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AbstrAct

cardiovascular mortality is significantly increased among patients with end-stage renal dis-
ease. the commonly observed vascular calcification in such patients has been considered as 
one of the causative factors. In patients undergoing dialysis, the incidence of coronary artery 
calcification is 2-5 times higher compared to patients with normal renal function and angio-
graphically demonstrated coronary artery disease. Moreover, epidemiological studies have 
revealed a significant correlation of the extent of coronary artery calcification with the severity 
of underlying atherosclerotic lesions. Vascular calcification was initially considered as a pas-
sive process of hydroxyapatite deposition due to elevated plasma concentrations of calcium 
and phosphate. Nevertheless, there is a growing body of evidence that vascular calcification is 
an actively regulated and cell-mediated process. this phenomenon includes phenotypic altera-
tions of vascular smooth muscle cells mainly resulting from an imbalance between promoters 
(such as increased ca x P product) and inhibitors (fetuin-A, GLA protein, osteoprotegerin) of 
mineral deposition. With regard to the therapeutic approach, despite the evident effectiveness 
of both traditional and innovative remedies in the management of metabolic and electrolytic 
abnormalities of patients with end-stage renal disease, an individualized intervention based 
on etiopathogenesis is really required.
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INTRODUCTION

Vascular calcification is often observed in advanced 
atherosclerotic lesions in the general population and 
constitutes a process related to ageing. However, the 

fact that it is a common complication in patients with 
end-stage renal disease (ESRD), contributing to the 
high mortality affecting this population, has raised 
intense interest concerning the pathogenesis, clini-
cal implications and more appropriate therapeutic 
management of this disorder.

Extraosseous calcification is an almost inevitable 
process in patients with ESRD. It can lead to a variety 
of complications, including calcification of soft tis-



sues and solid organs and an entity known as calcific 
uraemic arterioliopathy or calciphylaxis.1 However, 
the calcification of blood vessels and of cardiac valves 
is the most common and clinically intriguing mani-
festation.

It has been reported that patients under haemo-
dialysis have a 2- to 5-fold increase in coronary artery 
calcification compared to age-matched patients with 
normal renal function and angiographically proven 
coronary artery disease.1 It has also been found 
that there is a positive correlation of the extent of 
coronary artery calcification and the instability of 
atheromatous plaques with the increased risk for 
myocardial infarction.2

Vascular calcification has arisen scientific interest 
since the early days of haemodialysis. A radiological 
skeletal survey examination carried out in 1976 in pa-
tients with severe renal disease revealed an incidence 
of 30% in the age group of 15-30 years and over 50% 
in the age group of 40-50 years.3 Autopsy findings in 
1969 and 1977 also demonstrated extensive soft tis-
sue and vascular calcification in 50-80% of patients 
under haemodialysis.4,5

CARDIOvASCULAR DISEASE IN PATIENTS 

WITH CHRONIC RENAL DISEASE

Worldwide registry data clearly demonstrate that 
cardiovascular disease is the leading cause of mor-
tality among patients with renal failure treated with 
haemodialysis, with an estimated 10-30 times higher 
mortality compared to that of the general population 
after adjustment for sex, age and the presence of 
diabetes mellitus.6,7 Furthermore, there is a linear 
correlation between the severity of cardiovascular 
disease and the stage of chronic kidney disease.8,9 
Additionally, cardiovascular mortality is 2-5 times 
higher in kidney transplantation patients compared 
to the general population.6 It is estimated that all-
cause annual mortality ranges between 12% and 25%, 
while approximately 50% of this excess mortality is 
due to cardiovascular causes.10 This is attributed to 
the combination of several factors, including: 

1. the high prevalence of atherosclerosis, heart failure 
and left ventricular hypertrophy in haemodialysis 
patients,11,12 and

2. the poor prognosis with high mortality rate after 
myocardial infarction or heart failure.8,9,13

The high prevalence of cardiovascular disease 
among patients with ESRD has been associated with 
high incidence of Framingham risk factors in the 
specific population.14-17 However, it has been shown 
that the estimation of cardiovascular risk based ex-
clusively on Framingham risk factors is inadequate 
to explain the high incidence of cardiovascular events 
in patients with chronic kidney disease, implying the 
presence of additional risk factors.14-19 Arterial calci-
fication and especially extensive medial calcification 
have been implicated as potential causative factors of 
the increased mortality in patients with renal insuf-
ficiency.20 Since traditionally established risk factors, 
including hypertension, dyslipidaemia and cigarette 
smoking, fail to explain the significantly high mortal-
ity, interest has focused on the unique combination 
of risk factors related to chronic uraemia. Advanced 
vascular calcification may represent a uraemia spe-
cific phenomenon directly affecting cardiovascular 
function. London et al21 were the first investigators 
who established the relation between the extent of 
vascular calcification and decreased survival.

