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This issue of the CMReeJournal features 3 brief review papers that report on the key notions dis-
cussed during a symposium of the International Chair on Cardiometabolic Risk held in January 2009 
at the XIXes Journées Européennes de la Société Française de Cardiologie annual meeting. In the 
first article, Dr. Paul Poirier describes how to identify the patients who have “at-risk” obesity and 
how to manage these patients in order to reduce the risk of future cardiovascular events. He also dis-
cusses the apparent “obesity paradox”. The second short review, written by Dr. Éric Larose, deals 
with the patients who are at a more advanced stage of their “cardiometabolic disease”, i.e., those 
who have developed coronary heart disease (CHD) and require percutaneous coronary intervention. 
The review article by Dr. Patrick Mathieu presents the important and multifaceted implications of 
cardiometabolic risk in the context of cardiac surgery. These brief, insightful reviews are followed 
by a “Special Article” written by Dr. Michael Jensen from the Mayo Clinic (Rochester, MN) that 
deals with what has been referred to as “normal weight obesity”. Dr. Jensen makes the key point that 
assessment and management of patients should focus on their health, not only on their body mass 
index or percent body fat. Finally, we are grateful to another member of the Chair, Dr. Luis M. 
Ruilope from Hospital Octubre (Madrid, Spain), who generously wrote an “Original Article” on 
ambulatory pressure, which adds relevant information to the assessment/management of obese hy-
pertensive patients. 
 
Intra-abdominal (Visceral) Obesity: the “At-Risk” Obesity 
Obese individuals are not all at equal risk of developing metabolic and life-threatening complica-
tions. There is a strong body of evidence supporting the concept that fat distribution and deposition 
in non-adipose tissues (liver, heart, muscle, pancreas) instead of subcutaneous adipose tissues is an 
important determinant of this inter-individual difference in the risk associated with obesity [1-3]. In 
the quest to identify the patients with “at-risk” obesity, several definitions and parameters have been 
proposed [4]: 1) Obesity defined as a body mass index ≥30 kg/m2. This index is a crude marker of 
excess fat but does not account for the inter-individual variability in body fat distribution; 2) Ab-
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dominal obesity, which refers to an increased waist circumference. The addition of this easily meas-
urable parameter is an important step in the identification of “at-risk” obesity. However, the main 
limitation of this parameter is that it does not differentiate between intra- (i.e., visceral) vs. extra- 
(i.e., subcutaneous) abdominal fat; 3) Intra-abdominal obesity, which can be identified and quanti-
fied using imaging techniques such as computed tomography or magnetic resonance imaging and/or 
by the combination of increased waist circumference and specific blood metabolic abnormalities 
such as hypertriglyceridemia (hypertriglyceridemic waist). More recently, the term “ectopic fat” has 
been used in addition to intra-abdominal obesity. This term is more accurate than the latter in the 
sense that it refers to fat accumulation in non-adipose tissues, including viscera and muscles. Fur-
thermore, it crystallizes the point that excess energy should normally be stored in the subcutaneous 
compartment and that this subcutaneous fat is rather protective. To this effect, it is important to re-
member that without this reserve of subcutaneous fat, human beings would probably have disap-
peared a long time ago. The excessive deposition of fat outside of the subcutaneous compartment is 
abnormal and leads to a cascade of metabolic and cardiovascular complications. Hence, subcutane-
ous fat constitutes a caloric reserve that may eventually be life-saving in some circumstances, 
whereas ectopic fat is associated with a dysmetabolism that may considerably shorten life expec-
tancy.  
 
The Multiple Target Organs of Intra-abdominal Obesity 
Beyond the contribution of mere obesity, the crucial importance of pathophysiological processes as-
sociated with intra-abdominal adiposity/ectopic fat to the development of type 2 diabetes, athero-
sclerosis, and cardiovascular disease has been recognized in numerous studies and recently referred 
to as “cardiometabolic risk” [1-3] (Figure). Initially, most of the studies have focused on the link be-
tween abdominal or intra-abdominal obesity and the risk of CHD or stroke. When analyzed collec-
tively, these studies suggest that the cluster of metabolic abnormalities linked to intra-abdominal 
obesity is associated with a 2-fold increase in the relative risk of CHD/stroke events [5]. However, 
the deeper the scientists dig on intra-abdominal obesity, the more metabolic abnormalities and target 
organs are identified (Figure). Recently, intra-abdominal obesity and associated dysmetabolism have 
been linked to increased risk of: 1) aortic valve disease; 2) degeneration of bioprosthetic heart 
valves; 3) operative mortality and atrial fibrillation following coronary artery bypass surgery; 4) ad-
verse left ventricular remodelling and heart failure; 5) renal dysfunction; 6) sleep apnea; 7) cancer; 
8) aging-related cognitive decline, etc. In summary, intra-abdominal adiposity/ectopic fat is associ-
ated with a cluster of diabetogenic and atherogenic abnormalities that, in turn, negatively affect sev-
eral target organs including liver, heart, brain, kidneys, muscles, etc. (Figure). Ectopic fat deposition 
may also act directly on the target organs through the lipotoxicity phenomenon and/or the release of 
locally acting molecules. Another worrying aspect of intra-abdominal obesity is that this phenotype 
is not exclusively limited to the adult and elderly populations. It is also now frequently encountered 
in children and teenagers and is associated with early alterations of their metabolic profile. Hence, in 
coming decades, our healthcare system will have to face up to the catastrophic consequences of 
these millions of time-delayed, metabolic bombs. 
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Figure:  Determinants and consequences of intra-abdominal adiposity/ectopic fat. 



 
 
 
 
 
 
 

   
 
  5 

Unanswered Questions 
There are several unanswered questions that will need to be addressed in future studies: 
 
1) What are the determinants of intra-abdominal adiposity/ectopic fat? Why, for the same positive 
energy balance, do some patients develop subcutaneous obesity with no or little alteration of their 
metabolic profile, whereas others develop the intra-abdominal obesity generally accompanied by an 
increased cardiometabolic risk?  
 
2) Why do some (a few) patients with excessive intra-abdominal adiposity/ectopic fat accumulation 
nonetheless exhibit a normal metabolic profile? Are they genetically lucky individuals? 
 
3) Is intra-abdominal adiposity/ectopic fat a factor actively contributing to the development of meta-
bolic and life-threatening complications OR is it just a risk marker? 
 
4) If we target and reduce intra-abdominal adiposity with the use of behavioural or pharmacological 
interventions, does this translate into significant reduction of metabolic and life-threatening compli-
cations? The presentation of such data would certainly help us to clarify the exact pathophysiologi-
cal role of intra-abdominal adiposity/ectopic fat: i.e., is it a risk marker or a risk factor? 
 
