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With the decline of rheumatic heart valve diseases in the
industrialized world, we have seen an important increase

in the incidence of calcific aortic stenosis (AS) (1). In North
America and Europe, ‘degenerative’ AS is the number one
cause for surgical valve replacements. Although AS has been
traditionally associated with aging, recent studies (2) have
stressed the importance of other atherosclerotic risk factors in
the development of this valve disease. For instance, histologi-
cal analyses of explanted AS valves have demonstrated simi-
larities between calcific AS and vascular atherosclerosis, such
as the presence of oxidized low-density lipoprotein (ox-LDL)
and inflammatory cells as well as some receptors involved in
the formation of atherosclerotic plaques (3,4). Thus, current
evidence supports the notion that AS is, at least in part, related
to an atherosclerotic process, where interactions among
inflammation, lipids and valvular tissue play a determinant
role in the development of valvular calcification.

In recent years, obesity has been recognized as a major public
health problem. Obese patients experience more cardiovascular

complications and have a shorter life expectancy. Obesity has
reached such a high prevalence, particularly in developed
countries, that a decline in life expectancy for the American
population has been forecasted for the 21st century (5).
Although obesity per se, as defined by an increased body mass
index, is considered a major independent and modifiable risk
factor for cardiovascular disease (CVD), it should be empha-
sized that there is an important heterogeneity among obese
subjects, and that the presence of visceral obesity generally
worsens the ‘metabolic portrait’ and thus increases the risk of
CVD for any given amount of total body fat (6,7). Visceral
obesity associated with metabolic perturbations, commonly
referred to as the metabolic syndrome (MS), is associated
with an increased risk of type 2 diabetes and CVD (8). While
the MS has been associated with cardiovascular events and
development of coronary artery disease (CAD), it is only
recently that our group has demonstrated for the first time an
independent association between the MS and the develop-
ment of heart valve diseases (9,10). In the present article, the
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Calcific aortic stenosis (AS) has been considered a degenerative and

unmodifiable process resulting from aging and ‘wear and tear’ of the

aortic valve. Over the past decade, studies in the field of epidemiolo-

gy, molecular biology and lipid metabolism have highlighted similari-

ties between vascular atherosclerosis and calcific AS. In particular,

work from the Quebec Heart Institute and from that of others has doc-

umented evidence of valvular infiltration by oxidized low-density

lipoproteins and the presence of inflammatory cells, along with impor-

tant tissue remodelling in valves explanted from patients with AS.

Recent studies have also emphasized the role of visceral obesity in the

development and progression of AS. In addition, visceral obesity, with

its attendant metabolic complications, commonly referred to as the

metabolic syndrome, has been associated with degenerative changes

in bioprosthetic heart valves. The purpose of the present review is to

introduce the concept of ‘valvulo-metabolic risk’ and to provide an

update on the recent and important discoveries regarding the patho-

genesis of heart valve diseases in relation to obesity, and to discuss how

these novel mechanisms might translate into clinical practice.
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Le risque « valvulométabolique » dans la
valvulopathie calcifiée

La sténose aortique (SA) calcifiée a toujours été considérée comme un

processus dégénératif et non modifiable causé par le vieillissement et

l’usure de la valvule aortique. Depuis dix ans, des études dans les domaines

de l’épidémiologie, de la biologie moléculaire et du métabolisme lipidique

ont révélé des similarités entre l’athérosclérose vasculaire et la SA

calcifiée. Notamment, des travaux de l’Institut de cardiologie de Québec

et d’autres ont documenté des indications d’infiltration par des

lipoprotéines oxydantes de basse densité et la présence de cellules

inflammatoires, ainsi qu’un important remodelage des tissus dans les

valvules explantées de personnes atteintes de SA. Des études récentes font

également ressortir le rôle de l’obésité viscérale dans l’apparition et

l’évolution de la SA. De plus, l’obésité viscérale, avec ses complications

métaboliques connexes souvent désignées par le terme syndrome

métabolique, s’associe à des modifications dégénératives des valvules

cardiaques bioprothétiques. La présente analyse vise à présenter le concept

de « risque valvulmétabolique » et une mise à jour des découvertes récentes

et importantes au sujet de la pathogenèse des valvulopathies par rapport à

l’obésité, ainsi qu’à exposer comment transférer ces nouveaux mécanismes

en pratique clinique.
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interactions among obesity, metabolism, inflammation and the
development of heart valve diseases will be reviewed and the
concept of ‘valvulo-metabolic’ risk will be introduced. 

