
  Introduction 
 Th e prevalence of aortic valve stenosis among adults ages 65 
and older in the United States is estimated at 2%, and increases 
with age.  1   Its pathogenesis involves calcifi cation of a normally 
supple valve into a stiff  and stenotic one. Aortic valve calcifi cation 
has been viewed as a passive process of calcium and phosphate 
ion crystallization onto lipids already deposited on the valve.  2   
However, recent data suggest that valvular calcifi cation, like 
vascular calcifi cation, includes a regulated process of active bone 
formation with the identifi cation of skeletal bone matrix proteins—
osteopontin, osteocalcin, osteonectin, bone morphogenetic 
protein (BMP)-2 and BMP-4  3–5  —and identifi cation of cells with 
osteoblast-like properties  6   from calcifi ed valves. Elucidation of 
the molecular mechanisms and regulators of valvular calcifi cation 
are areas of active research.  7   

 Mohler et al. reported the prevalence and pathology of 
heterotopic bone formation and calcifi cation in 347 cardiac 
valves (256 aortic and 91 mitral) excised from 324 consecutive 
patients requiring valve replacement surgery.  8   Th irteen percent 
demonstrated valvular bone formation with active bone remodeling 
and neoangiogenesis and 83% contained dystrophic calcifi cation. 
In another large surgical series valvular bone metaplasia was 
also observed in 10.9% (128 of 1,177).  9   Th e presence of valvular 
bone formation suggested the possibility that this process may 
be subject to factors that aff ect skeletal bone in general. However, 
there were no signifi cant associations between patients with and 
without valvular bone formation.  8   We noted that all of the valves 
with ossifi cation were calcifi ed and the majority (92%) were 
derived from aortic valves. Th e objective of the present study 
is to re-examine subject and disease characteristics among the 
subset of patients with calcifi ed, stenotic aortic valves in order 
to identify factors associated with valvular bone.   

 Methods 
 Th e current study was limited to patients undergoing aortic valve 
excision due to aortic valve stenosis within the 1994–1998 cohort 

at the University of Pennsylvania Medical Center and Presbyterian 
Hospital, as previously described by Mohler et al.  8   Of the 256 
aortic valves, 48 were excised due to aortic valve insuffi  ciency, 
one due to idiopathic hypertrophic subaortic stenosis, and two in 
subjects with end-stage renal disease. Medical records were not 
available in an additional 10 subjects. Th is study describes the 
remaining 195 patients with aortic valve stenosis, whose inpatient 
medical charts at the time of valve surgery were reviewed. Th e 
study was approved by the Investigational Review Board for 
Human Studies at the University of Pennsylvania. 

 Microscopic analysis of valves was performed by three 
pathologists, as previously reported.  8   Briefl y, all specimens 
were formalin-fi xed and demineralized with a 10% formic 
acid solution to facilitate sectioning and minimize tissue 
artifact. Th is brief demineralization does not aff ect cellular 
elements such as osteoblasts. Two sections were performed 
on each valve leafl et. All 195 valves contained calcifi cation. 
Foci of lamellar bone identifi ed on polarized light microscopy 
were seen in 30 of the 195 valves. Osteoclasts were identifi ed as 
multinucleated cells located within resorption spaces (Howship’s 
lacunae). Osteoblasts were identifi ed as polygonal cells actively 
forming matrix (active osteoblasts). Size of bone foci was not 
measured. 

 Th e medical records were reviewed for factors traditionally 
associated with skeletal bone mineral density for subject 
characteristics including sex, race, age, height, body mass index, 
cigarette smoking, serum creatinine, calcium, and phosphate 
concentrations at the time of the valve excision. Creatinine 
clearance was calculated using the method of Cockroft –Gault.  10   
Conditions associated with presence of aortic stenosis or related 
to its progression, such as hypertension, elevated cholesterol 
(total cholesterol >200 mg/dL), diabetes mellitus, cigarette 
smoking, sex, and age were noted according to the medical chart. 
Medications at the time of valve replacement surgery were also 
recorded including HMG-CoA reductase inhibitor (statin), 
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warfarin, bisphosphonate, systemic glucocorticoid, and hormone 
replacement therapy. In addition, data from echocardiography 
and cardiac catheterization prior to valve replacement surgery 
were abstracted for variables such as aortic valve area,  6   mitral 
regurgitation (MR), and left  ventricular hypertrophy (LVH). 

