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Fibroblast Growth Factor 23 and Cardiovascular Outcome
in Acute Kidney Injury
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Even though the identification of Fibroblast Growth Factor 23 (FGF23) has been the breakthrough of the last
decades in understanding mineral homeostasis, it is clear that it could have only been the starting point of an
outstanding biomarker. This article focuses on available literature data concerning the increase of FGF23 in
AKI and its potential influence upon associated or future to be cardiovascular disease.
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Fibroblast Growth Factor 23 (FGF23) has so far
revolutionized the understanding of chronic kidney disease-
mineral and bone disorder (CKD-MBD), but recent
researches have surprisingly exposed the potential
implications of high levels of circulating FGF23 in the course
of acute kidney injury (AKI). It has been demonstrated that
abnormalities in phosphate and calcium metabolism and
increased circulating levels of FGF23 are independent risk
factors for cardiovascular diseases, in both healthy and
chronic kidney disease (CKD) population. However, a
presumed relation of causality between high serum
concentrations of this novel phosphatonin in the context
of AKI and future risk of cardiovascular diseases remain to
be established.

FGF23
FGF23 was the last member of its family to be

discovered and it was revealed to have distinct properties
from all the other fibroblast growth factors (FGFs) [1].
While the majority of the FGFs are implicated in various
tissues regulating cell proliferation, FGF23 works as a
systemic hormone, being itself the master regulator of renal
phosphate metabolism and, in consequence, the main
element of phosphate homeostasis [1].

Regarding the mechanism of action, the FGF family is
divided into three categories: the intracellular, the
canonical, and the hormone-like FGFs. FGF23 belongs to
the last group because its biological action acquired
endocrine characteristics via evolution so that the novel
73 aminoacid C terminus can bind to specific receptors
without requiring heparan sulfate proteoglycans as
cofactors for local signalling [2]. Instead of using heparin,
FGF receptor (FGFR) isoforms require the presence of
Klotho (a transmembrane protein produced by osteocytes)
as cofactor, therefore the presence of it in various tissues
determine the target organ of FGF23 (its specificity) [1,3].

Approximately 251 aminoacids are strung together in
the FGF23 structure, making it a rather small molecule
weighing about 32-kDa [2-4]. Due to its structure, only the
full-length FGF23 protein is biologically active.

Taking into consideration the wide expression of the
FGFRs, but the limited presence of the essential coreceptor
Klotho, researchers have noted that FGF23 exerts its actions
mainly in the kidney and less in other targeted organs such
as the parathyroid gland, pituitary gland and choroid plexus
[4].
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FGF23 acts as a lowering serum phosphate hormone.
In renal proximal tubular cells, FGF23 binds to FGFR and
its coreceptor (Klotho), causing downregulation of the
luminal membrane sodium phosphate cotransporter Na/
Pi IIa and, subsequently, reduced phosphate tubular
reabsorption [5,6]. Additionally, FGF23 inhibits expression
of 1-alpha-hydroxylase in the proximal tubule, therefore
decreases vitamin D synthesis [7].

The main FGF23 production site is located in the bone
via the contribution of osteocytes. There are also other
proposed sources of FGF23, but in unestablished
proportions, such as the salivary glands, stomach, skeletal
muscle, brain, mammary gland, liver, heart, venous sinuses
of the bone marrow, the ventrolateral thalamic nucleus,
thymus and lymph nodes [3,4]. Intensive research in
molecular biology improved scientists‘ comprehension on
how osteocytes are not actually end-stage inactive cells,
revealing that they produce numerous molecules such as
FGF23 and osteocalcin, communicating through the
lacuna-canalicular network with other bone cells and even
distant organs such as the kidney through endocrine
mechanisms [8]. Apart from FGF23, osteocytes are an
important source of markers and regulators of mineral
metabolism, such as sclerostin, phosphate-regulating gene
with homologies to endopeptidases on the X chromosome
(PHEX), dentin matrix protein-1 (DMP-1) and matrix
extracellular phosphoglycoprotein (MEPE), all of which
regulate the expression of FGF23. Therefore, circulating
levels of phosphate are maintained in order to keep normal
bone mineral content. Inadequate circulating levels of
FGF23 are the culprit of some disorders due to phosphate
imbalance. Elevations of FGF23 are noticed in diseases
such as osteomalacia and rickets, inducing excessive
phosphorus excretion by the kidney [9]. Increase of FGF23
determines hypophosphatemia and, subsequently, lowers
the levels of 1,25-dihydroxyvitamin D, causing rickets/
osteomalacia. In contrast, the opposite results in
calcifications of different soft tissues in the body and
hyperostosis, such as tumoral calcinosis [4].

