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The prevalence of chronic kidney disease (CKD) and end-stage 
kidney disease (ESRD) is increasing worldwide.

country n stage of CKD prevalence
• USA 15,625 1-4 8.8
   (NHANES III)    3-5 4.7
• UK 130,226 3-5 8.5

(NEOERICA)
• Australia 11,247 3-5 11.2

(Ausdiab)
• North Ireland    337,618       3-5 8.0

NKF-DOQI 2006

N = 27,998 (5 years F/U)
Stage of CKD      RRT rate (%) Mortality rate (%)

2 1.1 19.5
3 1.3 24.3
4 19.1 45.7

Death : CHF, CAD, DM, anemia, (HT)
Arch Intern Med 2004;164(4):659-63.

N = 1,120,295 (2.8 years F/U)
Stage Adjusted Hazard Ratio

of CKD Death CV event      Hospitalization
2 1.0 1.0 1.0
33

~45-59 ml/min 1.2 1.4 1.1
~30-44 ml/min 1.8 2.0 1.5

4 3.2 2.8 2.1
5 5.9 3.4 3.1

N Engl J Med 2004;351:1296-305.

• There is a 40-fold higher cardiovascular 
death rate in dialysis patients compared 
with general population.

AJKD 2000;35:S117-31.

• The majority of patients with CKD will die 
from cardiovascular event prior to 
progressing to ESKD.

AJKD 2000;35:S117-31.
NEJM 2004;351:1285-95.

CKD-related CVD

Traditional risk factors:
• Hypertension
• Hyperlipidemia
• Diabetes
• Tobacco use
• Physical inactivity
•

Non-traditional risk factors: 
• Hyperhomocysteinemia
• Elevated C-reactive protein
• Increased oxidative stress
• Hemodynamic overload
• Anemia
• Elevated calcium, phosphorus 

and parathyroid hormomne
V l l ifi ti… • Vascular calcification

• ...
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J Am Soc Nephrol 2004;15:770-9

• Serum phosphate concentrations > 5.0 mg/dl, 
higher adjusted serum calcium concentrations, 
PTH concentrations > 600 pg/ml were 
associated with an increased RR of deathassociated with an increased RR of death.

• Hyperphosphatemia and hyperparathyroidism
were significantly associated with all-cause, 
cardiovascular, and fracture-related 
hospitalization

J Am Soc Nephrol 2004;15:2208-18.

J Am Soc Nephrol 2001;12:2131-8. J Am Soc Nephrol 2001;12:2131-8.

J Am Soc Nephrol 2001;12:2131-8.

Hyperphosphatemia

Experimental data: a direct causal 
relationship

» Secondary hyperparathyroidism

» Bone abnormalities

» Calcitriol deficiency 

» Extraskeletal calcification
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Proposed mechanisms linking
Hyperphosphatemia to cardiovascular disease.
» Direct vascular injury: increasing reactive 

oxygen species, oxidative damage, 
endothelial dysfunction, vascular 
calcification

» Increase fibroblast growth factor 23
I hibiti f 1 25 dih d it i D» Inhibition of 1,25 dihydroxyvitaminD 

synthesis: vascular calcification, myocardial 
disease

» Increased parathyroid hormone: 
proinflammatory effect, increase interleukin-
6, impaired myocardial energy production, 
cardiac fibrosis

NEJM 2010;362:1312-24.

Long-standing hyperphosphatemia

+ an elevated serum CaxP

vascular, valvular, other soft-tissue 
calcification 

risk in CKD patients. 

J Am Soc Nephrol 2004;15:2959

• Initiation and progression of vascular 
calcification are active processes that 
involve cells and enzymes that 
normally are responsible for bone 
formation
– The transformation of vascular 

smooth muscle cells into bone-
forming osteoblastic-like cells.

– Endogenous inhibitors of 
calcification may be lacking in the 
uremic state. 

Connect Tissue Res 2003;44(Suppl1): 272-8.,
Nature 1997;386:78-81.

