolateral thalamic nucleus.1

In that same year, a group of researchers reported 
that patients with autosomal dominant hypophos-
phatemic rickets had a mutation in the gene that pro-
duced the FGF- 23, and that mutation might be the 
cause of hypophosphatemia, increased P renal excre-
tion, and low 1α,25(OH)2D3 concentrations.18

In the following year, the DNA sequences abun-
dantly expressed in patients with tumor-induced os-
teomalacia were cloned. Those sequences were com-
pared with sequences available in a genetic database 
(GenBank Nucleotide Sequence Database). A long 
and very frequent DNA sequence encoded a protein 
with 251 amino acids and molecular weight of 28 
kDa, which had the same homology of the fibroblast 

growth factor family, with an N-terminal region and 
another C-terminal region, identical to FGF-23.1,19 
Thus, FGF-23 was characterized as the causal factor 
of tumor-induced osteomalacia.19

 
Functions of FGF-23

One of the first in vivo demonstrations of the FGF-
23 actions occurred in mice receiving that hormone 
intraperitoneally. The animals had a reduction in 
serum P and an increase in P renal excretion, with 
no alteration in urine excretion of amino acids and 
Ca.19 Therefore, FGF-23 seemed to act specifically 
on P metabolism. Additional evidence revealed that 
mice receiving implantation of FGF-23-producing tu-
mor cells, derived from the ovary of Chinese hams-
ters, had growth delay, hypophosphatemia, increased 
P renal excretion, and a reduction in 1α,25(OH)2D3 

concentrations with a reduction in the expression of 
1α hydroxylase.19

In 200220, the same group of researchers showed 
that the mutation of the FGF-23 gene resulted in the 
modification of the proconvertase (176 RHTR 179) 
site in the COOH-terminal region of the encoded pep-
tide. Replacement of the arginine residues at either 
position 176 or 179 eliminated the cleavage site. The 
uncleaved mutant form of FGF-23 had a longer half-
-life. Its persistence in the circulation resulted in hypo-
phosphatemia, increased P renal excretion, and low 
1α,25(OH)2D concentrations. 

The increase in P renal excretion caused by FGF-
23 was related to the inhibition of Na-dependent P 
reabsorption (Na-P cotransporters IIa and IIc)21,22, 
through the activated protein kinase pathway.23

The physiological role of FGF-23 in the meta-
bolism of P and 1α,25(OH)2D3 was clarified when 
studying mice with ablation of the FGF-23 gene. 
Those animals had growth delay, died between the 
10th and 14th weeks of life, and had high serum P 
levels.24 In contrast, transgenic mice with increased 
FGF-23 expression had decreased serum P, increa-
sed urinary excretion of P and reduced levels of Na-P 
cotransporters.25,26

Later studies have assessed the role of P overlo-
ad in the regulation of FGF-23 levels. In vitro studies 
with osteoblast-like cells have shown that P overload 
stimulated the FGF-23 synthesis by those cells.27 A 
study with healthy young males has shown that se-
rum FGF-23 levels are regulated not only by the se-
rum P level, but also by the P load originating from 
the diet.28 In that study, after five days of a P-rich diet, 
changes in FGF-23 levels were observed to positively 
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correlate with renal excretion of P, and negatively with 
1α,25(OH)2D3 levels. The serum P level did not chan-
ge, probably due to the phosphaturic effect of FGF-23.

Based on those results, FGF-23 was concluded to 
have a function distinct from that of other members 
of the FGF family, acting mainly as a phosphaturic 
factor. Unlike PTH, FGF-23 not only increases P re-
nal excretion but also reduces 1α,25(OH)2D3 synthe-
sis, leading to a negative P balance.29

 
Production and mechanisms of action of FGF-23

Several tissues express FGF-23, such as bone tissue, 
bone marrow vessels, ventrolateral thalamic nucleus, 
thymus, and lymph nodes.30 The relative contribution 
of those tissues to FGF-23 expression is unknown, but 
the high levels of expression by osteocytes suggest that 
the bone tissue is the major source of FGF-23.2

