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ÖZET 

AMAÇ: Osteoporoz ve kalp kapağı kalsifikasyonu (KKK), yaşlanan nüfusta ciddi morbidite ve mortaliteye neden olan yaygın 
hastalıklardır. Çalışmamız, menopoz sonrası kadınlarda osteoporoz ve kalp kapağı kalsifikasyonu arasındaki ilişkiyi araştırmak 
üzere planlandı. 

GEREÇ VE YÖNTEM: Son bir yıl içinde kemik mineral yoğunluğu (KMY) ve ekokardiyografi (EKO) yapılan 50-75 yaş arası menopoz 
sonrası hastalar çalışmaya dahil edildi ve lomber omurga (LO) ve femur boynu (FB) KMY ölçümleri ile EKO ölçümleri 
değerlendirildi. KMY ölçümleri normal, osteopeni ve osteoporoz (OO) olarak gruplandırıldı. KKK olan ve olmayan hastalar 
osteopeni ve osteoporoz varlığına göre karşılaştırıldı.  

BULGULAR: Çalışmaya toplam 77 menopoz sonrası kadın dahil edildi. KKK bunların 38'inde (%49,4) tespit edildi. Sadece aort 
kapak kalsifikasyonu (AKK) 33 (43%) hastada, sadece mitral kapak kalsifikasyonu (MKK) 20 (26%) hastada ve hem AKK hem de 
MKK 15 (19%) hastada tespit edildi. Otuz üç AKK'lı hastadan 25'inde (76%) LO OO ve 24'ünde (73%) FB OO vardı. MKK'lı 20 
hastadan 15'inin (75%) LO OO'su ve 15'inin (75%) FB OO'su vardı.  

SONUÇ: Sonuç olarak, düşük kemik kütlesinin menopoz sonrası kadınlarda KKK üzerinde bağımsız ve olumsuz bir etkisi olduğunu 
bulduk. Osteopeni veya osteoporozu olan menopoz sonrası kadınların KKK'nın erken teşhisi için uyarılması ve yönlendirilmesi 
gerektiğini sonucuna vardık.  

Anahtar Kelimeler: kardiyovasküler risk faktörleri, koruyucu kardiyoloji, kapak hastalıkları, kemik mineral yoğunluğu, 
postmenopozal kadın 
 

ABSTRACT 
OBJECTIVE: Osteoporosis and heart valve calcification (HVC) are common diseases that cause serious morbidity and mortality in 
the aging population. Our study was planned to investigate the relationship between osteoporosis and HVC in postmenopausal 
women.  

MATERIALS AND METHODS: Postmenopausal patients aged 50-75 years who had bone mineral density (BMD) and 
echocardiography (ECO) within the last year were included in the study and lumbar spine (LS) and femoral neck (FN) BMD 
measurements and ECO measurements were evaluated. BMD measurements were grouped as normal, osteopenia and osteoporosis. 
Patients with and without HVC were compared according to the presence of osteopenia and osteoporosis. 

RESULTS: A total of 77 postmenopausal women were included in the study. HVC was detected in 38 (49.4%) of them. Only aortic 
valve calcification (AVC) was detected in 33 (43%) patients, only mitral valve calcification (MVC) was detected in 20 (26%) patients 
and both AVC and MVC were detected in 15 (19%) patients. Of the 33 patients with AVC, 25 (76%) had LS osteopenia/osteoporosis 
(OO) and 24 (73%) had FN OO. Of the 20 patients with MVC, 15 (75%) had LS OO and 15 (75%) had FN OO. 

CONCLUSION: In conclusion, we found that low bone mass has an independent and negative effect on HVC in postmenopausal 
women. We concluded that postmenopausal women with osteopenia or osteoporosis should be warned and referred for early 
diagnosis of HVC. 

Keywords: cardiovascular risk factors, preventive cardiology, valve disease, bone mineral density, postmenopausal women 
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INTRODUCTION 
Osteoporosis and heart valve calcification (HVC) are 

