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EDITORIAL 

By Jean-Pierre Després, PhD, FAHA 
Editor-in-Chief jean-pierre.despres@crhl.ulaval.ca 
 
 
 
Welcome to the second edition of the CMReJournal! 
 
Last December in Paris, the International Chair on Cardiometabolic Risk held a very successful 
meeting that several outstanding speakers attended. The morning session honoured two pioneers in 
the field of adipose tissue physiology and its regional distribution: the late professors Jean Vague 
and Per Björntorp. I had the opportunity to meet these two outstanding clinicians and scientists 
early in my career, and I have always considered them as mentors. Jean Vague, who had a distin-
guished career at the University of Marseille, France, was really the first to foresee the importance 
of regional body fat distribution when, in 1947, he coined the term “android obesity” to describe 
the high risk form of abdominal obesity. Several decades later, in the early eighties, Per Björntorp 
from the University of Gothenburg, Sweden, published solid epidemiological and metabolic evi-
dence that Jean Vague was right. Both were astute clinicians and scientists and, above all, out-
standing individuals. I have learned a lot from these two gentlemen and I have always felt that 
something should be done to recognize their landmark contributions. Although other organizations 
have acknowledged the work of these two scientists, we are proud to announce that the Interna-
tional Chair on Cardiometabolic Risk has created the “Jean Vague – Per Björntorp Lecture”, 
which was given at the Paris meeting by a colleague and friend of Per Björntorp: Professor Ulf 
Smith from the University of Gothenburg. His paper, which appears in this issue of the CMRee--
Journal, captures the key elements of his lecture and emphasizes the notion that visceral fat could 
be a marker of ectopic fat. 
 
At the Paris meeting, Dr. Irène Juhan-Vague, Jean Vague’s daughter, graciously agreed to give a 
lecture on the relationship of body fat distribution to alterations in hemostasis. Irène has had a dis-
tinguished career at the University of Marseille and is a world authority on the relationship of ab-
dominal obesity to impaired fibrinolysis and increased susceptibility to thrombotic events. 
 
After these two superb lectures, the icing on the cake was a lecture given by the father of syn-
drome X, Dr. Gerald M. Reaven, from Stanford University. I am personally grateful to Professor 
Reaven for his many seminal contributions. Hundreds of investigators, myself included, are in-
debted to the notion that insulin resistance is central to a constellation of metabolic abnormalities 
that increase not only type 2 diabetes risk but also cardiovascular disease risk. I have even pro-
posed recently that syndrome X should instead be named the Reaven syndrome. In this issue of the 
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CMReeJournal, Gerald points out that not every obese patient is insulin resistant, a concept that we, 
too, have emphasized in numerous publications by documenting that obesity is a very heterogene-
ous condition. 
 
Lastly, we are grateful to Chair member Professor Robert Ross, who took on the monumental task 
of reviewing the literature on waist circumference and its relationship with clinical outcomes. The 
conclusions drawn by the sub-committee chaired by Professor Ross are summarized in this issue 
of the CMReeJournal. 
 
The Chair is proud to share this second issue of the CMReeJournal with you. We hope you enjoy 
reading it!   
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INSULIN RESISTANCE AND COMPENSATORY 
HYPERINSULINEMIA: THE LINCHPIN 
BETWEEN OBESITY AND CARDIOVASCULAR 
DISEASE 
                                          
By Gerald M. Reaven, MD, Division of Cardiovascular Medicine, Stanford 
University School of Medicine, Stanford, CA, United States 
  greaven@cvmed.stanford.edu 
 
 
Introduction 
It has been estimated [1] that more than 50% of the U.S. population is overweight (body mass in-
dex (BMI)>25.0 kg/m2), with ~20% designated as being obese (BMI>30 kg/m2). Given the impor-
tance [2] of excess adiposity in increasing risk of cardiovascular disease (CVD) and the increase in 
the prevalence of overweight/obesity, it is essential that considerable thought be given as to how to 
address this dilemma.  Patients with CVD tend to be insulin resistant [3, 4], and insulin resistance 
(and the compensatory hyperinsulinemia associated with insulin resistance) are independent pre-
dictors of CVD [5-8]. Overweight/obese individuals tend to be insulin resistant and become more 
insulin sensitive with weight loss [9]. Thus, it can be postulated that a major contributor to the as-
sociation between obesity and CVD is insulin resistance and that the risk of CVD will decrease 
when overweight/obese individuals lose weight. As straightforward as this formulation seems to 
be, the situation is not quite that simple and it ignores some important issues that must be 
addressed. 
 