 In order to quantify bone formation on another cartilaginous 
site, chest radiographs obtained at the time of valve excision 
were retrieved and evaluated by a radiologist for costochondral 
calcifi cation using a fi ve point semi-quantitative scale.  11   Th e 
radiologist was blinded to valvular bone status. Eighteen fi lms 
were randomly chosen for replicate scoring, showing good intra-
observer reliability with a Spearman coeffi  cient of 0.98. Of note, it 
has been argued that the term “calcifi cation,” as applied to costal 
cartilage, is a misnomer and that “ossifi cation” denotes the true 
histopathological state.  11   However, the term “costochondral 
calcifi cation” is retained to avoid confusion, since it is commonly 
used in the literature.   

 Analysis 
 Th e data for dichotomous variables were summarized according 
to the sample proportions in subjects with and without 

valvular bone formation (  Table 1  ). Continuous variables were 
dichotomized by their median values and also summarized 
according to sample proportions (  Table 2  ). Odds ratios (OR) and 
their 95% confi dence intervals (CI) for the association of each 
variable with the presence of valvular bone were computed using 
logistic regression. A type I error rate of 0.05 was used to assess 
statistical signifi cance in the two-sided univariate hypothesis 
tests. Chi-squared tests were used to examine confounding 
between the strongest predictor variables and each of the other 
possible predictors of valvular bone. A multivariate model 
was built using all of the variables that initially had  p -values 
( p ) < 0.10, that were present in at least 95% of the subjects, 
and that did not show evidence of confounding.  12   Finally, 
the association between costochondral ossifi cation and each 
exposure variable was assessed using chi-square tests. 

 STATA version 6.0 statistical soft ware was used for all analyses 
and Power version 1 was used for power calculations. Power 
calculations determined that the sample provided 80% power to 
detect OR’s greater than approximately 3.0 for risk factors that 
were present in 25–50% of the subjects without valvular bone. Th e 
detectable OR increased to 3.9 for risk factors present in only 10% of 

Variable N Bone present % (#) Bone absent % (#) OR 95% CI p

Warfarin use 195 16.7 (5) 3.6 (6) 5.30 1.59, 17.72 0.004

African American versus Caucasian race 192 13.3 (4) 2.5 (4) 6.08 1.56, 23.7 0.006

Left ventricular hypertrophy 165 84.6 (22) 95.0 (132) 0.29 0.083, 1.01 0.052

Diabetes mellitus 195 16.7 (5) 33.3 (55) 0.40 0.15, 1.07 0.069

Female sex 195 26.7 (8) 44.2 (73) 0.46 0.20, 1.07 0.072

Mitral regurgitation 166 59.3 (16) 74.8 (104) 0.49 0.21, 1.14 0.098

Hypertension 195 40.0 (12) 53.9 (89) 0.57 0.26,1.24 0.160

Current cigarette smoking 194 6.7 (2) 16.5 (27) 0.36 0.00, 1.46 0.167

Statin use 195 3.3 (1) 11.5 (19) 0.26 0.00, 1.62 0.174

Coronary artery disease 195 73.3 (22) 61.2 (101) 1.74 0.74, 4.07 0.206

Carotid artery disease 195 6.7 (2) 15.2 (25) 0.4 0.00, 1.62 0.216

Glucocorticoid use 194 3.3 (1) 7.3 (12) 0.44 0.00, 2.75 0.422

Estrogen replacement therapy 81 0 (0) 6.17 (5) 0 0.00, 7.31 0.445

Bicuspid valve (versus tricuspid) 195 26.7 (8) 20.9 (34) 1.40 0.58, 3.32 0.479

Peripheral artery disease 195 10.0 (3) 7.3 (12) 1.42 0.40, 5.03 0.606

Bisphosphonate use 194 0 (0) 0.61 (1) 0 0 0.669

Aortic valve insuffi ciency 157 66.7 (16) 66.2 (88) 1.02 0.41, 2.51 0.962

Table 1. Univariate association of dichotomous variables with the presence of valvular ossifi cation.