prevalent conditions that result in considerable morbidity 

and mortality among the elderly population. Osteoporosis 

is a skeletal disorder marked by reduced bone mineral 

density (BMD), degradation of bone architecture, and 

heightened incidence of fractures.1 Menopause, defined as 

the natural cessation of the menstrual cycle, is the most 

important factor in BMD decrease and is measured 

standardly using dual-energy X-ray absorptiometry 

(DEXA).2,3 Mitral valve calcification (MVC) is a condition 

characterized by calcium accumulation in the mitral valve or 

annulus.4 It is one of the most common pathologies seen in 

cardiac imaging techniques. Although there are findings 

that it begins with endothelial damage and lipid infiltration, 

its pathophysiology is not fully understood.5,6 While 

treatment cannot be predicted in the initial and progressive 

stages of the process, treatment is attempted with surgical 

or percutaneous methods in the advanced stages.7-9 Aortic 

valve calcification (AVC) has been the subject of many 

studies because it is frequently seen together with coronary 

artery diseases and hypertension.10 It has been shown that 

it has pathophysiological similarities with the development 

of MVC; in addition, mechanical stress is thought to initiate 

inflammation.7,11 Growing data indicates that HVC is 

negatively correlated with BMD, independent of age and 

other clinical risk factors.12 Histopathological analyses 

indicate that valve and annular calcification display features 

akin to bone development and remodelling. This indicates 

that this form of ectopic calcification is associated with 

bone metabolism and control.5,6,13 Numerous population-

based investigations have demonstrated the correlation 

between bone health and extra skeletal calcification.12,14 

Reduced (BMD) has been correlated with an increased 

incidence of calcification in the mitral and aortic valves.15-18 

In a previous study, BMD T-score was shown to be an 

independent variable for HVC in women, but such a 

connection could not be detected in men.18 There are 

studies showing that women with low bone mass are at 

greater risk for the presence of cardiovascular diseases 

(mostly abdominal aortic calcification or coronary heart 

disease).19-21 However, the number of studies on valve 

calcification is few. 

Accelerated BMD loss in the postmenopausal period is well 

known. To our knowledge, there is no study examining the 

relationship between BMD and aortic/mitral valve 

calcification using DEXA and electrocardiography (ECO), 

focusing on postmenopausal women. In this context, we 

aimed to investigate the relationship between BMD and 

valve calcifications in postmenopausal women 

MATERIAL & METHODS 

This retrospective study was conducted at Medical Park 

Hospital between September 2023 and September 2024. 

The study protocol was approved by University of Mudanya 

Clinical Research Ethics Committee (No.2024-04). All 

procedures were carried out in accordance with the 

principles of the Helsinki Declaration of the World Medical 

Association. The records of postmenopausal female 

patients between the ages of 50 and 75 who were followed 

up in cardiology and physical medicine and rehabilitation 

(PMR) clinics were scanned. Among patients who had BMD 

and ECO scanned in the last year, those with rheumatic 

heart disease, hypertrophic obstructive cardiomyopathy, 

previous myocardial infarction, oncological diseases, 

diseases affecting bone and mineral metabolism 

(hyperparathyroidism, significant thyroid dysfunction, 

chronic renal failure, or adrenal insufficiency), and those 

who had previously received osteoporosis treatment were 

excluded from the study. Seventy-seven patients who met 

the conditions were included in the study. Clinical and 

demographic characteristics including age, gender, body 

mass index, hypertension, diabetes, and 

hypercholesterolemia were recorded. 

 BMD (g/cm²) measures of the lumbar spine (LS) (L1–L4) and 

femoral neck (FN) were evaluated using DEXA (QDR-4500W; 

Hologic, Bedford, MA, USA). The anteroposterior spine 

measurement was conducted from the L1 to L4 vertebrae. 

Patients were categorized based on their T score values as 

having osteoporosis, osteopenia, or being normal, in 

accordance with the World Health Organization's diagnostic 

criteria for osteoporosis established in 1994.22 The T-score 

reflects the disparity between the patient's BMD and the 

average BMD of healthy young adults, adjusted for sex and 

ethnicity. Osteoporosis was diagnosed when the individual 

T-score value was ≤-2.5 at the spine or hip; a T-score 

between -2.5 and -1 was defined as osteopenia; and a T-

score ≥-1 was considered normal or healthy. 

ECO measurements of the patients were performed 

routinely in the cardiology outpatient clinic by the 

cardiologist at rest in the left decubitus position, with 

parasternal short and long axis images and two-
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dimensional imaging in the apical four-chamber and two-

chamber positions.23 The necessary two-dimensional, M-

mode, colour doppler, PW doppler, and TDI doppler images 

from the parasternal and apical windows were taken and 

measured using a Philips, affinity 50W, Germany device, 2-5 

MHz, specific probe for field studies. All measurements 

were repeated at least three or four times and averaged. 

