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Abstract
Background—Mitral annular calcification (MAC) is a fibrous, degenerative calcification of the
mitral valve. The relationship between MAC and cardiovascular disease (CVD) risk factors is not
well defined. Thus, we performed a cross-sectional study to determine which CVD risk factors are
independently associated with MAC in the Multi-Ethnic Study of Atherosclerosis (MESA).

Methods—MESA includes 6,814 women and men ages 45–84 years old without apparent CVD
in 4 ethnic groups (12% Chinese, 38% Caucasian, 22% Hispanic, and 28% African-American).
MAC was defined by presence of calcium in the mitral annulus by cardiac computed tomography
at enrollment. Multivariable logistic regression was used to evaluate relationships between MAC
and CVD risk factors.

Results—The overall prevalence of MAC was 9%. The prevalence of MAC was highest in
Caucasians (12%), followed by Hispanics (10%), African Americans (7%) and was lowest in
Chinese (5%). Characteristics associated with MAC included age (p<0.01), female gender
(p<0.01), increased body mass index (BMI) (p=0.03), and former smoking status (p<0.008). The
MAC group had a higher prevalence of hypertension, diabetes mellitus (DM), and family history
of heart attack (all p<0.001). After adjusting for all variables, age, female gender, diabetes
mellitus, and increased BMI remained strongly associated with MAC.

Conclusions—Age, female gender, DM, and increased BMI were significantly associated with
MAC. Prevalence of MAC was strongly associated with female gender and increasing age in all
ethnicities.
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Introduction
Mitral annular calcification (MAC) is a chronic degenerative non-inflammatory process
characterized by calcification of the surrounding fibrous support of the mitral valve.1–3
Several studies demonstrated that MAC was associated with atherosclerotic risk factors4–8
and different forms of atherosclerotic cardiovascular disease including carotid stenosis,
coronary artery disease, and aortic atheroma.1–3,9–11 The relationship between MAC and
cardiovascular disease (CVD) risk factors is not well defined. Cardiac CT is a well-
established tool for the detection of arterial calcium in the coronary vasculature and valvular
calcification such as MAC.12–13 In the current study we assess the relationship between
cardiovascular disease (CVD) risk factors and MAC using cardiac computed tomography
(CT) by analyzing data from a multi-ethnic population based cohort of asymptomatic
individuals.

Methods
The Multi-Ethnic Study of Atherosclerosis (MESA) was initiated in July 2000 to investigate
the prevalence, correlates, and progression of subclinical cardiovascular disease in
individuals without known cardiovascular disease.6 This prospective cohort study includes
6,814 women and men ages 45–84 years old recruited from six U.S. communities
(Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; Northern
Manhattan, NY; and St. Paul, MN). The cohort is comprised of 38% Caucasian (N=2,624),
28% African-American (N=1,895), 22% Hispanic (N=1,492) and 12% Chinese (N=803).

Medical history, anthropometric measurements, and laboratory data for the present study
were taken from the first examination of the MESA cohort (July 2000 to August 2002).
Information about age, gender, race/ethnicity, and medical history were obtained by
questionnaires. Current smoking was defined as having smoked a cigarette in the last 30
days. Former smoking was defined as previous smoking who was not met the criteria of
current smoking. Diabetes mellitus was defined as a fasting glucose > 126 mg/dL or use of
hypoglycemic medications.

Resting blood pressure was measured three times in the seated position using a Dinamap
model Pro 100 automated oscillometric sphygmomanometer (Critikon, Tampa, FL) and the
average of the second and third readings was recorded. Hypertension was defined as a
systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of
prescribed medications for hypertension. Body mass index (BMI) was calculated from the
equation weight (kg)/height (m2).

