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INTRODUCTION  

Obesity, and in particular abdominal obesity, plays a 
major role in the pathogenesis of several metabolic and 
cardiovascular medical problems including type 2 diabetes, 
hypertension, atherosclerosis and coronary artery disease 
(CAD). It was also shown that obesity is associated with 
increased cardiovascular mortality, independent of dyslipi-
demia, diabetes and hypertension [1]. Over the last few 
years, it became quite clear that central adiposity is more 
strongly associated with these metabolic and cardiovascular 
problems than total adiposity [2-5]. Even within the normal 
range of body mass index (BMI), accumulation of visceral 
fat remains an independent cardiovascular risk factor [6]. 
This observation led researchers and clinicians alike to 
believe that clinical diagnosis of visceral adiposity may be 
more important than the current diagnosis of obesity using 
the body mass index (BMI). Interestingly, accumulating 
evidence also point to major differences between the 
intraabdominal visceral fat and the peripheral or sub-
cutaneous fat in the pathogenesis of these medical problems, 
both in lean and obese individuals.  

Central Abdominal Obesity 

In contrast to the accumulation of fat in the gluteo-
femoral regions, the accumulated fat in the intraabdominal or 
visceral depots is strongly associated with all obesity-related 
complications [7]. In clinical practice, the waist circum-
ference and waist to hip ratio (WHR) are the commonly used 
anthropometric measures to diagnose abdominal obesity. 
These measures were found to correlate with the total 
amount of visceral fat measured by abdominal CT scanning. 
They also correlate with the risk factors for coronary heart 
disease like hyperglycemia, hypertension and dyslipidemia. 
For this reason, Adult-Treatment Panel III (ATP-III) of the 
National Cholesterol Education Program adopted the in- 
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creased waist circumference as a major component of the 
clinical diagnostic criteria of the metabolic syndrome, where 
waist circumference of equal or greater than 102 cm. (> 40”) 
in men or 88 cm. (> 35”) in women was used as cut off [8].  

Relationship Between Abdominal Obesity and the 

Cardiovascular Disease 

Since Vague early observation, in 1956, [9] that android 
fat distribution (apple-shaped body) is related to increased 
risk of cardiovascular disease, attention has been paid to the 
male-pattern of fat distribution (as determined by WHR or 
waist circumference) as a powerful predictor of CAD. Later, 
Larsson et al [10] and Lapidus et al [11]

 
showed the impor-

tance association between WHR measure and coronary heart 
disease among white men and women. In 1990s, several 
studies also showed similar strong association between 
WHR or visceral fat accumulation, as determined by 
abdominal CT scanning, and both carotid atherosclerosis 
[12,13] and angiographically documented CAD [5-19]. Simi-
larly, increased amount of visceral fat, as quantified by 
abdominal ultrasonography, in non-obese, normoglycemic 
men was found to be related to the increased carotid intimal-
medial thickness (IMT) [13]. Arad et al [14]

 
provided strong 

evidence for the independent contribution of central fat mass 
to the development of insulin resistance and coronary calci-
fication, even among asymptomatic non-diabetic men and 
women. 

The relationship between visceral fat, as quantified by 
abdominal CT scanning and coronary stenosis was found to 
be independent of age, BMI and the amount of subcutaneous 
fat in men with heterozygous familial hypercholesterolemia 
[20]. Moreover, abdominal obesity was also found to be 
associated with accelerated atherosclerosis independent of 
overall obesity and other risk factors in middle aged men 
with no prior atherosclerotic disease [21].  

VISCERAL ADIPOSITY 

Visceral obesity is defined as fat accumulation around 
the viscera and inside the intraabdominal solid organs. Vis-
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ceral fat has been associated with accelerated progression of 
atherosclerosis [22]. Progressive accumulation of intraab-
dominal fat increases hepatic and adipose-tissue insulin 
resistance and its consequent metabolic abnormalities like 
glucose intolerance, low HDL-cholesterol, elevated trigly-
cerides and hypertension [23,24]. Reaven [23] described this 
package of metabolic abnormalities as syndrome X or the 
insulin resistance syndrome [25]. Many refer to this syn-
drome as the metabolic syndrome considering insulin resis-
tance as its fundamental etiology. It is worth mentioning that 
the true definition of this syndrome and its phenotype char-
acteristics is still in evolution.  