Implications for Clinical Practice 
Pending further studies to answer these important questions, it is urgent to implement strategies at 
the different levels of clinical practice to systematically identify the patients who have “at-risk” obe-
sity, i.e., intra-abdominal adiposity/ectopic fat. This at-risk phenotype remains largely undiagnosed 
and untreated in current practice. One approach to detect and quantify ectopic fat would be to use 
computed tomography or magnetic resonance imaging, but this approach is expensive and does not 
apply to routine screening in general practice. As it is often the case in medicine, the simpler, the 
better, and in this regard waist circumference is a simple and cost-effective measure to identify ab-
dominal obesity. The IDEA study provided convincing evidence that this measurement can success-
fully be used in general practice and that it provides important information for the patient’s prognos-
tication [6]. Hence, waist circumference should be systematically measured as part of the routine 
physical exam. The second step is to combine the measurement of waist circumference with the 
measurement of triglycerides to further track down the intra-abdominal (i.e., visceral) obesity phe-
notype. The hypertriglyceridemic waist phenotype is the clinical tool that likely offers the best com-
promise between accuracy, simplicity, and cost-effectiveness to identify “at-risk” obesity [7]. The 
algorithms of the National Cholesterol Education Program-Adult Treatment Panel III or the Interna-
tional Diabetes Federation can also be used but are more complex and require the measurement of 
more parameters [8].  
 
Individuals with Intra-abdominal Adiposity/Ectopic Fat: Next Steps  
The first line of treatment should logically focus on aggressive lifestyle changes, including improv-
ing eating habits and encouraging patients to be more active on a daily basis. In this regard, we 
clearly need more data on the applicability and long-term efficacy of lifestyle modification programs 
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in intra-abdominally obese individuals. Moreover, we can anticipate that a significant proportion of 
patients with intra-abdominal obesity will not respond to lifestyle modification programs and that 
pharmacological intervention may be required in these patients. However, to date, the pharmaco-
therapy targeting intra-abdominal obesity remains very limited and has significant side effects. More 
research and development are thus urgently needed to fill this gap in the arsenal that clinicians need 
to efficiently fight intra-abdominal obesity. 
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Introduction 
Obesity is a complex multifactorial chronic disorder that develops from an interaction of genotype 
and the environment. The health hazards of obesity have been recognized for centuries. Populations 
in industrialized countries are becoming 
more overweight as a result of changes in 
lifestyle. Both overweight and obesity 
must be regarded as serious medical prob-
lems in our time since obesity is associ-
ated with reduced life expectancy. Indeed, 
obesity represents an independent predic-
tor of cardiovascular disease (CVD) and 
this association is more pronounced in in-
dividuals under 50 years of age. This is 
why the American Heart Association 
stated ten years ago that obesity is a major 
modifiable risk factor for heart disease 
[1]. Nowadays, obesity has reached epi-
demic proportions in the United States as 
well as in much of the industrialized 
world and is increasing in prevalence in 
the developing world [2]. In the most 
widely used classification of body mass, 
body weight is expressed in terms of body mass index (BMI) [2]. In adults, obesity is defined as a 
BMI ≥30 kg/m2, which is further subdivided into grades (Table 1).  
 
The improvements in risk factor recognition and management that have occurred over the years in 
modern cardiology may be counteracted by the rising incidence of obesity [3]. Beyond an unfavour-
able risk factor profile, overweight/obesity also affects heart structure and function [2]. However, 
obesity is a remarkably heterogeneous condition, where the distribution of adipose tissue is of im-
portance in determining the presence/absence of metabolic dysfunctions [4]. Obesity as defined by 

Key Points 
■ The improvements in risk factor recognition and man-

agement that have occurred over the years in modern 
cardiology may be counteracted by the rising inci-
dence of obesity. 

■ The presence of obesity may limit the accuracy of the 
physical exam. It also has the potential to affect the 
electrocardiogram. Moreover, transthoracic echocar-
diography can be technically difficult in obese pa-
tients, and obese individuals may have several limita-
tions in the catheterization laboratory. 

■ The obesity paradox may reflect the failure of body 
mass index to adequately discriminate body fat distri-
bution. 

■ From a clinical standpoint, both body mass index and 
waist circumference should probably be assessed and 
may be useful to better define "at risk" obesity. 
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BMI is undoubtedly associated with an increased rate of co-morbidities and cardiovascular mortality 
[5, 6], and obese individuals considered "at risk" are mostly characterized by features associated 
with abdominal obesity. 
 
Physical Exam 
The presence of obesity may limit 
the accuracy of the physical exam. 
Jugular venous pulse is often not 
seen, and heart sounds are usually 
distant. A common finding in mas-
sive obesity is pedal edema, which 
can occur in part as a consequence 
of elevated ventricular filling pres-
sure, despite elevation in cardiac 
output. Obese individuals can also 
have increased demand for ventila-
tion and breathing workload, espe-
cially in the supine position. Accu-
rate blood pressure measurement is 
crucial since many obese patients 
are hypertensive. A small cuff size 
can cause considerable increases in 
blood pressure. This could incor-
rectly classify up to 35% of nor-
motensive obese individuals as hy-
pertensive. One should always evaluate the presence of cor pulmonale when examining an obese in-
dividual. In obese patients, the split S2, when either inaudible or very poorly defined in the second 
interspace, is often best heard at the first left interspace. Therefore, an increase in the intensity of P2, 
suggestive of pulmonary hypertension, may be missed at the bedside. 
 
Surface Electrocardiogram (ECG) 
Obesity has the potential to affect the ECG in several ways: 1) displacement of the heart by elevat-
ing the diaphragm in the supine position, 2) increasing the cardiac workload and 3) increasing the 
distance between the heart and the recording electrodes. The voltage of the QRS complexes is at-
tenuated by its passage through a fat-laden chest wall and is related to several factors, including the 
anatomy of the thorax, the degree of fatty infiltration of the heart, the degree of associated chronic 
lung disease, the increase in left ventricular muscle mass and, most importantly, the selection of the 
electrocardiographic leads for measuring voltage. Overall, the effect of weight loss in obese patients 
on the QRS voltage is a source of controversy in the literature; studies report a decrease, no change 
or an increase in the QRS amplitude after weight reduction. Heart rate, PR interval, QRS interval, 
QRS voltage and QTc interval all showed an increase with increasing obesity. An increased inci-
dence of false-positive criteria for inferior myocardial infarction was reported in both obese indi-

Table 1:  Classification of body weight according to body mass index 
(BMI) and waist circumference in adults. 
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viduals and in women in the final trimester of pregnancy, presumably because of diaphragmatic ele-
vation (Table 2). 
 