Promotors of   
vascular smooth 
muscle cell (VSMC) 
differentiation

Passive deposition of calcium & 
phosphate

Inhibitors
Matrix Gla-protein

Fetuin
Osteopontin

Osteoprotegerin
…

VMSC

Osteoblast-like VSMC

Two forms of vascular calcification:
• Intimal calcification: 

– the presence of calcium in the intimal 
layer 

– a marker for plaque vulnerable to 
rupture 
is associated with occlusive disease– is associated with occlusive disease.

• Medial calcification: 
– the presence of calcium in the vessel 

media 
– may have direct adverse effect on 

vascular distensibility
– a common finding in dialysis patients

Clinical manifestations

Medial vascular calcification

Vascular stiffness

An increase in s stolic blood press re» An increase in systolic blood pressure

» A widening of the pulse pressure

» An increase in pulse wave velocity
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Clinical manifestations

Vascular calcification is 
common in ESKD

» Left ventricular 
hypertrophy

» Congestive heart failure

» Coronary ischemia

Clinical manifestations

Heterotopic tissue calcification in the myocardium

» Arrhythmias

» Annular calcificationsAnnular calcifications

» Valvular calcification

» Myocardial dysfunction

Several clinical studies reported strong 
associations between bone loss, arterial 
calcification and cardiovascular disease :

– Framingham Heart Study population

– Menopause population

Am J Epidemiol 2004;159:589-95.
Cacif Tissue Int 2001;68:271-6.

Arterioscler Thromb Vasc Biol 2000;20:1926-31.

CKD or renal injury 
» Impairs skeletal anabolism
» Decreasing osteoblast function and 

bone formation rates.
J Am Soc Nephrol 2004;15:359-69.

Skeletal remodeling disordered caused by CKD 
» Disordered mineral metabolism  and 
» Heterotopic mineralization

J Am Soc Nephrol 2005;16:917-28.

Renal osteodystrophy

• Low-turnover bone disease, adynamic 
bone disorder

• Predominant hyperparathyroid bone 
disease, high-turnover bone disease, and 

t iti fibosteitis fibrosa

• Mixed uremic osteodystrophy, high-
turnover ROD plus a mineralization 
defect.

• The prevalence of osteoporosis in the 
population with CKD exceeds its 
prevalance in the general population.

Kidney Int 2000;58:396-9.,
AJKD 2004;43:566-71.,

Semin Nephrol 2004;24:78-81.
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When bone turnover is high :
• Bone resorption rate >> bone formation.
• Osteopenia progressing to osteoporosis 

may result.
When bone turnover is low :
• Bone formation rates & resorption• Bone formation rates & resorption
• Resorption >> formation
• Loss of bone mass occurs.

When bone resorption >> bone formation rates in CKD

a positive phosphorus and calcium balance

hyperphosphatemia & hypercalcemiahyperphosphatemia & hypercalcemia

Skeletal mineral deposition Heterotopic mineralization

1,25-D deficiency & secondary 
hyperparathyroidism

Uncontrolled

High PTH levels

High bone t rno er

Overtreatment / 
parathyroidectomy

Low PTH levels

bHigh bone turnover Low bone turnover

Cardiovascular disease

+ Calcium loadingBone 
demineralization

Specific cardiovascular pathology in the 
CKD-MBD is unknown.
– Studies of vasculature in CKD 

indicate the presence of osteoblastic 
differentiation in the vessel wall.

– Uremic serum and high P levelsUremic serum and high P levels
stimulate osteoblastic differentiation 
of calcifying vascular cells and 
vascular smooth muscle cells.

Specific cardiovascular pathology in the 
CKD-MBD is unknown.
– Cardiac remodeling with the 

concomitant loss of myotubes and 
stimulation of interstitial 
myofibroblasts is complication ofmyofibroblasts is complication of 
CKD, and this remodeling is 
probably stimulated by calcitriol 
deficiency, hyperphosphatemia and
unknown factors of the CKD-MBD.

» We should consider all the 
consequences of elevated 
phosphate, calcium and PTH levels, 
not only their consequences on 
bone. 

» The control of plasma calcium and 
phosphate in CKD patients is 
important in prevention of vascular 
calcification.
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