ECO measurements are performed in the cardiology 

outpatient clinic in accordance with the recommendations 

of the American Society of Echocardiography.24 All Doppler 

echocardiography and Tissue Doppler Imaging 

Echocardiography measurements were made during 

normal respiration. In the apical four-chamber view, the 

structure and calcification of the aortic and mitral valves, 

mitral valve, aortic and tricuspid valve insufficiencies were 

evaluated using colour doppler, and maximum and average 

gradients at the aortic and mitral valve levels were 

evaluated using continuous wave doppler.20 

Echocardiographically, the degree of AVC was determined 

according to Rosenhek scoring. AVC was graded as grade 1 

(no calcification detected), grade 2 (mild calcification, small 

isolated spots) grade 3 (moderate calcification, multiple 

large puncta), and grade 4 (severe calcification, widespread 

calcification involving all valves). MVC score was evaluated 

as presence or absence of calcification. The relationship 

between valve lesions in patients with normal BMD and 

those with osteopenia or osteoporosis was compared and 

evaluated. 

The patients were divided into two groups: those without 

valve calcification (group 1) and those with it (group 2). BMD 

measurements were grouped as normal, osteopenia, and 

osteoporosis. Group 1 and group 2 were compared using 

statistical methods according to the presence of osteopenia 

and osteoporosis. 

Statistical Analysis: The data collected in the study were 

statistically analysed using IBM SPSS version 26.0 software 

(IBM Corp., Armonk, NY, USA). The sample size for this 

study was calculated with a power of at least 80% for each 

variable and a Type I error rate of 5%. The Shapiro-Wilk test 

(n<50) and Skewness-Kurtosis tests were employed to 

assess the normality of the continuous measurements in 

the study. Given the consistent distribution of the values, 

parametric tests were utilized. Descriptive statistics for the 

study variables, presented as mean, standard deviation, 

sample size (n), and percentage (%). The "Independent T-

test" was employed to compare measures based on 

"categorical factors". The "Chi-square test" was employed to 

ascertain the correlations among categorical variables. 

Pearson correlation coefficients were computed to 

ascertain the link between measurements. The level of 

statistical significance was p < 0,05. 

RESULTS 

A total of 77 postmenopausal female patients were 

included in the study. HVC was detected in 38 of them 

(49,4%). The basic characteristics of the patients are shown 

in Table 1 according to the presence or absence of HVC. L1-

4 T score mean values and vitamin D levels were found to 

be statistically significantly (p<0,05) lower in patients with 

HVC. The presence of hypertension was higher in patients 

with HVC had a higher prevalence of hypertension, which 

was statistically significant. There was no difference 

between the groups in terms of other characteristics 

(p>0,05). 

Table.1. Characteristics of patients according to the presence 

or absence of HVC 

 Grup 1 (n=39) 
Grup 2 

(n=38) 
p 

Age, mean ± sd 61,02±8,99 61.72±8,89 >0,05 

Body mass index, mean 

± sd 
26,72±4,98 28,04±4,53 >0,05 

Hypertension, n (%) 17(%43,6) 28(%73,7) <0,05* 

Diabetes, n (%) 6(%15,4) 13(%34,2) >0,05 

Vitamin D level, mean± 

sd 
29,04±9,17 20,58±11,61 <0,05* 

Smoking, n (%) 19 (%49) 18 (%47) >0,05 

Hypercholesterolemia, n 

(%) 
20 (%51) 23 (%61) >0,05 

T score L1-4, mean ± sd -1,14±1,20 -1,73±1,18 <0,05* 

T score femoral neck, 

mean ± sd 
-1,28±0,78 -1,45±0,83 <0,05 

sd: standard deviation 

The distribution of patients in Group 2 according to the 

affected heart valve is given in Table 2. Only AVC was 

detected in 33 patients, only MVC was detected in 20 

patients, and both AVC and MVC were detected in 15 

patients.  LS osteopenia/osteoporosis (OO) was detected in 

25 (76%) of 33 patients with AVC, and FN OO was detected 

in 24 (73%). LS OO was detected in 15 (75%) of 20 MVC 

patients, and FN OO was detected in 15 (75%) (Table 3). 
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Table 2. Distribution of patients according to the presence of 
HVC 

  (n=38, %) 

MVC 20 (26,0%) 

MVC/AVC 15(32,5%) 

AVC 33 (42,9%) 

AVC Grade 1 0 (0,0%) 

AVC Grade 2 31 (40,3%) 

