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Is there a cross talk between aortic valve calcification and bone mineral
density in older adult men and women? A single-center study from Iran
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Abstract

Despite numerous studies, the association between osteoporosis and
aortic valve calcification is not clear. This study aimed to investigate
the relationship between aortic valve calcification and osteoporosis in
an Iranian population over 60. In this cross-sectional study, patients
aged over 60 years referring to the Bone Mineral Densitometry center
of Bagiyatallah Hospital (Tehran, Iran) during 2019-2020 were
evaluated. Trans-thoracic echocardiography was done for all patients
to evaluate the existence of aortic valve calcification. Patients were
compared in two groups with and without osteoporosis (T-score < -
2.5) as well as in two groups with and without aortic calcification. Two-
hundred patients with a mean age of 65.92 + 5.59 years and a mean
body mass index (BMI) of 25.73 + 4.08 kg/m2 were studied (84.5%
female). Patients with osteoporosis (n=104) had lower BMI and
greater frequency of aortic calcification compared to the patients
without osteoporosis (n = 96). Patients with aortic calcification had
higher age, lower BMI, and higher proportion of osteoporosis
compared to the patients without aortic calcification (P<0.05).
According to the results, it is suggested that elderly patients with
osteoporosis and hypertension be evaluated for aortic valve
calcification. This evaluation seems more crucial for older people with
high blood pressure, lower BMI, and osteoporosis. Moreover, patients
with aortic valve calcification could be evaluated for osteoporosis.
Confirming the above results requires further investigation with a
larger sample size.
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Introduction

Aortic valve sclerosis without any stenosis is prevalent in the
elderly. This problem is usually diagnosed accidentally by a
murmur on physical examination, echocardiography, or CT
scan performed for other reasons. This sclerosis can lead to
valve stenosis or can be a sign of increased cardiovascular risk
factors (Freeman & Otto, 2005). Studies with a population
younger than 60 years old showed a prevalence of less than
10% (Coffey et al., 2014). Among the European adults, this
prevalence was 7% in the 35-44 age group, while it was 65% in
the 75-84 age group (Stritzke et al., 2009). According to
previous studies, aortic valve sclerosis occurs in about a quarter
of people over 65 (Freeman & Otto, 2005; Otto et al., 1999).
There are some similarities between the pathogenesis of both
aortic valve sclerosis and atherosclerosis, including high
cholesterol level, obesity, inflammation, smoking, hypertension,
and calcification. Valve calcification exists in more advanced
stages of this disorder (Bossé et al., 2008; O’Brien, 2006;
Pasipoularides, 2016).

The world prevalence of aortic valve calcification is 12.6 million,
with an increasing pattern between 1990 and 2017. This
prevalence was the same among men and women. The highest
prevalence is among the age group over 70 years, and the
mortality due to this disorder is equal to 102700 deaths in one
year alone (2017). Iran is estimated to be among the regions
with a lower-than-average prevalence (Yadgir et al., 2020).
Aortic calcification and atherosclerotic heart disease have some
shared risk factors. However, antihypertensive medications and
statins could not prevent the progression of aortic calcification
(Chan et al., 2010). Impaired level of mineral metabolisms
seems to be associated with aortic valve sclerosis. In the
Cardiovascular Health Study, 0.5 mg/dL decrease in serum
phosphate concentration increased the probability of aortic
valve calcification by 17% (Linefsky et al., 2011). However,
studies have shown no relationship between aortic valve
sclerosis and serum levels of calcium, parathyroid hormone,
and vitamin D (Adeney et al., 2009).
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Moreover, bone density decreases with atherosclerosis
progression, and cardiovascular disease is more common in
people with osteoporosis (Bucay et al., 1998; Jie et al., 1996;
Laroche etal., 2003; Laroche et al., 1994; Stojanovic et al., 2011).
These two diseases have several common risk factors
(Mussolino & Armenian, 2007; Ness & Aronow, 2006; Tekin et
al., 2008; Varma et al., 2008; Yesil et al., 2012). Masoumi et al.
found no association between coronary artery disease and
osteoporosis (Tohodi et al., 2015). Also, it was shown that the
incidence of coronary atherosclerosis was higher in women with
osteopenia and osteoporosis than in women with a good bone
density (Ness & Aronow, 2006; Varma et al., 2008). Yesil's study
evaluated the men and women over 65 years and found that
coronary artery disease is more common in people with
osteopenia and osteoporosis than in people with enough bone
density (Yesil et al., 2012). Moreover, Tekin's study showed that
age is the only important factor in reducing bone density in
postmenopausal women (Tekin et al., 2008).

