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Cardiovascular Risk Factors
for Calciﬁc Aortic Valve Disease
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Introduction
Over the past decade epidemiological studies
have revealed the risk factors associated for vascular atherosclerosis, including male gender,
smoking, hypertension and elevated serum cholesterol, are similar to the risk factors associated
with development of aortic valve stenosis. There
is also growing evidence that renal failure (RF) is
responsible for accelerated vascular calcification.
These clinical studies demonstrate that defining
these risk factors for this disease may delineate
preventive strategies to slow progression and to
possibly modify the disease process. In summary,
these findings suggest that medical therapies may
have a potential role in patients in the early stages
of this disease process to slow the progression to
severe calcific aortic valve disease and delay the
timing to intervention.
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With the decline incidence of rheumatic carditis, calcific aortic stenosis (AS) has become the
most common indication for surgical valve replacement in the US. Numerous epidemiologic studies
identified risk factors for AS disease development,
which are similar to those of vascular atherosclerosis, including smoking, male gender, body mass
index, hypertension, elevated lipid and
inflammatory markers, metabolic syndrome and
renal failure (Deutscher et al. 1984; Hoagland
et al. 1985; Aronow et al. 2001; Mohler et al. 1991;
Lindroos et al. 1994; Boon et al. 1997; Chui et al.
2001; Wilmshurst et al. 1997; Chan et al. 2001;
Briand et al. 2006; Palta et al. 2000; Peltier et al.
2003; Stewart et al. 1997; Otto et al. 1999; Faggiano
et al. 2006; Pohle et al. 2001).

Aortic Valve Cardiovascular Risk
Factors
Stewart et al. (1997, 1999), described the risk factors for calcific AS identified in the Cardiovascular
Health Study. The investigators examined 5,621
patients older than the age of 65 years found by
Doppler Echocardiography that the prevalence of
aortic valve sclerosis was 29% and AS was 2% in
this population. The investigators demonstrated
that the clinical risk factors important for the development of atherosclerosis are also the independent
risk factors for AS including age, male gender,
height (inverse relationship), history of hypertension, smoking and elevated serum levels of
lipoprotein(a) and LDL levels (Stewart et al. 1997).
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Data from several studies have confirmed that all
of these traditional risk factors including metabolic syndrome (Briand et al. 2006), and RF (Palta
et al. 2000), which are important in the development of vascular atherosclerosis, are also implicated in the development of calcific AS. These
findings provide the foundation to study targeted
strategies for medical therapy, including for example, medications for hyperlipidemia, hypertension
and diabetes. There are a growing number of
experimental in vivo models of calcific AS which
demonstrate primarily that lipids (Rajamannan
et al. 2001, 2002; Drolet et al. 2003, 2006; Weiss
et al. 2006; Aikawa et al. 2007; Shao et al. 2005),
diabetes (Shao et al. 2005) and RF (Shuvy et al.
2008) are important in the development of this disease. Early studies have demonstrated that cholesterol (Ortlepp et al. 2006), and Vitamin D (Drolet
et al. 2003), can induce early stenosis of the valve
(Drolet et al. 2003) as documented by echocardiographic measurements.
Lipids and other cardiovascular risk factors
induce oxidative stress (Weiss et al. 2006;
Rajamannan et al. 2005a; Miller et al. 2008) in
the aortic valve endothelium similar to vascular
endothelium (Wilcox et al. 1997) which in turn
activates the secretion of cytokines and growth
factors important in cell signaling. The early atherosclerotic and abnormal oxidative stress environment also plays a role in the activation of
the calcification process in the myofibroblast
cell. The signaling molecules important in the
development of vascular atherosclerosis are also
important in the development of valve
calcification including: MMP (Kaden et al.
2004a; Jian et al. 2001), Interleukin 1 (Kaden
et al. 2003), transforming growth factorbeta(TGF-beta) (Jian et al. 2003), purine nucleotides (Osman et al. 2006a, b), RANK (Kaden
et al. 2004b), osteoprotegrin(OPG) (Kaden et al.
2004b), elastolytic cathepsins S, K, and V and
their inhibitor Cystatin C in stenotic aortic valves
(Helske et al. 2006) Toll-like receptors (Yang
et al. 2009), TNF alpha (Kaden et al. 2005), MAP
Kinase (Gu and Masters 2009) and the canonical
Wnt pathway (Shao et al. 2005; Rajamannan
et al. 2005b; Caira et al. 2006). Similar to vascular atherosclerosis these events are potential cel-
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lular targets for pharmacologic agents to slow
this disease process.