AVC Grade 3 2 (2,6%) 

AVC Grade4                                            0 (0,0%) 

HVC: heart valve calcification MVC: mitral valve calcification AVC: 
aortic valve calcification 

 

Table 3. Comparison of patients with AVC and MVC in terms of 
the presence of OO) 

 
AVC (n=33) 
n (%) 

MVC (n=20) 
n (%) 

p 

LS  
-Normal 
-OO 

 
8(24) 
25(76) 

 
5(25) 
15(75) 

 
<0,05* 

FN  
-Normal 
-OO 

 
9(27) 
24(73) 

 
5(25) 
15(75) 

 
<0,05* 

AVC: aortic valve calcification MVC: mitral valve calcification LS: 
lumbar spine FN: femoral neck OO: osteopenia/osteoporosis 

 

Table 4. Distribution of patients' osteopenic and osteoporotic 
BMD values according to HVC 

 
Grup 1 

(n=39) (n, %) 
Grup 2 

(n=38) (n, %) 
p 

LS T-score     

                      
osteopenia 

22 
(59,5) 

15 (40,5) <0,05* 

                      
osteoporosis 
 

4 (22,2) 14 (77,8) <0,05* 

FN T-score     

                      
osteopenia 

28- 
(57,1) 

21- (42,9) <0,05* 

                      
osteoporosis 
 

0- (0) 6- (100,0) <0,05* 

LS: lumbar spine      FN: femoral neck     HVC: heart valve 
calcification      

 

 

Table 5. AVC and MVC distribution in osteopenic and 
osteoporotic patients 

 
Total 
(n=77) 
n (%)  

HVC + 
n (%) 
n=38 

AVC + 
n (%) 
n=33 

MVC + 
n (%) 
n=20 

LS T-score OO 55(%71) 
29(%53) 
/55 

25(%86) 
/29 

16(%55) 
/29 

FN T-score OO 54(%70) 
27(%50) 
/54 

27 
(%100) 
/27 

15(%56) 
/27 

HVC: heart valve calcification     AVC: aortic valve calcification     
MVC: mitral valve calcification LS: lumbar spine      FN: femoral neck      

The distribution of patients according to HVC status is 

shown in Table 4. There is more osteopenia in the non-HVC 

group than in the HVC group. In the osteoporotic group, the 

number of patients with HVC was found to be statistically 

significantly higher than those without HVC. There was no 

statistically significant difference in HVC in patients with 

normal FN BMD measurements. In the osteopenic patient 

group, the number of patients without HVC was 

significantly higher than those with HVC. In the osteoporotic 

group, the number of patients with HVC was found to be 

statistically significantly higher than those without HVC. 

LS and FN T-score values in 55 of 77 patients (71%) were 

osteopenic or osteoporotic. In the LS OO group, HVC was 

detected in 29 of 55 patients (52%). In the FN OO group, 

HVC was detected in 27 of 54 patients (50%). AVC and MVC 

were detected in 25 of 29 patients in the LS group, and AVC 

and MVC were detected in 16 of 27 patients in the FN group 

(Table 5). 

DISCUSSION 

In our study, we found that the mean values of BMD LS T 

score and FN T score were significantly lower in patients 

with HVC. We determined that the frequency of CVH 

increases as the severity of osteoporosis increases. 

Although many epidemiological and clinical studies have 

been reported showing a significant relationship between 

low BMD values and cardiovascular calcification (coronary 

artery, abdominal aorta), there are few studies on the 

relationship between BMD values and valve 

calcification.10,11,13 

MVC is a condition characterized by calcium accumulation 

in the mitral valve, which controls the blood flow between 

the left atrium and left ventricle in the heart.5 Although 

there are few publications indicating that it is more 

common in women in the postmenopausal period, the 
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pathophysiology of this relationship is not fully 

understood.19,25 According to the literature, its prevalence 

varies between approximately 8% and 15%.25 In our study, 

we found the prevalence of MVC to be 26%. This high result 

seems to be related to the specific patient population we 

selected, considering that MVC is more common in women 

and especially in the postmenopausal period. 

Similarly, fibrocalcific remodelling and thickening begin in 

the aortic valve over time, and severe valve calcification 

occurs with impaired valve movement over time, leading to 

serious stenosis in cardiac output.24 The prevalence of 

calcific aortic stenosis increases with age, and the 

prevalence varies between 9% and 42%.25 Similarly, in our 

study, this rate was found to be 42.9%. We could not find 

many publications discussing the effects of bone 

metabolism changes on AVC in postmenopausal women. 

