
Exp Clin Cardiol Vol 18 No 1 2013 e5

Mitral annulus calcification is independently 
associated with all-cause mortality
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Mitral annular calcification (MAC) occurs as a result of the deposi-
tion of atherosclerotic lipids at the attachment area of the mitral 

valve to the mitral annulus, which serves as a nidus for further develop-
ment of the atherosclerotic process. Patients with MAC exhibit a 
higher prevalence of various cardiovascular diseases, such as carotid 
artery stenosis, coronary artery stenosis and peripheral artery stenosis, 
as well as higher levels of beta2-glycoprotein I antibodies (1). In a mul-
tiethnic cohort study (2), MAC and severity of MAC were found to be 
strong and independent predictors of cardiovascular events. After 
adjustment for other cardiovascular risk factors, MAC remained associ-
ated with an increased risk of myocardial infarction and vascular death 
(adjusted HR 1.53 [95% CI 1.09 to 2.15]; P=0.015). In an analysis of 
patients with asymptomatic mild-to-moderate aortic stenosis involved 
in the Aortic Stenosis Progression Observation Measuring Effects of 
Rosuvastatin (ASTRONOMER) study (3), it was demonstrated that 
MAC, independent of age and systolic blood pressure, was more preva-
lent in individuals with a tricuspid aortic valve. MAC is an important 
echocardiographic finding which is significantly associated with valvu-
lar abnormalities. However, the effect of documented MAC on all-
cause mortality is not known. Using a large data base, we evaluated the 
association between MAC and long-term all-cause mortality.

METHODS
A retrospective analysis of 3169 echocardiograms, which were performed 
for clinical reasons in southern California (USA) between 1983 and 
1998 in patients between 16 and 99 years of age, was peformed. Mortality 
data were extracted from the national mortality database at the end 
of 2007. Using uni- and multivariate analysis, associations between 
total mortality and the echocardiographic presence of MAC, docu-
mented in the final report by the interpreting cardiologist, were 
evaluated. Multivariate analysis adjusting for age, left ventricular 
hypertrophy, sex, abnormal left ventricular systolic function and 
significant valvular abnormalities was performed.

All echocardiograms that contained data regarding MAC, and 
all patients with mortality data in the national mortality database 
were included. Echocardiograms were ordered for clinical reasons by 

physicians in southern California for various indications and were per-
formed at the University of California, Irvine Medical Center (Irvine, 
California). Echocardiograms that were included were part of both 
in- and outpatient studies. Echocardiographic findings, including the 
presence of MAC, were based on the final interpretation of the reading 
cardiologists. Echocardiographic parameters recorded in the database 
included pulse, continuous and colour-wave Doppler data, and cardiac 
chamber measurements. The documented final diagnoses were used 
for multivariate analysis. Significant valvular abnormalities included 
in the multivariate analysis included all valvular abnormalities that 
were reported to be at least mild in severity in the final report. Trace 
regurgitations were not included in the multivariate analysis. Fractional 
shortening <25% defined abnormal left ventricular function.

Statistical analysis
The χ2 test was used to evaluate associations between MAC and total 
mortality. Multiple regression analysis was performed to determine the 
relationship between the presence of MAC and mortality, adjusting for 
other echocardiographic abnormalities and clinical risk factors. A Kaplan-
Meier survival curve was constructed for the years analyzed in the present 
study. All analyses were performed using SPSS version 17 (IBM 
Corporation, USA); P<0.05 was considered to be statistically significant.

RESULTS
The age distribution of the patients whose echocardiograms were 
included in the present study is shown in Figure 1. The age of the 
patients included in the present study ranged from 16 to 99 years, with 
the majority being between 50 and 60 years of age. MAC was signifi-
cantly associated with all-cause mortality (174 of 334 [52.1%] patients 
with MAC died versus 709 of 2835 [25.0%] patients without MAC; 
OR 3.26 [95% CI 2.58 to 4.10]; P<0.001). Using multivariate analysis 
adjusting for age, left ventricular hypertrophy, sex, abnormal left ven-
tricular systolic function and significant valvular abnormalities, MAC 
remained independently associated with all-cause mortality (OR 
2.50 [95% CI 1.81 to 3.45]; P<0.001) (Figure 2).
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BaCkgROUnD: Mitral annulus calcification (MAC) is an important  
echocardiographic finding that is significantly associated with valvular 
abnormalities. However, the effect of documented MAC on all-cause mor-
tality is not known. Using a large database, associations between MAC and 
long-term all-cause mortality were evaluated.
METHODS: A retrospective analysis of 3169 echocardiograms, which 
were performed for clinical reasons in southern California between 1983 
and 1998 in patients between 16 and 99 years of age, was performed. 
Mortality data were extracted from the national mortality database at the 
end of 2007. Using uni- and multivariate analysis, associations between 
total mortality and the echocardiographic presence of MAC documented 
in the final report by the interpreting cardiologist were evaluated.