Obesity Does Not Equal Insulin Resistance 
Not all overweight/obese individuals are insulin resistant and at increased risk for the associated 
adverse consequences. For example, studies in Pima Indians and individuals of European ancestry 
demonstrated that physical fitness was as powerful a modulator of insulin action as body weight, 
with each variable accounting for ~25% of the differences in insulin-mediated glucose disposal in 
nondiabetic individuals [10]. Furthermore, the report [11] from the European Group for the Study 
of Insulin Resistance (based on the analysis of specific measures of insulin resistance in 1146 
nondiabetic, normotensive volunteers) showed that only ~25% of the obese individuals were clas-
sified as being insulin resistant. 
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On the other hand, the fact that not all overweight/obese individuals are insulin resistant should not 
obscure the relationship between excess adiposity and insulin sensitivity: in general, the more 
obese an individual, the more likely they are to be insulin resistant. However, this relationship is 
far from perfect, and, as seen in 
Figure 1, it appears that differ-
ences in BMI in apparently 
healthy, nondiabetic volunteers 
account for ~25% of the vari-
ability in insulin-mediated glu-
cose uptake as assessed by the 
insulin suppression test [12]. 
Furthermore, this estimate does 
not take into consideration the 
fact that overweight individu-
als are often sedentary. Conse-
quently, and similar to most 
studies examining the relation-
ship between obesity and insu-
lin action, the adverse impact 
of obesity on insulin resistance 
seen in Figure 1 is, if anything, 
exaggerated. 
 
In summary: 1) not all obese 
individuals are insulin resistant, 
nor are all insulin resistant in-
dividuals obese; 2) obesity is a 
modulator of insulin resistance, 
it is not a consequence; and 3) the adverse effect of insulin resistance on insulin-mediated glucose 
disposal is almost certainly exaggerated because the concomitant effect of decreased physical fit-
ness in obese subjects is almost never taken into consideration. 
 
Weight Loss Is Not More Difficult in Obese, Insulin Resistant/Hyperinsulinemic 
Persons  
There seems to be a general perception that the compensatory hyperinsulinemia that prevents frank 
hyperglycemia from developing in insulin resistant individuals makes it extremely difficult for 
obese individuals to lose weight. As appealing as this notion seems to be, it is not consistent with 
available information. For example, there are population-based prospective studies in different 
ethnic groups showing that baseline insulin resistance and/or hyperinsulinemia either have no ef-
fect on weight gain over time or actually predict that this is less likely to occur [13-15]. Further-
more, results of two recent studies have shown that the ability to lose weight in response to calo-
rie-restricted diets is unaffected by differences in insulin resistance and/or hyperinsulinemia: insu-
lin resistant/hyperinsulinemic obese individuals lose weight as effectively (or ineffectively) as 

Figure 1: Relationship between body mass index and measurement of 
insulin sensitivity in apparently healthy men and women. Insu-
lin sensitivity was quantified by determining the steady-state 
plasma glucose concentration during the insulin suppression 
test. The higher the steady-state plasma glucose concentration, 
the more insulin resistant the individual. 
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equally overweight individuals who are insulin sensitive [16, 17]. An example of this is seen in 
Figure 2, which demonstrates the lack of any relationship between the amount of weight lost over 
a 2-month period of calorie restriction and the daylong plasma insulin concentrations to a test meal 
prior to starting the diet.  
 
Obesity, Insulin Resis-
tance, and CVD Risk Fac-
tors 
Since obese individuals tend to 
be insulin resistant, glucose in-
tolerant, hyperinsulinemic, and 
dyslipidemic [9, 12, 16-19], it 
is not surprising that they are 
more likely to develop CVD. 
However, the fact that not all 
obese individuals are insulin 
resistant has important implica-
tions concerning the clinical 
impact of the current epidemic 
of obesity. In the first place, it 
seems likely that the adverse 
metabolic consequences asso-
ciated with being insulin resis-
tant will be confined to a sig-
nificant extent to those obese 
individuals who are also insu-
lin resistant. Insulin-mediated 
glucose disposal can be quantified in apparently healthy, equally obese volunteers, and this data 
can be used to classify these individuals as being either insulin sensitive (IS) or insulin resistant 
(IR). This is an operational definition based on evidence from prospective studies that the most in-
sulin resistant third of an apparently healthy population is at increased risk to develop CVD, 
whereas the most insulin sensitive third is not [5, 6]. When CVD risk factors are compared in IR 
and IS subgroups of moderately obese individuals stratified in this manner [12, 19, 20], daylong 
plasma glucose, insulin, and free fatty acid concentrations are significantly higher in IR as com-
pared to IS obese individuals. In addition, the IR group has higher plasma triglyceride (TG) and 
lower high-density lipoprotein cholesterol HDL cholesterol concentrations. Furthermore, elevated 
C-reactive protein concentrations appear to occur primarily in moderately obese individuals who 
are also insulin resistant. Perhaps the most dramatic example of the metabolic variability in 
equally obese individuals comes from a study of 211 individuals, in which the prevalence of im-
paired glucose tolerance (IGT) was 1% in the most insulin sensitive third, as compared to 46% in 
the most insulin resistant third of the population [20].  These relationships are summarized in Fig-
ure 3. 