Despite numerous studies, the association between osteoporosis
and aortic valve calcification is not clear. Hence, this study aimed
to investigate the relationship between aortic valve calcification
and osteoporosis in patients over 60 years who referred to the
bone mineral densitometry center.

Materials and Methods

Study population

Patients aged over 60 years who referred to the Bone Mineral
Densitometry center of Bagiyatallah Hospital (Tehran, Iran)
during 2019-2020 were considered as the sampling frame. All
BMDs were indicated and ordered by a specialist physician.
Patients were included if they were not the known cases of
osteoporosis and had consent to participate. Patients were
excluded if they did not return for the follow-ups. The patients with
chronic renal failure, liver diseases, cardiovascular diseases, and
rheumatoid diseases were also excluded from the study.
Likewise, the patients were excluded in case of chronic
corticosteroid consumption and the history of taking anti-
osteoporosis medications.

Evaluating the Subjects

The patientss BMD was assessed by dual-energy X-Ray
absorptiometry (DXA) in a unique center using the same
equipment (Hologic QDR 4500W bone densitometer,
Marlborough, MA, USA). DXA was evaluated in the two lumbar
spine and proximal femur areas using standard techniques. The
cut-off point of -2.5 for T-score was considered as osteoporosis
(T-score<-2.5). The I-score score between -1 and -2.5 was
considered as osteopenia (Lewiecki et al., 2008).

The patients’ demographic data (age, gender, height, weight, and
body mass index), history of their medications, and the existence
of known underlying diseases (diabetes mellitus, hypertension,
hypothyroidism, and dyslipidemia) were assessed. Patients were
asked about the history of taking calcium supplements and the
regular exercise program.

A fasting sample of five-milliliter blood was obtained from all the
patients. The serum levels of fasting blood glucose, low-density
lipoprotein (LDL), calcium, phosphorus, creatinine, 25-(OH) D,
and parathyroid hormone (PTH) were measured. The vitamin D
kit (Abbott Diagnostics, IL, USA) by a chemiluminescence
microparticle immunoassay method and PTH kit (Roche,
Germany) electrochemiluminescence immunoassay (ECLIA)
method were used. The serum calcium (mg/dL) was measured
using Cresolphthalein complexone, and total serum calcium was
corrected for serum albumin.

A trans-thoracic echocardiography was done for all the patients
to evaluate the existence of aortic valve calcification. All
echocardiograms were done by an expert cardiologist using the
same equipment (Vivid 7 ultrasound machine, GE Medical
Systems, Milwaukee, Wis, and M4S probe). The existence of
calcified aortic valve was assessed by the Simpson’s rule method
in the left lateral decubitus position based on the American
Society of Echocardiography guideline (Lang et al., 2015).

Statistical analysis

The patients’ data were analyzed using the statistical package for
social sciences (SPSS v.21, IBM Co., Armonk, NY, USA). The
patients were divided into two the subgroups of with and without
osteoporosis and also with and without the aortic valve
calcification. The quantitative variables were compared between
the two groups using the independent samples t-test if they had
a normal distribution (approved by one-sample K-S test). The
qualitative variables were compared between the two groups
using the Chi2 and Fisher exact tests. The relative-risk (RR) for
comparing the two groups of patients with and without
osteoporosis, and odds-ratio (OR) for comparing the two groups
of patients with and without aortic valve calcification were
measured. The binary logistic regression analysis with forward
WALD method was used to remove the possible confounding
effect of other variables on the relationship between osteoporosis
and aortic valve calcification. The receiver operating
characteristic (ROC) curve was used to evaluate the accuracy of
the T-score to differentiate the patients with and without aortic
valve calcification. A P-value of less than 0.05 was considered as

statistically significant.

Results

Description of patients’ characteristics
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Table 1. Comparing the patients with and without osteoporosis (spinal or
femoral area) regarding their demographic data, underlying diseases,
risk factors, laboratory data, and the existence of aortic valve

