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Abstract
There are likely many scenarios and pathways that can lead to metabolic syndrome. This paper
reviews mechanisms by which the accumulation of visceral adipose tissue (VAT) may contribute to
the metabolic syndrome, and explores the paradigm of a critical VAT threshold (CVATT).
Exceeding the CVATT may result in a number of metabolic disturbances such as insulin resistance
to glucose uptake by cells. Metabolic profiles of patients with visceral obesity may substantially
improve after only modest weight loss. This could reflect a significant reduction in the amount of
VAT relative to peripheral or subcutaneous fat depots, thereby maintaining VAT below the
CVATT. The CVATT may be unique for each individual. This may help explain the phenomena of
apparently lean individuals with metabolic syndrome, the so-called metabolically normal weight
(MONW), as well as the obese with normal metabolic profiles, i.e., metabolically normal obese
(MNO), and those who are "fit and fat." The concept of CVATT may have implications for
prevention and treatment of metabolic syndrome, which may include controlling dietary
carbohydrates. The identification of the CVATT is admittedly difficult and its anatomical boundaries
are not well-defined. Thus, the CVATT will continue to be a work in progress.

Introduction
Arguably, the major pathogenic factor in the metabolic
syndrome is central obesity [1,2]. While abdominal obes-
ity is determined by the accumulation of both subcutane-
ous adipose tissue (SCAT) and visceral adipose tissue
(VAT), the excess accumulation of VAT appears to play a
more significant pathogenic role. VAT depots, located in
the body cavity beneath the abdominal muscles, are com-
posed of the greater and lesser omentum (peritoneum
that is attached to the stomach and links it with other
abdominal organs) and the mesenteric fat. A lesser
amount of VAT is located retroperitoneally. In general,
VAT accounts for up to 20 percent of total fat in men and

5–8 percent in women. The abdominal SCAT is located
immediately beneath the skin and on top of the abdomi-
nal musculature. The predominance of lower body fat is
SCAT, most of which is stored in the femoral and gluteal
regions [3-5]. Abdominal obesity can reflect a predomi-
nance of flabby SCAT; a firm, only modestly enlarged
waist line resulting from deep VAT pushing the abdomi-
nal musculature outward; or a combination of enlarged
SCAT and VAT depots. With the advent of more precise
imaging techniques, e.g., magnetic resonance imaging
(MRI) [6], computed tomography (CT) [7], and ultra-
sound [8], it has become evident that the accumulation of
VAT not only accompanies but antedates the onset of the
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components of the metabolic syndrome and related disor-
ders, e.g., insulin resistance, hypertension [9], glucose
intolerance [10], type 2 diabetes, and coronary heart dis-
ease [11].

To date, it has not yet been established that insulin resist-
ance, i.e., resistance of cells to insulin's effects, is respon-
sible for the onset of the multiple risk factors associated
with insulin resistance syndrome and subsequent devel-
opment of atherosclerosis and cardiac events [12]. In fact,
National Cholesterol Education Program Adult Treatment
Panel (ATP III) criteria for Metabolic Syndrome have been
found to have a low sensitivity for predicting insulin
resistance [13-15] and may be better thought of as predic-
tors for cardiovascular risk [16]. In a recent study of a large
number of apparently healthy men and women of varying
age, VAT area was significantly associated with all of the
metabolic syndrome criteria as defined by the NCEP ATP
III. This was independent of insulin sensitivity and SCAT
area. Insulin sensitivity was found to be independently
associated with the criteria for HDL cholesterol, triglycer-
ides (TGs), and fasting plasma glucose (FPG). SCAT area
was independently correlated with only waist circumfer-
ence after adjusting for VAT area and insulin sensitivity
[11]. In addition, the study results showed that clinical
assessments of increased waist size and TG levels are
strongly associated with decreased insulin sensitivity and
increased VAT in individuals with fasting FPG <6.4 mmol/
L [11].