Figure 2: Relationship between daylong integrated insulin response
(8 AM-4 PM) to a standard meal before the dietary interven-
tion, and the amount of weight loss in absolute terms (left 
panel) and as a percentage of body weight (right panel) after 2 
months of a calorie-restricted diet in 20 apparently healthy, 
overweight individuals. 
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How to Identify the Overweight/Obese Individuals Who Will Benefit Most from 
Weight Loss? 
If only a proportion of overweight/obese individuals are insulin resistant, it seems reasonable to 
suggest that intensive interven-
tion strategies to overcome the 
untoward health-related impact 
of overweight/obesity should 
focus on those individuals who 
will benefit the most. In order 
to stratify overweight/obese 
individuals on the basis of their 
degree of insulin resistance and 
emphasize disease risk reduc-
tion, rather than simple weight 
loss, the appropriate sub-
population of obese individuals 
must be recognized in a clini-
cally useful manner. 
 
The importance of identifying 
insulin resistant individuals for 
weight loss programs is sup-
ported by the results of pro-
spective studies in apparently 
healthy, nondiabetic volunteers 
showing that the upper third in 
terms of insulin-mediated glucose disposal (i.e., the most insulin resistant individuals) were at sig-
nificantly increased risk to develop CVD [5, 6]. Fasting plasma insulin concentration is often used 
as a surrogate measure of insulin resistance, but its clinical use is compromised by the lack of na-
tionwide standardization of the measurement, and direct quantification of insulin-mediated glucose 
disposal is not clinically practical. However, if focus is shifted to the down-stream consequences 
of insulin resistance/hyperinsulinemia, the task becomes simpler. Normal weight is currently de-
fined as a BMI<25.0 kg/m2, and it would be prudent to evaluate any person with a BMI>25.0 
kg/m2 for the manifestations of insulin resistance. The simultaneous presence of a family history of 
type 2 diabetes, hypertension, or CVD makes it even more imperative to identify CVD risk factors 
in that individual.    
 
Although there is no single test with which to identify those overweight individuals most likely to 
be at increased risk for CVD, considerable clinical insight can be gained by focusing on the dyslip-
idemia characteristic of insulin resistance: a high plasma TG and a low HDL cholesterol concen-

Figure 3:  Schematic representation of the differences in cardiovascular 
disease risk factors seen between the most insulin sensitive and 
most insulin resistant thirds of a population of apparently 
healthy, overweight/moderately obese individuals. 
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tration [3, 4, 21].  Overweight individuals with a TG concentration >1.69 mmol/l (150 mg/dl) and 
a HDL cholesterol concentration <1.03 mmol/l (40 mg/dl) are very likely to be insulin resistant. In 
addition, they are also likely to have a decrease in the diameter of their low-density lipoprotein 
(LDL) particles [22] and an increase in the postprandial accumulation of TG-rich remnant lipopro-
teins [23, 24]. LDL particle diameter and postprandial lipemia are not routinely determined, but 
when the plasma TG concentration is >1.69 mmol/l (150 mg/dl), LDL particles are likely to be-
come small and dense [25], and the postprandial accumulation of remnant lipoproteins accentuated 
[23, 24]. It is this subset of overweight/obese individuals who are at greatest risk of CVD and will 
have the greatest decrease in risk with weight loss.  
  
Although both a high TG and a low HDL cholesterol concentration have been identified as CVD 
risk factors [26, 27], their plasma concentration ratio may be even more useful in this regard. Thus, 
the observation [28] that the TG/HDL cholesterol concentration ratio is as powerful a predictor of 
CVD as the more conventional ratios of LDL cholesterol/HDL cholesterol or cholesterol/HDL 
cholesterol is supported by evidence [29] that the risk of ischemic heart disease is much greater 
when the “conventional” risk factors (i.e., high LDL cholesterol concentration, hypertension, 
smoking, and physical inactivity) were associated with a high TG/HDL cholesterol concentration 
ratio. It has also been shown that the untoward effects of these four conventional risk factors were 
significantly attenuated in individuals with a low TG/HDL-C ratio. Based upon these observations 
and a review of our database, we have proposed that a TG/HDL-C concentration (mg/dl) ratio >3.0 
can be useful in identifying overweight/moderately obese individuals who are insulin resistant, to a 
degree that predicts increased risk of CVD [30]. This ratio is far from perfect and is not as sensi-
tive as would be desirable, but it is reasonably specific. Thus, an overweight/moderately obese 
person meeting this criterion displays the atherogenic lipoprotein phenotype characteristic of insu-
lin resistant individuals, is highly likely to be insulin resistant, and would almost certainly benefit 
greatly from weight loss and increased physical activity.  
  