AS AN ATHEROSCLEROTIC PROCESS?
For many years, calcification of heart valves was perceived as a
passive mechanism related to aging and a ‘wear and tear’ phe-
nomenon. However, recent data have emphasized the role of a
cellular-dependent mechanism involved in the calcification of
heart valves (11). Valvular calcification has been ascribed to
an ossification process where interactions among cells, matrix,
and bone-related proteins play a crucial role. Identification of
promoting factors that induce aortic valve remodelling and
calcifying processes has revealed potential pathways. In vitro,
oxidized lipid products have procalcifying properties, whereas
in animal models, hypercholesterolemia has induced aortic
valve calcification and stenosis (12,13). In addition, in vitro
studies on isolated vascular cells suggest that high-density
lipoprotein (HDL) has anti-calcifying properties (14).
Immunohistological studies of explanted aortic valves have
documented the presence of ox-LDL within AS valves, which
are co-localized with calcific nodules and inflammatory infil-
trates (Figure 1). Neovascularization as well as tissue remodel-
ling have also been documented to participate in AS
development (15). Thus, histological studies and in vitro
experiments support the concept that AS is a process akin to
atherosclerosis. In support of the latter hypothesis, several
investigations have linked atherosclerotic risk factors with cal-
cific AS. For instance, age, diabetes, hypertension, smoking,
male sex, c-reactive protein (CRP), lipoprotein (a) and low-
density lipoprotein cholesterol (LDL-C) have been documented
as risk factors for AS (16,17). Several retrospective studies have
demonstrated that statins reduced the progression rate of AS
(18,19). However, recent prospective interventional studies
have reported conflicting results regarding efficacy of statins in
patients with moderate to severe AS (20,21). A recent study has
suggested that statins may be efficient in reducing AS progres-
sion in the subgroup of patients with hypercholesterolemia (21).
However, it remains unclear whether statins are able to slow the
stenosis progression in patients having LDL-C levels within nor-
mal range. Hence, the development and progression of AS are
likely mediated by an atherosclerotic process where heteroge-
neous mechanisms could be interacting and leading to common
pathways of calcification. 

VISCERAL OBESITY AND CALCIFIC AS
It is only recently in human life history that obesity has
reached such high prevalence. Lack of physical activity and
the consumption of energy-dense food have contributed in
the development of obesity-related complications such as
type 2 diabetes and CVD. Distribution of body fat, particu-
larly abdominal visceral fat accumulation, has been recog-
nized to play a major role in the development of insulin
resistance, hypertriglyceridemia, high apolipoprotein B and
low HDL cholesterol (HDL-C) levels (22). Prospective
observational studies have clearly established that classical
risk factors such as age, diabetes, hypertension, smoking and
high LDL-C were associated with CAD. However, a substan-
tial proportion of patients with CAD have normal LDL-C lev-
els, suggesting that beyond these factors, other mechanisms
could have a significant role on the development of premature
atherosclerosis. In the Québec Cardiovascular Study (22),

Figure 1) Macroscopic appearance of explanted leaflets from calcific
aortic stenosis showing the presence of yellowish material indicating
lipids (arrows) infiltrating the aortic side (A); hematoxylin and eosin
staining at low magnification showing the presence of a calcific nodule
within the aortic valve (B), which is surrounded by oxidized low-density
lipoproteins (immunohistochemistry with high magnification) (C)
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men with features of the MS had a 20-fold increase in their
risk of CAD compared with men without such abnormalities,
suggesting that metabolic perturbations could act synergisti-
cally with classical risk factors.