Arterial disease and left ventricular hypertrophy 
(LVH)22 are considered the two major risk factors re-
sponsible for the high rate of cardiovascular mortality 
in haemodialysis patients. The term “arterial disease” 
refers not only to the presence of atherosclerosis, an 
established cause of cardiovascular disease, but also 
to vascular alterations described by the term arterio-
sclerosis, which contribute to vascular remodelling 
and result in the stiffening of the arterial wall, with 
significant haemodynamic and clinical consequences 
in ESRD patients. Arterial disease observed in ESRD 
patients is characterized by extensive intimal as well 
as medial calcification. The latter has been shown 
to affect vascular elasticity23 and leads to increased 
arterial wall stiffness of large capacity, elastic-type 
arteries like the aorta and the common carotid artery,24 
increased pulse pressure and decreased perfusion 
of coronary arteries during diastole.25 The presence 
and extent of vascular calcifications was shown to be 
independently predictive of subsequent cardiovascular 
and all-cause morbidity and mortality26,27 as well as of 
silent myocardial ischaemia.28 It is therefore obvious 
that the haemodynamic and functional changes asso-
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ciated with calcification of the vasculature in general 
and of the coronary artery tree in particular have 
significant clinical consequences affecting morbidity 
and mortality in dialysis patients.

CORONARY ARTERY CALCIFICATION IN 

PATIENTS WITH END-STAGE RENAL DISEASE

Coronary calcium is a sensitive marker of under-
lying atherosclerotic disease29,30 and coronary calci-
fication is positively correlated with atherosclerotic 
plaque burden, both calcified and non-calcified,31 
increased risk of myocardial infarction32 and of car-
diovascular events in individuals with normal renal 
function.33 Assessment of coronary calcium constitutes 
a remarkably accurate and sensitive method for the 
early detection of coronary atherosclerosis,34 since 
it enables detection of atherosclerotic lesions long 
before they become haemodynamically significant.35 
The coronary artery calcium score has been used for 
risk stratification in patients with known or suspected 
coronary artery disease (CAD)36 and, according 
to published guidelines, it can help in identifying 
asymptomatic patients at low-to-intermediate risk, 
who may benefit from more aggressive risk factor 
modification.37

Coronary artery calcification is a common find-
ing in patients undergoing haemodialysis (Figure 1). 
Depending on patients’ age, some degree of coronary 
artery calcification is observed in 54% to 100% (mean 
83%) of dialysis patients, with scores significantly 
increased compared to the general population.38 
A study by Goodman et al of young haemodialysis 
patients (aged 20 to 30 years) revealed that coronary 
artery calcification was present in a great propor-
tion of patients and was related to the presence of 
hyperphosphataemia, increased Ca x P product and 
increased calcium ingestion.39 Another study in pa-
tients aged 19-39 years showed significant coronary 
artery calcification in more than 90% of patients 
undergoing haemodialysis.40 The coronary artery 
calcification incidence among patients undergoing 
haemodialysis, detected by means of electron beam 
computerized tomography (EBCT), exceeded 2 to 5 
times the incidence observed in patients with angio-
graphically proven coronary artery disease but normal 
renal function.41 Once coronary artery calcification is 

present in dialysis patients, it is progressive in nearly 
all studies39,41,42 with minimal or no progression after 
renal transplantation.43

LOCATION - MORPHOLOGY

The location as well as the morphology of calcium 
deposits in blood vessels are variable. Vascular calci-
fication in end-stage renal disease can independently 
affect separate components of the vascular wall, that 
is, the intima and the media.