calcification.
Variables Osteoporotic Non-Osteoporotic P value
(N=104) (N=96)
Age,y 66.56 £ 5.76 65.23 +5.36 0.094
Gender, male/female 14/90 17179 0.263
Body mass index, 27.66 + 3.95 29.89 + 3.92 <0.001
kg/m?
Diabetes mellitus 16 (15.4) 19 (19.8) 0.263
Hypertension 28 (26.9) 35 (36.5) 0.147
Systolic blood 12.24 +1.82 12.53 £ 1.89 0.269
pressure, mmHg
Hypothyroidism 11 (10.6) 18 (18.8) 0.101
Dyslipidemia 38 (36.6) 43 (44.8) 0.141
Calcium supplement 0.060
Current using 38 (36.5) 52 (54.2)
Previous using 5(4.8) 5(5.2)
Duration of 4.26 £4.11 5.03+4.40 0.420
using, years
Regular exercise 49 (47.1) 51 (53.1) 0.396
program
Aortic valve 33(31.7) 19 (19.8) 0.039
calcification
Serum 25-OH-D;, 38.55 + 19.53 36.74 £ 16.15 0.479
mg/dL
Serum parathyroid 45.88 + 30.69 49.77 £ 29.82 0.371
hormone, mg/dL
Serum calcium, 9.51£1.17 9.51+1.01 0.960
mg/dL
Serum phosphorus, 3.89 +0.64 3.94+0.79 0.653
mg/dL
Fasting blood 106.02 + 24.61 109.02 + 19.32 0.343
glucose, mg/dL
Low density 120.58 +37.7 110.89 + 36.4 0.067
lipoprotein, mg/dL
Serum creatinine, 1.10 £0.84 1.08 £0.48 0.853

mg/dL

Two-hundred people who referred to the BMD center were
evaluated. The overall mean age of the participants was 65.92 +
5.59 years and their mean BMI was 25.73 + 4.08 kg/m2. Patients
were 15.5% male and 84.5% female, 17.5% of them were known
cases of diabetes mellitus, 31.5% hypertension, 14.5% hypothiro-

-idism, and 39.5% dyslipidemia. Three patients were smokers,
and no patient was a current alcohol consumer.

According to the bone densitometry, the mean T-score was -1.61
+ 1.63 and -1.44 £ 1.12 in the spine and femur areas. The overall
prevalence of osteoporosis (T-Score < -2.5) was 52.0% (45.5%
in the spine area, 22.5% in the femur area, and 16.0% in both
areas). Echocardiographic evaluations showed that 52 patients
(26.0%) had aortic valve calcification.

Comparing the patients with and without osteoporosis

There were no significant differences between the patients with
and without osteoporosis regarding their age and gender.
Although there was no significant correlation between the
patients’ spinal T-score and their age (P=0.234), the patients’
femoral T-score was significantly correlated with their age
(P=0.031, R=-0.153). The mean BMI was significantly lower in
osteoporotic patients compared to the non-osteoporotic subjects
(27.66 vs. 29.89 kg/m2, P<0.001).

Patients with and without osteoporosis had no significant
differences regarding their underlying diseases, systolic blood
pressure, calcium supplementation, and regular exercise
program (P>0.05, Table 1). Osteoporotic patients were more
likely to have the calcified aortic valve than the non-osteoporotic
subjects (31.7% vs. 19.8%, P=0.039, RR=1.603). There were no
significant differences between the patients with and without
osteoporosis regarding their laboratory data (P>0.05, Table 1).
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Figure 1. The receiver operating characteristic (ROC) curve evaluating
the accuracy of the bone mineral densitometry (T-score) in both spinal
and femoral areas to differentiate the patients with and without aortic
valve calcification.
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Seventeen variables were entered into the regression model
comparing the patients with and without osteoporosis. After three
steps, four variables of aortic valve calcification (P=0.044), the
patients’ BMI (P=0.001), serum LDL (P=0.045), and current
calcium supplementation (P=0.030) remained in the regression
model for prediction of osteoporosis (P=0.003, R2=0.253).

Comparing the Patients with and without Aortic Valve
Calcification

There were no significant differences between the patients with
and without aortic valve calcification regarding their age and
gender. The mean BMI was significantly lower in patients with
aortic valve calcification compared to the others (27.81 vs. 29.06
kg/m2, P=0.042). The proportion of known hypertensive patients
was significantly higher in patients with calcified aortic valve
compared to the subjects without aortic valve calcification (46.2%
vs. 25.6% P=0.008). Also, the mean systolic blood pressure was
significantly higher in patients with calcified aortic valve
compared to the subjects without aortic valve calcification
(P=0.035). There were no significant differences between the
patients with and without calcified aortic valve regarding their
other underlying diseases, calcium supplementation, and regular
exercise program (P>0.05, Table 2). There were also no
significant differences between the patients with and without
osteoporosis regarding their laboratory data (P>0.05, Table 2).

