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INTRODUCTION

Aortic stenosis (AS) is the most common primary
valvular disease leading to surgery or catheter
intervention in Western countries. Its prevalence has
increased significantly in recent years due to population
aging. Calcific aortic valve disease (CAVD) with
significant stenosis affects 2%-3% of those over 65 years
of age and up to 8% of those over 85 years in Western
countries.
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AS is a slowly progressive disorder with a prolonged
period of asymptomatic latency which eventually leads
to obstruction of critical left ventricular (LV) outflow
tract, necessitating surgical replacement of the valve.?!
Currently, there is no pharmacological approach for the
medical management of AS.P!

Therefore, there is a clear clinical need for new
pharmacological agents to treat AS before the onset
of symptoms to delay the aortic valve intervention
or surgery. To find a suitable pharmacological agent
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at first, we should notice to the pathogenesis of CAVD.
Mechanical stress, endothelial dysfunction, lipid deposition,
inflammation, and oxidative stress play important roles in
its pathogenesis.!! Furthermore, activation of the renin-
angiotensin—aldosterone system™ and genetic factors such
as the gene coding for the synthesis of apolipoproteins
responsible for the individual’s lipid load” affects the
initiation and progression of CAVD. Based on the association
of CAVD and mentioned factors, some clinical studies have
been established. Randomized trials have consistently
shown that statins do not affect the progression of AS.I*"!
Treatment with drugs that block the renin-angiotensin—
aldosterone cascade had a controversial effect in this group
of patients in different studies.[®”

In the other hand, it has been shown that there is an
association between aortic valve calcification and disorders
of calcium and bone metabolism such as end-stage renal
disease and osteoporosis.'*!] Bisphosphonates are used
to treat osteoporosis by blocking bone resorption. In some
studies, bisphosphonates have shown a potential benefit in
slowing the progression of human calcific AS.13*!

In this situation, the eyes notice to remodeling of the
extracellular matrix and calcification of aortic valve as a
target with bisphosphonates to find a possible medical
treatment to slow the progression of CAVD. We, therefore,
investigated the association between the use of osteoporosis
treatment with bisphosphonates and hemodynamic
progression of AS in an observational study.

METHODS

Study setting and participants

In this observational prospective study, we enrolled 37
women more than 60 years old with diagnosis of AS and
concurrent osteoporosis from August 2017 to December
2019. Furthermore, 33 patients with AS but without
osteoporosis were selected as a nontreated group. All
of patients in both groups were recruited from the
Echocardiography Department of Chamran Cardiology
Hospital in Isfahan Province in Iran. We defined AS in
our study as restricted motion in aortic valve leaflets with
at least mild calcification, followed by aortic valve peak
velocities more than 2 m/s and aortic valve area (AVA) <2
cm?.® AVA was calculated from peak velocities at the aortic
valve and LV outflow tract using the continuity equation.
Furthermore, we recruited patients with osteoporosis when
bone mineral density T-score was <-2.5 at either the lumbar
spine or total hip and more than —4.0 at both sites.['¥l Patients
with known bicuspid aortic valve, mitral stenosis, aortic
valve surgery, hyperparathyroidism, serum creatinine
level more than 1.5 mg/dl, LV ejection fraction (LVEF)
<50%, serum 25-hydroxyvitamin D <20 ng/mL, history
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of calcium or phosphate metabolic disorder, and
bisphosphonate use during the last 3 years were excluded
from the study. Furthermore, if an indication for aortic
valve replacement (AVR) was happen or any pathologic
fracture was done, the patients were excluded from
the study. All echocardiographies were done by an
echocardiography specialist who is blinded to the study.
After echocardiography, individuals underwent a complete
examination that included physical examination and
blood sampling for biochemistry measurements. Then, all
patients with osteoporosis undergone with treatment of
alendronate (Osteofos Alborz Darou, Iran) 70 mg every
week and 1000 mg calcium and 400 IU Vitamin D every
day. Appropriate medical management for AS and other
comorbid diseases was done for both the groups. The
nontreated group did not use alendronate or any other
bisphosphonate drugs. All the patients (both the treated
and nontreated groups) were visited every 2 months
and sooner if needed. Echocardiography, biochemistry
measurements, and follow-up were done for about 2 years
for both the nontreated and treated groups.