Anatomically, four discrete types of vascular cal-
cium deposition can be observed: atherosclerotic/fi-
brotic calcification, cardiac valve calcification, medial 
artery calcification and vascular calciphylaxis. The 
latter process appears as amorphous calcium phos-
phate deposition and widespread organ and soft 
tissue involvement without osteogenesis or chon-
drogenesis.44

In atherosclerotic lesions, calcification is mainly 
found in the intima45 in a dispersed punctuate form 
during the early stage of the disease and, as the proc-
ess progresses, the aggregates of calcium phosphate 

Figure 1. CT of a patient with chronic renal failure under hae-
modialysis. Coronary calcifications are demonstrated by ar-
rows.
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of EBCT include the relatively high cost and limited 
access to this technique as opposed to the recently 
introduced application of the more widely available 
MDCT. Recent studies have shown excellent corre-
lation between EBCT and MDCT.53 Three different 
methods for calcium quantification and scoring are 
used: the most commonly applied Agatston method (a 
semi-quantitative method calculated as the product of 
the area of the plaque and a density coefficient), the 
volumetric method and the mass method, the latter 
exhibiting the best reproducibility. Other modalities 
less commonly applied include magnetic resonance 
imaging (MRI), echocardiography and optical coher-
ence tomography.

PATHOGENESIS 

Pathogenesis of vascular calcification in ESRD 
patients is not fully understood and is believed to 
be multifactorial. Numerous studies have revealed 
associations between vascular calcification and tradi-
tional as well as uraemia-specific risk factors, without 
necessarily proving a cause-effect relationship. Risk 
factors related to uraemia are depicted in Table 1.

Duration of haemodialysis is the risk factor with 
the strongest causative relation to vascular calcifica-
tion. Furthermore, numerous studies have shown 
correlation of vascular calcification with the presence 
of hypercalcaemia, hyperphosphataemia, hyperpara-
thyroidism, increased Ca x P product and/or use of 
calcium containing phosphate binders.1,39,40,54 However, 
these findings are not supported by other studies.41,55 
The discrepancy could be attributed to methodologi-
cal differences, especially concerning the sample size 
of each study, as well as the difficulty of associating a 
long-term complication, such as the calcification of the 
vascular wall, with rapidly changing parameters like 
the plasma concentration of calcium among dialysis 
patients.45 Discrepancy is also found regarding the 
correlation of vascular calcification with the levels of 
intact parathormone (i-PTH), since it is positive in 
some40,54 but not in other surveys.41,55 These findings 
also reflect our poor understanding of the patho-
physiological role of parathormone in the process of 
vascular calcification, considering that cases of the 
most extensive form of extraosseous calcification, i.e. 
calciphylaxis, have been reported in patients without 

crystals deposit to produce larger crystals associated 
with the necrotic regions of atheromas.46 In fact, calci-
fication of the intima as a result of calcium deposition 
along with lipoproteins and/or cellular lipid debris 
seems to be an evolutionary step of the fibro-fatty 
plaque. In the setting of the calcified asymmetric 
atheromatous plaque, the initial dystrophic calcifica-
tion process evolves to cartilage metaplasia as well 
as endochondral bone formation mainly induced 
by bone morphogenetic protein-2 (BMP2). BMP2, 
which can drive both osteogenic and chondrogenic 
differentiation from mesenchymal progenitors, is 
expressed in a myofibroblast cell population. The 
oxidative stress of microvascular endothelial cells 
also upregulates BMP2.44

On the other hand, calcification of the media, 
known as Mönckeberg’s sclerosis, affects muscular 
type arteries and is characterized by non-inflamma-
tory calcification of the media. Additionally, matrix 
vesicles can be seen in the medial artery wall, while 
osteogenesis resembles intramembranous (non-endo-
chondral) bone formation. No cartilage formation is 
observed.44 Mediasclerosis is generally asymptomatic; 
it may however result in reduction of vascular elasticity, 
thereby causing an increase of systolic blood pressure 
(pseudohypertension), left ventricular hypertrophy 
and impaired coronary blood supply.47 Calcification 
of the media often occurs in lower limb arteries dur-
ing ageing, but it is substantially more prominent in 
diabetic and uraemic patients.48 In uraemic patients 
calcification of the media is the predominant his-
tological form, at least among younger patients.49 
However, considering that chronic uraemia constitutes 
an atherogenic environment,50,51 a mixture of these 
two types of calcification often occurs.

