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Abdominal obesity and the metabolic syndrome: 
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Modern lifestyle, epitomized by a substantial decrease in energy

expenditure and the consumption of food products with high

energy density content, has largely contributed to the very high preva-

lence of obesity in westernized societies (1). Surprisingly, obesity has

also reached epidemic proportions in developing countries and is

therefore considered by many as a huge societal problem on a world-

wide scale. Increasing evidence indicates that regional body fat distri-

bution is of paramount importance in determining metabolic

perturbations and, consequently, the cardiovascular risk (2). In this

regard, abdominal fat deposition has consistently been found to be a

strong correlate of metabolic perturbations, such as insulin resistance,

hypertriglyceridemia and low high-density lipoprotein (HDL) level

(3). These metabolic abnormalities in the viscerally obese patient are

often associated with hypertension, and have been regrouped under

one unifying entity often referred to as the metabolic syndrome

(MetS) (4). It should be pointed out that a growing body of evidence

indicates that a dysfunction of the lipid partitioning system with the

ensuing ectopic fat deposition within the abdomen, and organs such as

the liver, pancreas and the heart are believed to be actively involved

in the development of metabolic and cardiovascular disorders (5). 

While these metabolic perturbations associated with visceral obe-

sity have been firmly associated with a substantial risk of developing

coronary artery disease (CAD), recent investigations have also estab-

lished the MetS as an important risk factor for the development of dif-

ferent heart valve diseases as well as an operative risk factor following

a coronary artery bypass graft surgery (CABG) (6). Hence, it appears

that the MetS, a highly prevalent condition among the population, is

a global cardiovascular risk factor with tremendous implications from

the development of heart diseases to the treatment of afflicted patients

(7). Herein, new developments surrounding the concept of visceral

obesity and heart diseases, along with the clinical implications to car-

diology and cardiac surgery, are discussed. 
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Over the past decade, a major shift in the clinical risk factors in the popu-

lation undergoing a cardiac surgery has been observed. In the general pop-

ulation, an increasing prevalence of obesity has largely contributed to the

development of cardiovascular disorders. Obesity is a heterogeneous con-

dition in which body fat distribution largely determines metabolic pertur-

bations. Consequently, individuals characterized by increased abdominal

fat deposition and the so-called metabolic syndrome (MetS) have a higher

risk of developing coronary artery disease. Recent studies have also empha-

sized that visceral obesity is a strong risk factor for the development of

heart valve diseases. In fact, individuals characterized by visceral obesity

and its metabolic consequences, such as the small dense low-density

lipoprotein phenotype, have a faster progression rate of aortic stenosis,

which is related to increased valvular inflammation. Furthermore, the

degenerative process of implanted bioprostheses is increased in subjects

with the MetS and/or diabetes, suggesting that a process akin to athero-

sclerosis could be involved in the failure of bioprostheses. In addition to

being an important risk factor for the development of cardiovascular disor-

ders, the MetS is increasing the operative mortality risk following coronary

artery bypass graft surgery. Thus, recent evidence supports visceral obesity

as a global risk factor that is affecting the development of many heart dis-

orders, and that is also impacting negatively on the results of patients

undergoing surgical treatment for cardiovascular diseases. In the present

paper, recent concepts surrounding the MetS and its implications in vari-

ous cardiovascular disorders are reviewed along with the clinical implica-

tions.
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L’obésité abdominale et le syndrome