Ethical issues

This research has been approved and funded by Baqgiyatallah
University of Medical Sciences (project number: 101858).
Ethical approval has been obtained from the Ethical
Committee of Baqgiyatallah University of Medical Sciences.
Before signing informed consent, the project and its aims are
clearly explained to the patients and the confidentiality of
the data is ascertained. Patients receive appropriate medical
management during the study, and they are informed that
discontinuing participation in this study will not interfere
with their medical management.

Statistical analysis

Obtained data were gathered in checklist and entered IBM
SPSS Statistics software (version 22, IBM Corporation,
Armonk, NY, USA) for analysis. The data were expressed
as mean * standard deviation and frequency (percent) for
numericand categorical variables, respectively. The normality
of the distribution of numeric variables was evaluated using
the Kolmogorov-Smirnov test. Differences in numeric and
categorical variables between the treated and nontreated
groups were analyzed using the independent-sample t- and
Chi-square tests, respectively. In the multivariate analysis, to
adjust for potential confounders, analysis of covariance was
carried out. P <0.05 was considered as level of significance.
All statistical analyses were performed by a blind analyzer
about details of the research.

RESULTS

In this study, 173 patients with AS with no need for surgery
were evaluated at the beginning of the study. From these
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patients, 43 patients with inclusion criteria and osteoporosis
were enrolled as a treated group which was treated with
alendronate. Furthermore, 37 patients who fulfilled
inclusion criteria but without osteoporosis were recruited as
anontreated group. All the patients were female in both the
groups. Six patients in the treated group and four patients
in the nontreated group did not complete follow-up due
to different causes and, therefore, were excluded from the
study. The enrollment flowchart is shown in Figure 1.

The mean age in the treated group was 69.59 + 5.97 and
in the nontreated group was 68.72 + 4.04 (P = 0.48). The
mean of follow-up time was 20.89 + 2.73 months in the
alendronate-treated group and 20.84 + 2.76 in the other
group (P = 0.92). There was no significant difference at
baseline characteristics and laboratory tests between the
two groups; however, after adjusting for age, body mass
index (BMI), and follow-up time, a significant difference
was observed between the groups (P < 0.05) for fast blood
sugar [Table 1].

The mean of AVA is 1.46 = 0.35 cm? in the treated group
and 1.57 * 0.33 in the nontreated group (P = 0.22). As
shown in Table 2, all echocardiographic features were
not significantly different in both the groups at baseline.
Furthermore, in the multivariate analysis, after adjusting for
age, BMI, and follow-up time and baseline measurements,
no significant differences were observed between the groups
for echocardiographic features (P > 0.05).

Enrolment

Assessed for eligibility
Female with AS and more than 60
years old without indication for
surgery (n=173)

(Meet exclusion criteria)
(LVEF<50%, BAV, moderate-
to-severe MS)

| Evaluate for osteoporosis |

|

y A4

Osteoporosis*(n = 43) 37 match patient with treated group

Follow up
y N

Lost to follow-up (n = 6) Lost to follow up (n = 4)
(Long distance = 2, indicating for (Long distance = 1, indicating
surgery = 1, noncompliance = 3) for surgery = 1, noncompliance = 2)

y N

Completed the study and analyzed Completed the study and analyzed
n=37 n=33

Figure 1: Study fellow diagram. *Osteoporosis defines as bone mineral density
T-score < —2.5 at either the lumbar spine or total hip and more than -4.0 at
both sites
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Table 3 shows the echocardiographic characteristics of
patients after about 2 years of follow-up and treatment. As
it was shown in the multivariate analysis, after adjusting for
age, BMI, and follow-up time and baseline measurements,
significant differences were observed between the
groups for N-terminal-prohormone of brain natriuretic
peptide (NT-pro-BNP), LV diastolic dysfunction, LVEF,
interventricular septum, mean gradient (MG), pressure
gradient, AVA, and delta-AVA (All P <0.05).

Both AVA and AVA changes (delta-AVA) during 20-month
follow-up were significantly different between the
treated and nontreated groups (P < 0.05). Indeed, AVA
was decreased 0.09 cm? in the alendronate-treated
group; however, it was decreased 0.23 cm? in the other
group (P =0.001).

As shown in Figure 2, the mean of NT-pro-BNP,
as a marker of prognosis in AS patients, was
1258 + 986 (pg/mL) in the treated group at the beginning
of the study and after treatment with alendronate was
significantly decreased (P = 0.01). This marker in the
nontreated group was significantly increased during
follow-up (P = 0.04).