Renal Failure as a Risk Factor
Associated with Calciﬁc Aortic Valve
Disease
Cardiovascular disease is the leading cause of
mortality in patients with renal disease and is
attributed to both traditional and non-traditional
cardiovascular risk factors. One of the most devastating complications in this population is ectopic calcification. Ectopic calcification is defined
as inappropriate biomineralization occurring in
soft tissues as a result of systemic mineral and
hormonal imbalance (Giachelli 2004; Goodman
2001). Aortic valve is one of the most important
tissues which are involved in the calcification
process.
The prevalence and extent of AS in this population of patients is poorly explained by traditional
cardiovascular risk factors (Moe 2004; Yao et al.
2004) abnormalities of mineral metabolism are
likely to contribute to AS development and progression. Contrary to “senile AS”, patients with
RF associated AS are characterized by significant
mineral disturbances especially involving phosphate and calcium metabolism (Kalpakian and
Mehrotra 2007; Tomson 2003). Most of these
patients develop hyperphosphatemia as well as an
increased Ca – phosphate product levels
(Verberckmoes et al. 2007). Calcium-phosphorus
product is associated with increased ectopic
calcification and cardiovascular morbidity and
mortality (Cozzolino et al. 2001).
Phosphorus excess is an independent cardiovascular risk factor for morbidity and mortality in
patients with advanced RF (Kestenbaum et al.
2005; Menon et al. 2005) as well as in normal subjects. In addition to the effects of phosphate during
passive mineralization, recent data suggest that
phosphate induces calcification by activating osteoblast transformation in vascular smooth muscle
cells (VSMC) (Giachelli 2003). Elevated phosphate
level is a key element in activation of osteoblast
specific maturation factors. Although the exact
mechanism is still unknown, this effect seems to be
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mediated by a sodium-dependent phosphate cotransporter, Pit-1 (Glvr-1) (Giachelli 2003). In vitro
studies in VSMC cells demonstrated that inhibition
of phosphate uptake abolished calcification. The
specific role of phosphate in RF associated AS is
still under investigation, data obtained from animal
study suggest that hyperphosphatemia and elevated
parathyroid hormone (PTH) rather than uremia
itself are the mediator of AS (Shuvy et al. 2008).
Parathyroid hormone is the most important
regulator of calcium and phosphate metabolism
(Goodman 2005). It is essential for both bone formation and osteoblast activity, and increases the
conversion of vitamin D to its active metabolite
(Murray et al. 2005). Hyperparathyroidism is
often accompanied with hyperphosphatemia making the evaluation of the specific effect of PTH on
calcification difficult. Nevertheless animal studies
find the PTH induces ectopic calcification, which
is unrelated to the serum levels of calcium and
phosphate. The mechanism of this phenomenon is
unclear and it may be related to elevated bone
turnover (Neves et al. 2007). The role of calcium
in the pathogenesis of AS is less established, and
no significant increased progression of AS was
found in women taking oral calcium supplementation (Bhakta et al. 2009).
Apart of mineral and hormonal disturbances
numerous additional factors as oxidative stress,
malnutrition, endothelial dysfunction and constant low-grade inflammation are common in that
population (Pecoits-Filho et al. 2002). Available
data suggest that pro-inflammatory cytokines
play a central role in the genesis of both malnutrition and vascular disease in RF (Stenvinkel et al.
2005). Strong associations between malnutrition,
inflammation and atherosclerosis suggest the
presence of a syndrome – malnutrition,
inflammation, and atherosclerosis (MIA), which
is associated cardiovascular morbidity.