FGF 23 in CKD
A vast amount of data reveals early increase of FGF23 in

CKD, even before observing abnormal serum values of
parathormon (PTH), phosphate or calcium [10-12]. The
main factor stimulating increased production of FGF23
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from bone osteocytes and osteoblasts in early CKD is
increased dietary phosphate load [13]; FGF23 accelerates
phosphate excretion and, therefore, in early stages of CKD,
serum phosphorus is maintained in normal limits [4].

In more advanced CKD stages, increased levels of
FGF23 are noted not only as the result of hyper-
phosphatemia, increased PTH or reduced vitamin D, but
also as a result of decreased urinary clearance [14-17].
Nevertheless, there is also evidence that, in advanced
stages of CKD, the phosphaturic effect of FGF23 is
diminished as a result of decreased expression of Klotho
both in the kidney and hyperplastic parathyroid glands [18-
19]; consequently, hyperphosphatemia is noted.

FGF23 in AKI
In contrast with CKD, where high levels of FGF23 are

considered to be associated with abnormalities in
metabolism of calcium, phosphate and PTH, until present,
different studies found increased levels of FGF23 in AKI
irrespective of alterations in calcium-phosphate axis.

First study revealing abnormal high level of FGF23 in
AKI was reported in a patient with rhabdomyolysis-induced
acute kidney injury, in 2010 [20]; because AKI induced by
rhabdomyolysis is associated with hypocalcemia and
hyperphosphatemia, the increase of FGF23 was considered
a compensatory homeostatic response and also the
explanation for acute deficiency of 1,25-dihydroxy-
cholecalciferol in these settings. Nevertheless, further
studies identified significant high levels of FGF23 in the
course of AKI irrespective of serum phosphate levels in
critical ill patients, as those admitted in a medical ICU
with severe acute tubular necrosis [21] or those developing
AKI after cardiac surgery [22]; values were compared with
controls without AKI admitted in the same departments
and the increase was found significant.

There are proofs from experimental studies that FGF23
increases early in the process of developing AKI [22]; at 1
hour after AKI-induction it was noticed increase of total
FGF23, and at 2 hours increase of C-terminal-fragment of
FGF23 at ELISA-based analysis. This early elevations
suggested the appealing idea of assessing the value of
FGF23 level as an early biomarker in AKI. Although there
are few studies on FGF23 in AKI, it seems there are
promises on this issue. In a study performed by Ali et al on
children undergoing cardiac surgery, pre-operative elevated
values of C-terminal fragments of FGF23 were associated
with higher incidence of post-operative AKI [23]. In the
experimental study performed by Cristov et al, the peak of
FGF23 increase was noticed at 2 hours after kidney insult
in comparison with NGAL (Neutrophil gelatinase-
associated lipocalin), an already confirmed AKI early
marker, which registered a peak at 6 hours after AKI
induction [22]. In another study on elderly patients it was
proven that values of C-terminal FGF23 above 100 RU/mL
were associated with increased incidence of community-
acquired AKI independently of other confounders
(albuminuria, cardiovascular disease risk factors, and
baseline eGFR -estimated glomerular filtration rate) [24].
The authors reported the incidence of AKI after a median
of 10-years follow-up, therefore they emphasized that high
levels of FGF23 may announce AKI development over
months to years; nevertheless a linear relationship
between the magnitude of FGF23 elevation and the risk
for AKI development has not been proven.