Furthermore, the mean T-score in both femoral and spinal areas
were not significantly different between the patients with and
without the calcified aortic valve (P>0.05, Table 3). The
proportion of patients with osteoporosis of the spinal area was not
significantly different between the patients with and without aortic
valve calcification (55.8% vs. 41.9%, P=0.059, OR=1.749). The
proportion of patients with femoral osteoporosis was significantly
higher in patients with the calcified aortic valve than in the people
without aortic calcification (32.7% vs. 18.9%, P=0.034,
OR=2.082). One-hundred and four patients had osteoporosis in
at least one area (femur or spine area). The proportion of patients
having osteoporosis in at least one area was significantly higher
among the patients with the calcified aortic valve compared to the
people without aortic calcification (63.5% vs. 48.0%, P=0.039,
OR=1.884). Also, 32 patients had both femoral and spinal
osteoporosis. The proportion of patients with osteoporosis in both
areas was significantly higher in patients with the calcified aortic
valve than the people without aortic calcification (25.0% vs.
12.8%, P=0.036, OR=2.263, Table 3).

Seventeen variables were entered into the regression model
comparing the patients with and without aortic valve calcification.
After two steps, four variables of osteoporosis (P=0.031), the
patients’ BMI (P=0.021), (P=0.048), and
hypertension (P=0.001) remained in the regression model for
prediction of aortic valve calcification (P=0.037, R2=0.123).

serum PTH

The Relationship between Aortic Valve Calcification and
T-score using the ROC Curve

The ROC curve was created to evaluate the ability of the T-score
to predict the existence of aortic valve calcification. The area
under the curve was 0.438 for spinal T-score and 0.431 for
femoral T-score. None of the T-scores could predict the existence
of aortic valve calcification (P>0.05, figure 1).

Table 2. Comparing the patients with and without aortic valve
calcification regarding their demographic data, underlying diseases, risk
factors, and laboratory data.

Variables Aortic valve calcification P value
Yes (N = 52) No (N = 148)
Age,y 67.19 +5.33 65.47 +5.61 0.050
Gender, maleffemale 10/42 21127 0.388
Body mass index, 27.81 £ 3.56 29.06 +4.21 0.042
kg/m?
Diabetes mellitus 12 (23.1) 23 (15.5) 0.154
Hypertension 24 (46.2) 39 (26.4) 0.008
Systolic blood 12.22 £1.57 12.85 £ 2.46 0.035
pressure, mmHg
Hypothyroidism 7 (13.5) 22 (14.9) 0.805
Dyslipidemia 22 (42.3) 57 (38.5) 0.630
Calcium supplement 0.200
Current using 18 (34.6) 71 (48.0)
Previous using 2(3.8) 8(5.4)
Duration of using, 4.31+£4.30 4.62+4.21 0.794
years
Continues exercise 29 (55.8) 71 (48) 0.333
Serum 25-OH-D;, 37.43 +17.11 37.76 + 0.908
mg/dL 18.32
Serum parathyroid 42.31+£25.30 49.71 £ 0.134
hormone, mg/dL 31.70
Serum calcium, mg/dL 9.59 + 0.44 948 +1.24 0.555
Serum phosphorus, 3.93+0.65 3.91+0.74 0.886
mg/dL
Fasting blood glucose, 105.91 + 18.50 108.03 0.574
mg/dL 23.40
Low density 110.34 + 40.21 117.91 0.205
lipoprotein, mg/dL 36.13
Serum creatinine, 1.02+0.13 1.11+£0.79 0.191
mg/dL
Discussion
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This study evaluated the relationship between the BMD and
aortic valve calcification in a population of over 60 years. The
aortic valve calcification was 11.9% higher in osteoporotic
patients than that in the non-osteoporotic ones. In addition,
osteoporosis was more prevalent in patients with aortic valve
calcification than the others.

Massera et al. showed no association between the patients' BMD
and calcification (aortic valvular, aortic annular and mitral annular
calcifications). In addition, they found no significant difference
between the patients with and without osteoporosis in terms of
calcification. Similar to our results, Massera et al. showed a
relationship between hip osteoporosis and aortic valve
calcification in male patients. Massera et al. study had an older
age (mean age of 76.8 vs. 65.92 years) and a higher proportion
of males (42% vs. 15.5%) compared to the population in our study
(Massera et al., 2017).