DETECTION AND qUANTIFICATION OF 

CORONARY ARTERY CALCIFICATION

Electron beam computed tomography (EBCT) 
and multi-detector computer tomography (MDCT) 
currently represent the most commonly used modali-
ties for the assessment of coronary artery calcifica-
tion. EBCT is considered the gold standard for this 
purpose52 and it has been used in the majority of 
studies concerning cardiac calcification in uraemic 
patients. Limitations for the widespread application 
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secondary hyperparathyroidism.56

Other risk factors that have been associated with 
the development of vascular calcifications based on 
epidemiological studies and clinical trials include 
patients’ age,54,55,57-59 dyslipidaemia,59,62 decreased 
serum levels of the calcification inhibitor fetuin-
A60,61 and diabetes mellitus,1,54,59 the latter being a 
fairly predictable correlation, since media sclerosis 
is typically present in the diabetic vasculature, even 
under non-uraemic conditions.

For many years, calcification of the vascular wall 
was considered to be the result of passive hydroxy-
apatite crystal precipitation, due to elevated blood 
calcium and phosphate concentrations. However, 
more recent data support the concept of a controlled 
process, resembling that of bone mineralization. It 
seems that vascular calcification includes altera-
tions of vascular smooth muscle cells (SMC) and 
the expression of proteins normally involved in bone 
metabolism. Experimental work in knock-out animal 
models clearly indicates that the selective deletion of 
genes, such as matrix GLA protein,63 osteoprotegerin64 
and others, induces vascular calcification. The detec-
tion of bone-associated proteins in calcified regions 
of both coronary and peripheral arteries11 supports 
the above-mentioned theory. Furthermore, it has 
been reported that both bovine and human vascular 
smooth muscle cells are capable of mineralization 
in vitro65,66 in an osteoblast-like manner. These data 

imply that arterial calcification of both the intima and 
the media constitutes a regulated process resembling 
osteogenesis in many aspects. Moreover, it should be 
underlined that many of the factors associated with 
cardiovascular risk and/or vascular calcification in 
dialysis patients, including high levels of phosphate,67 
calcitriol,68 urea,69 lipoproteins,70,71 homocysteine,72 
parathormone, and parathormone-related peptide73 
promote mineralization of cultured vascular smooth 
muscle cells. The active, cell-mediated process of 
vascular calcification in dialysis patients resembles 
osteogenic differentiation, which is further confirmed 
by a series of ex vivo experiments.49,56 The expression 
of bone matrix protein osteopontin, bone sialopro-
tein, type I collagen and alkaline phosphatase was 
demonstrated in pathological specimens of calcified 
arteries and was characteristically absent in non-cal-
cified specimens. 

Vascular calcification is a multi-step process (Fig-
ure 2).2 The initial step is the differentiation of vascular 
cells of mesenchymal origin to osteoblast-like cells in 
atherosclerotic regions. Osteoblastic differentiation 
can potentially occur in several cell types, including 
smooth muscle cells, myofibroblasts and microvascular 
pericytes which exhibit alterations as an adjustment 
to several conditions, i.e. ageing, atherosclerosis, 
diabetes mellitus and chronic kidney disease. These 
alterations include loss of SMC markers and the de-
velopment of osteoblastic features, such as expression 
of osteopontin, osteocalcin and alkaline phosphatase. 

table 1. Risk factors related (+) or not related (-) to vascular calcification in patients undergoing haemodialysis.

risk factor

studies indicating correlation (+) or no correlation (-)  
to vascular calcification*

(+) (-)

Hyperphosphataemia and Hypercalcaemia

Use of calcium-based phosphate binders 

iPTH

Duration of haemodialysis or uraemia

Diabetes melitus

Age

Decreased fetuin-A serum levels

Dyslipidaemia and/or increased oxidized LDL

Increased CRP levels and/or presence of other inflammation markers

Hyperhomocysteinaemia

1, 39, 40, 54

39, 55

40, 54

1, 39, 40, 55, 57, 58

1, 54, 59

1, 41, 55, 39, 54, 57-59

60, 61

59, 62

40, 54, 55, 57, 58

40, 58, 59

41, 55

39, 41, 55

41

1, 54

*: Modified table from: Floege J, Ketteler M.45 Numbers indicate the corresponding references.
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The final step might be the subsequent mineralization 
of the extracellular matrix.2