Total and high-density lipoprotein (HDL) cholesterol were measured from blood samples
obtained after a 12 hour fast. Low-density lipoprotein (LDL) cholesterol was calculated with
the Friedewald equation. C-reactive protein (CRP) was measured usuing the BNII
nephelometer (N High Sensitity CRP; Dade Behring Inc., Deerfield, IL) at the Laboratory
for Clinical Biochemistry Research (University of Vermont, Burlington, VT). Analytical
intra-assay CVs ranged from 2.3 to 4.4% and inter-assay CVs ranged from 2.1 to 5.7%.

After signing informed consent, all participants underwent two CT scans at the same time
for evaluation of coronary artery calcium and MAC. This study was approved by the
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Institutional Review Board at all participating centers. Three sites used an Imatron C-150XL
CT scanner (GE-Imatron, San Francisco, CA) and three sites used a multidetector CT
scanner (four slice). This method has been reported previously8. Image slices were obtained
in the supine position with no couch angulation. A minimum of 35 contiguous images with a
2.5 or 3mm slice thickness were obtained starting above the left main coronary artery to the
bottom of both ventricles. Each scan was obtained in a single breath hold. Section thickness
of 3 mm, field of view of 35 cm, and matrix of 512 × 512 were used to reconstruct raw
image data. The nominal section thickness was 3.0 mm for electron beam CT and 2.5 mm
for four-detector row CT. Spatial resolution can be described by the smallest volume
element, or voxel, for the protocol for each system: 1.15 mm3 for four-detector row CT
(0.68 mm × 0.68 mm × 3.00 mm). MAC was defined by presence of calcium on mitral valve
by CT scan at the enrollment.

Statistical Methods
Demographics and CVD risk factors were compared between those with and without MAC.
Differences in characteristics were compared using ANOVA for continuous variables and χ2

tests for categorical variables. We used logistic regression models to assess the relationship
between each risk factor and the presence of calcium and adjusted for all other risk factors in
the model. The odds ratios we estimate approximate relative risks because our endpoint is
quite rare (prevalence of 9%). The following covariates were used in the multivariable
adjustment: age, gender, body mass index, HDL, LDL, lipid lowering medications, smoking
status, family history of heart attack, hypertension, and diabetes mellitus.

Among those with detectable MAC, the relationship between risk factors and the quantity of
calcification [(ln)Agatston score] was assessed with multi-variable linear regression. The
relationship was expressed as a percent difference in calcification for a given increment in
the risk factor. The ‘Relative Difference’ is the anti-log of the regression coefficient using
log-transformed calcium score as the dependent variable in each multiple linear regression
analysis. Statistical analyses were performed with SPSS 13.0.1 software for Windows (SPSS
Inc, Chicago, Ill) and STATA 10.0 for Windows (Stata Corp, College Station, Tx).

Results
Overall in our study, 644 individuals had MAC (MAC >0) and 6,170 individuals did not
have MAC (MAC =0). The overall prevalence of MAC was 9%. The prevalence of MAC
was highest in Caucasians (12%), followed by Hispanics (10%), African Americans (7%)
and was lowest in Chinese (5%). Table 1 demonstrates the baseline characteristics of the
study population according to absence and presence of MAC. Individuals with MAC were
more likely to be older and women, as seen in figure 1 and 2. Characteristics associated with
MAC included age (p<0.01), female gender (p<0.01), increased BMI (p=0.03), and former
smoking status (p<0.08).

The MAC group had a higher prevalence of hypertension, diabetes mellitus (DM), and
family history of heart attack (all p<0.001) when compared with the absence of MAC group.
There were no statistically significant differences in total cholesterol, LDL cholesterol, or
HDL cholesterol between those with and without MAC. However, lipid lowering
medications were used more in the MAC group. In addition, CRP level was significantly
higher in the MAC group when compared with the absence of the MAC group (p = 0.02).

Table 2 demonstrates the univariate and multivariable adjusted association of risk factors
with presence of MAC. Increasing age (per 10 year) was associated with a 3-fold increase in
the odds of presence of MAC in unadjusted as well as multivariate adjusted analyses. Men
had 29% lower likelihood for MAC than women. As compared to Caucasians, all ethnic
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groups had a lower odds ratio for presence of MAC, however a statistical significance was
not observed among Hispanics.