Echocardiography 
Transthoracic echocardiography can 
be technically difficult in obese pa-
tients, and obtaining a good echo-
cardiographic window is often diffi-
cult. This is of importance when 
evaluating the presence of left ven-
tricular diastolic dysfunction. Pul-
monary venous Doppler evaluation 
may be used but if it is not techni-
cally feasible, transmitral Doppler 
imaging with the use of the Valsalva 
maneuver may properly evaluate the 
presence of left ventricular diastolic 
dysfunction. Another feature of the 
echocardiographic assessment in 
obese patients is the differentiation 
between subepicardial adipose tis-
sue and pericardial effusion, which can at times be difficult. Epicardial adipose tissue is known to be 
a common cause of pseudopericardial effusion, and this adipose tissue depot may cause an underes-
timation of the amount of pericardial 
fluid. Another issue is the presence 
of fat within the heart. Fat can ac-
cumulate in a variety of places, but 
the site of predilection tends to be 
the interatrial septum. Lipomatous 
hypertrophy of the interatrial septum 
should be suspected in the presence 
of a dumbbell-shaped appearance of 
the septum, with thick echogenic tis-
sue surrounding a thin echo at the 
level of the fossa ovalis. Also, ac-
cumulation of fat may simulate a 
mass. Several heart functions can be 
unmasked with an echocardiogram 
(Table 3). 

Table 2:  Electrocardiogram (ECG) changes that may occur in obese 
individuals. 

Table 3:  Functional and structural changes that may occur in obese 
individuals. 
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Cardiac Catheterization 
Obese individuals may have several limitations in the catheterization laboratory. The catheterization 
laboratory table usually does not accommodate subjects weighing more than 160 kg. Moreover, vas-
cular access to the femoral vein and artery may be difficult. The percutaneous radial approach has 
advantages in the very obese patient, for whom the percutaneous femoral technique may be techni-
cally difficult and bleeding hard to control after catheter removal. Indeed, the frequency of compli-
cations using the percutaneous radial technique is very low and should be contemplated when the 
evaluation of extremely obese individuals is necessary in the catheterization laboratory. 
 
Assessment of Obesity by the Cardiologist 
It appears that obesity as defined solely by BMI cannot always discriminate between the individuals 
at higher risk of developing CVD. Non-obese overweight patients with excess intra-abdominal (vis-
ceral) adiposity (i.e., patients therefore at higher risk) may not be detected on the basis of BMI alone 
[7]. For these reasons, measurement of waist circumference and a set of metabolic markers has been 
proposed to detect obese individuals at a higher CVD risk [5, 8]. Waist or waist-to-hip ratio (WHR) 
has been used as a proxy measure for body fat distribution. Abdominal obesity has been reported as 
a risk factor for CVD worldwide and is likely to better refine clinical assessment of obesity risk [7, 
9, 10]. 
 
Coronary Artery Disease 
Atherosclerosis begins in childhood (5-10 years) and is demonstrated predominantly as fatty streaks. 
Examination of arteries post-mortem from young individuals (15 to 34 years of age) in the Determi-
nants of Atherosclerosis in Youth (PDAY) study who died from accidental injuries, homicides or 
suicides revealed that the extent of fatty streaks and even advanced lesions (fibrous plaques and 
plaques with calcification or ulceration) in the right coronary artery and abdominal aorta were asso-
ciated with obesity and size of the abdominal panniculus [11]. In adults, it has been shown that 1) 
maximal density of macrophages/mm2 in atherosclerotic lesions is associated with intra-abdominal 
obesity [12], 2) reduced coronary flow reserve is related to body fat distribution and insulin resis-
tance [13], 3) the metabolic syndrome is associated with lipid-rich plaque [14], 4) coronary artery 
calcium and abdominal aortic calcium is associated with intra-abdominal adipose tissue [15]. Pro-
spective evidence shows that abdominal obesity is associated with accelerated progression of carotid 
atherosclerosis in men independently of overall obesity and other risk factors [16]. Also, the compo-
nents of the insulin resistance syndrome have been reported, following coronary artery bypass graft, 
to be associated with angiographic progression of atherosclerosis in non-grafted coronary arteries 
[17]. 
 
The Obesity Paradox 
Despite the fact that obesity has been shown to be an independent risk factor for CVD, many studies 
have reported that obese patients with established CVD have a better prognosis than do patients with 
ideal body weight: this is the so-called "obesity paradox". This paradox has been best described for 
patients with advanced systolic heart failure [2] and patients with coronary artery disease [18]. The 



 
 
 
 
 
 
 

   
 
  11 

improved survival of obese individuals is paradoxical principally because of the assumption that ex-
cessive weight is always and invariably harmful. As a matter of fact, among patients with congestive 
heart failure, subjects with higher BMI are at decreased risk for death and hospitalization compared 
with patients with a "healthy" BMI [2]. Also, obesity was associated, in a prospective cohort study, 
with lower all-cause and cardiovascular mortality after unstable angina/non-ST-segment elevation 
myocardial infarction treated with early revascularization [19].  
 
The obesity paradox may reflect the failure of BMI to adequately discriminate body fat distribution 
[7, 20, 21]. Since BMI measures total body mass, i.e., both fat and lean mass, it may better represent 
the protective effect of lean body mass on mortality. This negative confounding may have been un-
derappreciated in prior studies that did not adjust for measures of abdominal obesity. It is possible 
that the favourable prognosis implications associated with mildly elevated BMI might actually re-
flect the intrinsic limitations of BMI in differentiating adipose tissue from lean mass. BMI’s lack of 
specificity could dilute the adverse effects of excess fat with the beneficial effects of preserved or 
increased lean mass [22]. As an example, in patients with known CVD or following acute myocar-
dial infarction, overall obesity as assessed by BMI was not associated with myocardial infarction, 
cardiovascular mortality and total mortality when abdominal obesity (WHR, waist circumference) 
was integrated into the analysis [9, 23, 24]. Another limitation in most studies reporting an obesity 
paradox in patients with CVD is that non-intentional weight loss, which would be associated with a 
poor prognosis, is not assessed, as BMI is measured only at the beginning of the study. Patients who 
have decompensated heart failure may lose weight because of extensive caloric demands associated 
with the increased work of breathing, and patients who show poor nutrients absorption by the ede-
matous bowel may be at higher risk of recurrent CVD events. 
 