Variable N Bone present Bone absent OR* CI p

Height (m) 194 1.71 1.69 2.43 1.09, 5.43 0.030

Creatinine clearance (mL/min) 194 66.43 64.07 1.61 0.74, 3.52 0.234

Body mass index (kg/m2) 116 27.14 26.46 1.70 0.61, 4.77 0.322

Age (years) 195 72.28 73.19 1.36 0.63, 2.93 0.445

Cardiac output (L/min) 174 4.41 4.40 1.21 0.55, 2.69 0.641

Aortic valve area (cm2) 186 0.60 0.65 0.85 0.38, 1.87 0.682

*OR generated after dichotomizing continuous variables by the median value, with the exception of BMI. The OR for BMI represents the comparison of BMI >30 with BMI <25.

Table 2. Univariate association of dichotomized variables with the presence of valvular ossifi cation.
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control subjects. Similarly, protective factors present in 50–75% of 
control subjects could be detected for ORs of approximately 0.3.   

 Results 
 Th e mean age at time of surgery was 71 years (range 21–94 
years). Most subjects were Caucasian (94%) and 58% were 
male. Overall, subjects suff ered signifi cant comorbidities with a 
substantial prevalence of hypertension (52%), diabetes mellitus 
(31%), coronary artery disease (63%), and previous myocardial 
infarction (19%). Sixty-three percent of subjects were overweight 
(BMI > 25 kg/m 2 ) and 23% were obese (BMI > 30 kg/m 2 ). 

 Preoperative values for serum calcium concentration 
were present in only 72% of subjects, phosphorus in 50%, and 
cholesterol in 28%. Due to missing data, these variables were 
excluded from subsequent analyses. Of note, among subjects 
with available data for these variables, there was no evidence of 
association with valvular bone. 

 Univariate analyses comparing the 30 subjects with and 165 
subjects without valvular bone are shown in   Tables 1    and    2  . Th ree 
variables were signifi cantly associated with valvular bone (defi ned 
as  p  < 0.05): warfarin use, African American race, and height. 
Warfarin users were signifi cantly more likely to have valvular 
bone; 5 of 30 subjects with valvular bone took warfarin as opposed 
to 6 of 165 without bone ( p  < 0.01). African Americans were more 
likely than Caucasians to have valvular bone; four of eight African 
Americans had valvular bone, compared with 26 of 184 Caucasian 
subjects ( p  < 0.01). Greater height was associated with increased 
odds of bone ( p  < 0.05); however, height was confounded by sex 
since men were taller than women ( p  < 0.0001), and men were 
marginally more likely to have valvular bone ( p  = 0.07), compared 
with women. Aft er stratifi cation by sex, the association between 
valvular bone and height was no longer signifi cant, and height 
was dropped from further consideration. Finally, LVH, diabetes, 
and MR showed associations with bone within the prespecifi ed 
level ( p  < 0.10) for potential inclusion into a multivariate model. 
Subjects with LVH, MR, or diabetes had lower odds of valvular 
bone. Presence of valvular bone formation did not diff er between 
etiologies of aortic valve stenosis—rheumatic (55%), degenerative 
(18%), bicuspid (23%), bioprosthetic (0.5%) or other (4%). 

 Because warfarin and race appeared to be the strongest 
predictors of valvular bone, bivariate analyses using chi-square 
tests were constructed between these two variables and with 
LVH, diabetes, sex, and MR in order to identify possible residual 
confounding. Th ese analyses showed no signifi cant association 
between warfarin use with race or between either of these variables 
with LVH, diabetes, sex, or MR (all  p  > 0.3). Since data on LVH 
and MR were measured in <95% of subjects, these variables were 
not included in the multivariate analysis. 

 Th e remaining four variables, warfarin use, race, sex, and 
diabetes, were entered into a multivariate logistic regression model. 
All four variables achieved or approached statistical signifi cance, 
so that no modifi cation of the model was attempted (  Table 3  ). In 
the multivariate model, valvular bone remained strongly associated 
with warfarin use and African American race. Female sex and 
diabetes remained protective, but the former was marginally 
signifi cant and the latter approached statistical signifi cance. 