Until recently, the implications of obesity and, particularly,
the MS had not been investigated as potential promoting
factors in the development of calcific aortic valve disease. In
a recent animal study conducted by the team of Jacques
Couet and Marie Arsenault (13), the induction of visceral
obesity and MS with the use of a high fat, high carbohydrate
diet was able to produce aortic valve stenosis in a wild-type
mouse strain. In a series of 105 patients with at least moder-
ate AS, we then reported (9) that patients with the features
of the MS, identified from the clinical criteria proposed by
the National Cholesterol Education Program-Adult
Treatment Panel III (NCEP-ATPIII), had faster stenosis pro-
gression than patients without the MS. In addition, patients
with the MS had a markedly lower event-free survival
(Figure 2). In this study, neither the traditional risk factors
nor the Framingham score were significantly associated with
AS progression (Figure 3). Patients with the MS were at
higher global risk and consequently were treated aggressively
with statins and angiotensin-converting enzyme inhibitors.
Notwithstanding that patients with the MS receiving lipid-
lowering therapy had successfully reached the NCEP-ATPIII
recommended target for LDL-C levels, they nevertheless had
an average rate of stenosis progression that was twice as fast
as patients without the MS. Hence, it is apparent that vis-
cerally obese patients with AS and metabolic abnormalities
represent a subgroup of subjects at higher risk for stenosis
progression, and for which conventional pharmacological
therapy may not be sufficient to prevent hemodynamic pro-
gression of the stenosis and the occurrence of cardiovascular
events. To identify new therapeutic targets, it is therefore
important to identify  the causal factors and mechanisms
underlying the association between the MS and the progres-
sion of AS. 

PATHOPHYSIOLOGY OF VISCERAL OBESITY

AND ITS LINK WITH AS
Visceral obesity and nonesterified fatty acids
It has been shown that for any given amount of total body fat,
subjects with increased visceral fat depot are at higher risk of
developing metabolic abnormalities and an insulin-resistant
state (23). The expanded abdominal fat depot is characterized
by the presence of hypertrophied adipocytes with hyperlipolytic
activity which generate a large amount of nonesterified fatty
acids (NEFA) (24). Increased NEFA delivery to the liver
through the portal system has been demonstrated to generate
hepatic resistance to insulin along with increased synthesis of
triglyceride-rich lipoproteins. Then, the exchange of cholesteryl
esters and triglycerides between VLDL and LDL combined with
the activity of hepatic lipase leads to the production of small and
dense LDL particles (25). A similar mechanism also contributes
to produce low HDL-C concentrations. The patients with vis-
ceral obesity, therefore, have a high proportion of small and
dense circulating LDL particles as well as smaller HDL particles,
although their LDL-C level is generally within normal range.
Hence, the metabolic perturbations of the MS include, among
others, hypertriglyceridemia, insulin resistance, low HDL-C lev-
els, high apolipoprotein B levels, and an increased proportion of
small LDL and HDL particles (26).

Alteration of adipokine system
While the NEFA theory behind the metabolic perturbations of
visceral obesity has been supported by animal studies and in
humans where correlations between visceral fat and NEFA
were documented, there are data indicating that portal NEFA
are mostly derived from the systemic circulation (23). These
findings suggest that other mechanisms may contribute to the
dysmetabolic state of the viscerally obese patient. In the past
decade, there has emerged a large body of evidence to support
the concept that the adipocytes are producing hormones, mak-
ing the adipose tissue a bona fide endocrine organ, which reg-
ulates many metabolic activities (27). Adipokines are
adipocyte-derived proteins, which have been characterized in
recent years and have been demonstrated to play a prominent
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Figure 3) Rate of progression of aortic valve area (AVA) decrease
among groups of patients according to the Framingham score
(dichotomized at the median value) and the presence or absence of the
metabolic syndrome (MS). †Significant difference versus group 2
(P<0.05). Reproduced from Briand et al (9) with permission
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Figure 2) Kaplan-Meier analysis of event-free survival (absence of
death or aortic valve replacement) in patients with or without the
metabolic syndrome (MS). Reproduced from Briand et al (9) with
permission
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role in the development of atherosclerosis. Adiponectin is an
adipocyte-produced protein, which is abundant in the plasma
and has antiatherosclerotic properties (28,29). Visceral obesity
is typically associated with reduced plasma adiponectin levels.
Adiponectin has antiatherogenic, antidiabetic and anti-
inflammatory properties, and it promotes oxidation of NEFA
in peripheral tissues (30). 