Despite the high correlation between waist circumference and BMI, the combination of both indices 
may be very relevant in clinical practice because waist circumference for a given BMI is a strong 
predictor of all-cause mortality. Studies reporting negative results between all-cause mortality and 
waist circumference did not mutually adjust for waist circumference and BMI, a possible explana-
tion for the inconsistent results [25, 26]. Another example is that the excess health risk associated 
with a higher BMI declines with increasing age. An explanation for the lack of a positive association 
between BMI and mortality at older ages is that, in older persons, higher BMI is a poor measure of 
body fat and may simply represent a measure of increased physical activity with preserved lean 
mass. Sarcopenic obesity, which is defined as excess fat with loss of lean body mass, is a highly 
prevalent problem in older individuals. In fact, the ideal BMI may be higher in older adults than in 
middle-aged adults. It was recently reported in ~4,000 persons aged ≥75 years that WHR rather than 
waist circumference predicted mortality in non-smoking men and women, mainly because of the as-
sociation with cardiovascular deaths [27]. In the Health Professionals Study, in men aged 65 years, 
waist circumference and WHR were significantly related to CVD mortality [25]. It was found in the 
Cardiovascular Health Study in over 5,000 patients aged ≥65 years with a mean BMI of 26.3 kg/m2 
(42% overweight) that higher BMI values indicated a lower mortality risk once the risk attributable 
to waist circumference was accounted for, whereas waist circumference values indicated a higher 
mortality risk once the risk attributable to BMI was accounted for [28]. Death rates were highest in 
individuals with a high waist circumference within the overweight and obese BMI categories. Fi-
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nally, in a large case-control study, WHR was found to be more strongly associated than BMI with 
myocardial infarction, whereas the association with BMI was weak and intermediate for waist cir-
cumference in older patients [29]. In order to discriminate low-risk vs. high-risk subjects, WHR 
could be more useful. Further studies are needed to clarify the concept of the obesity paradox in pa-
tients with known CVD. 
 
Assessment of Adiposity in Clinical Practice 
The introduction of waist circumference as a simple risk measure in public health settings has al-
ready begun, but debate regarding the simplification of the measure is ongoing. Thresholds for waist 
circumference to identify individuals with excess cardiovascular risk have been suggested, but the 
choice of waist circumference thresholds should be based on outcomes of importance, such as all-
cause mortality or myocardial infarction. It seems from the data available that there is no basis for 
choosing thresholds because the mortality rate ratio increased steadily with waist circumference. 
Nevertheless, there may be a difference between different ethnic groups [29]. From a clinical stand-
point, both indices should probably be assessed and may be useful to better define "at risk" obesity 
[11, 30, 31]. It was observed in the IDEA (International Day for the Evaluation of Abdominal obe-
sity) study, which included 157,211 patients, that both waist circumference and BMI were inde-
pendently associated with the presence of CVD in both men and women [32]. Nevertheless, with all 
the knowledge available in the literature regarding obesity and CVD, assessment and management 
of obesity following acute coronary syndrome is simply inadequate [33]. 
 
Conclusion  
Without a doubt, obesity is a risk factor for CVD. There are numerous clinical indices to evaluate 
obesity (BMI, waist circumference, WHR). Accurate diagnosis of obesity may lead to more refined 
assessment of body fat composition/distribution. Over the years, studies have helped refine indices 
associated with CVD. For example, total cholesterol has been replaced by LDL and HDL cholesterol 
to better evaluate the patient’s risk of CVD. Today, we are no longer using total weight to assess the 
presence of obesity. Although BMI has been useful in epidemiological studies in order to assess the 
presence of obesity, it fails to differentiate between differing body compositions. BMI does not 
characterize excess centrally distributed obesity, which is more consistently associated with adverse 
effects on metabolism, dyslipidemia and insulin resistance. BMI also can be falsely increased in the 
presence of increased lean body mass (such as in trained athletes), and low BMI values are associ-
ated with chronic conditions leading to loss of lean body mass. Thus, other clinical indices of adi-
posity such as waist circumference and WHR should be incorporated into the cardiologist’s clinical 
approach in order to better target and manage "at risk" obesity. 
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The Typical Catheterization Laboratory Patient is Changing 
Traditionally, patients admitted to the catheterization laboratory have displayed typical risk factors 
for atherosclerosis, including advancing age, smoking, diabetes, dyslipidemia, hypertension or a 
family history of premature coronary ar-
tery disease. The contemporary interven-
tionalist is confronted by a growing popu-
lation of patients with only 1 or even no 
traditional risk factors, corresponding to a 
moderate or low probability of coronary 
artery disease based on traditional risk 
scores. Over two-thirds of younger adults 
presenting with acute myocardial infarc-
tion would not be considered high risk for 
coronary events if assessed using the Na-
tional Cholesterol Education Program-
Adult Treatment Panel III criteria [1]. In the recent EASY trial of over 1,000 all-comer patients un-
dergoing coronary angioplasty, waist circumference was greatly increased to a mean 99 ± 5 cm de-
spite a mean body mass index of 28 ± 5 kg/m2, indicating overweight but not obesity. This “ab-
dominally obese” population of a mean age of 60 years had relatively low incidences of traditional 
risk factors, including 30% smoking, 50% hypertension and 15% diabetes. 
 
Back To Basics: At-Risk Atherosclerosis 
Atherosclerosis biology, more than stenosis severity, determines risk for coronary events, including 
unstable angina, myocardial infarction and sudden coronary death. While angioplasty in myocardial 
infarction reduces events, the interventionalist must face the harsh reality that angioplasty in stable 
coronary artery disease reduces angina symptoms but does not prevent acute coronary syndrome. 
The plaque at risk for thrombotic events has typical features, including a lipid-rich necrotic core, 
thin fibrous cap, active inflammation and at times an overhanging thrombus. Imaging methods based 

Key Points 
■ Traditional risk factors do not explain the full spec-

trum of risk in patients assessed in the catheterization 
laboratory. 

■ Atherosclerosis risk is related to underlying biology 
and not merely to luminal stenosis severity. 

■ Ectopic adipose tissue may partly explain the athero-
sclerosis risk observed in catheterization laboratory 
patients who do not have traditional risk factors. 
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on magnetic resonance imaging, ultrasound backscatter, optical coherence tomography, computed 
tomography and thermography have shown promise in better identifying at-risk biology and poten-
tially broadening therapies based on atherosclerosis risk beyond atherosclerosis morphology (Fig-
ure) [2]. 
 

 

 

Figure: Intravascular magnetic resonance imaging (IVMRI) of common iliac artery in vivo. Angiogram (left) of a 
common iliac artery and corresponding intravascular ultrasound (IVUS) and IVMRI images of the iliac 
artery at its origin (top half) and 6 mm distal to the bifurcation (bottom half). In both segments, the artery 
is characterized by angiographic narrowing and IVUS that images the outside edges of the artery and 
plaque incompletely, whereas the corresponding IVMRI depicts the entire plaque morphology. The vali-
dated approach to tissue characterization ex vivo applied to this in vivo study demonstrates a predomi-
nantly lipid core with overlying fibrous cap at the origin of the iliac artery (top half) and a large lipid 
core with a calcium nodule in the more distal segment (bottom half). 
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Ectopic Adipose Tissue and Atherosclerosis 
Increased intra-abdominal (visceral) adipose tissue is related to an increase in atherosclerosis risk 
factors. Coronary events also rise as intra-abdominal adipose tissue increases. A similar relationship 
to risk factors and atherosclerosis has been suggested with visceral adipose tissue on the surface of 
the heart. A lifestyle modification program that included increased physical activity/exercise and 
healthy eating habits (SYNERGIE trial) was found to generate significant reductions in ectopic in-
tra-abdominal adipose tissue. The interventional cardiologist must remember that beyond traditional 
risk factor management, novel metabolic risk factors respond to lifestyle modifications. Patient mo-
tivation and adherence to a healthy lifestyle may be greatly improved by appropriate counselling 
from the interventional cardiologist when the patient is “all ears” following coronary angioplasty. 
 