For FGF-23 to exert its phosphaturic effect and 
reduce 1α,25(OH)2D3 levels, it has to bind to one of 
the four receptors of the FGF receptor (FGFR) family.2 
Heparin sulfate proteoglycans and Klotho protein act 
on that binding as cofactors. Klotho protein is a type I 
membrane protein containing 1014 amino acids and is 
mainly expressed in the renal proximal tubules, para-
thyroid gland, and choroid plexus of the brain.31

After Klotho protein binds to FGFR, a conversion 
of those receptors occurs to increase their binding affi-
nity with FGF-23, rather than with other members of 
the FGF family. Therefore, the interaction between 
Klotho and FGFR (FGFR 1c, 3c, 4c) causes a renotro-
pic action of FGF-23 with those receptors, mainly ex-
pressed in the renal tissue. The FGF-23/Klotho/FGFR 
complex leads to phosphorylation of the extracellular 
signal-regulated protein kinase (ERK) and activation 
of the early growth response factor 1 (Egr-1).32 Those 
phenomena reduce the expression of Na-P cotranspor-
ters, triggering phosphaturia. The action of FGF-23 is 
not blocked by PTH receptor antagonists, suggesting 
that it acts independently from cyclic AMP.13,14,33,34

Inactivation of the Klotho protein relates to se-
veral aging phenomena, such as thymus atrophy, 
sterility, pulmonary emphysema, ataxia, skin atro-
phy, muscle loss, and osteopenia.35 Recent data ha-
ve also indicated a relation between Klotho protein 
and mineral metabolism, vitamin D, insulin/glucose, 
oxidative stress, and vascular calcifications.36 Klotho 
protein is known to inhibit the insulin/insulin-like 
growth factor (I/IGF1) signaling 37 and increases re-
sistance to oxidative stress by increasing superoxi-
de dismutase, an enzyme that favors the removal of 
oxygen reactive species.38

In the past decade, several studies have shown that 
FGF-23, more specifically the Klotho-FGF-23 axis, is 
deeply involved in the regulatory systems of P me-
tabolism, playing a central role in its regulation. In 
parallel with that major system, other phosphatonins 
have been described, such as FGF-7, secreted frizzled 
related protein-4 (sFRP-4), and matrix extracellular 
phosphoglycoprotein (MEPE), whose functions have 
not yet been fully elucidated.29

 
FGF-23 and clinical and experimental studies

The mechanism of action of FGF-23 on the P meta-
bolism in CKD has been a matter of speculation for 
some time. Thus, the hypothesis that the synthesis 
of FGF-23 would be induced by P retention is very 
attractive.39

Several studies have shown the correlation be-
tween the serum levels of FGF-23 and creatinine, P 
and PTH in patients with nondialysis CKD.40-43 The 
levels of that hormone increases as renal function de-
creases.41 Even in patients with a glomerular filtra-
tion rate higher than 80 mL/min, FGF-23 levels cor-
relate negatively with 1α,25(OH)2D3 and P tubular 
reabsorption.

A study with 80 patients with nondialysis CKD 
has shown that FGF-23 and PTH were inversely cor-
related with glomerular filtration rate, and FGF-23 
levels showed an early increase, independently of P 
levels, P excretion fraction, and 1α,25(OH)2D3 de-
ficiency. In addition, FGF-23 was a strong predictor 
of the reduction in 1α,25(OH)2D3 levels. The authors 
have concluded that the increase in FGF-23 can con-
tribute to maintain P levels within the reference ran-
ge even in advanced phase of CKD, but can worsen 
the 1α,25(OH)2D3 deficiency, a phenomenon that can 
be the central event in the pathogenesis of seconda-
ry hyperparathyroidism. Another interesting result is 
that hyperphosphatemia occurred only in 12% of the 
patients, all of whom had glomerular filtration rate 
lower than 30 mL/min.44

Clinical studies have shown an association of high 
FGF-23 levels and CKD progression,45,46 development 
of severe secondary hyperparathyroidism,47 left ven-
tricle hypertrophy,48 and mortality.49