Calciﬁcation Inhibitors
Although the majority of patients with significant
RF develop ectopic calcification, not all of them
have vascular calcification, naturally occurring
inhibitors of calcification may be involved in
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this phenomenon. Fetuin-A (alpha-Heremans–
Schmid glycoprotein), a 59 kDa glycoprotein,
consisting of two cystatin-like domains and a
smaller unrelated domain, is predominantly synthesized in liver (Westenfeld et al. 2009). It is
secreted into the blood stream and deposited as
a noncollagenous protein in mineralized bones.
Fetuin-A binds calcium phosphate (Heiss et al.
2003), and thus directly prevents calcium-phosphate to cause ectopic calcification (Westenfeld
et al. 2009). Dialysis patients have significantly
reduced serum fetuin-A levels compared with
control subjects (Ketteler et al. 2003). Interestingly,
Ketteler et al. reported an inverse relationship
between serum fetuin-A and C-reactive protein
serum in dialysis patients, implying that
inflammation decreases fetuin-A level, furthermore, its level is significantly decreased in
patients with major components of the MIA syndrome (Wang et al. 2005). The role of futin A in
preventing AS was demonstrated in RF population. This study demonstrates in patients with low
serum fetuin-A have the greatest prevalence of
valvular calcification and 0.01 g/l increase in
serum fetuin-A is associated with a 6% decrease
in the risk of valvular calcification (Wang et al.
2005). Recently low fetuin A level were found in
patients with senile AS (Koos et al. 2009).
Matrix Gla protein (MGP) is one of three vitamin-K dependent proteins have been isolated in
bones. MGP inhibit calcification via modulation
of bone morphogenic protein-2 (BMP-2) activity,
which is known to induce calcification. Warfarin
treatment decreases MGP levels and may increase
calcification, actually several clinical and experimental (Price et al. 1998) studies support this
hypothesis. In patients undergoing valvular
replacement or in patients with renal failure,
warfarin treatment was associated with greater
valvular calcification (Zebboudj et al. 2003). An
addition protein that requires vitamin k and
decreased during warfarin treatment, is the
product of the gene growth arrest-specific 6
(GAS6) (Nagata et al. 1996) which prevents
apoptosis and calcification in VSMC.. Phosphate
is a negative modulator of GAS6, therefore
hyperphosphatemia promotes apoptosis and
calcification (Son et al. 2006).
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Osteoprotegerin (OPG), a member of the tumor
necrosis factor (TNF) superfamily of proteins, is
involved in bone remodeling as well as ecotpic
calcification, through its action as a decoy receptor for RANKL (Bennett et al. 2006). The exact
role of the RANK-RANKL complex in the
calcification process is not clear. It was shown to
trigger and osteoclast differentiation and which
are highly important in the calcification process.
The importance of this pathway is demonstrated
in OPG-deficient mice which develop severe
osteoporosis, as well as ectopic calcification;
administration of OPG reduces this calcification
(Bucay et al. 1998). The role of RANK-RANKLOPG was shown both in vitro and in vivo, especially in the pathogenesis of renal failure
associated calcification. As opposed to fetuin-A,
OPG plasma levels are increased in patients with
significant calcification, furthermore high level of
OPG may predict cardiovascular calcification in
RF population (Morena et al. 2009). This unique
observation may be explained that OPG is protective and its elevation in a compensation in patients
with extensive disease (Schoppet et al. 2002). The
specific role RANK-RANKL-OPG was demonstrated in a recent study showing high expression
of RANKL in human calcified aortic valves
(Kaden et al. 2004b), and in animal model of RF
associated valve calcification (Shuvy et al. 2008).

Pathogenesis of Renal Failure
Associated Valve Calciﬁcation
Vascular and valve calcification is considered to
be an organized, regulated process comparable to
bone mineralization which involves trans-differentiation of valvular myofibroblasts into osteoblasts. The presence of various components
associated with bone mineralization such as bone
specific proteins in valvular lesions supports this
concept. There are three phases necessary for the
myofibroblast cell to differentiate to form bone.
These phases include first: activation of cell proliferation, second: extracellular matrix synthesis,
third: mineralization of the bone formation.
Several RF associated mediators are involved in
this process: Activation of PTH receptor induces

several osteoblast transcription factors (e.g.
Runx-2) and proteins (e.g. osteopontin and osteocalcin) that stimulate osteoblast maturation.
Runx-2 is crucial in the differentiation of mesenchymal cells to an osteoblastic phenotype, a process that may contribute to AS. Osteopontin and
osteocalcin are the most abundant glycoproteins
produced by osteoblasts, which compose the
organic part of the bone and are essential for
calcification. Hyperphosphatemia is involved in
several phases of calcification: The final step in
the mineralization process for bone formation is
apoptosis. The presence of apoptosis is critical
for bone mineralization. Apoptosis is the final
common pathway necessary for the transition of
the osteoblasts to mineralized bone. Phosphate
induces osteoblast differentiation and apoptosis
of vascular smooth muscle cells, resulting in
calcification. Furthermore, the pro-apoptotic
effect of phosphate is mediated through inhibition of survival pathways.
Conclusion