What are the Benefits of Weight Loss in Insulin Resistant, Overweight Individu-
als? 
There  is essentially no change in insulin sensitivity, fasting lipid and lipoprotein concentrations, 
daylong plasma glucose, insulin, or free fatty acid concentrations with weight loss in IS individu-
als [18, 19]. In contrast, a similar degree of weight loss in equally obese, IR individuals will be as-
sociated with considerable metabolic improvements. Evidence that blood pressure falls in associa-
tion with weight loss was initially published in 1978 [31], and it has also been shown that the im-
provement in blood pressure following weight loss in obese adolescents was related to the associ-
ated changes in insulin sensitivity [32]. A similar conclusion was reached in a study in adults with 
hypertension, in which there was a highly significant relationship between the improvement in in-
sulin sensitivity and the fall in blood pressure [31]. 
 
Conclusion 
There is substantial evidence that insulin resistant/hyperinsulinemic individuals are at increased 
risk to develop CVD. Relatively simple measures can identify the subset of overweight/obese in-
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dividuals who are most likely to be insulin resistant/hyperinsulinemic, and the benefit of weight 
loss in these individuals has been established. Although it does not solve all of the health-related 
problems associated with obesity, a useful starting point might be to recognize that not all obese 
individuals are at equal risk and that it is clinically useful to identify those at highest risk. If this is 
done, intense efforts at weight control can be brought to bear on those who need it the most. Given 
the difficulty in achieving weight loss, focus should be placed on those who have the most to gain: 
the insulin resistant subset of overweight individuals.  
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ABDOMINAL OBESITY, INSULIN RESISTANCE, 
AND ALTERATIONS IN HEMOSTASIS 
  
By Irène Juhan-Vague, MD, PhD, Marie-Christine Alessi, MD, PhD 
Laboratoire d’Hématologie, Faculté de Médecine, Université de la Méditer-
ranée, Inserm UMR 626, Marseille, France ijuhan@ap-hm.fr 
 
 
 
It is now well established that abdominal obesity and insulin resistance are accompanied by altera-
tions in hemostasis leading to a pro-thrombotic state. The latter could favour the development of 
atherothrombosis and deep vein thrombosis. Hemostatic abnormalities can occur at any stage of 
the system (Figure 1). 
 
Abdominal Obesity and Platelet Hyperactivity  
Platelet hyperactivity has been described in many studies and may be associated with insulin resis-
tance, inflammation, and adi-
pokines. Platelets from obese 
subjects are resistant to the hy-
poaggregating effect of insulin 
[1]. Urinary thromboxane me-
tabolite excretion, which re-
flects platelet activation, is in-
creased in obese women and is 
mainly determined by insulin 
resistance. It decreases after 
weight loss or pioglitazone 
treatment [2]. 
 
Hypertriglyceridemia and in-
creased concentration of free 
fatty acids induce a proaggre-
gating effect in vitro, and 
hypo-HDLemia may also in-
fluence platelet aggregation. 
Moreover, products of adipose 
tissue have been shown to modulate platelet function. Leptin promotes platelet activation [3, 4], 
and results obtained in adiponectin knockout mice clearly indicate that adiponectin acts as an en-
dogenous hypoaggregating agent [5].  

Figure 1:  The metabolic syndrome and abdominal obesity 
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Platelets play a major role in the development of atherothrombosis, and their pharmacological in-
hibition is at the center of active cardiovascular disease and the secondary prevention of cardio-
vascular events. Platelet response to antiaggregating agents is variable, with some patients being 
resistant to the drug effect [6]. Platelet hyperactivity, which is present in patients with abdominal 
obesity, cannot be excluded as 
the cause of the heterogeneity 
of response to treatment. In-
deed, obesity is associated with 
a lower sensitivity to aspirin, 
with a negative correlation be-
tween maximal aggregation in-
duced by arachidonic acid, and 
insulin sensitivity [7] (Figure 
2). Obesity is also associated 
with a lower sensitivity to 
clopidogrel [8], and the pres-
ence of type 2 diabetes de-
creases the biological effi-
ciency of the aspirin-
clopidogrel association [8]. 