Proinflammatory state
The expanded abdominal adipose tissue also produces numer-
ous cytokines including the proinflammatory interleukin-6
and tumour necrosis factor-alpha, which contribute to the well
documented association between the MS and inflammation
(31). Activation of inflammatory pathways could play a signif-
icant role in the development of insulin resistance. Moreover,
chronic low-grade inflammatory activity has been demonstrat-
ed to have an important contributory role in the development
and clinical manifestations of atherosclerosis. Circulating lev-
els of CRP, an inflammatory marker produced by the liver and
a strong predictor of cardiovascular events, is elevated in
patients with the MS and has been suggested to be largely the
result of the frequent presence of abdominal obesity among
patients with the MS (32,33). 

Dysmetabolic state
While visceral obesity is considered a central component of
the MS, the possibility cannot be excluded that excess visceral
adiposity is partly a marker of a dysmetabolic state. In the so-
called ectopic fat theory, the inability of the subcutaneous tis-
sue to adequately handle the energy excess would be associated
with the channeling of the extra energy toward skeletal mus-
cle, heart, liver, pancreas and the abdominal fat depot (34).
Thus, undesired lipid infiltration in numerous peripheral tis-
sues would explain the development of insulin resistance and
the development of metabolic abnormalities.

Link between visceral obesity and AS
The mechanisms described above are not necessarily mutually
exclusive and it is possible that several of these mechanisms
are concomitantly involved in the development of the meta-
bolic abnormalities typically associated with the MS. How
these features of the MS influence the development of valve
disease is still a matter of active research, but recent investiga-
tions in our laboratory have provided some new insights on the
link between ‘cardiometabolic’ risk factors and aortic valve dis-
ease. 

Among the features of the metabolic profile of the viscerally
obese patient, the presence of a high quantity of small and dense
LDL particles appears to be a hallmark feature (Figure 4). Small,
dense LDL particles remain in circulation for a long period of
time, are transformed into ox-LDL at higher rates, and have
been shown to penetrate the arterial wall with greater facility
than their larger buoyant counterparts (35,36). Thus, these
particles are extremely atherogenic and may play a central role
in the development and/or the progression of AS. In 102
patients undergoing aortic valve replacement, we recently
demonstrated that the valvular amount of ox-LDL was corre-
lated with inflammatory activity. Patients with the highest
valvular amount of ox-LDL had an increased density of
macrophages, T cells, expression of tumour necrosis factor-
alpha, as well as higher tissue remodelling activity within their
valves. These results underline the central role played by

oxidatively modified lipid products at the valvular level.
Among the features of the plasma lipid profile, the size of LDL
particles was the main determinant of the valvular amount of
ox-LDL, whereas there was no association between LDL-C
level and the amount of ox-LDL. We proposed, therefore, that
among the contributing factors promoting AS development
and progression, an increased proportion of small and dense
LDL particles could contribute to the strong association that
we have previously reported between the MS and AS progres-
sion (9).

Adiponectin is another potential candidate involved in the
pathophysiology of AS development and/or progression. Lower
circulating levels of adiponectin are closely related to the pres-
ence of abdominal fat depot. Thus, through metabolic activi-
ties and anti-inflammatory properties, this adipokine could
represent an important link between visceral obesity and AS.
In our recent study of 124 patients (37), we reported that a
lower adiponectin level was a strong and independent predic-
tor of AS progression. Interestingly, a lower adiponectin level
was also associated with greater valvular inflammatory activity,
supporting the concept that adiponectin may protect the aor-
tic valve from inflammatory and calcifying processes triggered
by atherogenic factors.