A recent study with 177 nondiabetic patients wi-
th serum creatinine ranging from 0.9 to 4.9 mg/dL, 
followed up for a mean period of 53 months, has re-
ported that FGF-23 was a predictor of the progression 
of renal disease as important as glomerular filtration 
rate.45 In another study with 55 patients with sta-
ge III diabetic nephropathy with macroalbuminuria 
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followed up for a mean period of 30.7 months, the 
FGF-23 level was also an isolated predictive factor for 
the evolution of diabetic nephropathy, regardless of 
the levels of P, Ca, PTH, and 25(OH)2D3.46

The hypothesis that high FGF-23 levels are asso-
ciated with secondary hyperparathyroidism has been 
demonstrated in a study with 103 patients undergoing 
hemodialysis. By the end of two years, patients who 
had high FGF-23 levels at the beginning of the study 
developed more severe forms of secondary hyperpara-
thyroidism, independently of the initial PTH levels.47

Gutierrez et al. have shown that FGF-23 levels 
were independently associated with the left ventri-
cular mass index and left ventricular hypertrophy 
in a group of 162 patients with nondialysis CKD.48 
However, further studies seem to be required to clari-
fy if the increase in FGF-23 is only a marker of ventri-
cular hypertrophy or is deleterious to cardiac tissue.

A prospective cohort of 10,044 incident patients 
undergoing hemodialysis has shown that the increase 
in the FGF-23 levels at the beginning of dialysis asso-
ciated with a higher mortality rate, independently of 
the serum P levels and of other known risk factors. 
The magnitude of the mortality risk associated with 
FGF-23 was greater when compared with the risk at-
tributed to serum P levels.49

In addition to the possible relations between 
FGF-23, CKD progression, hyperparathyroidism, 
ventricular hypertrophy, and mortality, high FGF-23 
levels are believed to correlate with vascular calcifi-
cation.50,51 Our group studied, for one year, 72 pa-
tients undergoing hemodialysis and found a positive 
correlation between FGF-23 levels and the vascular 
calcification score assessed by use of coronary tomo-
graphy in the group of patients treated with sevelamer 
hydrochloride.52

 
Discussion

An important question that remains unanswered rela-
tes to the possible existence of other actions of FGF-
23, whether that hormone is only an indirect marker 
of toxicity of other factors, like P, or whether it has 
a direct toxic effect on vascular endothelium and re-
nal tissue. Persistently elevated levels of FGF-23 may 
favor a high-affinity binding to the FGF receptor, in-
dependently of the Klotho cofactor, stimulating the 
production of factors involved in the development of 
vascular disease. The increase in FGF-23 levels may 
reflect only the prolonged exposure to P-rich diets. In 
addition to excessive FGF-23 levels, its combination 
with 1,25(OH)2D3 deficiency would have a greater 

adverse effect, being associated with higher mortality 
of human beings.49

Returning to the trade off theory, replacing the 
term “hyperphosphatemia” by “P retention” would 
make that theory more plausible from the biological 
viewpoint. The evolution of the biological proces-
ses related to P metabolism seems to have created 
two systems to prevent P accumulation, the FGF-23/
Klotho axis and the PTH axis, being the latter clear-
ly demonstrated by the trade off theory. Thus, in the 
course of CKD, P levels would be maintained within 
the reference range for long periods because of PTH 
and FGF-23 actions. The trigger of the two systems 
to prevent P retention would be P load itself.

Another interesting point is the possibility of 
FGF-23 being a marker of CKD-MBD. To date, 
the best marker of the mineral and bone metabo-
lism for analyzing clinical outcomes, such as CKD 
progression and mortality, remains unknown. Most 
probably PTH, vitamin D, Klotho, and FGF-23 are 
distinct markers of P overload, and can be used as 
markers of the bone and mineral metabolism.

In the case of FGF-23, a special characteris-
tic could favor its use as a marker of CKD-MBD: 
the fact that FGF-23 concentrations remain stable 
throughout the day in patients with CKD,53,54 con-
trary to that which happens with PTH, which varies 
in the post-prandial period 53 and is influenced by 
the serum levels of 25(OH)2D3.

55

Another unanswered question is whether FGF-
23 levels could be modulated by P binders, such as 
calcium acetate or sevelamer hydrochloride. In the 
case that therapeutic strategy proves to be feasible, 
probably it could benefit patients with CKD, mainly 
at earlier stages.