 
The therapeutic consequences 
of platelet hyperactivity are not 
yet well defined. Do patients 
with abdominal obesity need 
higher doses of antiaggregating agents in acute situations? Do they need twice-a-day administra-
tion? New recommendations may be forthcoming in the near future. 
 
Abdominal Obesity and Hypercoagulability  
Abdominal obesity is accompanied by coagulation abnormalities that may favour thrombus propa-
gation.  
 
Tissue factor (TF), the key initiator of coagulation (Figure 3), is widely expressed in atheroscle-
rotic plaques and is found in macrophages, smooth muscle cells, extracellular matrix, and acellular 
lipid-rich core. The blood-borne TF encrypted on the circulating microparticles derived from vas-
cular cells is a marker of vascular injury and a source of procoagulant activity. Evidence indicates 
that elevated levels of blood-borne or circulating TF have been associated with the metabolic syn-
drome and type 2 diabetes. Treating insulin resistance through weight loss or thiazolidinediones 
decreased circulating TF levels. Adipose tissue may participate in the TF pool increase when the 
metabolic syndrome is present. Indeed, homogenates of human adipose tissue expressed TF on 
macrophages and smooth muscle cells. This elevated TF expression may result from various 
stimulants such as hyperinsulinemia. In human volunteers, a 24-hour hyperinsulinemic clamp pro-

Figure 2: Is the metabolic syndrome at the origin of the aspirin resis-
tance? 
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duces a strong increase in TF procoagulant expression in circulating monocytes with a parallel in-
crease in plasma thrombin-antithrombin complexes and other markers of thrombin generation [9]. 
  
Plasma concentrations of vitamin K-dependent proteins are increased in obesity and decreased af-
ter weight loss [10]. These results could be explained by a potentiation of hepatic synthesis of vi-
tamin K-dependent proteins 
during obesity, as a strong rela-
tionship has been reported be-
tween circulating levels of vi-
tamin K-dependent proteins 
and the hepatic enzyme gamma 
glutamyl transferase [11]. It 
has also been reported that 
VLDL produced in excess dur-
ing abdominal obesity supports 
activation of factor VII by the 
Xa/Va complex; this could 
slow down the clearance of 
factor VII. 
           
Plasma factor VIII and fibrino-
gen levels correlate with meas-
ures of obesity [12]. Plasma 
concentration of fibrinogen de-
pends more on the fat mass 
than on fat repartition. It has 
been proposed that the increase in interleukin (IL)-6 produced by macrophages of adipose tissue 
and adipocytes themselves is responsible for the slight increase in hepatic synthesis of fibrinogen 
in obese persons [13]. Interestingly, HDL was shown to attenuate the expression of tissue factor 
and down regulate thrombin generation by enhancing the anticoagulant protein C pathway.  
 
In summary, the increase in local and systemic TF concentration, factor VIII, vitamin K-dependent 
proteins, and fibrinogen levels in patients with the metabolic syndrome may support an 
exacerbated tendency to thrombosis. Abdominal obesity may be independently involved, either di-
rectly or indirectly, through its capacity to produce hemostatic factors or inflammatory mediators 
and its association with several other well known cardiovascular risk factors such as insulin resis-
tance and dyslipidemia. 
 
Abdominal Obesity and Hypofibrinolysis  
Hypofibrinolysis, due to an increased level of plasminogen activator inhibitor-1 (PAI-1), is the 
most important and visible change in the hemostatic system in the metabolic syndrome (for review 
see [14]). Plasma PAI-1 levels may increase by a factor of 2 to 3 in patients with a severe meta-

Figure 3:  Tissue factor as a key initiator of coagulation 
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bolic syndrome compared to normal subjects. Fifty percent of plasma PAI-1 variability is ex-
plained by BMI, waist-to-hip ratio, and triglyceride levels.  
 
PAI-1 is the predominant inhibitor of the fibrinolytic system (Figure 4). Increased concentration of 
PAI-1 in the circulation impairs the removal of thrombi from the vascular system and may influ-
ence the development of atherosclerotic lesions as well. In large epidemiological studies, elevated 
plasma levels of PAI-1 proved to be predictors of myocardial infarction. Remarkably, the predic-
tive ability of PAI-1 disappears 
after adjustment for markers of 
the metabolic syndrome [15]. 
These results suggest that the 
presence of abdominal obesity 
and insulin resistance are a pre-
requisite for the increased PAI-
1 levels in patients at risk of 
atherothrombosis and have led 
to the proposal that increased 
PAI-1 levels can be considered 
a true component of the meta-
bolic syndrome [14, 16]. 
 