The typical patient treated in the interventional cardiology laboratory is changing. Focus is shifting 
towards therapy of atherosclerosis beyond mere stenosis, and the contribution of metabolic risk fac-
tors in addition to traditional risk factors is recognized. The role of the interventional cardiologist in 
targeting the appropriate patients for lifestyle modification cannot be overstated. 
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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, dur-
ing 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 
problem. As a result, obesity-associated 
conditions such as diabetes have reached 
gigantic proportions on a worldwide scale. 
In light of the research conducted during 
the last decade or so, it is important to 
stress from the outset that obesity is a very 
heterogeneous condition in which body fat 
distribution largely determines metabolic 
features [2]. In this regard, intra-
abdominal (visceral) obesity has been 
consistently associated with glucose intol-
erance, low HDL, hypertriglyceridemia, 
and hypertension [3]. Intra-abdominal 
obesity, the most common form of the 
metabolic syndrome, has been linked to an 
atherogenic dyslipidemia and thereby to a 
high risk of coronary artery disease 
(CAD) [4]. Of special interest is the fact 
that the metabolic syndrome has recently been shown to be a composite modifiable cardiovascular 

Key Points 
■ The metabolic syndrome is associated with aortic 

valve calcification and a faster aortic stenosis progres-
sion rate. 

■ Among the different features of the metabolic syn-
drome, a high proportion of small, dense LDL in 
blood plasma is associated with aortic valve inflam-
mation along with a clinically faster progression rate. 

■ Following an aortic valve replacement, the metabolic 
syndrome increases the risk of bioprostheses structural 
degeneration. 

■ The metabolic syndrome is a risk factor in cardiac 
surgery increasing substantially the risk of postopera-
tive death. 

■ In middle-aged patients, the metabolic syndrome in-
creases the risk of postoperative atrial fibrillation, a 
common arrhythmia following coronary artery bypass 
surgery.  
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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 proc-
ess 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 progres-
sion 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 dem-
onstrated that the small, dense 
LDL phenotype associated with 
intra-abdominal obesity is asso-
ciated with aortic valve accumu-
lation of oxidized-LDL and, per-
haps 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 em-
phasized that the small, dense 
LDL phenotype is often associ-
ated with a near-normal or nor-
mal LDL level, and that statins 
have at best only a modest effect 
on the proportion of small, dense 
LDL in circulation.  
 
Thus, it is quite likely that the 
metabolic perturbations associ-
ated 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 clini-
cal activity of this disorder.  
 
In the absence of effective medical treatments and possibly owing to the epidemic proportions obe-
sity has reached, there has been a recent increase in the prevalence of severe AS and a considerable 

Figure 1: The metabolic syndrome is a risk factor for the progression 
rate of calcific aortic stenosis.  
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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. Al-
though 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 as-
sociated 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 treat-
ment of CAD, many patients still 
undergo coronary artery bypass 
grafting surgery (CABG). Con-
sidering 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 re-
cently identified in a cohort of 
5,304 men and women undergo-
ing CABG that the metabolic 
syndrome was independently as-
sociated with a three-fold in-
creased rate of perioperative 
mortality (Figure 2) [13]. Equally 
important, postoperative atrial 
fibrillation, a common complication after CABG and one suspected to have an inflammatory com-
ponent as one of the triggers, has recently been linked to the metabolic syndrome [14]. The meta-
bolic syndrome has also been identified as a risk factor for atrial fibrillation in the general popula-
tion. 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 inflamma-
tory 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 at-
tention has been paid to the mechanisms controlling the distribution of excess energy in different fat 

Figure 2: Interaction of the metabolic syndrome and diabetes with regard 
to operative mortality following coronary artery bypass graft-
ing.  
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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 cardiovas-
cular 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 tech-
nologies, 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 in-
quiry. In the 18th century, physicians had already observed the ‘fatty heart’ at autopsy and had sus-
pected a possible link between this condition and sudden death. More recently, magnetic resonance 
imaging studies have shown positive relationships between epicardial fat accumulation, intra-
abdominal obesity, and a decreased regional systolic shortening of the myocardium [16]. Consider-
ing 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 poten-
tial 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, ar-
rhythmia, and operative risk into the realm of cardiometabolic risk. With the identification of intra-
abdominal 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 para-
mount 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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Background 
A recent publication on the topic of normal weight obesity [1] has received media attention. The in-
vestigators used the National Health and Nutrition Examination Survey database, containing infor-
mation on body mass index (BMI), percent body fat and metabolic problems related to obesity from 
over 13,000 adults age 20-80. Using the traditional BMI cutoff values of 25 kg/m2 for normal 
weight, 25-29.9 kg/m2 for overweight and 
>30 kg/m2 for obesity, they assessed the 
prevalence of “obesity” in each category. 
The World Health Organization (WHO)-
recommended definition for obesity is 25% 
body fat in men and 35% body fat in 
women. The authors concluded that the cur-
rent BMI criteria miss over half the people 
who would be categorized as "obese" using 
WHO criteria, especially in older adults.   
 
I was surprised about the buzz surrounding 
"normal weight obesity". Many endocri-
nologists may have been asking "Where's 
the beef?" because almost 30 years ago an 
endocrinologist, Dr. Neil Ruderman, coined 
the term "metabolically obese normal 
weight" [2] to describe non-obese men and 
women with hypertriglyceridemia, type 2 diabetes or hypertension. He speculated on a number of 
possible explanations for this phenomenon [2], many of which have been confirmed in the following 
years. More recently, Dr. Ruderman and colleagues have published an update on this topic [3] pro-
viding more in-depth speculation regarding the potential mechanisms and explanations for the phe-
nomenon of the normal weight, metabolically obese adult.  
 

Key Points 
■ There is a big difference between “metabolically 

obese, normal weight” as proposed by Ruderman et 
al. [2, 3] and “normal weight obesity”. The former 
defines a group that may benefit from changes in 
eating (and activity) habits whereas the latter is an 
epidemiological construct with little physiological 
basis and limited clinical utility.  

