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Abstract: Chronic renal failure is a growing problem worldwide and it is particularly important to note that this is irreversible and 
progressive illness with many complications. That is why it is necessary early to be diagnosed and, as soon as possible, adequately treated. 
Clinical studies have shown a correlation between fibroblast growth factor 23 (FGF23) and cardiovascular risk factors, left ventricular 
hypertrophy and vascular calcification. Therefore, FGF23 gives the possibility for the evaluation of new therapeutic modalities in order to 
improve survival of patients with chronic renal disease. Further studies are needed to clarify the precise mechanism of action and 
regulation of FGF23 under normal circumstances and as part of chronic renal failure.  
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Introduction  
Chronic renal failure is a growing problem worldwide and it is 

particularly important to note that this is irreversible and 
progressive illness with many complications. That is why it is 
necessary early to be diagnosed and, as soon as possible, 
adequately treated. 

Mineral and bone disorder occurs in the early stages of chronic 
renal failure and is a strong risk for these patients. The disorder of 
mineral metabolism leads to early complication of chronic renal 
failure, which can be a risk factor for cardiovascular events [1, 2].  

Clinical studies have shown a correlation between fibroblast 
growth factor 23 (FGF23) and cardiovascular risk factors, left 
ventricular hypertrophy and vascular calcification. Therefore, 
FGF23 gives the ability for the evaluation of new therapeutic 
modalities in order to improve survival of patients with chronic 
renal disease [3]. 

 
Calcium and phosphate in chronic renal failure 
Patients with early chronic renal failure (glomerular filtration 

rate (GFR) >30 ml/min/1.73 m2) usually have no change in serum 
calcium and phosphate level. Parathyroid hormone (PTH) may be 
minimally elevated and recent publications have shown that 
FGF23, fosfaturic hormone, is clearly increased. Accordingly, in 
early chronic kidney weakness serum levels of phosphate and 
calcium are held in the normal range due to hormonal changes 
that make up the reduction of glomerular filtration [4].  

Phosphate accumulation, reduction of the production of 
vitamin D and the need for additional PTH in order to maintain 
normal serum concentrations of calcium are events that occur at 
the beginning of the development of secondary 

hyperparathyroidism. Although at the early stages of renal 
insufficiency the disturbed metabolism of minerals exists, the 
levels of calcium, phosphate and calcitriol levels are usually 
normal. This is attributed to the increased secretion of PTH, which 
stimulates excretion of phosphate, reduced urinary excretion of 
calcium, and stimulates renal production of calcitriol. Therefore, it 
is considered that moderate increase in the value of PTH is 
responsible for normal calcium and phosphate. It is considered 
that even the normal values of serum phosphate may contribute 
to the development of secondary hyperparathyroidism [5] 
However,the increase in serum phosphate levels, even within the 
reference range, is associated with an increase in cardiovascular 
events [6] and is also associated with a progressive decrease in 
renal function [7, 8].  High plasma phosphate as a risk factor for 
decline in renal function and mortality in pre-dialysis patients. 

 
Fibroblast growth factor 23 
FGF23 is hormon produced by osteoblasts/osteocytes in bones 

and which in turn acts on the kidneys to regulate the phosphate 
metabolism and vitamin D through the activation of the FGF23 
receptor/α-Klotho co-receptor complex. FGF23 is primarily 
produced in the femur and skull [9]. It binds to the FGF23 family 
receptor, probably requiring a transmembrane protein Klotho, in 
order to facilitate interactions at the cell surface [10]. Although the 
FGF23 receptors are arranged in the whole body, downstream 
effects of FGF23 are localized in the kidney, parathyroid and 
pituitary glands, suggesting a primary role in these organs. FGF23 
has two important and clearly describes the effect on the kidneys. 
Affecting the renal tubular epithelial cells, is carried down-
regulation of type II sodium-phosphate cotransporter, preventing 
reabsorption of phosphate by the tubules [11, 12].  
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Furthermore, FGF23 suppress the expression of renal 1 alpha-
hydroxylase, thus preventing the production of 1,25-hydroxy 
vitamin D by the kidneys [13]. The net effect is increased renal 
phosphaturia and the reduction of activation of vitamin D. 

Rapid aging process, which is characterized by chronic vascular 
disease, demineralisation of the bones, skin atrophy and 
emphysema, is acknowledged in FGF23-zeros and Klotho-deficient 
mice [14].  