 Chest radiographs were available for 126 of the 195 (65%) 
patients, of whom 21 were cases with valvular bone and 105 
were controls (  Table 4  ). Almost half had no calcifi cation and a 
quarter had moderate to severe calcifi cation. We pooled the three 
most severe categories (mild, moderate, and severe) to avoid 
problems with sparse cells in data analysis. Th e distributions of 

costochondral calcifi cation score did not diff er among patients 
with valvular bone compared to those without valvular bone, nor 
did costochondral calcifi cation scores correlate with warfarin use, 
race, sex, height, or diabetes using Pearson chi-square tests (all 
 p  > 0.18). As expected, subjects with costochondral calcifi cation 
were older versus those without calcifi cation ( p  = 0.012).   

 Discussion 
 Th is exploratory study suggests an association between warfarin 
therapy and African American race with the presence of aortic 
valve bone formation found at the time of valve excision surgery 
for treatment of aortic stenosis. Stewart et al.  13   identifi ed clinical 
risk factors associated with aortic sclerosis or stenosis, many of 
which are atherosclerotic risk factors such as greater age, male 
sex, hypertension, cigarette smoking, lipoprotein(a), low density 
lipoprotein cholesterol, and height. Th ese clinical factors—age, 
gender, height (aft er adjusting for gender), history of hypertension, 
present cigarette smoking, or history of hypercholesterolemia—
did not distinguish subjects with valve bone formation from those 
with calcifi cation only. Th is is not surprising, as determinants 
of valvular ossification may not necessarily be those that 
determine calcifi cation. Our cohort was generally older (mean age 
71 years), male (58%), and had a high prevalence of hypertension 
(52%), cigarette smokers (59% at some point in their lives and 
15% currently), coronary artery disease (63%), and previous 
myocardial infarction (19%), indicating that this cohort had 
similar atherosclerotic risk factors previously associated with 
aortic stenosis.  13,14   Clinical predictors of faster rate of progression 
in aortic stenosis as demonstrated by Palta et. al.  15  —cigarette 
smoking, hypercholesterolemia, serum creatinine, and serum 
calcium—did not diff er between those with and without valvular 
bone formation in the present study, suggesting the possibility 
that presence of valvular ossifi cation did not hasten progression 
of aortic stenosis. 

 Aside from warfarin use and African American race, 
there were 9 potential risk factors for valvular bone formation 

Variable OR 95% CI p

Warfarin therapy versus no warfarin 
therapy

5.7 1.5, 21.3 0.009

African American versus Caucasian 
race

8.3 1.8, 39.0 0.007

Female versus male 0.39 0.15, 0.99 0.047

Diabetes versus no diabetes 0.35 0.12, 1.01 0.052

Table 3. Multivariate analyses of valvular bone.

Degree of costochondral 
calcifi cation

Bone present 
% (#)

Bone absent 
% (#)

None 9 (43) 46 (44)

Minimal 5 (24) 16 (15)

Mild 5 (24) 15 (14)

Moderate 1 (5) 10 (10)

Severe 1 (5) 18 (17)

Total 21 (100) 105 (100)

Table 4. Costochondral calcifi cation and valvular bone.
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whose ORs were >1.0 and  p -values were >0.1. To have 80% 
power to detect a risk factor with an OR of ≥3.0 would require 
prevalence of the factor in the control group <50%. Less than 50% 
prevalence in controls occurred in all but one variable (aortic 
valve insuffi  ciency). Since the ORs were <3.0 in all 9 potential 
risk factors and <2.0 for all except height suggests that the lack 
of association observed did not refl ect a lack of power to detect 
the association, rather the magnitude of the association in these 
variables was less than 3.0. Similarly, for potential protective 
factors against valvular bone formation, aside from diabetes, 
females, left  ventricular hypertrophy, and mitral regurgitation, 
we observed 8 variables that had ORs <1.0, but whose  p -values 
were >0.1. To have adequate power to detect a protective factor 
with an OR of 0.3 would require a prevalence of the factor in the 
controls of at least 50%. Prevalence of at least 50% occurred only 
for aortic valve area. For the remaining variables, prevalence of 
the potential protective factor was 1–17%. Th us, variables such 
as statin, glucocorticoid, estrogen, and bisphosphonate use, may 
indeed have been protective against ossifi cation, but we had poor 
power to detect the association. 