Vascular SMCs and osteoblasts are derived from 
similar precursor mesenchymal cells. Core binding 
factor α-1 (Cbfα1) is considered the transcriptional 
activator in the differentiation of mesenchymal cell 
to the osteoblast phenotype, as implied by the ob-
servation of deficient bone mineralization in mice 
lacking this factor.74 Moe et al75 characteristically 
describe the expression of Cbfα1, confirmed by in 
situ hybridization, immunostaining and RT-PCR 
in both the media and the intima in pathological 
specimens of calcified arteries from renal transplant 
patients, whereas minimal expression was observed 
in non-calcified vessels. These findings are consistent 
with experimental work by Tyson et al,76 who also 
describe the expression of Cbfα1, as well as other 

bone metabolism associated proteins, in calcified, 
but not in non-calcified atherosclerotic lesions from 
patients with normal renal function. These data imply 
that the expression of Cbfα1 is associated with the 
dedifferentiation of vascular SMCs into osteoblast 
resembling phenotypes, without clarifying whether the 
expression of this particular factor is a precondition 
or a marker of the dedifferentiation.20

Experimental data have shown that vascular cal-
cification is accelerated by uraemic toxins, present in 
the serum of patients undergoing haemodialysis, pre-
sumably through induced expression of core binding 
factor α-1, resulting in vascular SMCs differentiation. 
This process is only partly attributed to hyperphospha-
taemia, since several other factors might be involved 
as well in the cellular phenotype alterations. Protein 
kinase A and bone morphogenetic protein-2 (BMP-2) 
have been identified as such factors. BMP-2 is a potent 
inducer of bone differentiation of mesenchymal stem 
cells77 and is expressed in calcified human arteries as 
well as calcifying vascular SMCs.65

MAIN CALCIFICATION PROMOTERS

Phosphate and sodium dependent phosphate 
co-transporter seem to play a very important role in 
vascular SMCs mineralization (Figure 3). In patients 
suffering from ESRD, hyperphosphataemia is an 
almost ‘typical’ finding. Observational studies have 
revealed a somewhat increased frequency of vascular 
calcifications following the occurrence of hypercal-
caemia, hyperphosphataemia or even everyday use 

Figure 3. Phosphorus and Pit-1 sodium co-transporter as pro-
moters of vascular calcification. HSMC: Human smooth muscle 
cells culture. PFA: Plasma Fetuin-A, Pit-1: Sodium dependent 
phosphate co-transporter 1.

Figure 2. Hypothetical mechanisms of vascular calcification.
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of calcium based phosphate binders, known as CaB-
PBs.78,79 Raggy et al have shown that there is a very 
strong correlation between phosphate levels and the 
magnitude of vascular calcifications,1 while a strong 
relation exists between hyperphosphataemia and high 
mortality among patients undergoing haemodialysis.80 
In vitro experiments also support the view that a lot 
of ‘non-traditional’ cardiovascular risk factors, such 
as transforming growth factor (TGF)-β, uraemia, 
and high phosphate levels, are involved in vascular 
calcification and atherosclerosis.81 Specifically, eleva-
tion of phosphate levels in vascular SMCs cultures is 
accompanied by increased calcium deposits.67 In ad-
dition, a series of phenotypic changes were observed 
in the aforementioned cultured cells,82 including the 
loss of SMCs markers (e.g. a-actin) and adoption of 
osteogenetic profile, such as the appearance of os-
teocalcin, core binding factor-1 (cbf-1), or even the 
formation of collagen-rich extracellular matrix.69,83

The previously described vascular SMCs calcifi-
cation and phenotypic cell change is experimentally 
connected with the activity of sodium dependent 
phosphate co-transporter. As long as the presence 
of NaCl is assured, the intra-cellular increase of 
phosphate level proves to be time-dependent.