Despite lack of clear explanation, the strong relationship 
between intraabdominal fat accumulation and insulin 
resistance was subsequently reported in several studies [25-
27]. The most appealing hypothesis to explain this relation-
ship is that intraabdominal adipocytes are more lipolytically 
active, which results in influx of large amount of free fatty 
acids into the portal circulation and to the liver. This 
hypothesis is called the lipotoxicity theory and has been wel-
comed by many researchers, until recently, as the sole 
explanation of the link between visceral adiposity and insulin 
resistance [28]. It was assumed that increased activation of 

the 3-adrenergic receptors, which are expressed in human 
visceral fat, is responsible for increased visceral fat lipolysis. 
The Try64Arg allele polymorphism of the 3-adrenergic 
receptor gene was found to be associated with increased 
accumulation of visceral fat and insulin resistance [29]. 
Interestingly, obese individuals with no polymorphism of the 

3-adrenergic accumulate less visceral fat and have much 
lower risk factors for CAD [29]. This group may be con-
sidered healthier obese individuals. The alternative theory 
that recently gained a lot of acceptance and research support 
is that visceral adipose tissue and its resident macrophages 
produce more proinflamatory cytokines like tumor necrosis 
factor-alpha (TNF- ) and interleukin-6 (IL-6) and less 
adiponectin [30]. These cytokines changes induce insulin 
resistance (Fig. 1). 

There are major ethnic and gender differences in the rate 
of accumulation and the amount of visceral fat. For example, 
Asian Indians have relatively higher truncal and abdominal 
fat mass as compared to Caucasians and black population 
despite similar or less average value of waist circumference 
[31]. Banerji et al [32] showed that visceral adipose tissue 
mass of Asian Indians was identical to African-American 
men, despite lower waist circumference. In contrast, African-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). The link between visceral adiposity, insulin resistance and endothelial dysfunction (Aldhahi W, and Hamdy O. Curr Diab Rep. 
2003;3(4):293-8). 
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American women have lower amount of abdominal visceral 
fat in comparison to Caucasian women [33], but much higher 
than African American men. Meanwhile, Japanese men and 
women have significant greater amount of abdominal 
visceral fat compared to Caucasians, after adjusting for age, 
sex and abdominal subcutaneous fat. However, this dif-
ference is lower than that observed between African–
American women and Caucasian women [20]. Besides the 
genetic factors ( 3-adrenergic receptor polymorphism) and 
ethnicity, many other factors play a role in determining the 
volume of visceral fat including environmental factors, 
imbalance of sex hormones, in particular serum free testo-
sterone, growth hormone, IGF-1, insulin, excessive intake of 
sucrose and saturated fat and lack of physical activity (table 
1). Age is also a major defining factor. At any given waist 
circumference, older people have larger amount of visceral 
fat than younger individuals [34]. 

Visceral adiposity is associated with elevated serum 
levels of small-dense LDL-cholesterol particles, high apo-B 
[35], hypertriglyceridemia and reduced HDL-cholesterol 
[36,37]. Over seven years, one prospective study showed 
that the amount of visceral fat predicted the changes in 
glucose tolerance and fasting insulin, even in absence of any 
change in total body weight or total body fat [38]. Another 
study [39] showed that isolated central adiposity in women is 
associated with impaired insulin sensitivity and impaired 
fasting plasma glucose. In contrast, isolated peripheral adi-
posity did not have any apparent effect on glucose homeo-
stasis. In the same study, the severest insulin resistance-
dyslipidemic syndrome and aortic calcification was found in 
women with highest percentage central fat and lowest 
percentage peripheral fat. On the contrary, the most favor-
able metabolic profile was found in women with the lowest 
percentage central fat and the highest percentage peripheral 
fat.  

VISCERAL FAT MEASUREMENTS 

Since body fat is widespread and inaccessible, it has been 
always difficult to directly measure the total body fat. 
Traditionally, the gold standard technique was the hydro-
densitometry (underwater weighing). This is based on the 
principle that fatty tissue is less dense than muscle. In fact, 
only few large-scale epidemiological studies evaluated body 
fat distribution among different body regions. This is mostly 
because the currently available accurate techniques are labor 
intensive and costly, which limit their use to only studies 
with smaller-sample size. 