So far, only five studies, one in animals and four 
in humans, have shown the effects of P binders on 
serum FGF-23 levels. The first study has shown a 
reduction in the levels of FGF-23, P, and PTH wi-
th the use of sevelamer hydrochloride in animals 
with CKD. That reduction was reversed with drug 
suspension.56

Another study involving six dialysis patients 
has shown that the suspension of P binders increa-
sed FGF-23 levels, although not significantly.57 Our 
group has studied prospectively the effects of P bin-
ders, calcium acetate and sevelamer hydrochloride, 
in hemodialysis patients and has observed a signifi-
cant reduction in FGF-23 levels after one year of tre-
atment, and patients treated with sevelamer hydro-
chloride had a more significant reduction than those 
treated with calcium acetate.52
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Another study assessed the effects of calcium car-
bonate in association with sevelamer hydrochloride 
as compared with the isolate use of calcium carbo-
nate in 46 hemodialysis patients followed up for four 
weeks. The results have shown a reduction in P and 
FGF-23 only in patients treated with the association 
of drugs.58

Our group has studied 42 normophosphatemic 
patients with CKD stages III and IV undergoing con-
servative treatment for CKD. The patients were ran-
domized into two groups to receive progressive doses 
of calcium acetate or sevelamer hydrochloride for six 
weeks. At the beginning of the study, most patients 
had an elevation in serum PTH and FGF-23 levels, 
and normal P and calcium levels. After six weeks of 
treatment, a reduction in serum PTH levels and in P 
excretion fraction was observed, with alteration nei-
ther in P nor in calcium levels. Only in the sevelamer 
group, a reduction in serum FGF-23 levels was obser-
ved.59 That result has important clinical implications. 
Similarly to the trade off theory 13,14 proposed to PTH, 
mild elevations in FGF-23 could prevent hyperphos-
phatemia in the early stages of CKD. However, in the 
long run, excessive FGF-23 could favor negative clini-
cal outcomes, such as the development of secondary 
hyperparathyroidism, rapid progression to CKD, and 
a higher mortality rate.45-50 Thus, modulating serum 
FGF-23 levels can benefit patients, reducing adverse 
events, especially those related to disorders of the bo-
ne and mineral metabolism.

Considering the possibility of P binders modu-
lating serum FGF-23 levels, we would be facing a 
new perspective regarding the early use of P binders 
in normophosphatemic CKD patients. The current 
recommendation is P dietary restriction only for 
hyperphosphatemic patients. However, when consi-
dering that the elevation in P levels occurs only in 
the late phases of CKD, and that the trigger for the 
elevation in PTH and FGF-23 levels is P overload, 
emphasis should not be given to phosphatemia but 
rather to P overload, expressed through the eleva-
tion in FGF-23 levels.

That approach directed towards the reduction in P 
overload could contribute to the early control of PTH 
levels. Such control exerted since the early stages of 
CKD is probably beneficial to patients, because some 
studies have shown an association between high PTH 
levels and bone disease, in addition to cardiovascular 
disease, one of the major causes of death in that po-
pulation. A study with healthy individuals has shown 
that the continuous infusion of 1-34 PTH for 12 days 
was associated with an increase in blood pressure.60 

Another study with 1,784 individuals followed up 
for seven years has revealed that PTH levels predicted 
systolic hypertension in men, even after correcting for 
factors such as age, body mass index, and tobacco 
use.61 A study with 2,040 individuals assessing the 
relation between PTH and left ventricular hypertro-
phy has found that, in men over the age of 59 years 
and women under 60 years, PTH was a significant 
predictor of left ventricular hypertrophy.62 In a study 
with 958 individuals (mean age of 71 years), 617 of 
whom with no previous cardiovascular disease, the 
serum PTH level was a predictor of cardiovascular 
mortality, even in those with PTH values within the 
reference range.6 In addition to those effects on the 
cardiovascular system, PTH contributes to the deve-
lopment of vascular calcification. An experimental 
study has shown that vascular endothelial cells, when 
stimulated with PTH, showed a reduction in the ex-
pression of the messenger RNA of osteoprotegerin, a 
known protection factor of vascular endothelium.63