Most of the risk factors for AS are identical
with the risk factors for atherosclerosis and
may be targeted in patients with AS. However,
it seems that the medical intervention in valve
calcification must take place in very early
stages of the disease and may be ineffective
later. A possible explanation is that in early
stages of the disease the inflammatory features
are more prominent, while in later stages
calcification and bone formation are dominant. The exact timing of medical therapy is
highly important as different processes are
involved in the course of the disease.
Furthermore, defining the mechanistic domain
in every phase and finding specific markers for
disease progression are the foundation to possible therapeutic interventions to counter AS.
The complexity of AS is illustrated in patients
with RF.
Renal failure is a major risk factor for AS
and patients with RF associated calcification
have more severe and rapidly progressive disease than patients with “senile AS”. Renal
failure associated calcification is a complex
process involving different pathways than
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“senile AS”. Apart from the traditional risk
factors and the importance of atherosclerosis,
specific unique metabolic conditions as hyperphosphatemia, elevated PTH and decreased
calcification inhibitors play an important role.
Due to the difference in the pathogenesis of
RF associated AS, RF population may react
differently to medical intervention and therefore any intervention should be evaluated
specifically in the renal failure milieu.
Although patients with RF often have more
advanced disease, targeting the metabolic
abnormalities such is decreasing serum phosphate levels, or preventing hyperparathyroidism, in early stages may halt the rapid course
of AS.

References
Aikawa E, Nahrendorf M, Sosnovik D, Lok VM, Jaffer
FA, Aikawa M, Weissleder R. Multimodality molecular imaging identifies proteolytic and osteogenic activities in early aortic valve disease. Circulation.
2007;115(3):377–86.
Aronow WS, Ahn C, Kronzon I, Goldman ME. Association
of coronary risk factors and use of statins with progression of mild valvular aortic stenosis in older persons. Am J Cardiol. 2001;88(6):693–5.
Bennett BJ, Scatena M, Kirk EA, Rattazzi M, Varon RM,
Averill M, Schwartz SM, Giachelli CM, Rosenfeld
ME. Osteoprotegerin inactivation accelerates advanced
atherosclerotic lesion progression and calcification in
older ApoE−/− mice. Arterioscler Thromb Vasc Biol.
2006;26(9):2117–24.
Bhakta M, Bruce C, Messika-Zeitoun D, Bielak L, Sheedy
PF, Peyser P, Sarano M. Oral calcium supplements do
not affect the progression of aortic valve calcification
or coronary artery calcification. J Am Board Fam Med.
2009;22(6):610–6.
Boon A, Cheriex E, Lodder J, Kessels F. Cardiac valve
calcification: characteristics of patients with
calcification of the mitral annulus or aortic valve.
Heart. 1997;78(5):472–4.
Briand M, Lemieux I, Dumesnil JG, Mathieu P, Cartier A,
Despres JP, Arsenault M, Couet J, Pibarot P. Metabolic
syndrome negatively influences disease progression
and prognosis in aortic stenosis. J Am Coll Cardiol.
2006;47(11):2229–36.
Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J,
Capparelli C, Scully S, Tan HL, Xu W, Lacey DL,
Boyle WJ, Simonet WS. Osteoprotegerin-deficient
mice develop early onset osteoporosis and arterial
calcification. Genes Dev. 1998;12(9):1260–8.