The current gold standard techniques for measuring 
visceral fat volume are abdominal CT (at L4-L5) and MRI 
techniques. These methods are not widely used because of 
the limitations of cost and radiation exposure. In contrast to 
CT, MRI technique requires additional definition of adipose 
tissue by changing the setting of MRI- scanner [40]. Several 
commercial softwares are currently available for calculation 
of visceral fat volume. Using these techniques confirmed the 
original assumption that body fat is mostly localized in the 
subcutaneous space and partially in the visceral area. 
Interestingly, they also showed that most of the fat in the 
central line is subcutaneous and not visceral. This may ex-
plain the difference between the value of directly measuring 

visceral fat volume and measuring the waist circumference. 
Current knowledge makes it also possible to subdivide body 
fat into at least three separate and measurable compartments, 
namely subcutaneous, intramuscular and visceral fat. [41] 

OTHER MEASUREMENTS 

Anthropometric Measurement 

Waist circumference or WHR are used more often to 
indirectly estimate the intraabdominal fat volume in epide-
miological studies. Although these measures showed good 
correlation with intraabdominal fat volume, measured by CT 
scanning, they are less accurate than the later [42]. This 
important observation is most probably related to the fact 
that waist circumference is mainly composed of subcu-
taneous fat. However these measures are cheap and can be 
easily used in large-scale studies. Between the two, waist 
circumference is a better reflection of the intraabdominal fat 
volume than the WHR [40,43]. However, one recent study 
showed that WHR is more strongly associated with type 2 
diabetes, hypertension and dyslipidemia than the waist 
circumference and or BMI, but this difference disappeared 
after adjusting for age. The same study also showed that the 
3 measures are equally associated with the cardiovascular 
risk factors [44]. For the time being, waist circumference 
seems to be the easiest anthropometric measurement that can 
be easily used by health care professionals in order to 
diagnose visceral adiposity or at least to get rough im-
pression of the visceral fat volume [40]. It may be also used 
to monitor the changes in visceral fat volume over time 
[45,46].  

Dual-energy X-Ray Absorptiometry (DEXA) 

DEXA was developed originally to examine bone 
mineral density [47,48]. This technique can be also used to 
accurately measure total body fat and regional fat distri-
bution. DEXA is more accurate than anthropometric mea-
sures and more practical and cost effective than CT or MRI 
scans. However, DEXA cannot distinguish between subcu-
taneous and visceral abdominal fat depots, or between 
subcutaneous and intramuscular peripheral fat depots. Some 
findings suggest that intramuscular fat within the thighs 
confer increased risk for type 2 diabetes and cardiovascular 
disease [49,50]. Meanwhile, fat mass in the trunk region, as 
measured by DEXA, was found to be a strong independent 
predictor of insulin resistance and dyslipidemia among post-
menopausal women [51].  

Abdominal Ultrasonography 

Abdominal ultrasonography has been proposed as a 
suitable technique for intraabdominal fat measurement in 
research and clinical settings [52,53]. Several studies found 
good correlation between intraabdominal fat volume, mea-
sured abdominal ultrasound and abdominal CT scanning. 
The lack of strict protocol, for positioning the ultrasound 
transducer and for timing the measurement in relation to 
respiratory cycle, reduced reproducibility of this technique in 
most of these studies [43]. More recently, Stolk RP et al. 
[54] proposed a strict protocol, where all measurements were 
performed at the end of quiet inspiration and by compressing 
the transducer against the abdomen to limit distortion of the 
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abdominal cavity during scanning [54]. The distance bet-
ween the peritoneum and the lumbar spine was used as 
measure of the intraabdominal fat. This distance is measured 
at 3 positions along the horizontal line between the highest 
point of iliac crest and the lower costal margin and each 
measure should be repeated three times. The reproducibility 
of this technique was excellent with coefficient of variability 
around 4—5% [54]. The correlation with visceral fat 
measurement in single CT slice at L4-L5 was excellent 
(r=0.82, p< 0.001). Recent studies showed that the associa-
tion between intraabdominal fat, measured by ultrasound 
using a strict protocol, and the metabolic risk factors for 
CAD is more pronounced than the association between the 
later and the waist circumference or WHR. Meanwhile, 
intraabdominal fat, measured by abdominal ultrasound, was 
found to be associated with the metabolic risk factors similar 
to that measured by abdominal CT scanning [55]. Using this 
protocol, it may be possible to easily measure visceral fat 
volume in clinical practice as it yields more reliable infor-
mation than simple anthropometric measurements and in 
accuracy closer to abdominal CT or MRI while being less 
costly [56].  