According to the American Heart Association/American
College of Cardiology classification,[™ AS with MG
of <20 mmHg is defined as mild AS, MG between 20 and
39 mmHg as moderate AS, and MG more than 40 mmHg
called severe AS. To this classification, 13 patients in the
treated group and 8 patients in the nontreated group were
classified as mild AS according to their baseline MG of
aortic valve [Table 4].

In our analysis, serum NT-pro-BNP level and delta-AVA
after follow-up were not significantly different between
the groups in mild AS subgroup of patients. However, in
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treated with
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after follow

Figure 2: Changes in serum N-terminal-prohormone of brain natriuretic peptide
level in treated and nontreated groups over time
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Table 1: Basic characteristics of alendronate-treated and nontreated patients

Alendronate treated Nontreated P¢ Adjusted mean L u Adjusted P®
(n=37), n (%) (n=33), n (%) difference
Age (years) 69.59+5.97 68.72+4.04 0.48 - - - -
BMI (kg/m2) 27.07+3.76 28.08+3.50 0.25 - - - -
Follow-up (months) 20.89+2.73 20.84+2.76 0.92 - - - -
Hypertension (%) 16 (43.2) 14 (42.4) 0.94 N - = -
Diabetes mellitus (%) 10 (27) 10 (30.3) 0.76 - - - -
CAD history (%) 24 (64.9) 18 (54.5) 0.38 - - - -
Statin use (%) 33 (89.2) 32 (97) 0.21 - - - -
Beta-blocker use (%) 26 (70.3) 19 (57.6) 0.27 - - - -
ACEI/ARB use (%) 15 (40.4) 14 (42.4) 0.87 - - - -
Hemoglobin (g/dL) 12.87+0.70 12.99+0.83 0.52 -0.11 -0.48 0.27 0.577
Platelet (/ulL) 201.78+49.70 212.36+56.29 0.41 -10.87 -34.90 13.17 0.370
Creatinine (mg/dL) 1.11£0.13 1.39£1.6 0.84 -0.30 -0.85 0.25 0.283
FBS (mg/dL) 106.08+23.13 99.51+13.78 0.44 7.58 0.41 14.74 0.039
Triglyceride (mg/dL) 118.75+28.66 113.69+25.9 0.43 6.15 -6.76 19.07 0.345
LDL-C (mg/dL) 87.48£15.16 85.45+15.61 0.58 1.59 -5.85 9.04 0.671
HDL-C (mg/dL) 47.89+7.48 46.72+5.74 0.47 0.62 -2.54 3.78 0.697
Uric acid (mg/dL) 5.43+0.73 5.19+0.58 0.23 0.27 -0.07 0.60 0.116
ALT (IU/L) 25.24+5.58 24.27+6.16 0.31 0.88 -1.98 3.74 0.540
AST (IU/L) 23.62+5.47 25.93+6.28 0.1 -2.14 -5.06 0.79 0.150
Calcium (mg/dL) 9.06+0.37 9.06+0.36 0.94 0.00 -0.18 0.18 0.971
Albumin (g/dL) 4.06+0.24 4.12+0.24 0.29 -0.05 -0.17 0.07 0.393
Phosphorus (mg/dL) 3.87+0.52 3.77%0.29 0.71 0.09 -0.12 0.30 0.379
PTH (pg/mL) 54.75+10.73 53.12£9.50 0.50 0.22 -4.49 4.92 0.928
Serum Vitamin D level (ng/mL) 43.58+6.57 44.36+10.01 0.69 -1.17 -5.33 2.99 0.577
NT-pro-BNP (pg/mL) 12581986 1053741 0.29 115.39 -305.86 536.63 0.586

BMI=Body mass index; FBS=Fast blood sugar; LDL-C=Low-density lipoprotein; HDL-C=High-density lipoprotein; PTH=Parathyroid hormone; CAD=Coronary artery disease;
ACEI=Angiotensin-converting enzyme inhibitor; ARB=Angiotensin receptor blocker; NT-Pro-BNP=N-terminal-prohormone of brain natriuretic peptide. Data are expressed as
mean+SD and frequency (%) for numeric and categorical variables, respectively. “Based on t/Chi-square test for numeric/categorical variables. *Adjusted for age, BMI, and follow-
up time; L=95% Cl lower bound; U: 95% Cl upper bound. Cl=Confidence interval; SD=Standard deviation; ALT=Alanine aminotransferase; AST=Aspartate aminotransferase