 Due to the cross-sectional design of this study, issues of timing 
between exposure to warfarin therapy and valvular bone formation 
are unknown, i.e., we cannot ascertain whether warfarin therapy 
preceded onset of bone formation. We were unable to obtain 
data on quantitative aspects of warfarin therapy, such as dose, 
duration, and international normalized ratios, as these data were 
not generally documented in the medical chart at the time of 
hospitalization for valve surgery. Such data would be useful in 
clarifying the association in a cross-sectional study; however, if 
such data were collected prospectively, determining the timing 
between exposure and outcome remains unclear, since there is no 
noninvasive, in vivo method to detect the presence of valve bone 
formation. Among patients who took warfarin, the indication was 
usually atrial fi brillation (in 7 patients, and not listed in 4). Atrial 
fi brillation did not confound the association, as this condition did 
not diff er between subjects with and without valvular bone. 

 Importantly, we were unable to assess the eff ect of valvular 
bone formation on rate of progression of aortic stenosis, a 
clinically important aspect of the disease. Although pathologic 
examination of valves was performed without knowledge of 
potential risks factors, the chart review for potential associations 
was not performed blinded to the knowledge of valvular bone. 
Th e true risk associated with warfarin use may have distorted 
due to information bias and may be spurious due to confounding 
factors that were not measured. 

 Although warfarin users and African Americans in this study 
were few in number, association of these factors with valvular 
bone should not be considered invalid solely due to the small 
numbers of subjects, as small sample sizes do not generally lead 
to the problem of statistical type 1 error. Th e possibility of type 1 
error due to multiple comparisons is a threat to the validity of our 
fi ndings, as Bonferonni correction was not employed. However, 
we decided against adjustment for multiple comparisons, as to 
do so would have sharply reduced statistical power to detect 
eff ects of interest in such an exploratory study. We thoroughly 
examined the possibility of confounding for each variable that 
achieved statistical signifi cance and disregarded those variables 
that appeared signifi cant due to confounding.  16   Nevertheless, 
this is the fi rst study to examine potential associations of valvular 
bone formation in a cohort of patients with aortic stenosis, 
and generates hypotheses for possible determinants in future 
prospective studies. 

 Potential mechanisms are considered. Warfarin therapy 
inhibits vitamin K-dependent gamma-carboxylation of 
glutamine residues of a number of proteins, including matrix 
GLA protein (MGP), which is necessary for MGP function. 
MGP is expressed by smooth muscle cells and macrophages 
in the artery wall and is an important inhibitor of vascular 
mineralization.  17   MGP-null mice are born with a cartilaginous 
matrix that replaces the aortic medial layer and progressively 
calcifi es.  18   Th e mechanism of MGP action may be through 
inhibition of BMP-2.  19   In an animal model, warfarin treatment 
accelerated arterial calcifi cation,  20   and bisphosphonate treatment 
abrogated this eff ect.  21   Warfarin therapy in humans was not 
associated with a decrease in markers of bone formation or bone 
resorption,  22   bone mineral density or increased fracture rate in 
humans.  23   In another series of 45 patients undergoing aortic valve 
replacement surgery for aortic stenosis or insuffi  ciency, those 
with prior therapy with warfarin had greater cross sectional area 
of calcifi ed valve versus those without previous warfarin use;  24   
the presence of valvular bone was not reported. As previously 
documented in this cohort of patients, immunohistochemical 
staining of surgically excised aortic valves demonstrated 
BMP-2 expression by myofi broblasts and preosteoblasts in 
foci of ossifi cation.  8   Th erefore, it is intriguing to postulate that 
warfarin therapy promoted valvular bone in patients with aortic 
stenosis via BMP-2-induced diff erentiation of mesenchymal 
cells toward an osteochondrogenic phenotype. Nevertheless, 
the association between warfarin use and valvular ossifi cation 
requires confi rmation in a prospective study. 

