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Disorders of mineral and bone metabolism are common in chronic kidney disease (CKD) patients. Given that mineral 
and bone disorders contribute to CKD-associated cardiovascular disease and high mortality rates, the new term chronic 
kidney disease-mineral and bone disorder (CKD-MBD) can be used to describe the broader systemic disorder that 
occurs as a result of CKD1.

A systemic disorder of mineral and bone metabolism due to chronic kidney disease expressed by one or 
combination of following:

 • Abnormalities of calcium, phosphate,  
  PTH or vitamin D metabolism.

 • Abnormalities in bone turnover, mineralisation,  
  volume, linear growth or strength.

 • Vascular or other soft tissue calcification.

Background

Definition of CKD- MBD1
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Vascular calcification can occur at two sites: the intima and the media. Both types of calcification are present in CKD 
patients, but the complications of these two types of VC are different: intimal calcification is mainly associated with 
occlusion of the vessels and the medial calcification is associated with vascular stiffness5,6 (Fig. 1).

Different types of vascular calcification.

Fig. 1
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Calcification

• Concentric
• Vessel stiffening
• Medial fibrosis elastinolysis
• Adventitial inflammation

Medial calcification

• Eccentric
• Lumen deforming
• Fibrous intimal cap
• Focal elastinolysis
• Vessel stiffening

Atherosclerotic calcification

Elastinolysis

Fibrous cap Lipoprotein deposition
cholesterol-laden foam cells

• Intimal calcification is seen in advanced atherosclerosis  
 and it is initiated early in life and progresses with  
 age. Intimal calcifications are a consequence of the  
 inflammation and calcification of the atherosclerotic  
 plaques. They are frequently localised in two  
 functionally relevant arteries, such as the aorta and the  
 coronary arteries. 

• Medial calcification, known also as Mönckeberg’s  
 arteriosclerosis, occurs in the elastic lamina of large  
 and medium-sized arteries. They are frequent in  
 patients with CKD, but diabetes and advanced age are  
 also associated with an increase in medial calcification.

Patients with CKD experience up to 30-fold higher cardiovascular disease mortality than the general population2. It is 
also well acknowledged that the prevalence of calcification increases with progressively decreasing kidney functions. In 
last the two decades, large evidence has been accumulated indicating that disturbances in mineral and bone metabolism 
in patients with chronic kidney disease (CKD) link with vascular calcification (VC). VC is associated with increased 
cardiovascular mortality and morbidity, and is recognised as a strong and independent risk factor for cardiovascular death. 
VC in CKD is caused in part by imbalanced mineral metabolism and the therapies used to control it3, but also in part by 
a complex, active process of osteogenesis in vascular smooth muscle cells (VSMCs)4. VC is highly prevalent in dialysis 
populations; studies have estimated that nearly 70% have significant coronary and/or aortic calcifications4.

Introduction



As shown in Table 1 many risk factors have been identified that contribute to VC3. Risk factors, such as age, 
inflammation and diabetes impact on both intimal as well as medial calcification processes. CKD patients are 
especially susceptible to the development of medial calcification, in particular due to a loss of mineral homeostatic 
control. Abnormalities in calcium and phosphate, vitamin D and PTH are often seen and frequently coincide with 
aggravating vascular calcification in these patients.

Table 1:  Vascular calcification risk factors. Adapted from Goodman WG et al3.

Vascular calcification risk factors

Risk Factor Intimal Calcification Medial Calcification

Dyslipidemia Yes No

Advanced age Yes Yes

Elevated blood pressure (BP) Yes Medial lesions worsen BP

Male gender Yes No

Smoking Yes No

Inflammation Yes (local) Yes (systematic mediators)

Diabetes/glucose intolerance Yes Yes

Reduced eGFR No Yes

Hypercalcemia No Yes

Hyperphosphatemia Yes Yes

PTH abnormalities No No

Vitamin D administration No Yes

Duration of dialysis No Yes
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Imaging
The amount of VC, as measured and quantified by multi-detector computed tomography is an important predictor of 
all-cause mortality, vascular complications and myocardial infarction.