13

Caira FC, Stock SR, Gleason TG, McGee EC, Huang J,
Bonow RO, Spelsberg TC, McCarthy PM, Rahimtoola
SH, Rajamannan NM. Human degenerative valve disease
is associated with up-regulation of low-density lipoprotein receptor-related protein 5 receptor-mediated bone
formation. J Am Coll Cardiol. 2006;47(8):1707–12.
Chan KL, Ghani M, Woodend K, Burwash IG. Casecontrolled study to assess risk factors for aortic stenosis in congenitally bicuspid aortic valve. Am J Cardiol.
2001;88(6):690–3.
Chui MC, Newby DE, Panarelli M, Bloomfield P, Boon
NA. Association between calcific aortic stenosis and
hypercholesterolemia: is there a need for a randomized controlled trial of cholesterol-lowering therapy?
Clin Cardiol. 2001;24(1):52–5.
Cozzolino M, Dusso AS, Slatopolsky E. Role of calciumphosphate product and bone-associated proteins on
vascular calcification in renal failure. J Am Soc
Nephrol. 2001;12(11):2511–6.
Deutscher S, Rockette HE, Krishnaswami V. Diabetes and
hypercholesterolemia among patients with calcific
aortic stenosis. J Chronic Dis. 1984;37(5):407–15.
Drolet MC, Arsenault M, Couet J. Experimental aortic
valve stenosis in rabbits. J Am Coll Cardiol.
2003;41(7):1211–7.
Drolet MC, Roussel E, Deshaies Y, Couet J, Arsenault M.
A high fat/high carbohydrate diet induces aortic valve
disease in C57BL/6J mice. J Am Coll Cardiol.
2006;47(4):850–5.
Faggiano P, Antonini-Canterin F, Baldessin F, Lorusso R,
D’Aloia A, Cas LD. Epidemiology and cardiovascular
risk factors of aortic stenosis. Cardiovasc Ultrasound.
2006;4:27.
Giachelli CM. Vascular calcification: in vitro evidence for
the role of inorganic phosphate. J Am Soc Nephrol.
2003;14(9 Suppl 4):S300–4.
Giachelli CM. Vascular calcification mechanisms. J Am
Soc Nephrol. 2004;15(12):2959–64.
Goodman WG. Vascular calcification in chronic renal
failure. Lancet. 2001;358(9288):1115–6.
Goodman WG. Calcium and phosphorus metabolism in
patients who have chronic kidney disease. Med Clin
North Am. 2005;89(3):631–47.
Gu X, Masters KS. Role of the MAPK/ERK pathway in
valvular interstitial cell calcification. Am J Physiol.
2009;296(6):H1748–57.
Heiss A, DuChesne A, Denecke B, Grötzinger J,
Yamamoto K, Renné T, Jahnen-Dechent W. Structural
basis of calcification inhibition by alpha 2-HS glycoprotein/fetuin-A. J Biol Chem. 2003;278(15):13333–41.
Helske S, Syvaranta S, Lindstedt KA, Lappalainen J, Oorni
K, Mayranpaa MI, Lommi J, Turto H, Werkkala K,
Kupari M, Kovanen PT. Increased expression of elastolytic cathepsins S, K, and V and their inhibitor cystatin C in stenotic aortic valves. Arterioscler Thromb
Vasc Biol. 2006;26(8):1791–8.
Hoagland PM, Cook EF, Flatley M, Walker C, Goldman
L. Case–control analysis of risk factors for presence of
aortic stenosis in adults (age 50 years or older). Am J
Cardiol. 1985;55(6):744–7.