RESULTS: MAC was significantly associated with all-cause mortality 
(174 of 334 [52.1%] patients with MAC died versus 709 of 2835 [25.0%] 
patients without MAC; OR 3.26 [95% CI 2.58 to 4.10]; P<0.001). Using 
multivariate analysis adjusting for age, left ventricular hypertrophy, sex, 
abnormal left ventricular systolic function and significant valvular abnor-
malities, MAC remained independently associated with all-cause mortality 
(OR 2.50 [95% CI 1.81 to 3.45]; P<0.001).
COnCLUSiOn: Using a large echocardiographic database, MAC was 
found to be independently associated with all-cause mortality. This finding 
confirms the importance of an abnormal mitral annulus as an important 
prognostic marker.

key Words: Cardiovascular mortality; Coronary artery disease; 
Echocardiography; Mitral annulus calcification; Mitral valve disease; Mortality 



Ramaraj et al

Exp Clin Cardiol Vol 18 No 1 2013e6

DiSCUSSiOn
The present study found that MAC was significantly associated with 
all-cause mortality (174 of 334 [52.1%] patients with MAC died versus 
709 of 2835 [25.0%] patients without MAC [OR 3.26 (95% CI 2.58 to 
4.10); P<0.001]). Using multivariate analysis adjusting for age, left 
ventricular hypertrophy, sex, abnormal left ventricular systolic func-
tion and significant valvular abnormalities, MAC remained independ-
ently associated with all-cause mortality. In an analysis of nonagenarians 
(4), it was found that women were more likely to have moderate to 
severe MAC- and hypertension-related findings compared with men 
(22% versus 10%). Nearly 17% to 31% of patients with chronic kid-
ney disease have MAC, which is attributed to the presence of inflam-
mation and related to the duration of dialysis (5). Diabetes is an 
important risk factor for MAC in patients with chronic kidney dsiease. 
Patients treated with warfarin have been found to have increased risk 
for MAC, which may be related to the decreased synthesis of the 
matrix Gla protein, a vitamin K-dependent protein and a potent 
inhibitor of tissue calcification (6). In patients younger than 65 years 
of age, MAC was associated with coronary artery disease (CAD) and 
an increased prevalence of hypertension and diabetes mellitus (7). 
MAC has also been associated with an increase in left atrial size meas-
ured using transthoracic echocardiography, which demonstrtates 
reduced left atrial function (8). 

Interestingly, valvular calcification may be found in patients with 
hypovitaminosis D, especially in the elderly and patients with dilated 
cardiomyopathy without marked renal dysfunction. The extent of the 
calcification is strongly associated with the duration of vitamin D defi-
ciency (9). MAC is an independent predictor of myocardial perfusion 
abnormality and CAD, and provides an incremental value over the 
available clinical information (10). Calcium score (assessed according 
to a score of 0 to 10 for diffuse calcification of the aortic valve, mitral 
annulus and aortic root) was associated with the presence of CAD and 
abnormal left ventricle mass (11). Although genome-wide association 
studies have identified a susceptibility locus on chromosome 9p21.3 
that contributes significant attributable risk for myocardial infarction, 
the Heart and Soul Study (12) did not find any association between 
the rs1333049 single-nucleotide polymorphism and echocardiographic 
MAC. This suggests that MAC may be associated with a different locus 
that contributes to the increased incidence of CAD.

MAC has been associated with infective endocarditis and mitral 
regurgitation, which can complicate the prognosis of MAC (13,14). In 
a community-based cohort of elderly patients, kidney disease with a 
glomerular filtration rate <45 mL/min/1.73 m2 and elevated levels of 
cystatin C was associated with the presence of MAC (15). In the 
Study of Health in Pomerania (SHIP) analysis (16), there was a higher 
prevalence of MAC in men with high thyroid-stimulating hormone 

(TSH) levels (9.2% with high TSH levels versus 5.2% with medium 
TSH levels; P<0.05) and, compared with euthyroid men, there was an 
increased adjusted OR for MAC (OR 2.07 [95% CI 1.12 to 3.89]; 
P<0.05). Furthermore, there was an increased prevalence of aortic 
disease in patients with MAC (aortic atheroma [91% versus 44%]; 
P<0.001, atheromas ≥5 mm in thickness [68% versus 19%]; P<0.001, 
protruding atheromas [44% versus 15%]; P<0.001, ulcerated atheromas 
[10% versus 1%]; P<0.001 and complex atheroma [74% versus 22%]; 
P<0.001) (17).

COnCLUSiOn
Using a large echocardiographic database, we found that MAC was 
independently associated with all-cause mortality. Our finding con-
firms the importance of abnormal annulus as an important prognostic 
marker.
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