Among the traditional risk factors, current smoking, increased BMI, and DM remained
significantly associated with presence of MAC in multivariable adjusted analyses (all
p<0.05). In multivariable adjusted analyses, the association of hypertension and family
history of premature heart attack were no longer statistically significant. Additionally, LDL,
HDL, and CRP were also not significantly associated with presence of MAC after taking
into account other risk factors.

Table 3 represents the relative change in calcium between various risk factors and MAC
severity among those prevalent MAC>0. In our study, aging (per 10 years) represented a
65% increase in a unit of log calcium score (RD=1.65, 95% CI 1.34, 2.05), whereas males
were significantly less likely to have an increase in MAC scores (table 3). In addition, a
higher BMI and hypertension represented increased risk of calcium score among those with
MAC>0, whereas no significant association was noted with other risk factors

Discussion
In this prospective cohort study of 6,814 men and women without apparent CVD, the overall
prevalence of MAC was 9%. In prior studies, the prevalence of MAC detected through
transthoracic echocardiography has varied greatly ranging from 4.6% up to 36%.9,11,14–16

However, echocardiography is probably not an ideal method for detection of valvular
calcification because of its relatively low specificity in distinguishing between calcification
and dense collagen. Recent studies have used cardiac CT to determine valvular calcification
including MAC.12,13Allison et al15 used cardiac CT and reported a similar MAC prevalence
to our study, despite the differences in population size and race/ethnicity.

Racial/Ethnic differences in MAC
Caucasians had the highest prevalence of MAC (12%). Caucasians also had the highest
prevalence of coronary artery calcification (CAC) in prior MESA studies17,18 and non-
MESA studies.19,20 Conversely, Chinese had the lowest prevalence of MAC (5%) but had
the second highest prevalence of CAC in MESA.18 Caucasians had higher MAC prevalence
than Hispanics, but both ethnicities did not have statistical difference in association with
MAC (Table 2). Chinese and African Americans were less likely to be associated with MAC
when compared to Caucasians. Racial differences were not only observed in MAC but also
in other valvular calcifications in a prior study.21

Age and Gender difference in MAC
Regarding age, we found that MAC had a higher prevalence in older age groups which has
been observed in previous studies.4–6This finding was observed in all races/ethnicities
(Figure 2) and can be explained by MAC having an underlying component of chronic
degenerative changes associated with age apart from atherosclerosis. Since both processes
increase with aging, we observed a higher prevalence of MAC in the elderly.

As far as gender is concerned, female gender was strongly associated with MAC. Previous
studies also reported that MAC occurs more often in women.4,10In addition MAC is
independently associated with CVD risk factors which were correlated with a higher
prevalence of CAC10,21,22 and cardiovascular mortality.2,23,24 The underlying mechanism
associated with the gender differences observed in various arterial beds is poorly
understood, and further studies are needed to explain this phenomenon.
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Other risk factors in MAC
In addition to age and female gender, other risk factors included DM, increased BMI,
current smoking status and use of lipid lowering medications were significantly associated
with MAC after adjusting for all variables simultaneously. Our study findings are consistent
with prior reports that DM and obesity have been shown to be associated with MAC.4–
6However conflicting data exists regarding the association with other risk factors.

Prior studies have shown that smoking tobacco was not associated with MAC.2,9,11

However, we showed that current smoking status was significantly associated with MAC
after adjusting all risk factors simultaneously. Interestingly, there were no statistically
differences in LDL, HDL, and total cholesterol between those with and without MAC.
However, the MAC group tended to take lipid lowering medications more than the absence
of MAC group did. It is likely that most of patients in MAC group with hyperlipidemia were
taking lipid lowering medications which resulted in controlled lipid profiles. Thus, we did
not find the difference in levels of LDL, HDL, and total cholesterol between MAC and
absence of MAC groups. Conversely, previous studies have observed that hyperlipidemia4–6

and family hypercholesterolemia25 were associated with MAC but did not mention about
taking lipid lowering medications.