There is also evidence that, during the course of AKI,
there is a direct relationship between the magnitude of C-
terminal FGF23 elevations and several adverse outcomes
as the need for dialysis or death [25]. In addition, in patients

with AKI, values of C-terminal FGF23 were found to be
much higher in patients with septic shock when compared
with values found in patients with uncomplicated sepsis
or those found in patients without sepsis [26].

The cause of increasing circulating FGF23 in AKI is still
a matter of debate. Elevation of C-terminal fragment FGF23
ELISA-analyzed was found not only in patients with AKI,
but also in critical ill patients without AKI in medical or
surgical ICU departments [22,25]; increase of FGF23 in
medical ICU was significant greater in AKI patients
compared with non-AKI patients, but it was also significant
greater in patients from ICU when compared with those
hospitalized in ordinary hospital medical wards. These
reports indicate that the magnitude of FGF23 increasing
may be influenced by several other factors than AKI, like
inflammation, surgery-associated stress, sepsis etc. [27].
Lesser increase of FGF23 may be also due to short-term
renal hypoperfusion or various nephrotoxins that do not
lead to clinically-manifest acute kidney failure.

Based on experimental researches, it is assumed that
the source of elevated FGF23 in AKI is increased secretion
in bone associated with diminished renal clearance [22]
independently of PTH and vitamin D metabolism. There
are also experimental data showing presence of FGF23
mRNA in renal proximal and distal tubules in animals with
diabetes and obesity [28], indicating that bone might not
be the only source of increased circulating FGF23. Elevated
both bone and ectopic renal secretion of FGF23 has been
reported also in alterations of iron metabolism [29-31];
disorders of iron metabolism in AKI have been described
in the literature [32] and they were associated with
oxidative stress in renal tubules [33], but a cause-effect
relationship between these alterations and ectopic
secretion of FGF23 in renal tubules has not been confirmed
until present.

FGF23 and cardiovascular outcome
In CKD subjects, increase of FGF23 is associated with

greater risk of left ventricular hypertrophy (LVH),
independently of other factors like gender, race, type of
antihypertensive agents etc. [34]; a direct relationship
between FGF23 elevation and risk of major cardiovascular
events or cardiovascular mortality was also proven [35-
38]. The relation between increased FGF23 and
cardiovascular outcome was revealed both in advanced
CKD (i.e. chronic hemodialysed patients) and also in milder
stages [39]; FGF23 levels exceeding the cut-off value of
104 RU/mL predicted increased risk for cardiovascular
events in patients with eGFR rates > 30 mL/min/1.73 m2

[40].
Significant correlations between FGF23 levels and LVH

or low left ventricular ejection fraction (LVEF) were noted
also in patients without CKD independently of sex, age,
eGFR, serum calcium, phosphate levels or diuretic use [41-
44]; however, in contrast with CKD, in patients with eGFR
> 60 mL/min no relationship was noticed between the
above mentioned cardiac abnormalities and deficiency of
α-Klotho [41].In 2014, Scialla and Wolf demonstrated that
FGF23 levels are associated with cardiovascular events
(especially coronary heart disease) unrelated to phosphate
levels, theorizing that the harmful effects of FGF23 and
hyperphosphatemia may be separated [45]. Results may
be inconsistent so far, considering that Taylor et al found in
2011 that plasma FGF23 levels in the male population
without impaired renal function are not associated with
coronary heart disease [46].