14
Jian B, Jones PL, Li Q, Mohler 3rd ER, Schoen FJ, Levy
RJ. Matrix metalloproteinase-2 is associated with
tenascin-C in calcific aortic stenosis. Am J Pathol.
2001;159(1):321–7.
Jian B, Narula N, Li QY, Mohler 3rd ER, Levy RJ.
Progression of aortic valve stenosis: TGF-beta1 is
present in calcified aortic valve cusps and promotes
aortic valve interstitial cell calcification via apoptosis.
Ann Thorac Surg. 2003;75(2):457–65; discussion
465–56.
Kaden JJ, Dempfle CE, Grobholz R, Tran HT, Kilic R,
Sarikoc A, Brueckmann M, Vahl C, Hagl S, Haase
KK, Borggrefe M. Interleukin-1 beta promotes matrix
metalloproteinase expression and cell proliferation in
calcific aortic valve stenosis. Atherosclerosis.
2003;170(2):205–11.
Kaden JJ, Vocke DC, Fischer CS, Grobholz R, Brueckmann
M, Vahl CF, Hagl S, Haase KK, Dempfle CE,
Borggrefe M. Expression and activity of matrix metalloproteinase-2 in calcific aortic stenosis. Z Kardiol.
2004a;93(2):124–30.
Kaden JJ, Bickelhaupt S, Grobholz R, Haase KK, Sarikoc
A, Kilic R, Brueckmann M, Lang S, Zahn I, Vahl C,
Hagl S, Dempfle CE, Borggrefe M. Receptor activator
of nuclear factor kappaB ligand and osteoprotegerin
regulate aortic valve calcification. J Mol Cell Cardiol.
2004b;36(1):57–66.
Kaden JJ, Kilic R, Sarikoc A, Hagl S, Lang S, Hoffmann
U, Brueckmann M, Borggrefe M. Tumor necrosis factor alpha promotes an osteoblast-like phenotype in
human aortic valve myofibroblasts: a potential regulatory mechanism of valvular calcification. Int J Mol
Med. 2005;16(5):869–72.
Kalpakian MA, Mehrotra R. Vascular calcification and
disordered mineral metabolism in dialysis patients.
Semin Dial. 2007;20(2):139–43.
Kestenbaum B, Sampson JN, Rudser KD, Patterson DJ, Seliger
SL, Young B, Sherrard DJ, Andress DL. Serum phosphate
levels and mortality risk among people with chronic kidney
disease. J Am Soc Nephrol. 2005;16(2):520–8.
Ketteler M, Bongartz P, Westenfeld R, Wildberger JE,
Mahnken AH, Böhm R, Metzger T, Wanner C, JahnenDechent W, Floege J. Association of low fetuin-A
(AHSG) concentrations in serum with cardiovascular
mortality in patients on dialysis: a cross-sectional
study. Lancet. 2003;361(9360):827–33.
Koos R, Brandenburg V, Mahnken AH, Muhlenbruch G,
Stanzel S, Gunther RW, Floege J, Jahnen-Dechent W,
Kelm M, Kuhl HP. Association of fetuin-A levels
with the progression of aortic valve calcification in
non-dialyzed patients. Eur Heart J. 2009;
30(16):2054–61.
Lindroos M, Kupari M, Valvanne J, Strandberg T, Heikkila J,
Tilvis R. Factors associated with calcific aortic valve degeneration in the elderly. Eur Heart J. 1994;15(7):865–70.
Menon V, Gul A, Sarnak MJ. Cardiovascular risk factors in
chronic kidney disease. Kidney Int. 2005;68(4):1413–8.
Miller JD, Chu Y, Brooks RM, Richenbacher WE, PenaSilva R, Heistad DD. Dysregulation of antioxidant
mechanisms contributes to increased oxidative stress