The term "metabolic syndrome" is now preferable to
"insulin resistance syndrome," and has a prevalence of 25
percent in U.S. individuals age >20, rising to >40 percent
by age 60 [17]. The importance of central obesity is well-
recognized in the definitions of metabolic syndrome [18]
per the American College of Endocrinology, [19,20]
National Cholesterol Education Program Adult Treatment
Panel (ATP III), [21] European Group for the Study of
Insulin Resistance, [22] and World Health Organization
(WHO) [23]. However, even apparently lean individuals
with normal BMIs can have a significant accumulation of
VAT with increased risk factors for cardiovascular disease
and diabetes (metabolically obese normal weight;
MONW) [24-26]. Meanwhile, obese individuals with
large BMIs but relatively little VAT can present with nor-
mal metabolic profiles and a paucity of risk factors for
metabolic syndrome, cardiovascular disease, and diabe-
tes, i.e., the metabolically normal obese; MNO) [5,27].

Ectopic Fat Storage Syndrome
The ectopic fat storage syndrome hypothesis suggests that as
adipocytes hypertrophy and reach their capacity for stor-
ing more fat, then additional fat from excess dietary lipids
or calories is deferred to non-adipose tissues intracellu-
larly, e.g. liver, skeletal muscle, heart, and the beta cells of

the pancreas where they can exert toxic effects and dys-
function [7]. This "lipotoxicity" may also be exacerbated
by impaired oxidation of fat within tissues [7,28-30]. Fur-
thermore, adipose tissue is a major endocrine organ that
secretes numerous polypeptide hormones and cytokines
that are proinflammatory and proatherogenic. These play
a major role in affecting insulin action in skeletal muscle
and creating a low-grade state of inflammation and
endothelial dysfunction [31]. Compared to SCAT, VAT
has been correlated more with endothelial dysfunction
[32,33].

CVATT – A Working Hypothesis
It must be emphasized that the current proposal is a work-
ing hypothesis. Figure 1 describes a critical VAT threshold
(CVATT) which is unique for a given individual and rep-
resents a range for the accumulation of a critical mass of
VAT (CVATT) that when achieved, leads to the develop-
ment of metabolic syndrome. Note that insulin sensitivity
is important for weight gain [34] and accumulation of
VAT, and investigators have proposed that insulin resist-
ance may actually, to a certain extent, be beneficial by pro-
tecting cells with already impaired fatty acid oxidation.
Once the CVATT is reached, insulin resistance (IR) occurs,
which may be protective initially [29,35-37]. In addition
to protecting against further weight and fat gain [34,38-
41], insulin resistance prevents glucose and more fat from
entering the cell and becoming preferentially oxidized.
Hence, insulin resistance also allows intracellular fat
already present within the cell to become oxidized rather
than cause further damage through "lipotoxicity
[29,30,40,42,43]."

Implications of VAT loss
It is encouraging that only a modest loss of 5–10 percent
of body weight in obese patients is associated with prefer-
ential mobilization of VAT compared to SCAT, leading to
simultaneous improvement in all metabolic markers of
CHD risk. Such modest weight loss can prevent and
reverse type 2 diabetes [44-48], and sustained weight loss
in obese women results in a reduction in elevated inflam-
matory cytokine levels and an amelioration of endothelial
dysfunction [49,50]. Surgical removal of VAT may reduce
insulin resistance and plasma insulin levels [51,52], while
liposuction of SCAT does not confer metabolic benefits
[53]. Weight loss usually leads to VAT reduction as well as
reduction of depots of fat in non-adipose organs, thereby
improving insulin sensitivity [48]. However, once individ-
uals improve insulin sensitivity by losing weight and
crossing beneath their CVATT [48], they may now be
more susceptible to weight gain and struggle to maintain
this new state.

With total weight loss, those with greater amounts of VAT
initially lose more VAT, and VAT is more sensitive to
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weight reduction because the VAT adipocyte is more met-
abolically active and sensitive to lipolysis [5,54]. After the
initial weight loss, further dietary restriction may lead to
an overall reduction in body fat, rather than specific loss
from a particular site. The metabolic improvements
observed with only modest reductions in total weight
underscore the importance of VAT in insulin resistance
and metabolic abnormalities [48,55]. Once the individual
has lost a significant amount of VAT and is now below his
CVATT, improvement in insulin sensitivity does not bear
a linear relationship to the magnitude of weight loss [48].