Moreover, Rodriguez et al. showed a significant inverse
relationship between hip BMD and the presence of abdominal
aortic calcification. This association was also observed
separately in female patients, but no significant association was
between BMD and aortic calcification in male patients. Patients
in the Rodriguez et al. study had older age (70.5 years), higher
BMI (28.1 kg/m2), and a higher proportion of males (39% males)
than in our study (Rodriguez et al., 2017). Hulbert et al. examined
the association between abdominal aortic calcification and BMD
of three areas (femoral neck, spine, and hip). After five years of
follow-up, the aortic calcification score increased, and the BMD
decreased significantly. The decrease in T-score and increase in
aortic calcification score were not significantly correlated to each
other. Additionally, calcium supplementation (for at least five
years) increased aortic calcification score. Hulbert et al. Found
that calcium supplementation in female and older patients had no
significant effect on BMD and abdominal aortic calcification.
Patients in the Hulbert study were similar to ours in terms of
gender distribution (73% female) and age (mean 65.9 years), but
their patients' BMI was higher than that in the present study (28
kg/m2) (Hulbert et al., 2019). Similarly, Lewis et al. examined
elderly females (mean age of 75 years) and found that patients
with moderate to severe aortic calcification were more likely to
have vertebral fractures in the lumbar area. They also showed
that hip bone density decreases with increasing severity of
abdominal aortic calcification (Lewis et al., 2019). In addition,
Aleksova et al. found an indirect correlation between the
trabecular bone score (TBS) and the abdominal aortic
calcification score in chronic renal failure (Aleksova et al., 2018).

Several studies have examined the calcification of coronary
arteries and calcified plaques of the heart with CT angiography.
Ahmadi et al. showed that coronary artery calcification (Agatston
score) was inversely related to BMD. This association between
coronary artery calcification and BMD was significantly higher in

Table 3. Comparing the patients with and without aortic valve
calcification regarding the bone densitometry resuilts.

Variables Aortic valve calcification P value
Yes (N = 52) No (N = 148)

T-score

Spine area -1.93+£1.49 -1.49 £ 1.66 0.084

Femur area -1.66+1.05 -1.39+1.14 0.908

Osteoporosis

Spine area 29 (55.8) 62 (41.9) 0.059

Femur area 17 (32.7) 28 (18.9) 0.034

At-least one area 33 (63.5) 71 (48.0) 0.039

Both areas 13 (25.0) 19 (12.8) 0.036

menopausal women than in others. The subjects in this study
were 69% male with a mean age of 57 years (Ahmadi et al.,
2018). Similarly, Zhu et al. found that patients with calcified
plaque (in carotid and coronary arteries) were older, had lower
BMD, and were more likely to have hypertension, diabetes, and
dyslipidemia. Also, severe osteoporosis was significantly
associated with calcified plaques (carotid and coronary arteries)
(Zhu et al., 2019). Beckman et al. showed that as coronary artery
calcification increased, cortical bone BMD increased, and central
bone BMD decreased (Beckman et al., 2018). Liu et al. showed
a significant relationship between BMD and the incidence of
calcified plaque in the carotid artery (Liu et al., 2019).

Correspondingly, several studies examined the association of
bone metabolism markers and vascular calcification. Liu et al.
showed that the occurrence of the cardiovascular plaque was
associated with serum levels of bone metabolism markers such
as osteoprotegerin and osteocalcin (Liu et al., 2019). Patients
with calcified plaque (in the carotid and coronary arteries) had
higher osteoprotegerin blood levels and lower blood levels of
leptin and vitamin D than patients without plaques (Zhu et al.,
2019). Similar cellular mechanisms for osteoporosis and vascular
calcification are suggested (Garcia-Gémez & Vilahur, 2020;
Rochette et al., 2019). Osteoporosis medications may help to
treat or prevent the progression of calcification. Also, Alishiri et al.
found that alendronate prescription for 21 weeks in osteoporotic
patients with aortic calcification improves aortic valve gradient
and cardiac enzyme NT-pro-BNP compared to the control group
(Alishiri et al., 2020).

Conclusion

According to the results, a significant relationship between aortic
valve calcification and osteoporosis was observed in older adults.
Hence, it is suggested that elderly patients with osteoporosis and
hypertension be evaluated for aortic valve calcification to prevent
its progression and following aortic valve dysfunction. This evalu-
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-ation seems more crucial for older people with high blood
pressure, lower BMI, and osteoporosis. In addition, patients with
aortic valve calcification could be evaluated for osteoporosis (as
a possible cause or associated disorder) to treat and prevent its
progression. Confirming the above results requires further
investigation and further studies with larger sample size.

What is already known on this subject?

There are some similarities between the pathogenesis of both
aortic valve sclerosis and atherosclerosis, including high
cholesterol level, obesity, inflammation, smoking, hypertension,
and calcification.

What this study adds?

A significant relationship and cross talk between aortic valve
calcification and osteoporosis was observed in older adults.
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