The increase in plasma PAI-1 
levels associated with abdomi-
nal obesity may be attributed to 
PAI-1 production by ectopic 
adipose tissues. Macrophages 
infiltrating adipose tissue ex-
press PAI-1, as do adipocytes in response to PAI-1 inducers. Ectopic fat accumulation in liver is 
also associated with strong PAI-1 expression close to the fat cells. Overall, these findings suggest 
that circulating PAI-1 levels reflect fat redistribution and may be considered a biomarker of ec-
topic fat storage disease.  
 
Tissue expression of PAI-1 is not constitutive but mainly inducible. Many inducers of PAI-1 syn-
thesis during obesity have been identified that may exert their effect locally or more remotely. The 
causes of PAI-1 overexpression in metabolic syndrome are complex, with much interference be-
tween biological systems. Identifying inflammation or oxidative stress at the macrophage level as 
fundamental precursors is tempting and may yield interesting approaches to elucidate the link be-
tween atherosclerosis and metabolic syndrome. 
 
Circulating PAI-1 levels predict development of type 2 diabetes, suggesting that PAI-1 may be 
causally related to development of obesity [17]. Recently, in vivo and in vitro studies in mice sup-
ported the role of PAI-1 in obesity development and in metabolic disorders (review in [14]) and 
therefore support the concept that PAI-1 inhibition has the potential to reduce obesity and improve 

Figure 4:  The fibrinolytic cascade 
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insulin sensitivity and may represent a new therapeutic target. This requires confirmation in differ-
ent experimental models, and the mechanisms involved should be precisely defined. 
 
Abdominal Obesity and Endothelial Dysfunction  
Endothelial dysfunction contributes to cardiovascular disease, including hypertension and coro-
nary artery disease. 
 
It has become clear that the metabolic syndrome is associated with endothelial dysfunction [18], 
with inadequate vasodilatation and/or paradoxical vasoconstriction in coronary and peripheral ar-
teries in response to stimuli that release nitric oxide (NO). In healthy conditions, insulin promotes 
glucose disposal and stimulates the endothelial production of NO, which, in turn, through NO-
dependent increases in blood flow to skeletal muscle, may account for 25% to 40% of the increase 
in glucose uptake in response to insulin stimulation. A physiologic increment in plasma insulin 
concentration particularly increases microvascular blood volume, consistent with a capillary re-
cruitment mechanism. 
 
Metabolic insulin resistance is characterized by imbalance between production of NO and secre-
tion of endothelin-1, which leads to decreased blood flow and worsens insulin resistance [19].  
 
In parallel with inadequate vasodilatation, endothelial cells in obesity develop a proinflammatory 
phenotype with increased expression of vascular cell adhesion molecule-1, intercellular adhesion 
molecule-1, and E-selectin; the release of microparticles [20] and shedding products; and an in-
creased synthesis and release of Von Willebrand Factor (VWF). The latter plays a major role in 
the adhesion of platelets to the vascular wall. VWF levels are correlated with parameters of the in-
sulin resistance syndrome [12] and inflammatory parameters [21].  
 
Interestingly, some recent clinical studies have demonstrated that non-pharmacological and phar-
macological strategies targeting obesity and/or insulin resistance ameliorate endothelial function 
and low-grade inflammation, whereas improving endothelial function ameliorates insulin resis-
tance [19]. This underscores the reciprocal connection between endothelial dysfunction and insulin 
resistance. 
 
Conclusion 
Abdominal obesity is accompanied by important changes in the hemostatic system that favour the 
development of arterial as well as venous thrombosis [22]. Hyperactivity of platelets and hyperco-
agulability favour platelet and fibrin deposits, and hypofibrinolysis due to excess PAI-1 prevents 
their elimination. The increased PAI-1 expression that accompanies abdominal obesity is the main 
abnormality in hemostasis, with an original regulation. As PAI-1 could also be directly involved in 
the physiopathology of obesity, it represents an original target for preventing both the vascular and 
metabolic risks. 
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Visceral (intra-abdominal) fat has attracted much interest both as a marker and an inducer of many 
of the metabolic abnormalities associated with obesity [1]. It is now well established that abdomi-
nal circumference, which is used as a surrogate marker of visceral fat, is an easily available clini-
cal measurement of both cardiovascular risk and type 2 diabetes risk in obesity. Consequently, it 
has become a key measurement for the definition of the metabolic syndrome [2].  
 
We know that an expanded visceral fat mass, when measured as waist circumference, is a better 
predictor of insulin resistance, dyslipidemia, low-grade inflammation, and other risk factors for 
both type 2 diabetes and cardiovascular disease than obesity measured with body mass index. 
However, the key question is whether, or to what extent, increased visceral fat leads to these risk 
factors or if it is mainly a marker.  
 