métabolique : La perspective d’un chirurgien

Depuis dix ans, on observe un changement majeur des facteurs de risque

cliniques de la population qui subit une chirurgie cardiaque. Au sein de la

population générale, la prévalence croissante d’obésité a largement

contribué à l’apparition de troubles cardiovasculaires. L’obésité est un

trouble hétérogène selon lequel la distribution de l’adiposité détermine en

grande partie les perturbations métaboliques. Par conséquent, les

personnes caractérisées par une augmentation des dépôts de gras

abdominal et ce qu’on appelle le syndrome métabolique (SM) courent un

plus grand risque de coronaropathie. Des études récentes soulignent

également que l’obésité viscérale est un important facteur de risque de

maladies valvulaires. En fait, les personnes caractérisées par une obésité

viscérale et ses conséquences métaboliques, telles que le phénotype à

lipoprotéine de basse densité à la fois petit et dense, présentent un taux

d’évolution plus rapide de sténose aortique, relié à un accroissement de

l’inflammation valvulaire. En outre, le processus dégénératif des

bioprothèses implantées augmente chez les sujets atteints du SM ou du

diabète, ce qui laisse supposer qu’un processus semblable à l’athérosclérose

pourrait contribuer à l’échec des bioprothèses. En plus d’être un facteur de

risque important d’apparition des troubles cardiovasculaires, le SM accroît

le risque de mortalité opératoire après un pontage aortocoronarien. Ainsi,

les données probantes récentes étayent que l’obésité viscérale est un

facteur de risque global qui influe sur l’apparition de nombreux troubles

cardiaques, ce qui nuit aux résultats des patients qui subissent un

traitement chirurgical en raison d’une maladie cardiovasculaire. Dans le

présent article, l’auteur analyse les concepts récents entourant le SM et ses

conséquences pour divers troubles cardiovasculaires ainsi que les

répercussions cliniques de ces concepts.
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AORTIC STENOSIS IN THE LIMELIGHT
Aortic stenosis: An active process

In the past decade, there has been considerable growing interest in the

so-called ‘degenerative’ aortic stenosis (AS). This surge of interest is,

at least partially, related to the increasing prevalence of this condition

in westernized societies, where a progressive, constant aging of the

population has occurred (8). Undoubtedly, aging is one crucial factor

explaining the increasing prevalence of AS. In fact, severe AS is

found in 2% to 4% of the population older than 65 years of age,

whereas aortic sclerosis is present in 20% to 30% of the same popula-

tion (9). For years, calcification of the aortic valve was thought to be

a passive process associated with a mechanical ‘wear-and-tear phe-

nomenon’ that, after years of repetitive closure and opening cycles, led

to a stiffening of the valve. However, experiments with isolated valve

interstitial cells have helped to identify key molecular mechanisms

involved in the calcifying process (10). These studies have established

that valve interstitial cells, under appropriate conditions, are prone to

change their phenotype toward bone-like cells, which produce a calci-

fied matrix. Furthermore, histopathological studies in explanted AS

valves have documented the presence of well-differentiated lamellar

bone structures as well as osteoblastic markers and growth factors with

osteogenic properties (11). Moreover, further examination of

explanted AS valves has revealed the presence of oxidized lipids and

foam cells (12). Hence, taken together, these observations indicate

that calcification of the aortic valve, and thereby the development of

AS, is an active process akin to atherosclerosis in which an intricate

balance between pro- and anticalcifying mediators are at centre stage

in the disease process (13). In this regard, epidemiological studies have

also found that traditional cardiovascular risk factors such as age, male

sex, hypertension, dyslipidemia and diabetes are associated with the

development of AS (14). Thus, rather than being a purely passive

degenerative process, AS is now considered to be a complex patho-

physiological disorder. This new paradigm about mechanisms partici-

pating in the development and progression of AS has thus contributed

to open new therapeutic vistas and, incidentally, the hope that a phar-

macological approach may be developed to alter the natural course of

this disorder (15). 

A medical treatment for AS?

Because AS shares risk factors with vascular atherosclerotic disease

and to some extent a related histological picture, the next logical step

was to expect that similar medical treatments would have benefit on

the clinical course of AS. In this regard, retrospective studies have

found that statin treatment of subjects with moderate stenosis was

associated with a slower disease progression (16,17). However, the first

published randomized study (18) evaluating atorvastatin in patients

with moderate to severe AS failed to show a difference between

placebo and the statin with regard to the calcification of the aortic

valve, and the progression rate of the stenosis. On the other hand, a

recent open label study (19) has found that rosuvastatin given to

patients with moderate AS and hypercholesterolemia was associated

with a slower progression rate of valve stenosis compared with patients

with AS and without hypercholesterolemia, and not being treated

with a statin. Thus, these studies have underlined that statins may be

able to slow AS progression in selected individuals with hypercholes-

terolemia. However, one has to acknowledge that the vast majority of

patients with severe AS and referred to surgery for a valve replace-

ment are already receiving lipid-lowering therapy. Therefore, the role

and efficacy of statin-based therapy in patients with moderate to

severe AS remains contentious for the moment. As another form of

medical treatment, angiotensin-converting enzyme (ACE) inhibitors

have been examined in the context of AS. Of particular significance,

the presence of ACE as well as angiotensin receptor-1 have been doc-

umented in explanted AS valves, thus suggesting that ACE inhibitors

may have some role in protecting against the evolution of this disor-

der (20). While one clinical retrospective study has found that ACE

inhibitor treatment was associated with a slower progression rate of

AS, another study has failed to document a similar association

(16,21). Thus, for the time being, the role of ACE inhibitors in AS

remains to be clarified. 