M. Shuvy et al.
in calcific aortic valvular stenosis in humans. J Am
Coll Cardiol. 2008;52(10):843–50.
Moe SM. Uremic vasculopathy. Semin Nephrol.
2004;24(5):413–6.
Mohler ER, Sheridan MJ, Nichols R, Harvey WP, Waller
BF. Development and progression of aortic valve
stenosis: atherosclerosis risk factors – a causal relationship? A clinical morphologic study. Clin Cardiol.
1991;14(12):995–9.
Morena M, Dupuy A-M, Jaussent I, Vernhet H, Gahide G,
Klouche K, Bargnoux A-S, Delcourt C, Canaud B,
Cristol J-P. A cut-off value of plasma osteoprotegerin
level may predict the presence of coronary artery
calcifications in chronic kidney disease patients.
Nephrol Dial Transplant. 2009;24(11):3389–97.
Murray TM, Rao LG, Divieti P, Bringhurst FR. Parathyroid
hormone secretion and action: evidence for discrete
receptors for the carboxyl-terminal region and related
biological actions of carboxyl-terminal ligands.
Endocr Rev. 2005;26(1):78–113.
Nagata K, Ohashi K, Nakano T, Arita H, Zong C, Hanafusa
H, Mizuno K. Identification of the product of growth
arrest-specific gene 6 as a common ligand for Axl,
Sky, and Mer receptor tyrosine kinases. J Biol Chem.
1996;271(47):30022–7.
Neves KR, Graciolli FG, dos Reis LM, Graciolli RG,
Neves CL, Magalhaes AO, Custodio MR, Batista DG,
Jorgetti V, Moyses RMA. Vascular calcification: contribution of parathyroid hormone in renal failure.
Kidney Int. 2007;71(12):1262–70.
Ortlepp JR, Pillich M, Schmitz F, Mevissen V, Koos R,
Weiss S, Stork L, Dronskowski R, Langebartels G,
Autschbach R, Brandenburg V, Woodruff S, Kaden JJ,
Hoffmann R. Lower serum calcium levels are associated with greater calcium hydroxyapatite deposition in
native aortic valves of male patients with severe
calcific aortic stenosis. J Heart Valve Dis.
2006;15(4):502–8.
Osman L, Chester AH, Amrani M, Yacoub MH, Smolenski
RT. A novel role of extracellular nucleotides in valve
calcification: a potential target for atorvastatin.
Circulation. 2006a;114(1 Suppl):I566–72.
Osman L, Amrani M, Isley C, Yacoub MH, Smolenski RT.
Stimulatory effects of atorvastatin on extracellular nucleotide degradation in human endothelial cells. Nucleosides
Nucleotides Nucleic Acids. 2006b;25(9–11):1125–8.
Otto CM, Lind BK, Kitzman DW, Gersh BJ, Siscovick
DS. Association of aortic-valve sclerosis with cardiovascular mortality and morbidity in the elderly [comment]. N Engl J Med. 1999;341(3):142–7.
Palta S, Pai AM, Gill KS, Pai RG. New insights into the
progression of aortic stenosis: implications for secondary prevention. Circulation. 2000;101(21):2497–502.
Pecoits-Filho R, Lindholm B, Stenvinkel P. The malnutrition, inflammation, and atherosclerosis (MIA) syndrome – the heart of the matter. Nephrol Dial
Transplant. 2002;17 Suppl 11:28–31.
Peltier M, Trojette F, Sarano ME, Grigioni F, Slama MA,
Tribouilloy CM. Relation between cardiovascular risk
factors and nonrheumatic severe calcific aortic steno-

2

Cardiovascular Risk Factors for Calcific Aortic Valve Disease

sis among patients with a three-cuspid aortic valve.
Am J Cardiol. 2003;91(1):97–9.
Pohle K, Maffert R, Ropers D, Moshage W, Stilianakis N,
Daniel WG, Achenbach S. Progression of aortic valve
calcification: association with coronary atherosclerosis and cardiovascular risk factors. Circulation.
2001;104(16):1927–32.
Price PA, Faus SA, Williamson MK. Warfarin causes
rapid calcification of the elastic lamellae in rat arteries
and heart valves. Arterioscler Thromb Vasc Biol.
1998;18(9):1400–7.
Rajamannan NM, Sangiorgi G, Springett M, Arnold K,
Mohacsi T, Spagnoli LG, Edwards WD, Tajik AJ,
Schwartz RS. Experimental hypercholesterolemia
induces apoptosis in the aortic valve. J Heart Valve
Dis. 2001;10(3):371–4.
Rajamannan NM, Subramaniam M, Springett M, Sebo
TC, Niekrasz M, McConnell JP, Singh RJ, Stone NJ,
Bonow RO, Spelsberg TC. Atorvastatin inhibits hypercholesterolemia-induced cellular proliferation and
bone matrix production in the rabbit aortic valve.
Circulation. 2002;105(22):2260–5.
Rajamannan NM, Subramaniam M, Stock SR, Stone NJ,
Springett M, Ignatiev KI, McConnell JP, Singh RJ,
Bonow RO, Spelsberg TC. Atorvastatin inhibits
calcification and enhances nitric oxide synthase production in the hypercholesterolaemic aortic valve.
Heart. 2005a;91(6):806–10.
Rajamannan NM, Subramaniam M, Caira F, Stock SR,
Spelsberg TC. Atorvastatin inhibits hypercholesterolemia-induced calcification in the aortic valves via
the Lrp5 receptor pathway. Circulation. 2005b;112(9
Suppl):I229–34.
Schoppet M, Preissner KT, Hofbauer LC. RANK ligand
and osteoprotegerin: paracrine regulators of bone
metabolism and vascular function. Arterioscler
Thromb Vasc Biol. 2002;22(4):549–53.
Shao JS, Cheng SL, Pingsterhaus JM, CharltonKachigian N, Loewy AP, Towler DA. Msx2 promotes
cardiovascular calcification by activating paracrine
Wnt signals. J Clin Invest. 2005;115(5):1210–20.
Shuvy M, Abedat S, Beeri R, Danenberg HD, Planer D,
Ben-Dov IZ, Meir K, Sosna J, Lotan C. Uraemic
hyperparathyroidism causes a reversible inflammatory
process of aortic valve calcification in rats. Cardiovasc
Res. 2008;79(3):492–9.
Son BK, Kozaki K, Iijima K, Eto M, Kojima T, Ota H,
Senda Y, Maemura K, Nakano T, Akishita M, Ouchi Y.
Statins protect human aortic smooth muscle cells from
inorganic phosphate-induced calcification by restoring
gas6-Axl
survival
pathway.
Circ
Res.
2006;98(8):1024–31.
Stenvinkel P, Ketteler M, Johnson RJ, Lindholm B, PecoitsFilho R, Riella M, Heimburger O, Cederholm T,
Girndt M. IL-10, IL-6, and TNF-alpha: central factors