We know that visceral adipose cells have an increased lipolytic rate and that they respond poorly 
to the antilipolytic effect of insulin. This has led to the wide-spread hypothesis that elevated free 
fatty acid (FFA) levels in the portal blood increase hepatic VLDL triglyceride secretion as well as 
induce liver steatosis and hepatic insulin resistance with an accompanying enhanced hepatic glu-
cose production. In addition, visceral adipose tissue has been shown to have an increased expres-
sion of different inflammatory proteins and cytokines [1]. It was also recently shown that visceral 
fat has an increased interleukin (IL)-6 release [3] which, in turn, increases C-reactive protein 
(CRP) release by the liver. CRP is a key marker of inflammation and a well-established risk 
marker of both cardiovascular disease and type 2 diabetes.  
 
Although it has now been well documented in rodents, the “hyper-lipolytic” effect of visceral fat 
in man is conjectural. In vivo studies in man have clearly shown that the visceral depot only makes 
a minor contribution to circulating FFA levels. Furthermore, there is no convincing evidence in 
man that portal FFA levels are higher than systemic levels.  
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So if this is true, why is amount of visceral fat so clearly associated with the metabolic syndrome? 
In my opinion, this is because visceral fat is predominantly a marker of ectopic fat and, thus, is 
like several other ectopic sites that expand when the subcutaneous depot is unable to store the ex-
cess calories we so easily consume in abundance. This does not at all detract from the importance 
of visceral fat as an important clinical marker of metabolic cardiovascular risk. In addition, vis-
ceral fat also contributes to the proinflammatory state of obesity and the induction of CRP in the 
liver. A correlation between visceral fat, liver fat, and VLDL triglyceride synthesis has also been 
shown [4]. However, this may not be a direct and causal effect but rather reflect increased ectopic 
lipid storage in many sites: in adipose cells in other depots, in skeletal and cardiac muscle cells, as 
well as in the liver. In addition, the fact that the portal vein drains the visceral fat makes the liver 
an important target for the released adipokines (Figure). IL-6 seems particularly abundant in the 
visceral fat [3]. Chronically 
elevated IL-6 induces insulin 
resistance in both the liver and 
the adipose cells. 
 
If we want to identify the basic 
problem, we should probably 
look at the ability of subcuta-
neous tissue to form new adi-
pose cells and how that process 
is regulated. Interestingly, the 
subcutaneous cells are inap-
propriately large in non-obese 
but insulin-resistant individu-
als. We have also found a 
negative correlation between 
average fat cell size of the ab-
dominal subcutaneous adipose 
tissue and insulin sensitivity 
measured with the euglycemic 
clamp technique in non-obese 
and healthy first-degree rela-
tives of type 2 diabetic sub-
jects. The inappropriately 
enlarged fat cells may well be 
an indication of an inability to 
recruit new preadipocytes to 
store the lipids in the subcutaneous tissue. In fact, several animal models have shown that insulin 
resistance and other metabolic consequences of obesity are prevented if the animals are genetically 
engineered to allow abundant recruitment of new preadipocytes in the subcutaneous tissue [5].   
 

Figure 1:  Endocrine effects of cytokines released from visceral or subcu-
taneous adipose tissue 

Legend: The cytokines released from visceral depot would primarily alter 
carbohydrate and lipid metabolism and stimulate production of acute-
phase response proteins in the liver, whereas the cytokines produced by 
subcutaneous depot would mainly affect adipose cell development and 
function locally as well as exert systemic effects on, e.g., the skeletal mus-
cle.
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It is not the purpose of this article to review the complicated steps of adipogenesis but merely to 
emphasize the role of several ectopic fat depots, including the visceral depot, as “spill-over” sites 
for lipids when the subcutaneous sites become insufficient. However, these ectopic sites also con-
sist of adipose cells producing different adipokines, including cytokines and chemokines, which 
may exert local effects (e.g., endothelial dysfunction if located around the vessels) as well as con-
tribute to overall systemic release.   
 
Corroborating evidence for the view that visceral fat is an ectopic fat depot comes from recent 
studies where epicardial fat has been measured. Amount of epicardial fat correlates with amount of 
visceral fat [4]. The negative metabolic associations are, as with visceral fat, also found for amount 
of epicardial fat, and this holds true for inflammatory markers [6, 7].  
 