However, in our study, we found that AVC was higher in 

postmenopausal women who developed osteoporosis. 

It has been suggested that AVC is also affected by 

cardiovascular disease risk factors in the postmenopausal 

period, unlike men and older patients.18 Given that 

estrogen is a recognized factor in elucidating the 

pathophysiology of osteoporosis and cardiovascular 

disease, its insufficiency may also serve as a plausible 

explanation for these associations.17 Moreover, estrogen 

receptor polymorphism, linked to diminished bone mass, 

has been documented in several clinical trials. This shows 

that genetic factors as well as estrogenic factors play a 

role.26 Endothelial damage occurring in areas under 

mechanical stress may lead to an inflammatory response 

infiltrated by macrophages and T cells and lymphocytic 

infiltration, leading to myofibroblasts and preosteoblasts 

producing bone morphogenetic proteins.5 Transforming 

growth factor beta1 (TGF-β1) is a double-acting factor that 

is abundant in bone and promotes bone formation while 

preventing bone destruction.27 TGF-β1, released during the 

destructive activity of osteoclasts, can push bone cells into 

programmed cell death (apoptosis), contributing to a 

decrease in bone mass and, consequently, to the 

development of osteoporosis.27 At the same time, TGF-β1 

plays a critical role in the differentiation of valvular 

interstitial cells into the osteoblast phenotype. This may 

signal the beginning of the valve calcification process.28 

While TGF-β1, which plays an important regulatory role on 

the differentiation potential of mesenchymal cells, 

promotes cell proliferation at low concentrations with its 

concentration-dependent bimodal effect, these effects are 

not observed at high concentrations.29 In this context, the 

effects of TGF-β1 on both bone tissue and valvular cells 

suggest that it is an important factor in calcification 

processes. Arıcı A et al. In a study conducted by et al., it was 

found that TGF-β1 serum levels in osteoporotic 

postmenopausal women were higher than in non-

osteoporotic women.29 We thought that this might be one 

of the possible reasons for the higher incidence of MVC in 

postmenopausal women. According to another hypothesis, 

Fetuin-A is a calcium-binding protein found in plasma both 

in free form and in complex with matrix gla protein (MGP). 

Fetuin-A, which plays an important role in the inhibition of 

vascular calcification, prevents calcium accumulation in 

vascular tissues by binding calcium ions and calcium 

crystals in the circulation.30 Recent studies have shown that 

there is a connection between low serum fetuin-A levels 

and aortic valve calcification.31,32 Studies revealing the 

relationship between postmenopausal osteoporosis and 

fetuin-A deficiency have revealed findings that, when 

evaluated in terms of bone mineralization, it can be used as 

a biochemical parameter in the diagnosis and treatment of 

postmenopausal osteoporosis.33 

Vitamin D, a recognized element, also beneficially 

influences calcium metabolism and bone density.34 Vitamin 

D mitigates myocardial ischemia-reperfusion injury and 

reactive oxygen species, while exerting beneficial effects on 

inflammation and thrombosis.35,36 Moreover, reduced levels 

of 25(OH)D facilitate atherosclerosis, persistent 

inflammation, endothelial impairment, and arterial 

calcification.37 Various studies demonstrate the impact of 

vitamin D insufficiency on the inflammatory process, a 

mechanism contributing to atherosclerosis.34,38 Our findings 

revealed that vitamin D levels were markedly deficient in 

the patient cohort exhibiting valve calcification. We thought 

that low vitamin D levels might influence the inflammation 

process in the valves through a similar mechanism. 

We assume that osteoporosis will increase much more, 

especially with longer life spans, and that it will also be 

effective in increasing the prevalence of calcific heart valve 

diseases. For this reason, we think that women who have 

gone through menopause should have BMD measured at 

regular intervals, which is a simple and inexpensive 

method, and taking early precautions against possible 
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osteoporosis would be beneficial in preventing possible 

calcific valve diseases. 

Limitations of our study; It is cross-sectional, the number of 

patients is small, and estrogen levels are not measured. 

CONCLUSION 

In conclusion, we found that in postmenopausal women, 

low BMD has an independent and negative impact on CVH. 

We reasoned that there may be a common 

pathophysiological mechanism for low BMD and CVH. We 

concluded that postmenopausal women with osteopenia or 

osteoporosis should be warned and guided for the early 

diagnosis of CVH. 
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