15

in the altered cytokine network of uremia–the good, the
bad, and the ugly. Kidney Int. 2005;67(4):1216–33.
Stewart BF, Siscovick D, Lind BK, Gardin JM, Gottdiener
JS, Smith VE, Kitzman DW, Otto CM. Clinical factors
associated with calcific aortic valve disease.
Cardiovascular Health Study. J Am Coll Cardiol.
1997;29(3):630–4.
Tomson C. Vascular calcification in chronic renal failure.
Nephron Clin Pract. 2003;93(4):c124–30.
Verberckmoes SC, Persy V, Behets GJ, Neven E, Hufkens
A, Zebger-Gong H, Muller D, Haffner D, Querfeld U,
Bohic S, De Broe ME, D’Haese PC. Uremia-related
vascular calcification: more than apatite deposition.
Kidney Int. 2007;71(4):298–303.
Wang AY-M, Woo J, Lam CW-K, Wang M, Chan IH-S,
Gao P, Lui S-F, Li PK-T, Sanderson JE. Associations
of serum fetuin-A with malnutrition, inflammation,
atherosclerosis and valvular calcification syndrome
and outcome in peritoneal dialysis patients. Nephrol
Dial Transplant. 2005;20(8):1676–85.
Weiss RM, Ohashi M, Miller JD, Young SG, Heistad DD.
Calcific aortic valve stenosis in old hypercholesterolemic mice. Circulation. 2006;114(19):2065–9.
Westenfeld R, Schafer C, Kruger T, Haarmann C,
Schurgers LJ, Reutelingsperger C, Ivanovski O,
Drueke T, Massy ZA, Ketteler M, Floege J, JahnenDechent W. Fetuin-A protects against atherosclerotic
calcification in CKD. J Am Soc Nephrol.
2009;20(6):1264–74.
Wilcox JN, Subramanian RR, Sundell CL, Tracey WR,
Pollock JS, Harrison DG, Marsden PA. Expression of
multiple isoforms of nitric oxide synthase in normal
and atherosclerotic vessels. Arterioscler Thromb Vasc
Biol. 1997;17(11):2479–88.
Wilmshurst PT, Stevenson RN, Griffiths H, Lord JR. A
case–control investigation of the relation between
hyperlipidaemia and calcific aortic valve stenosis.
Heart. 1997;78(5):475–9.
Yang X, Fullerton DA, Su X, Ao L, Cleveland Jr JC,
Meng X. Pro-osteogenic phenotype of human aortic
valve interstitial cells is associated with higher levels
of Toll-like receptors 2 and 4 and enhanced expression
of bone morphogenetic protein 2. J Am Coll Cardiol.
2009;53(6):491–500.
Yao Q, Pecoits-Filho R, Lindholm B, Stenvinkel P.
Traditional and non-traditional risk factors as contributors to atherosclerotic cardiovascular disease in endstage renal disease. Scand J Urol Nephrol.
2004;38(5):405–16.
Zebboudj AF, Shin V, Boström K. Matrix GLA protein
and BMP-2 regulate osteoinduction in calcifying vascular cells. J Cell Biochem. 2003;90(4):756–65.

http://www.springer.com/978-1-4471-4131-0