Table 2: Imaging techniques for quantification of calcification

Detection and quantification of calcifications

Imaging Techniques Advantages Disadvantages

EBCT (electron beam CT) and 
MSCT (multi-slice spiral CT)

Considered as the reference 
methods for detecting and 
quantifying vascular (and especially 
coronary) calcifications, by using an 
electrocardiographic trigger for heart 
imaging only in diastole.

CACS (Coronary Artery Calcification 
Score), based on a score published 
by Agatston et al.8, is a quantitative 
assessment of calcifications, 
detectable by EBCT or MSCT.

EBCT machines are not readily 
available due to relatively high initial 
and maintenance costs and limited 
uses other than the quantification of 
coronary artery calcification (CAC)7. 
These techniques are thus still not 
recommended in clinical practice and 
limited to clinical trials7.

Ultrasonography Advanced age

Indirectly evaluates calcium content 
and is typically used to study carotid 
artery calcification. Ultrasound uses 
a universally available technology, is 
relatively inexpensive and does not 
require exposure to ionising radiation.

This method has two significant 
limitations: a) it is unable to 
differentiate medial from intimal 
calcifications; and b) data derived 
from ultrasound are qualitative and 
are unlikely to detect small changes, 
at least over the shorter term.

Standard radiography

Standard radiography is cheap, 
accessible and poorly irradiating.
Different ways to apply standard 
radiography have been proposed: 
a) pelvic and thigh radiography with 
patients in recumbent position; b) 
latero-abdominal plain radiography; 
c) plain radiography of pelvis and 
hands; d) plain radiographies and e) 
lateral X-ray of the abdominal aorta.  

Latero-abdominal plain radiography 
is included in the KDIGO (Kidney 
Disease: Improving Global Out-
comes) guidelines for cardiovascular 
disease in dialysis patients1.

The quantification remains as semi-
quantitative and observer-dependent. 
Comparing to EBCT and MSCT, the 
sensitivity is logically less performing.
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Biomarkers
Multiple new biomarkers of vascular calcification have emerged with the better understanding of VC pathogenesis.  
Besides well-known risk markers, such as calcium, phosphate, PTH and vitamin D deficiency, fetuin-A (α2-
Heremans-Schmid glycoprotein), matrix Gla protein (MGP), bone morphogenic protein (BMP), osteopontin, 
osteoprotegerin (OPG) and fibroblast growth factor-23 (FGF-23) have been suggested as novel markers of vascular 
calcification (Table 3).

Table 3: Growing Panel of Biomarkers of Vascular Calcification. 

Novel Vascular Calcification Biomarker

Fetuin-A 
(α2-Heremans-Schmid  
glycoprotein Ahsg)

Fetuin-A (60 kDa) is a potent calcification inhibitor produced by the liver. 
Contrary to other factors acting locally, fetuin-A action is systemic.

Matrix Gla-protein (MGP)

MGP is a 10-kD protein secreted by chondrocytes and vascular smooth 
muscle cells in the arterial media. It is the first protein known to act as 
a calcification inhibitor in vivo, probably by directly inhibiting calcium 
precipitation and crystallisation in the vessel wall and antagonising bone 
morphogenetic protein-2 (which regulates osteoblast differentiation, and thus 
bone formation). 

Osteoprotegerin (OPG)

OPG is a regulatory factor produced by bone marrow-derived stromal cells. 
OPG has a pivotal role in the regulation of the bone turnover inhibiting 
osteoclast differentiation and acting like a decoy receptor for the receptor 
activator of NF-χB ligand (RANKL system).

Osteopontin (OPN)
OPN is a phosphoprotein expressed in the mineral tissues which inhibits 
mineralisation by blocking hydroxyapatite formation and activating osteoclast 
function. OPN is present in calcified vessels.

Fibroblast growth factor-23  
(FGF-23)

FGF-23 is a 30 kDa bone-derived protein that promotes renal phosphorus 
wasting and inhibits the conversion of 25-hydroxyvitamin D to the active 
1,25-dihydroxy vitamin D form. In CKD patients, when the glomerular 
filtration rate decreases below 25-30 ml/min, the maintenance of normal 
phosphate levels is presumably accomplished by a compensatory rise in 
FGF-23.
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