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Abstract

Original Article

Introduction

Mitral annular calcification (MAC) is a chronic, degenerative, 
and noninflammatory disease of the mitral valve.[1,2] The 
prevalence of MAC increases with age, and MAC most 
frequently occurs in postmenopausal women.[3‑5] Diagnosis is 
made on observing the increase in opacity in the mitral valve 
annulus using transthoracic echocardiography (TTE). MAC 
may result in mitral stenosis, mitral regurgitation, infective 
endocarditis, atrial arrhythmias, and heart block. It is one of 
the known independent risk factors for systemic embolism 
and stroke. MAC severity as measured by the thickness of 
the valve in M mode is linearly correlated with the risk of 
stroke.[6,7] Along with other calcific valvular processes, MAC 
is associated with a high prevalence of risk factors for the 
development of coronary atherosclerosis.[8] Framingham trial, 
which studied the correlation between MAC and cardiovascular 
mortality and morbidity, established that there is a relationship 
between MAC and cardiovascular event, cardiovascular death, 
and all‑cause mortality.[9]

Matrix Gla protein (MGP) is an extracellular matrix protein 
whose synthesis depends on Vitamin K, and it inhibits vascular 
calcification by binding to calcium ions. The primary sites of 
synthesis of this most important protein that regulates vascular 
calcium metabolism are cartilage, lung, heart, kidney, vascular 
smooth muscle cells, and calcific atherosclerotic plaque.[10,11] 
MGP knock‑out mice are characterized by severe vascular 
calcification and die prematurely due to spontaneous aortic 
rupture.[12] In a pilot study, it was found that individuals 
with coronary atherosclerosis, aortic stenosis, and calcific 
uremic arteriolopathy had lower ucMPG levels compared to 
healthy controls.[13] A previously published study determined 
the correlation between MAC and serum uncarboxylated 

Objective: Mitral annular calcification (MAC) is associated with systemic calcification and cardiovascular disease (CVD) events. Matrix 
Gla protein (MGP) is a strong inhibitor of vascular and soft‑tissue calcification and reduced levels of its circulating precursor, uncarboxylated 
MGP (ucMGP), was found associated with vascular calcification in pilot studies. Methods and Results: In this study, which includes 86 
outpatients with no significant coronary artery and chronic kidney diseases, we measured serum ucMGP levels and evaluated MAC using 
echocardiography. In participants with MAC (n = 44), serum ucMGP levels were lower than the control group (n = 42) (216.1 ± 154.1 vs. 
390.2 ± 256.3, P = 0.001, respectively). The patients with MAC were divided into two groups: mild MAC group and moderate MAC group. 
Serum ucMGP levels were significantly lower in the moderate MAC group than the mild MAC group (139.0 ± 121.8 vs. 248.4 ± 156.3, 
P = 0.03, respectively). Conclusions: In patients with MAC, serum ucMGP level was significantly low, and this association has been detected 
for the first time in patients with no significant coronary artery disease (CAD).

Keywords: Matrix gla protein, mitral annular calcification, uncarboxylated matrix Gla protein

Address for correspondence: Dr. Elnur Alizade, 
Department of Cardiology, Tuzla State Hospital, Denizer Street, 34846 

Istanbul, Turkey. 
E‑mail: elnur17@hotmail.com

Access this article online

Quick Response Code:
Website:  
http://www.ijcva.com

DOI:  
10.4103/IJCA.IJCA_7_18

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non-commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Simsek Z, Alizade E, Ibrahimov F, Esen AM. 
The association of uncarboxylated matrix Gla protein with mitral annular 
calcification in patients without significant coronary artery disease. Int J 
Cardiovasc Acad 2018;4:19-22.