Thus, FGF23 is one of the most powerful predictors of poor 
outcome in patients with chronic renal failure. It is possible that 
the increased value of FGF23 can have a negative impact through a 
variety of mechanisms of action independent of its role as a 
regulator of phosphorus homeostasis. Elevated levels of this 
hormone are associated with left ventricular hypertrophy, and is 
assumed to have a direct effect on the myocardium [15]. Serum 
level of FGF23 is associated with an increased mortality in dialysis 
patients. When it comes to the risk of mortality compared to 
FGF23, it is about 5-6 times, while the increase in serum 
phosphorus that risk 1.3-2.0 times. Moreover, an increase in risk 
for mortality with high levels of FGF23 is essentially independent 
of the phosphate level. 

There is cascade of factors that contribute to the disorder of 
minerals and bone within chronic renal failure. In advanced 
chronic renal failure, phosphorus in the diet affects the PTH and 
FGF23, and FGF23 acts in a way that it reduces serum levels of 
calcitriol, which is a further stimulus for the secretion of PTH. 
FGF23 normally acts so as to reduce the PTH, but not in chronic 
renal disease where its receptor is downregulated and in 
parathyroid glands and in the kidney. PTH has a direct impact on 
bone cells to increase the expression and secretion of FGF23 and is 
the main reason for it`s elevated level in chronic renal failure. High 
PTH also leads to an enhanced bone remodeling and freeing of the 
low molecular FGF which act on the canonical FGF receptors 
(FGFRs) to increase FGF23. The high levels of FGF23 act on the 
FGFRs in the heart, activating phospholipase C-calcineurin (PLCC), 
leading to left ventricular hypertrophy in these patients. High 
serum phosphate levels and a low level of soluble Klotho factors 
are involved in calcification of blood vessels in these patients [16]. 

 
Cardiovascular risk 
Patients with chronic renal failure have a significant prevalence 

of left ventricular hypertrophy. There are many factors that 
present interrogation and a combination of in vitro and in vivo 
studies showed that the impact is direct [17]. FGF23 levels were 
measured in plasma samples in 3,000 of persons who were then 
performed echocardiography one year later as part of a 
prospective study – a cohort of chronic renal insufficiency (CRIC). 
Elevated levels of FGF23 were independently associated with 
hypertrophy of the left ventricle in patients with varying degrees 
of chronic renal insufficiency. Moreover, elevated levels of FGF23 
with the start of the study were associated with an increased risk 
of future emerging hypertrophy of the left ventricle. Then was 
compared the response of isolated ventricular cardiomyocytes of 
neonatal rats to treatment with FGF23 anti-FGF-2 (prototype FGF). 
FGF23 induced left ventricular hypertrophy via activation of FGFR, 
but via Klotho-independent way. It is shown that the 
phospholipase C-calcineurin-Nuclear factor of activated T-cells 
(NFAT) signaling pathway is dominant axis for the development of 
FGF23 induced hypertrophy and not mitogen-activated protein 
kinase (MARK) pathway, which is activated by the activation 

Klotho-FGFR1 by FGF23. In vivo, FGF23 injected directly into the 
myocardium or given intravenously, has led to the hypertrophy of 
the left ventricle in rats, while the administration is blocking the 
FGFR in rats with renal insufficiency caused by the 5/6 
nephrectomy, has led to a weakening of hypertrophy of the left 
ventricle. Therefore, these studies provide solid evidence that 
FGF23 directly induces hypertrophy of the left ventricle of the 
heart. 

We should not forget that FGF23 is not the only factor that is 
altered in chronic renal weakness, which has a direct effect on the 
myocardium. For example, PTH directly affects myocardial cells of 
rats, causing early death of cells by increasing the entry of calcium 
into heart muscle cells and has long been thought as a uremic 
toxin. There is a greater interest in contributing the vitamin D 
deficiency to the heart disease and to the effects of 
hyperphosphatemia, hypertension, volume overload, and changes 
in lipoproteins, which are among the many actual or potential 
uremic toxins which are well studied. But today there is 
considerable epidemiological and laboratory data that FGF23 is of 
primary importance as a cause of myocardial damage. 

However, the high rate of patients who died of cardiovascular 
events with chronic renal failure and low efficiency of any 
intervention, gives us the right to adopt a new treatment 
strategies in chronic renal failure and to test their efficacy in 
clinical trials. 