Conflicting results regarding association of hypertension and MAC exist. Several studies
have shown that hypertension was associated with MAC2,4–6,15, but some studies did not
reach the same conclusion.9–11 These conflicting findings were not observed in aortic
valvular calcification (AVC) and thoracic aortic wall calcification (TAC) which have shown
to be significantly associated with hypertension in all races/ethnicities.21

We had hypothesized that the development of AVC and TAC were affected with higher
pressure load unlike the development of MAC. Although, the relationship of MAC and
hypertension was not statistically significant in our study, the direction of association was
still in a positive direction. This may be due to our study population being healthier and
having a lower prevalence of hypertension than in previous studies.

Multiple studies documented that atherosclerosis was associated with inflammation.
26,27High levels of various inflammatory markers such as CRP28 and interleukin-629 were
associated with increased risk of future atherosclerotic disease. Takasu et al, recently
described that IL-6 was related to the presence and extent of descending thoracic aortic
calcification in MESA.30 In our study, CRP was not significantly elevated in the MAC
group after adjusting for all CVD risk factors. This can be explained by the fact that
development of MAC, apart from potential underlying atherosclerotic process, is also due to
chronic degenerative non-inflammatory process characterized by calcification of the
surrounding fibrous support of the mitral valve.

Overall, the present study has shown that MAC was associated with the majority of CVD
risk factors. We indirectly conclude that MAC could relate to increase burden of risk factors
and we should emphasize the aggressive primary prevention of CVD in those patients who
have MAC. Interestingly, MAC was strongly associated with female than male gender. We
postulate that MAC could be the important risk factors in addition to conventional risk
factors to predict CVD events especially in female gender, but the future studies are needed
to confirm this conclusion.

Our study findings need to be interpreted in light of the following limitations. As noted
earlier, the MESA sample may not be completely generalizable to the entire population, with
MESA participants tending to be healthier overall than the general population.7Also, overall,
only 12% of our cohort were Chinese, so these estimates are associated with more variance
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than those for the other race/ethnicities. Another limitation is we do not have lipid profile
before being on lipid lowering agents. It would be interesting to compare those values
between MAC and non-MAC group instead of using random lipid profiles (with or without
on lipid lowering agents). We may have seen a positive relationship of hyperlipidemia and
MAC if we had those values.

In conclusion, our study suggested that risk factors of MAC were largely similar to CVD
risk factors in multi-ethnic groups. After adjusting for all variables, age, female gender, DM,
and obesity remained strongly associated with MAC. Whether MAC has prognostic
implications incremental or independent to CAC is being actively investigated in the Multi-
Ethnic Study of Atherosclerosis.
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Figure 1.
Prevalence of MAC according to gender.
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Figure 2.
Prevalence of MAC according to increasing age
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Table 1

Characteristics of MESA absence/presence of MAC

MAC=0 MAC>0 p-value

N 6170 (91) 644 (9)

Age † 61±10 72±9 <0.001

Men 2955 (48) 258 (40) <0.001

Race

  Caucasian 2309 (38) 315 (49)

  Chinese 766 (12) 37 (6) <0.001

  African American 1753 (28) 141 (22)

  Hispanic 1342 (22) 151 (23)

Smoking

  Former 2234 (36) 253 (39) <0.008

  Current 828 (13) 59 (9)

BMI† 28±5 29±6 0.003

Systolic BP† 126±21 135±23 <0.001

Hypertension 2655 (43) 403 (63) <0.001

Diabetes Mellitus 827 (13) 144 (22) <0.001

Family history of heart attack 2438 (40) 296 (46) <0.001

Total cholesterol (mg/dl)† 194±35 195±38 0.439

LDL (mg/dl)† 117±31 115±33 0.09

HDL (mg/dl)† 51±15 52±15 0.08

Lipid lowering meds 479 (8) 165 (15) <0.001

CRP 1.88 [0.83,4.25] 2.21 [0.94,4.40] 0.02

Numbers of patients are indicated for each group and numbers given in parentheses indicate percentages.