Three different types of co-transporters have been 
identified till now, types I, II, III. Type III presents 
two discrete subtypes, Pit-1 and Pit-2. In human 
vascular SMCs, co-transporter Pit-1 is mainly ex-
pressed.47 Apatite formation by SMCs, as a response 
to increased phosphate levels, is fully inhibited by 
phosphonoformic acid (PFA), a sodium dependent 
phosphorus co-transporter inhibitor, a finding sup-
porting the notion that vascular calcification is an 
active rather than passive cellular process.83,84

Moreover, other experimental works describe 
the dose-dependent increment of intracellular phos-
phate levels through higher expression of the Pit-1 
gene. Time-dependent induction of human vascular 
SMCs mineralization under the atherogenic effect of 
platelet-derived growth factor (PDGF) is also seen, 
even when serum phosphate levels are normal. The 
aforementioned elements clearly indicate that athero-
genic factors (traditional or not) possibly predispose 
to vascular calcification by affecting the transmem-
brane phosphate transport process.2 Additionally, 

acceleration of media calcification is thought to be 
promoted through the systemic use of CaBPBs or 
even the use of high calcium concentration solutions 
during haemodialysis.85

Similarly, inflammation, a basic component of 
atheromatosis, predisposes to vascular calcifications 
in ESRD.86 Inflammation markers, such as C-reac-
tive protein (CRP), are elevated in chronic kidney 
disease.87 This inflammatory ‘stress’ is followed by a 
decrease in mineralization inhibitors levels as dis-
cussed below.

MAIN CALCIFICATION INHIbITORS

Electrolyte disorders such as hyperphosphataemia 
and hypercalcaemia seem to contribute positively 
to the development of extraosseus calcification in 
patients with ESRD, while specific protein-calcium 
regulators may act as local or systemic calcification 
inhibitors. Under normal conditions, serum calcium 
and phosphate concentrations exceed the solubility 
limits of plasma, which means that plasma is super-
saturated for the above minerals. The fact that nor-
mally no extraosseus calcification occurs implies the 
existence of active inhibitory mechanisms of mineral 
precipitation.88 Recent findings suggest that a delicate 
equilibrium between calcification promoters, like 
serum phosphates, and inhibitors, such as fetuin-A 
and matrix protein MGP, determines whether vascular 
wall calcification will be observed in chronic uraemic 
conditions (Figure 4).2

FETUIN-A

An important systemic extraosseus mineralization 
inhibitor thus far identified is fetuin-A or a2-HS-gly-
coprotein. Fetuin-A is abundant in the plasma, where 
it forms a complex with matrix protein Gla (MGP).30 
It is produced mainly in the liver of human adults, 
being a soluble TGF-β antagonist, while it interacts 
with insulin receptor tyrosine kinase.60,89,90 Fetuin-A 
inhibits the de novo formation and precipitation of 
basic calcium phosphate, which is considered to be 
the apatite precursor, but it does not dissolve it once 
it has been formed. Consequentially, fetuin-A can 
inhibit calcification in circulation without affecting the 
normal bone mineralization.91 In fetuin-A knock-out 
mice, extended extraosseous calcification was ob-
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served under hypercalcaemic conditions.90 In patients 
with ESRD serum fetuin-A levels are significantly 
reduced.84,92 Additionally, serum of patients with 
chronic kidney disease has impaired ex vivo capacity 
to inhibit hydroxyapatite precipitation, which can be 
normalized by addition of pure fetuin-A. Fetuin-A 
concentration in systemic circulation is reduced during 
inflammation in patients under haemodialysis, while 
it correlates inversely to CRP levels, meaning that it is 
a negative acute phase protein.84 Moreover, low levels 
of fetuin-A are related to increased cardiovascular 
mortality.84,88 In patients under haemodialysis, serum 
fetuin-A levels inversely correlate with the extent 
and grade of coronary calcification, measured by 
means of spiral computed tomography (CT) scan. 
However, it should be noted that in some patients 
under haemodialysis, fetuin-A levels are not reduced. 
Possibly, there may be a relative fetuin-A deficiency 
in most but not in all dialysis patients.20

MATRIx Gla PROTEIN (MGP)