Visceral obesity and AS

Recently, our group has demonstrated that patients with AS and the

MetS had a twofold faster progression rate of their stenosis (22). In

this study of 105 patients, the progression rate of AS was neither

affected by the traditional risk factors nor the Framingham risk score.

Individuals with the MetS had a lower event-free survival, defined as

either the need for surgery or death. In this cohort of patients at high

risk and therefore treated aggressively with statins, a majority of sub-

jects were within the recommended target for low-density lipoprotein

(LDL) cholesterol levels, and nonetheless had a stenosis progression

rate which was twice that of patients without the MetS. Then, in a

group of 102 patients with severe AS undergoing an aortic valve

replacement, we reported (23) that valve content of oxidized-LDL was

associated with the relative proportion of circulating small dense LDL

and not with the LDL level per se. Moreover, patients having the

small dense LDL phenotype had faster progression of stenosis

(11±1 mmHg/year versus 7±1 mmHg/year; P=0.02) (Figure 1). Given

that statins have only a modest effect on the proportion of small dense

LDL, this study may give some new insights as to why statins are of

limited efficacy in AS, at least in patients with moderate to severe

stenosis. Importantly, a substantial proportion of viscerally obese

patients have a LDL level within the normal range but have a high

proportion of small dense LDL in the circulation (24). It should be

pointed out that small dense LDLs remain in circulation for a longer

time, have an increased ability to infiltrate tissues and to become oxi-

dized, thus explaining their detrimental role in the pathophysiology of

AS (25,26). From these studies, it is suspected that targeting the size

of LDL may be one potential therapeutic strategy to alter the progres-

sion of AS. In this regard, other classes of drugs increasing the size of

LDL particles, such as fibrates, thiazolidinediones and niacin, could be

envisioned to favourably impact the course of AS (27,28). However,

further mechanistic and clinical studies are of course necessary before

recommending such therapies, but nevertheless are new opportunities

for research and development.

DEGENERATIVE PROCESSES IN BIOPROSTHESES
Mechanisms leading to structural valve degeneration

In patients with end-stage valvular disease, valve replacement has

been shown to be an efficient procedure that alters the natural course
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Figure 1) In 102 patients, mean progression of aortic stenosis evaluated
with the annualized peak gradient in relation to the proportion of circulating
small size low-density lipoprotein (LDL) (percentage of LDL particles less
than 255 Å). 
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of the disease process and gives a near-normal life expectancy. The

development of valve bioprostheses (BPs) has been fostered by the

need to have prostheses with a low thromboembolic risk, which would

obviate the need for anticoagulation, and thereby would have a clear

advantage over mechanical prostheses. Although BPs achieved this

goal of low thrombogenicity, studies soon discovered that long-term

durability of BPs is impeded by structural valve degeneration (SVD)

(29). Over the years, although numerous preimplant treatments of

glutaraldehyde-fixed BPs have been developed to reduce ectopic cal-

cification, SVD remains the Achilles’ heel of these biological heart

valve substitutes. With conventional stented BPs, the freedom from

SVD is 70% to 90% at 10 years and 40% to 70% at 15 years (30).

Hence, although BPs offer many advantages, their durability remains

a daunting problem precluding their wide-spread use. 

Fixation with glutaraldehyde, a conventional and widely used

process to treat BPs by manufacturers, destroys the living cells and

induces chemical modification of the collagen matrix (31). This

chemical modification of the xenogenic tissues is suspected of being

involved in the calcification of BPs, leading to the development of sig-

nificant transprosthetic gradient and/or regurgitation after years of

implantation (29). Regurgitation is related to the development of

tears located at the commissures of BPs, which, in turn, is precipitated

by calcific degenerative modifications of implanted tissues (Figure 2).

Recently, an experimental animal model has emphasized that immune

responses against xenoantigens may have a significant contribution to

the SVD of implanted BPs (32). While chemical fixation and

xenogenic immune response might have a role in SVD of BPs, recent

discoveries have shed light on a new and possibly important mecha-

nism relevant to this problem. Histological analysis of explanted BPs

has recently demonstrated the presence of oxidized lipids along with

inflammatory cells, foam cells and scavenger receptors, thus suggesting

that an atherosclerotic-like mechanism might contribute to SVD (6).