■ Individuals with low amount of body fat may some-
times benefit from treatments traditionally provided 
to obese patients, and some patients who meet body 
mass index criteria for obesity will not see health 
benefits from weight loss. 

■ Clinicians should distinguish between the two and 
apply treatments as indicated by health, not by body 
mass index or percent body fat criteria. 
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Adipose Tissue Functions 
The WHO definition of obesity is 
based only upon percent body fat, 
which forces us to consider the role(s) 
of body fat and whether the amount 
that is unhealthy can be so specifically 
defined. Adipose tissue performs a 
surprising number of functions (Table 
1), and although Americans tend to 
want to have as little body fat as pos-
sible, this is not always ideal for 
health. Most obviously, adipose tissue 
serves as a reservoir for energy. Adi-
pose tissue is the primary means for 
storing circulating triglycerides during 
times of “feast” and making those 
triglycerides available to other tissues 
in the form of free fatty acids (FFA) at 
times of famine (Figure 1). Because the triglyceride fatty acids are stored in a relatively anhydrous 
fashion (as opposed to glucose and protein), relatively small amounts of adipose tissue store large 
amounts of energy. One kg of adipose 
stores ~7000 kcal, enough to provide 
the complete energy needs of an aver-
age woman for 3 days. Thus, a normal 
weight 60 kg woman with 30% body 
fat (18 kg) has the equivalent of 2 
months of energy stored in adipose tis-
sue! This is akin to carrying around 2 
months’ worth of groceries in a nor-
mal, healthy amount of body fat.  
 
Endocrinologists would likely argue 
that the endocrine functions of adipose 
tissue are of second-most impor-
tance—leptin and adiponectin being 
perhaps the two most well-known 
hormones produced almost solely by 
adipose tissue. Adipose tissue also 
produces a number of other cyto-
kines/peptides (Table 2), but it is diffi-
cult to know the relative contributions 

Table 1: Functions of adipose tissue.  

Figure 1: Lipid fuel management by adipocytes. Circulating 
triglycerides, which contain 3 fatty acids (FA) and glyc-
erol, are hydrolyzed at the capillary endothelium by 
lipoprotein lipase. The FA are able to be taken up by 
adipocytes and re-stored as triglyceride. The process of 
lipolysis allows for the regulated release of free fatty ac-
ids (FFA) back into the circulation.  
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of adipose vs. non-adipose tissue to 
the circulating concentrations of these 
molecules. Another important function 
of adipose tissue is immune protec-
tion. Not only do preadipocytes and 
immune cells (macrophages) share a 
common lineage [4], the high local 
fatty acid concentrations in adipose 
tissue are highly toxic to bacteria and 
fungi, providing an excellent defence. 
It is speculated that subcutaneous fat 
plays a key role in protecting us from 
infections following skin wounds or 
superficial infections. Likewise, intra-
abdominal (visceral) fat has long been 
recognized as a barrier, albeit im-
perfect, to peritoneal catastrophes such 
as a perforated viscus. The other func-
tions, such as mechanical protection (think falls or sitting on a hard surface), insulation and cos-
metic, are seldom considered until one encounters extremely wasted patients with almost no body 
fat. 

 
Use of BMI in Clinical Practice—Comparison with Body Fat Measures 
The use of the term “normal weight obesity” also raises the question of how BMI was created for 
use in epidemiological studies and clinical practice and whether it was ever intended to predict per-
cent body fat. BMI requires only the measurement of height and weight in the clinic and leads to 
reasonable characterization as to whether individuals are at lower or higher risk for weight-related 
complications [5]. Despite the availability of very sophisticated imaging techniques to measure per-
cent fat, regional fat distribution, lean tissue, etc., it turns out that BMI, when combined with a sim-
ple measure of fat distribution such as waist circumference, provides as good or better predictive 
value for metabolic abnormalities than does percent body fat [6]. BMI has been compared with per-
cent body fat as a way to define risk for metabolic abnormalities, and in general, BMI performs as 
well as percent fat [7]. Unfortunately, neither BMI nor percent body fat are exceptionally good pre-
dictors of the metabolic consequences of obesity for most adults in the BMI categories below 
~ 30 kg/m2 [8]. Thus, while BMI and percent body fat are correlated [7] and are both somewhat pre-
dictive of obesity-related health consequences, neither is perfect.  
 

Table 2: Partial list of adipokines.  
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Table 4: Mechanical complications of obesity.  

Definitions of Obesity 
This brings us to the issue of finding an acceptable, medically useful definition of obesity. My con-
tention is that obesity cannot reasona-
bly be defined by some fixed percent 
body fat no matter how well measured. 
I propose the following two-part 
medical definition for obesity: 1) suf-
ficient body fat to result in a dysme-
tabolic response and/or mechanical 
complications; AND 2) a long-term 
reduction in body fat leads to long-
term improvements in health. Note 
that this definition may include normal 
weight individuals with hypertension, 
dyslipidemia, etc., provided that re-
ductions in body fat alone (not in-
creased exercise, which may have ef-
fects independent of body fat) improve 
or resolve the problem. By this defini-
tion, a woman with a BMI of 32 kg/m2 
with no metabolic (Table 3) or me-
chanical abnormalities related to obe-
sity (Table 4) would not be considered 
obese. Because many of the metabolic 
abnormalities in obesity are linked to 
abnormal lipid fuel metabolism by 
adipose tissue, the normal regulation 
will be reviewed briefly. 
 
Regulation of Adipose Tissue 
Fuel Storage/Release 

Adipose fatty acid storage 

Adipocytes take up circulating fat via 
two pathways. The major and most 
well understood pathway of fatty acid 
uptake is dependent upon lipoprotein 
lipase (LPL), and the other, less well 
appreciated mechanism is direct uptake and storage of circulating FFA. LPL is responsible for the 
hydrolysis of meal-derived triglycerides in chylomicrons and VLDL triglyceride at the capillary en-
dothelium. Given that dietary fat intake, and thus chylomicron triglyceride delivery to the circula-

Table 3: Metabolic complications of obesity.  
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tion, is commonly 100 g/day and VLDL triglyceride (largely derived from circulating FFA) secre-
tion is ~15-25 g/day, it is easy to understand why variations in LPL activity would be seen as an im-
portant issue for fatty acid storage. In normal weight men and women, the storage of dietary fatty 
acids in upper and lower body subcutaneous fat is strongly correlated with postprandial, but not 
postabsorptive, adipose tissue LPL ac-
tivity [9]. For unknown reasons, a 
similar relationship between adipose 
tissue LPL activity and meal fatty acid 
storage does not seem to hold true for 
overweight and obese women [10]. 
The implications of storage for obe-
sity-related issues revolve around the 
limited clearance of triglycerides from 
the circulation. Low LPL activity will 
limit VLDL triglyceride clearance, and 
thus for any given degree of VLDL 
triglyceride production, plasma con-
centrations will be higher. In addition, 
triglyceride clearance is saturable, 
meaning that once a certain plasma 
concentration of triglycerides has been 
reached, all available LPL activity is 
being used. Any further inflow of 
triglycerides, including from chylomi-
crons, will have drastic effects on increasing plasma triglyceride concentrations. 
 
