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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.