The mechanism involved in reducing FGF-23 
levels by using P binders, specifically sevelamer, is 
unknown.59 Sevelamer is believed to decrease oxida-
tive stress and inflammatory markers because of its 
pleiotropic effects on the vascular endothelium of 
patients with CKD.64,65 That effect could result from 
the sevelamer’s property of chelating endotoxins in 
the intestine, thus preventing intestinal uptake of 
substances that stimulate inflammatory response.64 A 
study with 31 hemodialysis patients has reported a 
reduction in the parameters of oxidative stress and 
inflammatory markers in patients treated with seve-
lamer for one year when compared with a group of 
patients receiving calcium acetate.65 A similar finding 
has been observed in another study with 23 hemo-
dialysis patients. After replacing calcium carbonate 
with sevelamer, those patients were followed up for 
six months and the levels of PCR and endotoxins sig-
nificantly decreased as follows: PCR dropped from 
4.8 ± 1.2 mg/L to 0.44 ± 0.12 mg/L; and endotoxins, 
from 3.6 ± 0.8mg/L to 1.2 ± 0.6 EU/mL.66

Another unanswered question is the role of Ca in 
FGF-23 regulation, in addition to the other two kno-
wn regulators of that hormone (P and calcitriol). A 
study conducted with patients with primary hyperpa-
rathyroidism and undergoing parathyroidectomy has 
revealed that serum FGF-23 levels correlated with se-
rum Ca levels, regardless of serum P.67 Another study 
with mice without vitamin D receptors has shown that 
calcium can be another determinant for the produc-
tion of FGF-23. In those animals, FGF-23 levels were 
almost undetectable. The intravenous administration 
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of recombinant FGF-23 reduced serum P levels throu-
gh independent mechanisms of the calcitriol/vitamin 
D receptor pathway. When those animals received a 
Ca-supplemented diet, a significant increase was ob-
served in the expression of the messenger RNA of 
FGF-23 in bone tissue, thus indicating that Ca could 
be another determinant of FGF-23 production.68 
Recently, our group has studied 72 hemodialysis pa-
tients, in whom bone remodeling and the effects of 
Ca overload were assessed. At the beginning of the 
study, after a period without P binders and calcitriol, 
patients underwent bone biopsy, computed tomogra-
phy of the coronary arteries for assessing Ca score, in 
addition to measuring biochemical markers of bone 
remodeling. The patients were then randomized into 
two groups, treated with calcium acetate or sevela-
mer hydrochloride. After one year, they underwent a 
new bone biopsy and computed tomography of the 
coronary arteries. During follow-up, calcitriol pres-
cription and Ca concentration in dialysis bath we-
re adjusted according to the Ca, P, and PTH levels 
and to the type of bone remodeling detected on bone 
biopsy at the beginning of the study. The results reve-
aled that patients treated with calcitriol, or calcium 
acetate, and whose bath contained more Ca (Ca++ = 
3.5 mEq/L) had higher FGF-23 levels by the end of 
the first year.52 Knowing that Ca overload influences 
FGF-23 levels can have implications with important 
clinical outcomes, such as mortality and cardiovascu-
lar disease, since several studies have shown the asso-
ciation between high FGF-23 levels and those clinical 
outcomes.45-50

Considering all those unanswered questions, a re-
cent review on the topic draws attention to the im-
portance of better understanding the role played by P 
and FGF-23 in CKD, proposing to the nephrological 
community a randomized, controlled, long-term stu-
dy using P binders in the early phases of CKD, and 
analyzing clinical outcomes, such as vascular calcifi-
cation, bone health, and CKD progression.69

 
Conclusions

Several studies have consolidated the role of P as a 
potentially toxic element, associated with increased 
mortality rate. The discovery of FGF-23 led to a bet-
ter understanding of P metabolism and its several cli-
nical CKD-MBD-related implications.

Further studies are necessary to define the useful-
ness of FGF-23 as a marker in CKD-MBD, or even 
as a therapeutic target. The effect of the use of P bin-
ders on FGF-23 levels and its clinical repercussion in 

outcomes as mortality and CKD progression need to 
be clarified in future controlled and randomized stu-
dies with a significant number of participants.
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