Subcutaneous adipocytes also directly take up and store circulating FFA independent of the VLDL 
triglyceride pathway, accounting for a 
relatively small storage pathway after 
an overnight fast (~3% and ~9% in 
normal weight men and women, re-
spectively) [11].  

Adipose fatty acid release 

The regulation of adipocyte FFA re-
lease has been very well studied and 
the modulators of lipolysis reasonably 
well defined (Figure 2). The factors 
that have been shown to have an im-
portant role in regulating FFA release 
in vivo in humans have been relatively 
well studied [12-17] (Table 5). 

Table 5:  Regulators of lipolysis in humans – circulating factors.  

Figure 2: The known positive (pro-lipolytic) and negative (anti-
lipolytic) hormones regulating free fatty acid (FFA) re-
lease from adipose tissue are listed.  
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Of particular interest, obese individuals with an upper body/intra-abdominal fat distribution have 
elevated FFA concentrations due to increased lipolysis under both postabsorptive and postprandial 
conditions [18, 19], whereas equally obese persons with a lower body fat distribution have normal 
FFA concentrations/metabolism. This likely contributes to the host of metabolic complications asso-
ciated with abdominal obesity, which is now well-recognized as a very important predictor of ad-
verse health consequences. 
 
Etiology of Metabolic Complications of Obesity 
There are a large number of metabolic complications that can be attributed to excess body fat (Table 
3), as well as a number of mechanical complications directly linked to excess body fat (Table 4). 
While it is relatively easy to understand how mechanical complications can occur from excess body 
fat, understanding the etiology of metabolic complications of obesity is rather more complex. In or-
der to understand how body fat might result in metabolic abnormalities, it is important to consider 
regulation of adipose tissue function with regards to fuel storage.  
 
The effect of FFA on glucose metabolism in humans has been studied extensively; it is well estab-
lished that obesity and increased plasma FFA concentrations are risk factors for the development of 
type 2 diabetes [20, 21]. The ability to manipulate FFA concentrations has shown that the 
FFA/metabolic function associations are not merely related abnormalities, but cause and effect. 
Studies using acipimox, an inhibitor of lipolysis, to lower FFA or lipid emulsion infusions to raise 
FFA have helped define the contribution of FFA to insulin action with respect to glucose, lipopro-
tein and vascular regulation. Elevated plasma FFA upregulate glucose production and impair muscle 
glucose uptake, oxidation and storage [22, 23], perhaps through generation of excess intracellular 
ceramides, diacylglycerol or other lipid signalling molecules. FFA also affect insulin secretion [21] 
as intracellular metabolites of fatty acids, such as long-chain acyl CoA and diacylglycerol, trigger 
insulin release [24, 25] as well as β cell dysfunction [26]. The perturbations in glucose metabolism 
and insulin secretion that reflect increased systemic FFA are implicated in the etiology of type 2 
diabetes.  
 
In addition to their effects on glucose metabolism and diabetes risk, elevated FFA concentrations 
have been shown to be risk markers for ischemic heart disease [27], perhaps indirectly through play-
ing a part in the development of hypertension [28, 29] or directly via induction of vascular endothe-
lial injury [30].   
 
Examples of Body Fat/Health Outcome Exceptions 
Patients with lipodystrophy are unable to store fatty acids as triglycerides in adipocytes, yet have ex-
treme hunger due to low leptin (leptin is produced by adipocytes in increasing amounts with increas-
ing fat). Thus, when lipodystrophic patients consume fat but cannot oxidize all of it, the triglyceride 
is stored in liver, muscle and other ectopic depots. Because there is no adipose tissue to store chy-
lomicron triglycerides, severe postprandial hypertriglyceridemia is common. These patients develop 
non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH), diabetes and ex-
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treme hyperlipidemia despite negligible body fat. Fortunately, leptin replacement, which reduces 
hunger and lowers food intake by ~40%, also greatly improves the metabolic profile of these pa-
tients [31]. Similar beneficial effects have been seen with extreme exercise, which allows oxidation 
of dietary fat rather than storage in ectopic sites.  
 
Many of our patients are now older and have BMIs that would be considered “higher risk” in the 
young and middle-aged. An enormous body of evidence indicates that the lowest mortality rates in 
the elderly (variably defined as >60 to >70 years) is at BMIs of 27-29 kg/m2, with little appreciable 
increase at BMIs 30-35 kg/m2 [32]. These patients are also likely to be the ones who are “over-fat” 
as characterized by body composition measures [1]. The paradox of lower mortality with greater 
body fat may relate to the ability to survive acute illnesses better thanks to greater reserves or some 
other factors relating to immune function. Thus, it would be a mistake to universally recommend 
weight loss for the elderly with BMIs above the normal weight range without taking into account 
whether there are urgent medical reasons to do so. 
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Introduction 
It has been clearly established that hypertension prevalence is increased in overweight and obese 
subjects. Mechanisms leading to increased blood pressure in obesity include sympathetic overactiv-
ity, insulin resistance and sodium retention [1].  
 
Differences in fat deposition and distribution seem to have a different impact on cardiovascular dis-
ease. Excess intra-abdominal (visceral) adiposity is detected by increased waist circumference and is 
often accompanied by disturbances in lipoprotein metabolism (increased VLDL and decreased 
HDL) [2] and other alterations in blood pressure and insulin sensitivity in the context of what is 
called the “metabolic syndrome” [3]. The latter’s relationship with cardiovascular disease has proven 
to be closer than that observed with simple increases in body weight [4]. 
 
The evidence regarding the relationship of fat accumulation and distribution abnormalities with am-
bulatory blood pressure monitoring (ABPM) is scarce and has been limited to either children [5] or 
small cohorts [6]. In this preliminary analysis, we investigated both clinical and ABPM in a large 
cohort of hypertensives, divided into body mass index (BMI) and waist circumference categories. 
 