 Th e analyses of costochondral calcifi cation were conducted 
in order to determine if subjects with bone formation at one 
cartilaginous site, the aortic valve, might also have bone 
formation at another cartilaginous site, the costal cartilage; 
and whether correlates of valvular bone formation might also 
be associated with bone formation at costal cartilage. We were 
unable to demonstrate these relationships, suggesting that local 
factors contribute to costochondral calcifi cation. Although chest 
radiographs were routinely performed on all patients before 
surgery, only 35% were retrieved, likely because these were 
discarded aft er patient expiration, and thus limiting power to 
fi nd associations. 

 Many questions remain including whether the appearance 
of valvular ossifi cation is an early or late occurrence in the 
natural history of aortic valve stenosis. Does the amount 
of bone continually grow or vary over time? Does valvular 
ossifi cation infl uence the progression of valvular calcifi cation 
and hemodynamically important valve stenosis and if so what is 
the direction of the infl uence?  

  Acknowledgements 
 Th is research was supported by a National Institutes on Aging-
supported Geriatric Clinical Epidemiology Training Fellowship 
(T32AG000253). Th e authors wish to thank Drs. Nancy E. Lane 
and Jay Magaziner for their helpful review of the manuscript.  

  References 
  1.         Otto       CM    ,     Lind       BK    ,     Kitzman       DW    ,     Gersh       BJ    ,     Siscovick       DS     .    Association of aortic-valve sclerosis with 
cardiovascular mortality and morbidity in the elderly   .     N Engl J Med.        1999   ;    341   :    142–147   .   

  2.         Kim       KM     .    Apoptosis and calcifi cation   .     Scanning Microsc.        1995   ;    9   :    1137–1175   ;    discussion 
1175–1178   .   

  3.         Mohler       ER   ,    3rd    ,     Adam       LP    ,     McClelland       P    ,     Graham       L    ,     Hathaway       DR     .    Detection of osteopontin in 
calcifi ed human aortic valves   .     Arterioscler Thromb Vasc Biol.        1997   ;    17   :    547–552   .   

  4.         Srivatsa       SS    ,     Harrity       PJ    ,     Maercklein       PB    ,     Kleppe       L    ,     Veinot       J    ,     Edwards       WD    ,     Johnson       CM    ,     Fitzpatrick    
   LA     .    Increased cellular expression of matrix proteins that regulate mineralization is associated with 



435VOLUME 2 • ISSUE 6WWW.CTSJOURNAL.COM

Ing et al. � Correlates of Valvular Ossifi cation in Patients with Aortic Valve Stenosis

calcifi cation of native human and porcine xenograft bioprosthetic heart valves   .     J Clin Invest.        1997   ; 
   99   :    996–1009   .   

  5.         O’Brien       KD    ,     Kuusisto       J    ,     Reichenbach       DD    ,     Ferguson       M    ,     Giachelli       C    ,     Alpers       CE    ,     Otto       CM     .    Osteo-
pontin is expressed in human aortic valvular lesions   .     Circulation.        1995   ;    92   :    2163–2168   .   

  6.         Mohler       ER   ,    3rd    ,     Chawla       MK    ,     Chang       AW    ,     Vyavahare       N    ,     Levy       RJ    ,     Graham       L    ,     Gannon       FH     .    Identi-
fi cation and characterization of calcifying valve cells from human and canine aortic valves   .     J Heart 
Valve Dis.        1999   ;    8   :    254–260   .   

  7.         Vattikuti       R    ,     Towler       DA     .    Osteogenic regulation of vascular calcifi cation: an early perspective   .     Am J 
Physiol Endocrinol Metab.        2004   ;    286   :    E686–696   .   

  8.         Mohler       ER   ,    3rd    ,     Gannon       F    ,     Reynolds       C    ,     Zimmerman       R    ,     Keane       MG    ,     Kaplan       FS     .    Bone formation 
and infl ammation in cardiac valves   .     Circulation.        2001   ;    103   :    1522–1528   .   

  9.         Steiner       I    ,     Kasparova       P    ,     Kohout       A    ,     Dominik       J     .    Bone formation in cardiac valves: a histopathologi-
cal study of 128 cases   .     Virchows Arch.        2007   ;    450   :    653–657   .   

  10.         Cockcroft       DW    ,     Gault       MH     .    Prediction of creatinine clearance from serum creatinine   .     Nephron.     
   1976   ;    16   :    31–41   .   