Table 2: Echocardiographic characteristics of patients at baseline

Alendronate treated Nontreated P* Adjusted mean difference L U Adjusted P®
LVDD (mm) 46.27+5.04 46.48+4.43 0.70 -0.11 -2.45 2.24 0.928
LVEF (%) 56.86+4.78 57.03£3.94 0.86 -0.32 -2.40 1.76 0.758
IVS (mm) 11.75+1.90 11.18£1.94 0.19 0.55 -0.41 1.51 0.254
MG (mmHg) 22.81£9.09 24.87+8.04 0.18 -2.90 -6.99 1.19 0.161
PG (mmHg) 39.87+14.82 42.10+11.04 0.48 -3.70 -9.83 2.43 0.233
AVA (cm?) 1.46+0.35 1.57+0.33 0.22 -0.07 -0.23 0.10 0.404

LVDD=Left ventricular diastolic diameter; LVEF=Left ventricular ejection fraction; IVS=Interventricular septum; MG=Mean gradient; PG=Peak gradient; AVA=Aortic valve area.
Data are expressed as mean+SD. “Based on t-test; SAdjusted for age, BMI, and follow-up time using analysis of covariance; L=95% confidence interval lower bound; U=95%

confidence interval upper bound; BMI=Body mass index

nonmild AS subgroup, these changes between treated and
nontreated were significant, as shown in Table 4.

DISCUSSION

This study shows that alendronate treatment in women
with osteoporosis and AS slows down the progression of
aortic valve stenosis.

We believe that stenosis of aortic valve is a dynamic
process, and chronic inflammation, renin-angiotensin
system, lipid accumulation, and calcium deposition
play role in its pathogenesis.['! Studies on statins and
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angiotensin-converting enzyme inhibitors would not
be associated with slowing of disease progression,
and therefore, no appropriate therapeutic option is
available to slow the rate of progression of stenosis in
AS patients.l5%

Calcification and extracellular matrix remodeling which is
promoted by the release of inflammatory cytokines is a key
point in the progression of AS.™! Calcification of aortic valve
involves different mechanisms of bone mineralization and
resorption that begin at the level of the fibrous layer where
some fibroblasts differentiate into myofibroblasts. As a result,
expression of proteins related to bone formation increases
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Table 3: Echocardiographic characteristics and serum N-terminal-prohormone of brain natriuretic peptide level of

both groups after about 2-year follow-up

Alendronate treated Nontreated P Adjusted mean difference L U Adjusted P*
NT-pro-BNP 881.48+519.63 1185.12£591.42 0.009 -384.89 -588.36  -181.41 <0.001
LvDD 46.0+4.59 47.39£3.92 0.18 -1.17 -2.10 -0.23 0.015
LVEF 56.62+4.24 54.48%5.94 0.18 2.29 0.25 4.32 0.028
IVS 11.81+1.64 12.30+1.42 0.21 -0.86 -1.27 -0.44 <0.001
MG 25.28+8.95 29.39+9.14 0.02 -2.14 -3.63 -0.64 0.006
PG 44.70+14.51 51.21£11.45 0.04 -4.54 -6.16 -2.92 <0.001
AVA 1.37+0.33 1.34+0.30 0.69 0.12 0.05 0.19 0.001
Delta-AVA -0.09+0.17 -0.23%0.13 0.001 0.129 0.054 0.204 0.001

BMI=Body mass index; SD=Standard deviation; NT-Pro BNP=N-terminal-prohormone of brain natriuretic peptide; LVDD=Left ventricular diastolic diameter; LVEF: Left ventricular
ejection fraction; IVS=Interventricular septum; MG=Mean gradient; PG=Peak gradient; AVA=Aortic valve area. Data are expressed as mean+SD. *based on t-test; *Adjusted for
age, BMI, follow-up time, and baseline measurements using analysis of covariance; L=95% confidence interval lower bound; U=95% confidence interval upper bound

Table 4: Patient characteristics after about 20-month
follow-up according to aortic stenosis classification

AS classification  Alendronate treated Nontreated P
Mild AS
n (%) 13 (35.1) 8 (24)
NT-pro-BNP 928.84+637.03 1101.37+534.82  0.53
Delta-AVA -0.08+0.21 -0.21£0.11 0.12
Nonmild AS
n (%) 24 (64.8) 25 (75.7)
NT-pro-BNP 855.83+457.12 1211.92+616.32  0.02
Delta-AVA -0.09+0.15 -0.23+0.13 0.002