Patients and Methods 

Study design 

The Spanish Society of Hypertension ABPM Registry was developed to promote the use of ABPM 
in clinical practice. As part of the ABPM Registry initiative, more than 900 Spacelabs 90207 ambu-
latory blood pressure (BP) monitors (Spacelabs Inc., Redmond, WA, USA) were distributed for rou-
tine use by physicians in primary care centres and specialized units. Details of physicians’ recruit-
ment and registry characteristics have been reported previously [7-11]. Briefly, physicians and 
nurses received specific training on the ABPM technique and used the web-based platform for 



 
 
 
 
 
 
 

   
 
  32 

ABPM registries together with their corresponding medical records. Physicians then received a re-
sults report in real time, with registries being stored in a database hosted by an external clinical re-
search organization. The protocol was approved by a series of institutional review boards in 
autonomous communities across Spain, and patients gave informed consent. The registry is growing 
continuously and receives data from approximately 1,500 patients per month, with the first patient 
recruited in June 2004. For the purpose of the present study, 68,045 hypertensive patients recruited 
by 1,126 physicians between June 2004 and December 2007 were selected.  

BP measurements 

BP was measured at the office with a calibrated mercury sphygmomanometer or a validated semiau-
tomatic oscillometric device, after a 5-minute rest in a sitting position. BP values were estimated as 
the mean of two readings. Thereafter, 24-hour ABPM was performed using the Spacelabs 90207 
automated non-invasive oscillometric device, programmed to register BP at 20-minute intervals for 
the 24-hour period. Valid registries had to meet a series of pre-established criteria, including ≥80% 
successful recordings of systolic BPs and diastolic BPs during the daytime and night-time periods, 
24-hour duration and at least one BP measurement per hour. Daytime and night-time periods were 
defined individually according to patients’ self-reported data regarding going-to-bed and getting-up 
times. 

Study variables 

Variables collected for each patient based on the interviews and physical examination at the time of 
visit and on data drawn from clinical records were defined and measured in accordance with na-
tional and international guidelines [12, 13]. These included age, gender, weight, height, BMI, waist 
circumference, duration of hypertension, known cardiovascular risk factors and clinical cardiovascu-
lar or renal disease (coronary heart disease, congestive heart failure, peripheral artery disease, cere-
brovascular disease, chronic renal failure).  

Statistical analysis 

Data was presented as frequencies and percentages for qualitative variables and as mean ± standard 
deviation for quantitative variables. Differences in study variables among prespecified groups of 
BMI (<25, 25-29.9 or ≥30 kg/m2) or among patients with and without abdominal obesity (waist cir-
cumference >102 cm in men and >88 cm in women) were assessed with the Pearson χ2 for qualita-
tive variables and one-way ANOVA or Student’s t test for quantitative data. 
 
Results 

Differences in clinical and ABPM depending on BMI groups 

From the total cohort of 68,045 patients, 12,932 (19%) exhibited BMI values <25 kg/m2, 30,720 
(45.1%) values between 25 and 29.9 kg/m2 and 24,393 (35.8%) were considered obese (≥30 kg/m2). 
As shown in Table 1, a progressive increase in clinical and ambulatory systolic BPs was observed 
with increased BMI values. In contrast, diastolic BP showed minimal or no changes. The magnitude 
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of BP increase with higher BMI values was clearly more pronounced in office, compared with am-
bulatory blood pressure (ABP), and the proportion of patients showing normal 24-hour and daytime 
BP values did not differ clearly among BMI categories, with the exception of nocturnal hyperten-
sion, which was higher in obese subjects. The prevalence of a normal dipping pattern was also re-
duced in obese hypertensives, compared with hypertensives with normal BMI. 

 
Other differences observed in patients with increased BMI included older age, longer duration of 
hypertension and a higher prevalence of cardiovascular or renal disease (Table 1).  

 

Differences in clinical and ABPM depending on waist circumference 

Abdominal obesity, defined using the aforementioned criteria, was present in 28,369 hypertensive 
subjects (41.7%). Table 2 shows the clinical and BP differences between patients with and without 

Table 1: Differences among patients with normal body mass index (BMI), overweight, or obesity.  



 
 
 
 
 
 
 

   
 
  34 

abdominal obesity. As with BMI, clinical and ambulatory systolic BP were increased in patients 
with abdominal obesity, whereas diastolic BP was lower. Similarly, the magnitude of BP increase 
with higher values of waist circumference was clearly more pronounced in office, compared with 
ABP, and the proportion of patients showing normal 24-hour, daytime and night-time BP values did 
not differ clearly among those with and without abdominal obesity. Despite this, the prevalence of a 
normal dipping pattern was reduced in abdominally obese hypertensives. 
 
Other differences observed in patients with increased waist circumference also included older age, 
longer duration of hypertension and a higher prevalence of cardiovascular or renal disease (Table 2).  
 

Table 2: Differences between patients with or without abdominal obesity.  
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Discussion 
The present data shows that obesity, as measured by BMI, or abdominal obesity, as measured by 
waist circumference, has a definite impact on office or clinical BP measurements, with obese or ab-
dominally obese subjects exhibiting significantly higher values of systolic BP when compared with 
their counterparts with normal BMI or waist circumference. This relationship is, however, mini-
mized when ABPM is examined. In fact, the differences are half those observed with office BP. 
Moreover, the proportion of patients whose BP is controlled using the respective cut-offs for office, 
24-hour, daytime and night-time BP differs if office or ABPM is used. For office BP, subjects with 
obesity or increased waist circumference show consistently lower rates of BP control. In contrast, 
with regard to ABPM, control rates for 24-hour and daytime are not different among groups, and for 
night-time values, only obese, but not abdominally obese hypertensives, show lower control rates 
than their counterparts. In patients with high BMI or waist circumference, there were no differences 
or even lower values for diastolic BP. 
 
These results seem to indicate that a more pronounced whitecoat effect is present in obese hyperten-
sive subjects, an hypothesis already postulated in a previous paper derived from the same cohort [8]. 
The reasons for obesity or abdominal obesity’s minimal impact on ABPM are speculative but could 
be related to several factors, including a lack of physical activity, a limited therapeutical coverage of 
drugs administered once a day or an incorrect use of normal size cuffs in large arms. Other con-
founding factors, such as older age and female sex, also related to this enhanced whitecoat effect, 
may be partially responsible for the discrepancies between office and ABP. 
 
Another important issue in obese or abdominally obese subjects is an increase in nocturnal BP and a 
greater frequency of a blunted nocturnal fall in BP (a non-dipping pattern), also suggested in a pre-
vious analysis [9]. This is even more important in terms of cardiovascular prognosis and also indi-
cates that antihypertensive treatment, administered once a day in most of these patients, does not 
cover the therapeutical window of 24 hours. It has been previously demonstrated that both nocturnal 
hypertension and a blunted nocturnal BP fall are linked to a worse cardiovascular prognosis [14, 15]. 
 
In conclusion, ABPM seems to add important clinical information to the management of obese hy-
pertensive patients. The detection of both an enhanced whitecoat phenomenon and the presence of 
nocturnal hypertension or a non-dipping pattern could be relevant in terms of choosing the best 
therapeutical options for optimal cardiovascular protection. 
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