Thus, we are now entering a phase where we should examine the subcutaneous adipose tissue and 
its ability to recruit and develop new adipose cells in obesity. The role of genetic factors is un-
known. It is also unclear how the mesenchymal stem cells become committed to preadipocytes and 
subsequently develop into mature adipose cells. Furthermore, induction of inflammation in the 
subcutaneous adipose tissue in obesity impairs the development of preadipocytes to adipocytes [8]. 
Understanding the molecular mechanisms for adipogenesis in man is likely to open new avenues 
to the prevention of obesity-associated complications, in part by preventing the accumulation of 
ectopic fat depots such as visceral fat.  
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Despite the recommendation that waist circumference (WC) should be a routine measure in clini-
cal practice to help identify the high-risk, abdominally obese patient, no consensus exists on the 
optimal protocol for this measurement, and no scientific rationale is provided for any of the meas-
urement protocols recommended by leading health authorities. Consequently, there is confusion 
regarding which protocol is optimal for identification of obesity-related morbidity and mortality.    
 
It was in response to this uncertainty and in order to initiate dialogue regarding an internationally 
accepted standard for measurement of WC that the International Chair on Cardiometabolic Risk 
convened an expert panel. The panel, consisting of experts in obesity identification and manage-
ment and obesity-related epidemiology, was assembled to review the published scientific literature 
and to examine the influence of the WC measurement protocol on the relationships of WC with 
cardiovascular disease (CVD) and diabetes and with mortality from all causes and from CVD. The 
panel also discussed other issues relevant to WC measurement, including practical aspects of 
measurement, such as use of bony landmarks and reliability of competing measurement protocols.   
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The systematic review of 120 studies (236 samples) revealed statistically significant associations 
with WC for 65% of the samples, across morbidity and mortality outcomes. The three most com-
mon WC protocols for these samples were minimal waist (33%), midpoint of lower rib and iliac 
crest (26%), and umbilicus (27%). Nonsignificant associations were reported for 27% of the sam-
ples; again, most protocols measured WC at the midpoint (36%), umbilicus (28%), or minimal 
waist (25%). Significant associations were observed for 17 of the remaining 20 samples in uni-
variate models, but these were not significant when adjustment was made for covariates. For these 
samples, the most common WC protocols were the midpoint (35%) and umbilicus (30%). The 
panel described similar patterns of association between the outcomes and all WC protocols ob-
served across sample size, sex, age, race, and ethnicity.   
 
The results of the review suggested that the WC measurement protocol had negligible influence on 
the association between WC and morbidity or mortality. Due to the high correlation among WC 
measurement sites and subsequent problems of multicollinearity, it would be challenging to design 
a study to identify one WC protocol for optimal prediction of morbidity and mortality. Thus, the 
available evidence did not allow the panel to recommend any one WC measurement protocol for 
prediction of morbidity and mortality. In the absence of a biological rationale, the panel carefully 
considered additional criteria that would provide a rationale for a recommendation based on prac-
tical considerations. Subsequent to these deliberations, the panel recognized that the optimal WC 
protocol would employ easily identifiable bony landmarks and allow for straightforward meas-
urement. These aspects of a protocol could minimize measurement error, improve incorporation 
into clinical practice, and aid self-measurement. The panel recognized that both the World Health 
Organization (WHO) guidelines—the midpoint between the lower border of the rib cage and the 
iliac crest—and the National Institutes of Health (NIH) guidelines—the superior border of the iliac 
crest—describe WC measurement protocols that use bony landmarks to identify the proper WC 
measurement location. The panel acknowledged that, from a clinical standpoint, distinguishing be-
tween the WHO and NIH protocols was difficult. However, since the NIH protocol is a more 
straightforward procedure than the WHO protocol, the panel concluded that it may be more readily 
adopted by the practitioner and more suitable for self-measurement by the general public. 
 
In summary, the findings of this review suggested that the WC measurement protocol has no sub-
stantial influence on the association between WC, all-cause and CVD mortality, CVD and diabe-
tes. The panel did not, therefore, recommend a single WC measurement protocol over another if 
the prediction of health risk is the objective. Alternatively, based on practical considerations in-
tended to promote the adoption of reliable measures of WC by both the general public as well as 
the practitioner, the panel recommended that either of the WHO or NIH protocols be recognized as 
optimal WC measurement procedures since both are based on bony landmarks. Furthermore, given 
the feasibility of the NIH measure, the panel recognized that the NIH protocol might be more read-
ily adopted by both the practitioner and in particular, used for self-measurement by the general 
public. Further, the panel also recognized that the sole rationale for selection of the more complex 
WHO protocol hinged on the observation that currently accepted WC threshold values used to de-
termine health risk have been derived using WHO guidelines. In this way, should future investiga-



 
 
 
 
 
 
 

   
 
  22 

tion confirm that differences in absolute WC measures between the protocols are minimal across 
race and gender, then the NIH procedure would clearly be the preferred protocol. 
 
The reader can obtain a copy of the review at Obesity Reviews which is currently published online 
ahead of print [1].  
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