NT-Pro BNP=N-terminal-prohormone of brain natriuretic peptide; AVA=Aortic valve area;
AS=Aortic stenosis. Data are expressed as frequency (%). “Based on Chi-square test

at the level of the extracellular matrix. From these proteins,
osteopontin, bone-forming proteins 2 and 4, osteoprotegerin,
ligand-activating factor, and nuclear factor-xB (NF-xB)
ligands (receptor activator of NF-kB [RANK] and RANK
ligand) are more important. Through complex interactions of
these molecules with those of lipid pathways and fibroblasts,
initial calcific nodules have been shown to form in regions
of lipid accumulation.!¢!

Alendronate as a bisphosphonate could affect the
pathophysiology of AS in two different pathways: (1)
bisphosphonates have been shown to inhibit farnesyl
pyrophosphate synthase. This enzyme is involved in
mevalonate/cholesterol biosynthetic pathway in which
ultimately statins exert their effects.'”] Therefore, similar
to statins, bisphosphonates have an effect on lipid
metabolism and also exhibit anti-inflammatory actions. (2)
Bisphosphonates inhibit bone resorption and slow the
release of calcium phosphate particles from the bone, which
could play a role in the prevention of calcium deposition in
vascular and valvular tissues.!”!®!

Some previous studies have been shown thatbisphosphonates
slow the progression of human calcific AS.B'2" Furthermore,
in a multiethnic study of atherosclerosis, it has been shown
that nitrogen-containing bisphosphonate was associated
with decreased prevalence of aortic valve calcification in
women older than 65 years old.*

5 Journal of Research in Medical Sciences

In our study, AVA was only 0.09 cm? decreased during
20 months treatment with alendronate. However, according
to previous studies, the average rate of hemodynamic
progression in adults with mild-to-moderate AS is a
decrease in valve area of 0.1 cm? per year.*! Therefore, this
amount of decrease in our patients during about 2 years
might prominent the wonderful effect of alendronate in AS
patients. In addition, our finding shows that alendronate
effectiveness in slowing down of the progression of AS is
more prominent in moderate-to-severe cases of AS. This
could be due to more calcification presented on aortic
leaflets in these patients.

This study illustrated that alendronate decreases serum
NT-pro-BNP of the patients with AS. NT-pro-BNP is
released from the myocardium with increased wall stress
both from volume and pressure overload, the latter of
which occurs in AS. In most studies, it has been shown
that elevated levels of natriuretic peptides are associated
with increased LV and left atrial dimensions, decreased
LV function, and increased systolic pulmonary artery
pressure.l?? Multiple studies demonstrate a strong
relationship between natriuretic peptides and increased
mortality in patients with AS before AVR.??! Thus, this
marker has the prognostic value in AS patients. In this study,
alendronate decreases the NT-pro-BNP level in AS patients;
therefore, it could improve outcomes of AS patients.

Controversial findings have been proved in one large-scale
retrospective study.? In this study, the analysis of
801 female patients’ findings showed that bisphosphonates
do not have a significant impact on the hemodynamic or
clinical progression of AS. That was a retrospective study
and so its nature could affects its findings. Their authors
did not have data on patient compliance with taking
bisphosphonates throughout the course of follow-up.
Furthermore, in that study, the patients used different
types of bisphosphonates. While bisphosphonates are a
large group of drugs, each with its own specific properties
and affinities to distinct pathways in the calcification and
inflammatory processes. In our study, the patients were
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evaluated in a prospective study with careful monitoring for
their compliance, and all the patients in the treated group
were treated with alendronate. Furthermore, our study is
the first study to evaluate the effect of bisphosphonates on
serum NT-pro-BNP as a prognostic marker of outcomes in
AS patients.

Our study has some limitations. The first of all is that the
number of patients is low and our follow-up duration is
only 2 years. Furthermore, we did not evaluate the efficacy
of alendronate on bone density in our follow-up. Therefore,
it seems that we need other studies with more number of
patients and more period of follow-up with other types of
bisphosphonates to evaluate the effect of these drugs on
the progression of AS.

CONCLUSION

Our study shows that treatment with alendronate in
patients with AS and concurrent osteoporosis slows down
the progression of stenosis and improves their prognosis.
This study could open a new pathway for pharmacological
treatment of AS.
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