The Association of Uncarboxylated Matrix Gla Protein with 
Mitral Annular Calcification in Patients without Significant 

Coronary Artery Disease
Zeki Simsek, Elnur Alizade1, Firdovsi Ibrahimov2, Ali Metin Esen3

Department of Cardiology, Tuzla State Hospital, 1Department of Cardiology, Kartal Kosuyolu Heart Research and Training Hospital, 3Department of Cardiology, 
Memorial Clinic Hospital, Istanbul, Turkey, 2Department of Cardiology, Central Clinic Hospital, Baku, Azerbaijan



Simsek, et al.: The association of uncarboxylated matrix Gla protein with mitral annular calcification

International Journal of the Cardiovascular Academy ¦ Volume 4 ¦ Issue 2 ¦ April-June 201820

MGP  (ucMGP) levels in patients with cardiovascular 
disease  (CVD).[14] The objective of the present study is to 
determine the independent association of serum ucMGP with 
MAC in outpatients with no significant CVD.

Study Design and Methods

Study participants
Between 2008 and 2009, we recruited 44 patients with MAC 
detected by TTE. Forty‑two age and gender‑match, healthy 
volunteers with no medical comorbidities, and receiving 
no cardioactive medications included in the study. Patients 
with rheumatic heart disease, severe/significant coronary 
artery disease  (CAD), chronic renal failure, hypertrophic 
cardiomyopathy, cardiac failure, severe valvular disease, and 
patients under statin therapy were excluded from the study. 
Severe CAD patients were excluded myocardial perfusion 
scintigraphy both MAC and control groups. We performed 
invasive coronary angiography both mild and moderate 
coronary artery patients, which detected by myocardial 
perfusion scintigraphy, and significant  (>70% stenosis in a 
major coronary vessel) CAD patients were excluded from the 
study. Before data collection, written informed consent was 
obtained from each patient, and the study had been approved 
by the appropriate Institutional Ethics Review Committee.

All transthoracic echocardiographic examinations 
were performed using GE Vingmed system 5  (Horten, 
Norway), accompanied by electrocardiogram monitoring. 
Echocardiographic examination was performed in the left 
lateral decubitus position, in accordance with the relevant 
guidelines. Parasternal long and short axes, apical four chamber, 
apical two‑chamber, and apical three‑chamber windows of all 
patients were visualized using two‑dimensional echo and color 
Doppler. Left ventricular end diastolic diameter  (LVEDD), 
left ventricular end systolic diameter  (LVESD), left atrial 
diameter, left ventricular, septal and posterior wall thickness, 
mitral flow velocity pulse, and continuous wave Doppler were 
analyzed. The studies were recorded digitally. After saving the 
echocardiographic data, blood samples were obtained from 
patients and these samples were collected in biochemistry 
tubes with citrate. Samples were incubated for 15 min at room 
temperature. Blood samples were centrifuged at 3000  rpm 
for15 min; serum was separated from the plasma and stored 
at −80°C for the future analysis.

Measurements
Uncarboxylated matrix Gla protein
Serum ucMGP was measured by competitive enzyme‑linked 
immunosorbent assay using VitaK BV  (Maastricht, the 
Netherlands) as previously described.[13] Anti‑ucMGP 
(VitaK BV, Maastricht, The Netherlands) was conjugated 
to the microtiter plate through polyclonal rabbit‑antimouse 
IgG  (Dako, Heverlee, Belgium). After stringent washing, 
5  mL of the serum sample or standard was mixed with 
tracer  (biotinylated peptide consisting of residues 35–54 in 
human MGP), transferred to the microtiter plate, and incubated 

overnight at 4°C. After washing, the plate was incubated with 
streptavidin‑peroxidase (Zymed, Breda, The Netherlands) and 
stained with TMB Microwell Proxidase Substrate Kit (KPL, 
Gennep, The Netherlands). The process was terminated by 
adding H2SO4, and the plate was read at 450 nm. The lower 
limit of detection was 98 nM, and the intra‑assay coefficient 
of variation was 6% and the interassay coefficient was 11%.

Mitral annular calcification
Using GE Vingmed system 5 (Horten, Norway) echocardiograms 
were obtained at rest with all standard two‑dimensional views 
and Doppler images. MAC is defined as an echo‑dense structure 
located at the junction of the atrioventricular groove and the 
posterior mitral leaflet on the parasternal long‑axis, apical 
4‑chamber, or parasternal short‑axis view. MAC was divided 
into three groups according to the degree of calcification; mild, 
moderate, and severe.