Among the other contributing factors promoting AS devel-
opment in the viscerally obese patients, lower HDL levels and/or
HDL particle size may also have a prominent role (Figure 4).
Indeed, clinical and epidemiological studies have linked a low
level of HDL-C to the development of premature CAD (38).
Hence, although unproven at the present time, HDL may be
one of the key factors underlying the association between the
MS and calcific AS. HDLs are a heterogeneous group of parti-
cles that have, in addition to their role in the reverse cholesterol
transport process, important anti-inflammatory properties (39).
It has been demonstrated that HDL protects LDL from oxida-
tive transformation through the paraoxonase-mediated break-
down of oxidized phospholipids, which have a proinflammatory
activity (40). Furthermore, recent studies have stressed the role
of apolipoprotein A-I as an anti-inflammatory component of
HDL, which is independent of HDL-C level (41).
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Figure 4) Patients with visceral obesity have low high-density lipopro-
tein (HDL) levels with an increased proportion of circulating small and
dense low-density lipoprotein (LDL). The small and dense LDLs have
a greater ability to infiltrate the aortic valve and are transformed rap-
idly to oxidized LDL owing to low HDL levels with a decreased anti-
inflammatory activity. Inflammatory cells are attracted within the
aortic valve and macrophages are stimulated by oxidized LDL to pro-
duce cytokines such as tumour necrosis factor (TNF)-alpha, which
promotes calcification of valve fibroblasts
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Interestingly, the calcification process and transformation of
vascular cells to osteoblast-like cells is prevented by HDL, thus
supporting the concept that HDL has a broader scope of action
that goes beyond the reverse cholesterol transport (14).
Patients with the MS have lower HDL-C levels and also small-
er HDL particles with decreased anti-inflammatory activity
(42). Hence, in light of recent developments in HDL biology,
investigations aimed at understanding the relationship
between HDL particle phenotype and calcific AS could lead to
new and important therapeutic avenues. Indeed, this pathway
could represent a potential target in patients with AS and vis-
ceral obesity.

THE MS AND STRUCTURAL DEGENERATION

OF BIOPROSTHESES
Structural valve degeneration (SVD) of bioprostheses (BPs)
has been considered as being a purely ‘degenerative’ calcifying
process. Calcification of cusp tissue is responsible for approxi-
mately 75% of BP failures. While young age at implantation
has long been recognized as a strong risk factor for SVD of a BP,
it is only recently that traditional atherosclerotic risk factors
have been recognized as additional risk factors for reoperation.
Indeed, hypercholesterolemia, diabetes and smoking have
been associated with increased risk of reoperation (43).
Furthermore, one recent study (44) has reported the presence
of foam cells in explanted BPs, supporting the hypothesis that,
similar to the native aortic valve, calcification of BPs is, at
least partially, related to an atherosclerotic-like process. Leaflet
tissues of explanted biological valves are often infiltrated by
cells expressing bone-regulatory proteins involved in the regu-
lation of the ossifying process, indicating that calcification of
biological heart valves is regulated at the molecular level by
processes largely similar to what is observed in the bone tissue
(45). Triggering factors that promote the initiation of the cal-
cifying process of BPs are, however, poorly identified for the
moment. 

In light of the recent findings obtained in native and bio-
prosthetic valves, we recently hypothesized that the MS
could, through its proinflammatory and proatherogenic
activities, promote the development of SVD in BPs. In
217 patients with an aortic BP and a mean echocardiographic

follow-up of 3.1±1.8 years, we reported that the MS was a
strong and independent predictor of faster degeneration of
BPs (10). Deterioration of hemodynamic function defined as
a rate of increase in mean gradient 3 mmHg/year or greater
and/or a worsening of regurgitation 1+ or greater occurred in
41% of patients with the MS whereas it was detected in only
25% of patients without the MS (P=0.02). Besides MS, dia-
betes and renal insufficiency were also associated with faster
deterioration of valve hemodynamic function. The combi-
nation of diabetes and the MS was associated with a 2.5-fold
increase in the progression rate of transprosthetic gradient
compared with patients without these two factors (Figure 5).
In this cohort, the prevalence of the MS (as defined by the
NCEP-ATPIII) was 33%, thus underlining the point that
there is a large proportion of the patients with a BP who are
potentially at risk to develop hemodynamic failure of their
valve. The mechanisms by which the MS participates to the
failure of the BPs is still a matter of speculation, but ongoing
studies from our group suggest that as for the native aortic
valve, lipid oxidative products within the bioprosthetic tis-
sue might participate in the degenerative changes. However,
it must be pointed out that, as opposed to the native aortic
valve, BPs are processed and chemically fixed tissues.
Moreover, BPs are xenogenic tissues able to trigger an
immune-mediated response, thereby increasing the inflam-
matory activity and potentially the calcification of the
implanted cusps (46). Thus, multiple mechanisms could act
in synergy with atherosclerotic risk factors to promote calci-
fication and degenerative changes of BPs.