†
are given in mean±SD.
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Table 2

Association of Risk Factors with Presence of MAC in unadjusted and multivariate analyses using logistic
regression

Unadjusted Adjusted†

OR (95% CI) OR (95% CI)

Age (per 10 year) 3.34 (3.01–3.71) 3.58 (3.18–4.03)*

Men vs. Women 0.72 (0.62–0.86) 0.71 (0.57–0.87)*

Race

  Caucasian Ref group Ref group

  Chinese 0.35 (0.24–0.50) 0.36 (0.24–0.54)*

  African American 0.59 (0.47–0.72) 0.47 (0.37–0.59)*

  Hispanic 0.82 (0.67–1.01) 0.82 (0.65–1.03)

Smoking

  Former 1.07 (0.90–1.27) 1.01 (0.83–1.23)

  Current 0.67 (0.50–0.89) 1.45 (1.05–1.99)*

BMI (per SD increase) 1.13 (1.04–1.21) 1.32 (1.19–1.47)*

Hypertension 2.21 (1.87–2.62) 1.14 (0.94–1.39)

Diabetes Mellitus 1.86 (1.52–2.27) 1.58 (1.25–1.99)*

Family history of heart attack 1.30 (1.10–1.53) 1.09 (0.91–1.31)

LDL (mg/dl) per SD increase 0.93 (0.85–1.01) 1.01 (0.92–1.310

HDL (mg/dl) per SD increase 1.07 (0.99–1.16) 1.02 (0.92–1.13)

Lipid lowering meds 1.93 (1.59–2.33) 1.32 (1.06–1.64)*

CRP (log transformation) per unit 1.08 (1.00–1.16) 0.96 (0.88–1.05)

†
All variables adjusted simultaneously

*
Indicates statistically significance
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Table 3

Unadjusted and Multivariable estimates of relative difference in calcification associated with each unit
difference in risk factors among people with detectable calcium (i.e. MAC > 0).

Unadjusted Adjusted*

Exp(β) (95% CI) Exp(β) (95% CI)

N=644

Age (per 10 year) 1.41 (1.16, 1.72)* 1.65 (1.34, 2.05)*

Men vs. Women 0.75 (0.55, 1.02) 0.66 (0.48, 0.93)*

Race

  White Ref group Ref group

  Chinese 0.66 (0.34, 1.27) 0.69 (0.35, 1.39)

  Black 0.92 (0.63, 1.35) 0.67 (0.45, 1.00)

  Hispanic 1.34 (0.92, 1.93) 1.11 (0.76, 1.62)

Smoking

  Former 0.94 (0.68, 1.30) 1.03 (0.90, 1.19)

  Current 0.87 (0.52, 1.51) 1.31 (0.76, 2.25)

BMI (per SD increase) 1.28 (1.12, 1.48)* 1.34 (1.12, 1.58)*

Hypertension 1.88 (1.39, 2.56)* 1.60 (1.16, 2.20)*

Diabetes Mellitus 1.55 (1.07, 2.20)* 0.23 (0.15, 0.60)

Family history of heart attack 1.11 (0.82, 1.49) 1.26 (0.86, 1.82)

LDL (mg/dl) per SD increase 0.99 (0.86, 1.14) 0.98 (0.85, 1.14)

HDL (mg/dl) per SD increase 0.83 (0.71, 0.96) 0.84 (0.71, 0.99)

Lipid lowering meds 0.91 (0.65, 1.28) 0.77 (0.54, 1.11)

CRP (log transformation) per unit 1.03 (0.90, 1.19) 0.90 (0.78, 1.03)

For continuous variables, Exp(β) = relative difference in geometric mean MAC score per SD higher level.
For categorical variables, Exp(β) = relative difference in geometric mean MAC score for yes vs no categorical variable.

*
Indicates statistically significance

Atherosclerosis. Author manuscript; available in PMC 2011 December 1.