Mild – Focal echodensity increase in mitral annulus.

Moderate – Echodensity increase is <½ and more than 1/3 of 
the mitral annulus.

Severe – Calcification more than ½ of the mitral annulus or 
calcification coating left ventricular outflow tract.

Other associated characteristics
Age, sex, race/ethnicity, smoking status, medical history of 
hypertension, diabetes, chronic kidney disease, myocardial 
infarction, angioplasty, coronary bypass, and heart failure were 
all determined by the answers to the patient questionnaire. 
Laboratory measures were made using standard clinical 
chemistry analyzers.

Statistical analysis
The statistical analyses were carried out using the  SPSS 
15.0 software (SPSS Inc., Chicago, IL, USA). Parametric 
variables were expressed as mean  ±  standard deviation; 
while the categorical variables were expressed in percentage. 
Continuous variables outside the normal distribution were 
analyzed using the Mann–Whitney U‑test, while those within 
the normal distribution were analyzed through Student’s t‑test. 
The one‑way analysis of variance test was used to compare 
the categorical variables analyses. P  <0.05 was considered 
statistically significant.

Results

Both groups were similar regarding their demographic 
characteristics. Hypertension prevalence was significantly 
higher in the group with MAC (54.5% and 33.3, P = 0.048). Each 
of the two groups had no significant differences regarding the 
frequency of diabetes mellitus and dyslipidemia. Left ventricular 
hypertrophy was observed significantly more commonly in the 
group with MAC (52.3 and 8.23, P = 0.006). Left atrial diameter 
was significantly larger in the group with MAC (3.3 vs. 3.1, 
P = 0.011). There were no significant differences between the 
two groups regarding LVEDD and LVESD [Table 1]. Serum 
MGP levels were significantly lower in the MAC group 
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(216.1 ± 154.1 vs. 390.2 ± 256.3, P = 0.001, respectively) 
[Table 2]. The relationship between serum MGP and MAC 
grade was evaluated, and it was found that there was an 
increase in the degree of MAC‑associated reduction of serum 
MGP levels [Figure 1].

Discussion

A previously conducted study using the same ucMGP assay 
demonstrated an association between lower ucMGP in people 
with CVD. Our study demonstrated that serum ucMGP levels 
were significantly lower in patients with MAC, and ucMGP 
levels were significantly lower even in the moderate MAC 
group compared to the mild MAC group. This association is 
detected for the first time in patients without significant CAD. 
A similar association was observed between ucMGP and MAC 
but was limited to participants with CAD. We performed 
myocardial perfusion scintigraphy in both MAC and control 
groups to exclude severe CAD. The statistical difference 
between mild and moderate MAC group regarding serum 
ucMGP levels strongly corroborated the correlation between 
serum ucMGP levels and dystrophic calcification.

Previous epidemiological studies evaluating the associations 
of ucMGP with dystrophic calcification have largely been 
limited to populations with end‑stage renal disease and CAD, 
in which lower ucMGP concentrations are associated with 
vascular and valvular calcification and mortality.[15‑19] Here, we 
demonstrate an inverse association of ucMGP with dystrophic 
valvular calcification in a population without severe kidney 
disease and CAD. Together, these data suggest that ucMGP 
may function as an inhibitor of dystrophic calcification in other 
populations and is not limited to persons with end‑stage renal 
disease and severe CAD.

Conclusion

In summary, ucMGLA protein concentrations are inversely 
associated with MAC in people without CAD and severe 
kidney disease. In the context of previous studies, these data 
corroborate the hypothesis that MGP may function as an 

important inhibitor of dystrophic valvular calcification and 
that this function does not require the presence of severe 
CAD, kidney disease, or other traditional cardiovascular 
risk factors. Future studies are required to evaluate whether 
MGP is associated with dystrophic calcification among other 
vascular tissues, whether the results may be generalized to 
individuals without coronary heart disease, and whether 
MGP concentrations may predict longitudinal progression of 
dystrophic calcification. This study adds to a growing body of 
literature demonstrating that serum ucMGP levels affect the 
regulation of cardiac valvular calcification, and this function 
is not different in people without significant CAD.
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