CLINICAL IMPLICATIONS OF VISCERAL

OBESITY ON VALVULAR HEART DISEASES
Although some issues around the MS are controversial, clin-
ical tools developed by official agencies such as the NCEP-
ATPIII, the International Diabetes Federation and the World
Health Organization have all emphasized the fact that the
MS is a strong risk factor for CVD. Recent work has high-
lighted for the first time that the MS is not only a strong risk
factor for CAD, but also for heart valve disease such as cal-
cific AS and calcific degeneration of BPs. While prevention
remains the primary goal, clinicians are confronted with a
population already with visceral obesity and heart valve dis-
ease for whom adequate interventions must be considered to
minimize their ‘valvulo-metabolic’ risk. 

While statins are the mainstay therapy for CAD, it remains
uncertain whether cholesterol-lowering therapy has a major
role in the prevention or the progression of AS. Two recent
studies, the Scottish Aortic Stenosis and Lipid Lowering Trial,
Impact on Regression (SALTIRE) trial and the Rosuvastatin
Affecting Aortic Valve Endothelium (RAAVE) study have
provided interesting new insights into the efficacy of statin
therapy in patients with AS (20,21). The SALTIRE trial was a
double-blind randomized study designed to examine the effect
of atorvastin treatment on the progression of moderate to
severe AS (average aortic valve area at baseline: 1.0 cm2).
Although atorvastatin therapy was associated with a marked
reduction in cholesterol levels, it nonetheless failed to slow
valvular calcification and stenosis progression. The RAAVE
study was an open-label study in which rosuvastatin was
administered to patients with moderate AS (baseline aortic
valve area comprised between 1.0 cm2 and 1.5 cm2) and hyper-
cholesterolemia (as defined by the NCEP-ATPIII guidelines).
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of patients according to the presence of diabetes and the metabolic syn-
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Briand et al (10) with permission
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Patients with hypercholesterolemia and who were treated with
statins had a lower stenosis progression rate compared with
patients with normal cholesterol, who were left untreated.
This study, therefore, provides the first proof of concept that
statins may be effective in reducing the stenosis progression in
hypercholesterolemic patients. When analyzed collectively,
the results of the SALTIRE and RAAVE prospective clinical
studies as well as those of previous experimental studies (47)
suggest that statins are likely more effective in early than in
end stages of the disease. Hence, statins have a better chance
of successfully slowing the stenosis progression when the treat-
ment is instituted early in the course of the disease before the
valvular ossification and calcification are too advanced.

It should also be considered that a large proportion
(approximately 60% to 70%) of patients with calcific AS con-
comitantly have a history of hypercholesterolemia, diabetes
and/or CAD and are thus often already receiving statins.
Despite the fact that these patients are taking statins and that
their LDL-C plasma level is most often within normal range,
there is still an important interindividual variability in the
stenosis progression rate and a substantial proportion of these
patients show rapid progression. These findings suggest that,
beyond LDL-C, there are probably other important therapeu-
tic targets that need to be taken into consideration. Hence,
statins may be necessary but not sufficient in a large number of
AS patients. In this regard, our recent findings suggest that
behavioural or pharmacological interventions targeting viscer-
al adiposity and its associated metabolic abnormalities could
contribute to slow the stenosis progression rate in a substantial
proportion of the AS population. Given that approximately
40% of the patients with AS have the MS, targeting visceral
obesity may be of high clinical relevance. 

Thus, patients with mild to moderate AS as well as those
with an aortic BP should be screened for the presence of the
MS. The criteria developed by the NCEP-ATPIII panel or the
International Diabetes Federation include increased waist cir-
cumference with specific population cut-off values, hyper-
triglyceridemia, low HDL-C, elevated blood pressure or
treatment for hypertension, and elevated glycemia or treat-
ment with hypoglycemic agents. It should be noted that these
criteria have been developed as clinical tools to identify the
patients at risk. Hence, measurements of the waist girth along
with the lipid blood profile and glycemia will allow identifica-
tion of patients having the ‘at-risk’ obesity and thus a higher
likelihood of rapid progression of AS or BP SVD.
Consequently, these patients should have a careful follow-up
to ensure early detection of rapid changes in their echocardio-
graphic hemodynamic parameters and/or in their clinical con-
dition. Moreover, the metabolic abnormalities of these
patients should be aggressively treated. 