There are three different strategies for hyperphosphatemia, as 
an important risk factor for cardiovascular events: oral phosphate 
binders, FGF23 blockers and FGFR antagonists. For now, the only 
available are oral phosphate binders with their clearly 
demonstrated influence on the FGF23 serum levels. Moreover, 
while the oral phosphate binders are less specific then FGF23 
blockers and FGFR antagonists, they have the advantage on the 
systemic phosphate and serum FGF23 reduction. Theoretically, 
such a dual action should allow wider vascular and cardio-
protection. Although FGF23 blockers and FGFR antagonists may be 
accepted as a modern and disease-specific medication for 
hyperphosphatemia, they carry the risk of increasing the level of 
phosphates by inhibiting the excretion of phosphate by the kidney. 
Of importance would be a better understanding of organ-specific 
expression of the FGFRs, which would contribute to the 
development of selective blockers of cardiac FGFR and, thus, 
inhibition of hyperphosphatemia induced hypertrophy of the left 
ventricle, without affecting renal excretion of phosphate. In short, 
hyperphosphataemia is recognized as a central component in the 
disorder of mineral and bone as part of chronic renal failure. A 
significant contribution of hyperphosphatemia to the occurrence 
cardiovascular disease is suggested in large epidemiological 
studies and highlighted in the recent experimental data. 
Therapeutic possibilities of hyperphosphatemia should be 
investigated in adequately designed randomized trials [18].  

        
Vascular calcification 
Calcification may occur in the inner middle layer of the blood 

vessel, and as a result of thickening of the intima-media and the 
formation of atherosclerotic plaque with a violation of inner layer, 
local calcification and dyslipidemia with consequent accumulation 
of foam cells as the main tripping process [19]. It is interesting that 
atherosclerosis is limited to large and medium arteries and is 
generally associated with 'traditional' risk factors, such as smoking, 
obesity, dyslipidemia, hypertension and aging. In contrast, media 
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calcification may occur in the arteries of any size and is a typical 
process related to age and is associated with increased stiffness 
and decreased flexibility of blood vessels [20, 21].  

 In patients with diabetes and/or chronic renal disease, both 
forms of calcification are present, but usually without 
differentiation between them in epidemiological studies, so it is 
difficult to make a strict distinction, unless the available samples of 
blood vessels for histological evaluation [22]. Although the initial 
events that lead to calcification of the intima and media differ, 
both reflect an active and highly regulated process that is very 
similar to endochondral and/or intramembranous bone formation. 
In addition, the inverse correlation between bone mineralization 
and damage to blood vessels caused by disorders of minerals, has 
been observed with the general population and in patients with 
chronic kidney disease (calcification paradox) [23].  

Vascular calcification is the mark of the atherosclerotic process 
in chronic renal failure [24,25]. 

Given the greater predilection calcification of blood vessels in 
patients with chronic kidney disease, measurement of vascular 
calcification may serve as a better predictor than the traditional 
risk factors [26].  

The mechanism of vascular calcification occurrence is very 
complex. Regulation of vascular calcification by osteoclast 
regulatory factors – receptor activator of nuclear factor kappa-B 
ligand (RANKL), its receptor and osteoprotegerin affect the 
inflammatory component of atherosclerosis [27].  The release of 
RANKL from the endothelial cells is caused by pro-inflammatory 
cytokines (tumor necrosis factor - TNF, interleukin 1, etc.), or by 
incorporation of the activated lymphocytes to the vascular wall at 
the site of atherosclerosis. RANKL induces the osteoclastic 
transformation of monocytes and osteogenic differentiation of 
vascular smooth muscle cells (involved in the process of vascular 
calcification), and also induces the endothelial monocyte 
chemotactic migration to the endothelium and activation of matrix 
metalloproteinase-9 in monocytes (a process which is essential for 
the development and destabilization of the atherosclerotic plaque) 
[28, 29]. 

On the other hand, osteoprotegerin has anti-inflammatory and 
anti-atherosclerotic effect and shows opposing effects to receptor 
activator of nuclear factor kappaB (RANK) signaling [30].  

Numerous studies have shown the involvement of FGF23 in 
the pathogenesis of the mineral and bone disorder, the occurrence 
of vascular calcification and relationship with morbidity and 
mortality in patients with chronic kidney disease. However, further 
research is needed to clarify whether FGF23 is only marker or a 
potential factor. Therefore, it could be a therapeutic target for the 
treatment of vascular calcification [31].  

 
Conclusion 
FGF23 is circulating physiological regulator of phosphate 

balance. In dialysis patients, measurement of serum FGF23 could 
become a promising laboratory test for predicting development of 
secondary hyperparathyroidism and response to therapy with 
calcitriol. Although the mechanisms of elevated FGF23 remain to 
be fully clarified, this factor turns into a potential uremic toxin or, 
in other words, a new factor in the hypothesis proposed by 
Slatopolski 30 years ago, to explain the pathogenesis of secondary 
hyperparathyroidism in patients with chronic renal failure. Further 
studies are needed to clarify the precise mechanism of action and 

regulation of FGF23 under normal circumstances and as part of 
chronic renal failure. 
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