  11.         Senac       MO,       Jr    ,     Lee       FA    ,     Gilsanz       V     .    Early costochondral calcifi cation in adolescent hyperthyroi-
dism   .     Radiology.        1985   ;    156   :    375–377   .   

  12.         Hosmer       D    ,     Lemeshow       S     .    Model-Building Strategies and Methods for Logistic Regression   .    In   : 
    Applied Logistic Regression Analysis    .     New York    :    Wiley   ,    2000   :    91–142   .   

  13.         Stewart       BF    ,     Siscovick       D    ,     Lind       BK    ,     Gardin       JM    ,     Gottdiener       JS    ,     Smith       VE    ,     Kitzman       DW    ,     Otto       CM     . 
   Clinical factors associated with calcifi c aortic valve disease. Cardiovascular Health Study   .     J Am Coll 
Cardiol.        1997   ;    29   :    630–634   .   

  14.         Pohle       K    ,     Maffert       R    ,     Ropers       D    ,     Moshage       W    ,     Stilianakis       N    ,     Daniel       WG    ,     Achenbach       S     .    Progression 
of aortic valve calcifi cation: association with coronary atherosclerosis and cardiovascular risk fac-
tors   .     Circulation.        2001   ;    104   :    1927–1932   .   

  15.         Palta       S    ,     Pai       AM    ,     Gill       KS    ,     Pai       RG     .    New insights into the progression of aortic stenosis: implica-
tions for secondary prevention   .     Circulation.        2000   ;    101   :    2497–2502   .   

  16.         Savitz       DA    ,     Olshan       AF     .    Multiple comparisons and related issues in the interpretation of epide-
miologic data   .     Am J Epidemiol.        1995   ;    142   :    904–908   .   

  17.         Shanahan       CM    ,     Proudfoot       D    ,     Farzaneh-Far       A    ,     Weissberg       PL     .    The role of Gla proteins in vascular 
calcifi cation   .     Crit Rev Eukaryot Gene Expr.        1998   ;    8   :    357–375   .   

  18.         Luo       G    ,     Ducy       P    ,     McKee       MD    ,     Pinero       GJ    ,     Loyer       E    ,     Behringer       RR    ,     Karsenty       G     .    Spontaneous 
calcifi cation of arteries and cartilage in mice lacking matrix GLA protein   .     Nature.        1997   ;    386   : 
   78–81   .   

  19.         Bostrom       K    ,     Tsao       D    ,     Shen       S    ,     Wang       Y    ,     Demer       LL     .    Matrix GLA protein modulates differentia-
tion induced by bone morphogenetic protein-2 in C3H10T1/2 cells   .     J Biol Chem.        2001   ;    276   : 
   14044–14052   .   

  20.         Price       PA    ,     Faus       SA    ,     Williamson       MK     .    Warfarin-induced artery calcifi cation is accelerated by growth 
and vitamin D   .     Arterioscler Thromb Vasc Biol.        2000   ;    20   :    317–327   .   

  21.         Price       PA    ,     Faus       SA    ,     Williamson       MK     .    Bisphosphonates alendronate and ibandronate inhibit 
artery calcifi cation at doses comparable to those that inhibit bone resorption   .     Arterioscler Thromb 
Vasc Biol.        2001   ;    21   :    817–824   .   

  22.         Knapen       MH    ,     Hellemons-Boode       BS    ,     Langenberg-Ledeboer       M    ,     Knottnerus       JA    ,     Hamulyak       K    , 
    Price       PA    ,     Vermeer       C     .    Effect of oral anticoagulant treatment on markers for calcium and bone 
metabolism   .     Haemostasis.        2000   ;    30   :    290–297   .   

  23.         Jamal       SA    ,     Browner       WS    ,     Bauer       DC    ,     Cummings       SR     .    Warfarin use and risk for osteoporosis in 
elderly women. Study of Osteoporotic Fractures Research Group   .     Ann Intern Med.        1998   ;    128   : 
   829–832   .   

  24.         Schurgers       LJ    ,     Aebert       H    ,     Vermeer       C    ,     Bultmann       B    ,     Janzen       J     .    Oral anticoagulant treatment: friend 
or foe in cardiovascular disease?        Blood.        2004   ;    104   :    3231–3232   .    