There is also evidence that in patients without CKD there
is a direct relationship between the degree of FGF23
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elevation and incidence of cardiac failure [47]. Most studies
utilized for analysis circulating levels of FGF23; this might
be inappropriate because it is not known if it reflects
myocardial FGF23 which can be different in the settings of
cardiac failure [41]. One small study performed by
Andersen et al concluded that myocardial FGF23 gene
expression was present in patients with heart failure at a
similar level as normal controls, and immuno-
histochemistry showed similar cellular distribution of
FGF23 in patients with heart failure and controls, suggesting
that the myocardium does not contribute to the elevated
circulating FGF23 in heart failure [48].

The mechanisms by which FGF23 induces
cardiovascular anomalies are complex and insufficiently
known at present.

FGF23 promotes distal tubular reabsorption of sodium
in distal tubule with secondary volume overload by
increasing the expression of the sodium-chloride
cotransporter [49]. It is also implicated in increased distal
calcium reabsorption by direct stimulation of epithelial
calcium channel which leads to increased vascular
resistance and cardiac hypertrophy [34,37,50]. LVH appears
to be induced through FGF receptor 4 (FGFR4)-mediated
activation of the calcineurin-NFAT signaling pathway
[51,52].

In 2013, Six et al experimented in vitro the effects of
serum FGF23 and Klotho on human endothelial cells and
human vascular smooth muscle cells (VSMC),
demonstrating that FGF23 induces vessel contraction and
increased ROS (reactive oxygen species) production but
sufficient concentrations of Klotho protects vessels from
the negative effects of phosphate and FGF23 [53].
Therefore, recent experimental studies on mice tested the
potential effects of administering recombinant á-Klotho
protein in AKI mice to prevent progression to CKD while
lowering FGF23, with promising results [54].

Additionally, FGF23 appears to play an important role in
the formation of abnormal tissue calcification (especially
arterial calcifications), even though the pathophysiological
details are yet to be discovered. For example, formation of
hydroxyapatite in VSMC is the result of exposure to high
serum phosphate levels in the context of renal failure [55],
but FGF23, along with vitamin D metabolites, seems to
play a major role in the genesis of vascular and visceral
calcifications as demonstrated in experimental mice
studies [56]. El-Abbadi et al describes statistical correlation
between FGF23 concentrations and aortic calcifications
in a study on phosphate-fed uremic mice, raising the
suspicion that FGF23 is directly involved in the development
of arterial medial calcifications [57].

Contributing to cardiovascular adverse outcome ratios,
there is evidence from community-based studies that
FGF23 levels influence the development and severity of
atherosclerosis in the context of impaired renal function.
However, it is uncertain whether this can be attributed to
the atherosclerotic phenomenon itself or vice versa,
remaining under debate the implication of FGF23 in plaque
formation [58].

Experimental data showed that, at about 5 days after
injections of FGF23 into subjects with normal renal,
cardiomyocyte hypertrophy and a significant increase in
left ventricular wall thickness were noticed; left ventricular
hypertrophy was attenuated by administering a FGFR
blocker [34]. The LVH FGF23-mediated was FGFR
dependent, but independent of Klotho which is not
expressed in cardiomyocytes [59,60]. The levels of
circulating FGF23 obtained by direct injection on animals
were comparable with values observed in studies on AKI
[34,61]. The question if the increase of FGF23 in AKI can

induce cardiac hypertrophy during the acute episode or
increase future risk of new-onset LVH needs to be
answered; therefore, further studies are required to
establish if the significance of FGF23 might be changed
from a biomarker of cardiovascular risk to a causal factor
of the disease and, consequently, FGF23 can be considered
a potential target for clinical intervention.

Conclusions
Identification of FGF23 has been the breakthrough of

the last decades in understanding mineral homeostasis
and in better defining of CKD-MBD abnormalities, but recent
researches reveal the outstanding possibility that this unique
phosphatonin might also be a valuable early marker in
acute kidney injury. Moreover, the direct relationship
between cardiovascular morbidity and increased FGF23,
already proved in CKD, appears to be extended in AKI;
human and experimental studies are needed in the future
to clarify if the increase of FGF23 is an associated
phenomena or one of the causes of the cardiovascular
abnormalities noticed in AKI.
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