Furthermore, the inflammatory infiltrate, predominantly composed of

macrophage-expressed metalloproteinase-9 in areas of collagen

destruction. Moreover, recent studies (33) have noted a clear associa-

tion between atherosclerotic risk factors and SVD. Using echocardio-

graphic criteria of valve dysfunction, we have found in a cohort of

217 patients with a BP and a mean implant time of 3.1±1.8 years that

the MetS and diabetes were strong and independent predictors of

SVD (34). In this series, patients having both the MetS and diabetes

had a 2.5-fold increase in the progression rate of transprosthetic gradi-

ent compared with patients without these two factors (Figure 3). It

should also be emphasized that 33% of the patients enrolled in this

study had the MetS, thus indicating that a large proportion of patients

are at high risk of developing short-term BP dysfunction. Taken

together, these observations suggest that an active mechanism akin to

atherosclerosis, and thus potentially modifiable, is implicated in SVD

(35). 

An opportunity to prevent SVD?

Recent studies have contributed to change the paradigm about the

mechanisms involved in SVD, and consequently may open new

opportunities for preventive measures. In line with this, as opposed to

AS, pharmacological treatment for patients with a BP could be started

in the immediate postoperative period when no active calcifying

process is ongoing, thus potentially increasing the efficacy of such an

approach. The rationale behind this is that statins, when given too

late in the valvulo-athero-inflammatory process, which is often the

case with AS, are of limited value. At this point, it should be empha-

sized that Antonini-Canterin et al (36) have shown in a cohort of

167 patients a substantial reduction of BP hemodynamic dysfunction

(defined as a worsening of valve regurgitation and/or a rate of increase

in mean gradient of 3 mmHg/year or greater) in patients using statin

therapy. In addition, recent demonstration of an association between

the MetS and SVD suggests that lifestyle modification could have a

positive effect on SVD (35). Further studies will be necessary to docu-

ment mechanisms behind these observations and before any clear rec-

ommendations can be made with regard to medical treatment to

prevent SVD (37). Nevertheless, recent observations have fostered an

upsurge of interest from different groups around the world to under-

stand the atheroinflammatory process in BPs and may, in the near

future, contribute to design of therapies to prevent SVD. 

The MetS and cardiac surgery 

Although important progress has been made with percutaneous

interventions and the medical treatment of CAD, a substantial

number of patients still require CABG. It is estimated that world-

wide, approximately 800,000 CABG procedures are performed each

year (38). During the past decade, a major shift in the risk factor pro-

file has been documented in the surgical population. For instance,

the proportion of obese and diabetic patients undergoing CABG at

our institution has increased by 18% over the past decade. In addi-

tion, as one would suspect, the proportion of patients undergoing

CABG and having the MetS has reached a high level. In one recent

study (39) of 5304 patients undergoing CABG at Laval Hospital, we

have found that 43% of the subjects were characterized as having the

MetS, which conferred a threefold risk for in-hospital mortality.

Also important, patients with features of the MetS had an increased

risk of developing postoperative complications such as atrial fibrilla-

tion and renal failure (40). Considering the high prevalence of the

MetS among patients with heart disease, these observations have

important clinical impact. Although not yet proven, it is suspected

that a low-grade inflammatory state encountered in patients with

the MetS may promote a detrimental and amplified inflammatory

reaction to cardiopulmonary bypass, which would trigger a different

set of complications. 

Abdominal obesity and the metabolic syndrome

Can J Cardiol Vol 24 Suppl D September 2008 21D

Figure 2) Macroscopic view (A) and x-ray analysis (B) of an explanted
bioprosthesis showing that calcifications and tears (arrows) are two inter-
connected mechanisms actively participating in structural valve degenera-
tion
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Figure 3) In 217 patients with an aortic bioprosthesis, the annualized
mean transprosthetic gradient was significantly increased in patients having
diabetes and the metabolic syndrome. Reproduced from reference 34 with
permission of the American Heart Association
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The fatty heart: A biological tug-of-war

Biological systems have evolved to accomplish specific functions and

to prevent detrimental reaction at the cellular and organ levels. In this

regard, the adipose tissue, an energy repository, is also an extraordinar-

ily complex endocrine organ that controls energy flux within the

body. In normal conditions, when an individual is in positive energy

balance, which is a frequent occurrence at present with the modern

lifestyle, an exquisite and intricate process ensures a safe and efficient

partitioning of lipids to the subcutaneous fat, a metabolic sink (3,41).