The Paradoxical Effect of Peripheral Fat  

There are limited data to address the specific role of 
peripheral fat mass (PFM). Interestingly, large hip circum-
ference was found to be an independent predictor of lower 
cardiovascular and diabetes-related mortality. [57] Further-
more, hip circumference and leg fat showed strong negative 
association with atherogenic lipid and glucose metabolites. 
[58-60]. It was postulated that increased leg fat may reflect 
underlying hormonal factors (e.g. estrogen) that regulate 
preferential deposition of fat in the hip and thigh area. [61]. 
The protective effect of a large hip circumference may be 
due to the high lipoprotein lipase activity and low fatty acid 
turnover of gluteo-femoral adipose tissue [62]. 

Recent study showed that peripheral fat mass is 
negatively correlated with both atherogenic metabolic risk 
factors and aortic calcification [39]. In this study, peripheral 
fat mass showed an independent negative correlation with 
glucose and atherogenic lipid components. Furthermore, the 
lowest atherogenic lipid profile was observed in women with 
lowest percentage central fat and highest percentage peri-
pheral fat. These results associate the different fat depots 
exhibiting different influences on lipid metabolism, with 
central fat mass promoting and peripheral fat mass counter-
acting atherogenicity. It is interesting that relative lack of 
peripheral fat has been also associated with poorer insulin 
sensitivity [51, 63]. These observations might be also 
explained by a possible active inhibitory influence of peri-
pheral fat mass, which can overrule the atherogenic tenden-
cies caused by high central fat mass.  

There is also evidence suggesting that the subcutaneous 
fat plays an important role in modulating peripheral insulin 
resistance through regulating visceral fat accumulation. In a 
recent experimental study, bilateral removal of subcutaneous 
inguinal fat mass in mice resulted in increased lipid accumu-
lation in mesenteric fat, hyperinsulinemia, decreased insulin 
sensitivity and increased TNF- . These abnormalities were 
corrected after re-implantation of inguinal fat [64]. 

Biological Differences Between Visceral and Subcu-

taneous Body Fat 

It was recently shown that the functional differences 
between visceral and the subcutaneous adipocytes are related 
to their anatomical location. For example, implantation of 
adipose cells into visceral area of nude mice increased serum 
TNF-  and insulin resistance, while it did not increase them 
when it was implanted in the subcutaneous regions [65]. 
Several studies also showed that although central fat 
accumulation is deleterious for cardiovascular risk in 
women, deposition of fat in the gluteo-femoral regions 
posses some degree of protection [51, 59, 66]. Meanwhile, 
the severity of atherosclerosis was significantly lower in 
generally obese women compared with those with predo-
minant central obesity. In vitro, several studies demonstrated 
that adipocytes from visceral abdominal region are more 
sensitive to lipolytic stimuli and are more resistant to 
suppression of lipolysis by insulin than the adipocytes from 
gluteo-femoral subcutaneous regions [67,68]. The metabolic 
characteristics of the adipocytes from the subcutaneous 
abdominal region tend to be intermediate [69]. In vivo data 
also supports these findings [70]. Abdominal fat may 
directly impact hepatic free fatty acid flux due to its 
proximity to the portal circulation and consequently in-
creases triglycerides synthesis and decrease hepatic insulin 
clearance [71,72]. Interestingly, it was noticed that there is a 
marked heterogeneity in handling FFA by various fat depots 
[73]. Other contributing mechanisms include abnormal 
expression and secretion of fat derived cytokines such as 
resistin [74], leptin, adiponectin, TNF-  and IL-6 [75].  

Genetic Differences Between Visceral and Subcutaneous 

Body Fat 

Recent evidence indicates that there are several loci 
determining propensity to store fat in the abdominal region 
[76]. Differences in several gene expressions in visceral fat 
in comparison to subcutaneous fat may account for the 
differences in the metabolic risks between the two fat depots. 
Many of these genes are involved in glucose homeostasis, 
insulin action (peroxisome proliferator activator receptor-  
[PPAR ], IGFBP-3, IGF-1, GLUT1), or in lipid metabolism 
(HMG CoA synthase, lysosomal acid lipase, hormone-
sensitive lipase). Twenty genes, which are mostly related to 
lipid metabolism and glucose homeostasis, are markedly 
different between the 2 types of fat. For examples angio-
tensinogen gene is expressed five folds higher in visceral fat 
compared to subcutaneous fat and PPAR  is six folds higher 
in visceral fat in comparison to subcutaneous fat. Similarly, 
the expression of resistin [77] and adiponectin [78] genes is 
also significantly higher in visceral fat (3.8 and 12.2-fold, 
respectively).  

