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During the 17th century, in the midst of the Elizabethan Era, Sir Walter Raleigh brought tobacco
from the New World to England. This marked the start of a new habit: smoking. Unfortunately, this
new habit also proved to be a new health risk factor with devastating consequences. Quite later, during the second half of the 20th century, major social changes following the industrial revolution led
to the introduction of commercially prepared, highly processed food in the New World, and this new
way of life, now sometimes referred to as ‘coca-colonization’, spread at a startling speed throughout
the world [1]. So, while smoking has decreased considerably in numerous developed countries,
largely because of national health care policies, obesity has gained ground and is now considered by
many authorities to be a major health care
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risk factor, which goes far beyond the so-called traditional risk factors [5]. As a matter of fact, it
now appears that the metabolic syndrome is a strong risk factor for the development of aortic valve
calcification and the progression rate of aortic stenosis (AS) [6]. AS, long thought of as a passive
‘degenerative’ disorder, is now considered a highly regulated process akin to atherosclerosis [7].
Studies in the last decade have conclusively shown that AS valves are infiltrated with oxidized-LDL
and inflammatory cells, whereby the calcification is triggered and perpetuated. In vitro studies with
aortic valvular interstitial cells have indicated that, when grown in appropriate conditions, interstitial
cells may change their phenotype toward bone-like cells [8]. Since AS is an active and cellular process that shares some similarities with atherosclerosis, specifically the histological picture and risk
factors, statins were seen as a way to treat AS in order to stop or lower the hemodynamic progression rate. However, this conception has been questioned recently with the publication of the first two
randomized studies with statins in AS [9, 10]. In the two trials, despite a dramatic reduction of LDL
cholesterol of at least 50%, aortic valve calcification as well as the hemodynamic progression rate
remained unaffected by the lipid-lowering strategy. Recently, our group has demonstrated that
among different clinical risk factors, the metabolic syndrome is a strong and independent risk factor
for AS progression (Figure 1).
More recently, a study has demonstrated that the small, dense
LDL phenotype associated with
intra-abdominal obesity is associated with aortic valve accumulation of oxidized-LDL and, perhaps more importantly, with the
progression rate of AS [11]. This
study has contributed, at least in
part, to explain the inefficacy of
statins in AS. It should be emphasized that the small, dense
LDL phenotype is often associated with a near-normal or normal LDL level, and that statins
have at best only a modest effect
on the proportion of small, dense
LDL in circulation.
Figure 1: The metabolic syndrome is a risk factor for the progression
rate of calcific aortic stenosis.

Thus, it is quite likely that the
metabolic perturbations associated with intra-abdominal obesity, such as the high proportion of small, dense LDL, determine valve
accumulation of oxidized lipids and thereby influence the mineralization process as well as the clinical activity of this disorder.
In the absence of effective medical treatments and possibly owing to the epidemic proportions obesity has reached, there has been a recent increase in the prevalence of severe AS and a considerable
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influx of patients to surgery to replace these end-stage diseased valves. Globally, about half of these
aortic valve replacements are done with bioprostheses, made either of porcine or bovine tissues. Although biosprosthetic valves have numerous advantages, their ‘Achilles heel’ is their propensity to
calcify and become dysfunctional. While for many years this degenerative process was thought to be
related to pre-implant fixation technique, recent investigations suggest that metabolic risk factors
could also be involved. For instance, among different factors, the metabolic syndrome has been associated with early hemodynamic dysfunction of bioprostheses [12]. It is suspected that there are
numerous mechanisms underpinning bioprosthesis dysfunction, including the possibility that some
metabolic features of intra-abdominal obesity contribute to the inflammation of bioprostheses and
matrix degradation.
Though medical treatment and
percutaneous interventions have
played a large role in the treatment of CAD, many patients still
undergo coronary artery bypass
grafting surgery (CABG). Considering the prevalence of CAD
in our modern society and the
changing mosaic of risk factors,
it is of particular interest to
document whether the metabolic
syndrome may impact surgical
outcomes. In this regard, we recently identified in a cohort of
5,304 men and women undergoing CABG that the metabolic
syndrome was independently associated with a three-fold increased rate of perioperative Figure 2: Interaction of the metabolic syndrome and diabetes with regard
to operative mortality following coronary artery bypass graftmortality (Figure 2) [13]. Equally
ing.
important, postoperative atrial
fibrillation, a common complication after CABG and one suspected to have an inflammatory component as one of the triggers, has recently been linked to the metabolic syndrome [14]. The metabolic syndrome has also been identified as a risk factor for atrial fibrillation in the general population. Hence, although the mechanisms underlying the association of arrhythmic complications with
intra-abdominal obesity have not yet been delineated, it is suspected that an exaggerated inflammatory response may partly explain this association. Thus, further studies in the years to come may
hopefully shed some light on these issues.
While considerable interest has been devoted to the mechanism by which excess intra-abdominal fat
contributes to metabolic perturbations and increased cardiovascular risk, it is only recently that attention has been paid to the mechanisms controlling the distribution of excess energy in different fat
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depots. It is now apparent that the biology of adipocytes is quite complex and that adipose tissue
acts as an endocrine organ having intricate links with the metabolism, the brain, and the cardiovascular system. It has been elegantly shown that among other mechanisms, leptin, an adipokine with
many functions, plays a crucial role in the partition of lipids and prevents ectopic fat accumulation
[15]. According to the lipotoxic theory, accumulation of fat in organs, for which it is not the primary
function, may contribute to cellular injury through the production of ceramides. New imaging technologies, such as magnetic resonance imaging, as well as direct surgical observation of excessive
epicardial fat accumulation have resurrected an old observation in the realm of modern scientific inquiry. In the 18th century, physicians had already observed the ‘fatty heart’ at autopsy and had suspected a possible link between this condition and sudden death. More recently, magnetic resonance
imaging studies have shown positive relationships between epicardial fat accumulation, intraabdominal obesity, and a decreased regional systolic shortening of the myocardium [16]. Considering the common embryologic origin of epicardial and intra-abdominal fat, it is likely that epicardial
fat is pro-inflammatory. It then follows that owing to the production of cytokines, epicardial fat may
have an impact on the development of atherosclerosis. It should be pointed out that contrary to
epicardial coronary arteries, intra-myocardial arteries are often in pristine condition without any sign
of atherosclerosis. This latter observation may then lend weight to the role of epicardial fat, which is
intimately related to epicardial arteries, as a potential contributor to atherosclerosis and/or plaque
biological activity. Though the role of epicardial fat in cardiovascular pathologies is still ill-defined,
it should be acknowledged that it deserves attention and further mechanistic studies, given its potential impact.
In light of the above discussion, excessive accumulation of ectopic/intra-abdominal fat appears to be
a significant cardiovascular risk factor. Studies have therefore brought heart valve diseases, arrhythmia, and operative risk into the realm of cardiometabolic risk. With the identification of intraabdominal obesity’s huge impact on cardiovascular risk, and considering the epidemic proportions
of obesity, a concerted effort from the scientific community and health care agencies is of paramount importance. Indeed, primary and secondary prevention, as well as identifying key molecular
targets of the multi-faceted manifestations of intra-abdominal obesity on cardiovascular pathology,
will be necessary to stave off the devastating consequences of our modern lifestyle.
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