MGP is a protein with a molecular weight of about 
10 Kdal containing 5 γ carboxyglutamic acid (GLA) 
residues which are responsible for its calcium bind-
ing capacity.93 It is normally expressed in cartilages, 
in endothelial and in vascular SMCs, while its gene 

expression is regulated by various growth factors and 
hormones.2 Additionally, MGP inhibits the activity 
of bone morphogenetic protein BMP-2, which is in-
volved in bone transformation of vascular SMCs. In 
experiments using MGP knock-out mice, severe arte-
rial wall and cartilage calcifications were observed.63 
In patients with coronary heart disease and vascular 
wall calcifications, serum MGP levels were signifi-
cantly reduced in comparison with patients without 
calcifications.94 Vitamin K deficiency as a result of 
either malnutrition or systemic use of anticoagulants 
such as warfarin may possibly lead to vascular wall 
calcification.88 Regardless of the mechanism involved, 
MGP constitutes an important inhibitor of vascular 
calcification and mineral precipitation, suggesting that 
it serves as a major vascular and bone homeostasis 
modulator.

OSTEOPROTEGERIN (OPG)

Osteoprotegerin, a member of the tumour necrosis 
factor (TNF) receptor family, has been identified as 
a regulator of bone resorption mainly through an 
effect on osteoclast activity.2 OPG is produced by 
many different tissues, including the cardiovascular 
system, lung, kidney and immune system. OPG im-
munoreactivity was demonstrated not only in the 
non-diseased vessel wall but also in early athero-
sclerotic lesions. In advanced calcified lesions, OPG 
was present around the calcified area.95 It has been 
shown that OPG-deficient mice develop severe os-
teoporosis and medial artery calcification and that 
the development of osteoporosis and arterial calci-
fication was completely prevented by restoration of 
the gene,64 suggesting that OPG may function as a 
local inhibitor of vascular calcification. According to 
experimental results, it would be expected that OPG 
deficiency is connected with high risk for extraos-
seous mineralization. On the other hand, OPG levels 
in patients undergoing dialysis are found elevated 
compared to healthy volunteers.96 The interpretation 
of this paradox is not satisfactory. It remains unclear 
whether OPG is a potential cardiovascular marker or 
a compensatory mechanism eliminating the effects 
of atherogenesis and extraosseous calcification. It 
has also been demonstrated that serum OPG levels 
are correlated with the severity of coronary artery 
disease and constitute an independent risk factor of 

Figure 4. Main molecular promoters and inhibitors involved in 
coronary artery calcification in end stage renal disease. Abbre-
viations: Cbfa1: core binding factor a1, PKA: Protein Kinase A, 
BMP-2: Bone Morphogenetic Protein-2, Pit-1: Sodium depen-
dent phosphate co-transporter-1, MGP: Matrix Gla Protein, 
OPG: Osteoprotegerin.
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the progression of atherosclerosis.97,98 The mechanism, 
however, through which OPG levels are elevated in 
patients with advanced coronary calcification, remains 
uncertain. A possible scenario is that OPG is involved 
in the development of vascular calcification through 
inhibition of TRAIL (TNF Related Apoptosis-Induc-
ing Ligand) induced vascular cell apoptosis.2

CONCLUDING REMARkS AND PERSPECTIvES

From the aforementioned data it becomes evi-
dent that coronary calcification in ESRD is not a 
passive phenomenon due to calcium and phosphate 
supersaturated serum, but rather an active process 
involving cell differentiation and a delicate balance 
between calcification promoters and inhibitors. The 
specific role of endocrine disorders that accompany 
renal failure, such as hyperparathyroidism, must be 
clarified as well as the molecular basis of their par-
ticipation in vascular calcification.

It is also known that atherosclerosis in chronic 
kidney disease is not only the result of ‘traditional’ 
risk factors such as those revealed by the Framingham 
Study but also of the unavoidable consequences of 
uraemic conditions.

All the therapeutic interventions thus far applied 
address parts of the phenomena described above 
without targeting the entire endocrine-metabolic 
derangement. In fact, there are many missing pieces 
in our understanding of how uraemia is ‘translated’ 
by the cells and how different cellular functions, in-
cluding differentiation, proliferation and apoptosis, 
promote atherosclerosis and vascular calcification. 
The concept of a common model which can combine 
different aspects such as inflammation, dyslipidemia, 
uraemic toxicity and electrolyte disorders seems still 
a long way off. Such a model could possibly lead to 
a deeper understanding of the pathophysiology of 
vascular calcification and probably to the introduction 
of an intervention based on etiopathogenesis.
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