Modulation of Body Fat Distribution 

Lifestyle modifications in the form of caloric restriction 
and increased physical activity, metformin and PPAR  
agonists, like pioglitazone and rosiglitazone, are the most 
common modalities used for treating insulin resistance [79-
81]. Except for metformin, reduction of visceral adiposity is 
a common feature of these interventions. Shadid et al. [82] 
assessed the effects of pioglitazone versus diet and exercise 
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on body fat distribution and the relationship between fat 
distribution and insulin sensitivity in upper body obesity in 
non-diabetic men and premenopausal women. They found 
that diet and exercise resulted in weight loss, lowered W/H 
ratio and improved insulin sensitivity through reducing 
visceral fat and total body fat volume. In contrast, piogli-
tazone resulted in weight gain but also lowered W/H ratio 
and improved insulin sensitivity through selective increase in 
lower body fat without changing visceral fat. These data 
suggests that PPAR  agonists selectively stimulates 
adipocytes proliferation, mostly in peripheral adipose tissue, 
and consequently results in body fat redistribution. This 
observation also confirms a site specific responsiveness of 
these compounds [83] and suggests that the improvement in 
insulin sensitivity with PPAR   agonists may a result of such 
favorable fat redistribution in association with reduction in 
both intrahepatic and intramuscular fat.  

So far, it is unclear how much reduction in visceral 
adipose tissue is required to induce favorable metabolic 
changes. One recent study showed that moderate reduction 
of visceral fat, as seen with short-term weight reduction 
programs, yields metabolic benefits on lipid profile, insulin 
sensitivity and blood pressure similar to that observed after 
major weight reduction [84]. Interestingly, most of the fat 
loss during the first 2 weeks of caloric restriction and exer-
cise are from the visceral fat.  

Effects of Selective Removal of Visceral or Subcutaneous 
Fat 

Surgical removal of visceral fat in experimental animals 
reversed hepatic insulin resistance. It also prevented age-
related deterioration in peripheral and hepatic insulin action. 
Meanwhile it decreased gene expression of TNF-  and leptin 
in subcutaneous adipose tissue [85]. Furthermore, removal of 
visceral fat delayed the onset of diabetes in the Zucker fatty 
rats, the model of obesity and diabetes [86]. In contrast, 
surgical removal of subcutaneous adipose tissue of similar 
amount did have any noticeable effect on any of the mea-
sured metabolic parameters [86]. Similarly, surgical removal 
of large amount of abdominal subcutaneous fat by lipo-
suction in a group of diabetic and non-diabetic individuals 
did not improve insulin sensitivity in muscles, liver or adi-
pose tissues; and did not change plasma concentrations of 
circulating mediators of inflammation; including C-reactive 
protein, IL-6, and TNF- . It also did not change blood pres-
sure, plasma glucose, and serum insulin or lipid profile [87]. 
Interestingly, the weight loss observed in this study was 
equal or even far more than weight loss observed in many 
lifestyle modification studies, while the later resulted in 
significant improvement in insulin sensitivity and improve-
ment of cardiovascular risk factors. This observation could 
be explained by that liposuction reduces subcutaneous fat 
mass without changing visceral, intramuscular or hepatic fat 
mass. The latter is reduced mainly by weight reduction by 
diet and exercise.  

CONCLUSION 

Increasing knowledge of the pathophysiology of weight 
gain and the endocrinologic etiologies of obesity is leading 
to the development of more effective treatment tools. In 

order to use these new treatment tools effectively, clinicians 
must develop an understanding of the pathophysiology of 
excess weight and the metabolic role and vascular impli-
cations of visceral adiposity in at-risk individuals. The result 
of this new understanding is the adaptation of both weight-
management and vascular-protective goals for therapy. Many 
interesting observations point to the possible need for a new 
definition of obesity based on the location of fat rather than 
on its volume, especially when the endocrine function and 
the metabolic risk are considered. The reference to increased 
volume of visceral fat as “metabolic obesity” may better 
identify more subjects at risk for cardiovascular disease than 
does the current definition of obesity. 
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