Although a genetic predisposition may be involved in the
etiology of the MS, acquired risk factors are readily modifiable
by appropriate therapy and are, of course, the mainstay of clin-
ical management. Weight loss, even modest, has been shown
to reduce insulin resistance and also to decrease circulating
levels of CRP and interleukin-6 (48). Lifestyle interventions,
combining diet and exercise, have shown efficacy in reducing
cardiovascular risk (49). Thus, lifestyle intervention programs
should be envisioned in patients with aortic valve disease who
also have the MS.

In patients with BPs, one retrospective study has suggested
that statin therapy may be effective in reducing SVD (50).

Further prospective studies are needed to confirm whether
administration of statins after the implantation of a BP could
decrease the calcifying and degenerative changes of BPs.
Although lipid-modifying agents have been of great help in
managing one of the major risk factors, namely LDL-C, it is
considered that the major pathways by which the MS influ-
ences atherosclerosis are not directly targeted by these phar-
macological interventions (8). Therefore, new therapeutic
interventions are now developed to correct the proatherogenic
and proinflammatory abnormalities typically associated with
the MS. The peroxisome proliferator-activated receptor-gamma
agonists, thiazolidinediones (TZDs), have been developed as
antidiabetic insulin-sensitizing agents, but it is now clear that
this class of agents also have anti-inflammatory and antiather-
osclerotic activities (51). Results of one clinical trial suggest
that TZDs may indeed confer CVD protection in diabetic
patients (52). However, it remains to be seen if TZDs could
impact the evolution of AS. 

Over recent years, the development of a new class of drug,
the cannabinoid-1 receptor antagonist rimonabant, has pro-
vided evidence that this new pharmacological approach may
be relevant for the management of key causal factors
involved in the pathogenesis of the MS. In the Rimonabant
in Obesity Europe (RIO-Europe) study, a one-year follow-up
demonstrated that rimonabant induced a significant weight
reduction compared with placebo (53). In this study, the pro-
portion of patients that fulfilled the NCEP ATP III criteria
for the MS was reduced by 65% in individuals who complet-
ed the treatment. Després et al (54) have recently reported
that rimonabant induced a significant increase of
adiponectin blood levels (54). Furthermore, a positive corre-
lation was found between changes in adiponectin levels pro-
duced by rimonabant and changes in HDL-C concentrations,
suggesting that the loss of abdominal fat depot and a specific
effect of rimonabant on adiponectin levels were two impor-
tant factors that could contribute to explain the favourable
metabolic effects of the cannabinoid-1 receptor blocker.
Thus, rimonabant appears to be a promising drug in the treat-
ment of patients with visceral obesity, and it remains to be
determined whether this pharmacological strategy could
favourably affect the evolution of patients with AS and obe-
sity at risk.

CONCLUSION
Calcific AS is actually the third leading cause of death among
patients with CVD. Its incidence has increased dramatically
over the past decade. While surgical treatment remains the
mainstay of treatment for severe stenosis in symptomatic
patients, no medical therapy has conclusively shown efficacy
in altering the progression of AS. Recent studies have linked
atherosclerotic risk factors with AS development and SVD of
BPs. In particular, the MS has been associated with faster AS
progression and hemodynamic degeneration of BPs, suggesting
that, beyond traditional risk factors, ‘cardiometabolic’ risk fac-
tors may actively participate in the physiopathology of aortic
valve disease. These novel insights into ‘valvulo-metabolic
risk’ have not only contributed to the elucidation of some of
the mechanisms involved in the development and progression
of aortic valve disease, but have also opened new therapeutic
horizons for the treatment and prevention of this disease. A
better understanding of the mechanisms leading to the calcifi-
cation and remodelling of the valvular tissue in relation to the
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metabolic features of the viscerally obese patients will help to
design tailored therapeutic strategies in these high-risk
patients.
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