However, when these regulatory systems of lipid partitioning are over-

whelmed, ectopic fat deposition will occur with damaging conse-

quences (42). For instance, visceral ectopic fat deposition will occur in

individuals in chronic positive energy balance and an inability to ade-

quately handle lipid partitioning. Importantly, dysregulation of lipid

partitioning will not only lead to increased abdominal fat deposition,

but it will also promote fat deposition in different organs such the

liver, pancreas and heart (43). In fact, recent studies have identified

that the amount of epicardial fat is significantly correlated with vis-

ceral fat (44). Incidentally, the epicardial fat shares the same embry-

ological origin with the mesenteric and omental adipose tissue (45).

Normally distributed over the course of coronary arteries and the

anterior surface of the right ventricle, epicardial fat can cover the

entire surface of the heart of obese individuals. In the recent years, the

question has arisen as to whether the epicardial fat is of some patho-

physiological relevance. Animal models in rodents have conclusively

shown that the Zucker diabetic fatty rats, which have a loss-of-function

of tissue receptors for leptin, develop dilated cardiomyopathy and lipid

accumulation in cardiomyocytes (46). It has been suggested that lipid-

induced apoptosis is one potential mechanism explaining this obser-

vation. Furthermore, basic studies suggest that leptin resistance may

be one crucial mechanism explaining lipid overload of normally pro-

tected organs, such as the heart (43). In humans, the use of magnetic

resonance imaging and spectroscopic techniques have shown that

intracellular accumulation of lipids in cardiomyocytes is inversely

related to systolic function (47). During CABG, surgeons have for a

long time noticed that intramyocardial arteries are in pristine condi-

tion, which is in stark contrast to the epicardial course of the same

arteries. It has been suggested that particular hemodynamic conditions

of intramyocardial coronary arteries may protect the vessels from lipid

accumulation. However, one can not exclude the possibility that epi-

cardial fat, by producing cytokines, may affect vascular wall biology

and plaque development (Figure 4). In support of the latter assertion,

recent studies indicate that when compared with the subcutaneous fat,

epicardial fat produces more proinflammatory cytokines and less

adiponectin (48). Although still speculative, epicardial fat may make

a significant contribution to the development of heart pathology.

Thus, recent discoveries in animal models and humans have fuelled

interest in the field of lipid partitioning and its relationship with heart

disease. Understanding this biological tug-of-war between protective

and promoting factors influencing ectopic fat deposition may prove of

crucial importance in the near future to treat heart disease.

CONCLUSION
Modern lifestyle has undoubtedly created an unprecedented condition

where, for the first time in human history, the worldwide number of

overfed, overweight individuals will soon surpass the number of under-

nourished (49). In the past decades, investigations from various groups

have underlined that obesity is a heterogeneous condition, in which

body fat distribution is in large measure responsible for metabolic per-

turbations, and therefore associated with different cardiovascular risk.

Visceral obesity, the most common form of insulin resistance, is asso-

ciated with a considerable risk of developing CAD. Recently, visceral

obesity has also been linked to the development of different heart

valve diseases, including AS and the SVD of BPs, and moreover it has

been associated with an increased risk of developing postoperative

complications following CABG surgery. Thus, the MetS appears to be

a major cardiovascular risk that goes way beyond the traditional risk

factors, affecting the development of different heart disorders and also

the surgical treatment of afflicted individuals. Hence, decreasing the

number of viscerally obese patients would definitely have a positive

impact on the health care system. Meanwhile, more research will pos-

sibly help to uncover specific mechanisms implicated in the different

manifestations of the MetS in the field of cardiology, and may then

translate into treatment targets in the years to come.
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Leptin resistance

Atherosclerotic plaque

Fatty heart

Chronic positive 
energy balance 

Figure 4) Patients in chronic positive energy balance and deficient lipid
partitioning, which may be at least in part dependent on leptin resistance,
will develop ectopic fat accumulation. Abdominal fat promotes the forma-
tion of small, dense low-density lipoprotein (LDL) particles as well as lower
level of high-density lipoproteins (HDLs), which in turn have detrimental
roles in the development of atherosclerotic plaque. Accumulation of ectopic
epicardial fat could influence atherosclerosis development through the pro-
duction of cytokines diffusing to the plaque by the vasa vasorum and neo-
vascularization process
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