The identification of the CVATT is admittedly difficult and
its anatomical boundaries are not well-defined. Thus, the
CVATT will continue to be a work in progress. While there
are numerous studies linking VAT quantity to insulin
resistance and metabolic syndrome, this does not neces-

sarily prove that VAT is the cause. However, there are a
number of plausible mechanisms linking VAT to the met-
abolic syndrome.

Adipose tissue as an endocrine organ
Adipokines
Once thought to be an inert energy storage depot, adipose
tissue is now known to be a critical endocrine organ. The
term "adipocytokines" or "adipokines" has been used to
describe the numerous adipocyte secretory products
which include: adiponectin, adipsin, estrogen, angi-
otensin II, angiotensinogen, leptin, plasminogen activator
I (PAI-1), agouti protein, resistin [56], acylation stimulat-
ing protein (ASP), bone morphogenic protein (BMP),
prostaglandins, IGF-1, and various IGF binding proteins,
tumor necrosis factor alpha (TNFα), interleukins (ILs),
transforming growth factor (TGF)-B [57], and fibroblasts,

Critical Visceral Adipose Tissue Threshold (CVATT)Figure 1
Critical Visceral Adipose Tissue Threshold (CVATT). According to the hypothesis, there is an individual range for 
accumulating a critical amount of visceral adipose tissue (VAT). Insulin sensitivity is important for weight gain and accumulation 
of VAT. Once the critical VAT threshold (CVATT) is reached, insulin resistance occurs, which may be protective initially and 
impair further weight and fat gain. Continuation of VAT accumulation can lead to metabolic syndrome. However, only a mod-
est weight loss (5–10 percent) with accompanying VAT loss can reverse the process.
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as well as FFAs themselves. Adipokines such as IL-6 and
PAI-1 are more highly secreted by VAT than abdominal
SCAT [58,59], while leptin is more highly secreted by
SCAT [60]. Adipokines from VAT can be delivered via the
portal system directly to the liver where they can affect
hepatic, and ultimately systemic, inflammation. In an ex
vivo study, VAT released greater amount of IL-6 and PAI-1
compared with abdominal SCAT [58,61].

Adiponectin has many beneficial vascular and metabolic
effects, e.g., it serves as an anti-inflammatory molecule for
vascular walls as well as adipose tissue, inhibits vascular
smooth muscle proliferation, protects endothelium from
macrophage adhesion and macrophage-induced injury
[62], may increase fatty acid oxidation in peripheral tis-
sues [63], protects against ectopic fat storage and has been
linked with insulin sensitivity [64,65].

Ironically, although produced by adipose tissue, adi-
ponectin levels are lowered with greater degrees of obesity
and with overfeeding. Decreased concentrations of adi-
ponectin are associated with type 2 diabetes, hyperten-
sion, elevated glucose levels, insulin and TGs, and
cardiovascular disease (CVD). It has been suggested that
adiponectin is under feedback inhibition in obesity and
reduced in patients with metabolic syndrome [66]. Adi-
ponectin mRNA and protein levels have been found to be
reduced in omental VAT compared with SCAT [67], and
VAT may also produce an as-yet-identified factor that
destabilizes adiponectin mRNA [66,68]. The strong
inverse correlation between serum adiponectin levels and
VAT mass may in part explain the link between VAT and
metabolic syndrome [66]. Over 90 percent of the adipok-
ines released by adipose tissue, except for adiponectin and
leptin, could be attributed to non-fat cells, e.g., macro-
phages, retained in the adipose tissue matrix [61].

Implications of fat mass expansion
Fat mass can expand in one of two ways: individual adi-
pocytes can increase in volume or they can increase in
number as more are derived from preadipocytes. As adi-
pocytes grow larger, they become dysfunctional. The total
number of adipocytes is increased with increasing fat
mass, but it is the increased number and percentage of
large adipocytes, compared to the smaller ones, that may
partially account for the inability of adipose tissue to func-
tion properly [69]. While the smaller adipose cells tend to
be more insulin sensitive, large adipocytes become insulin
resistant and contribute more to the metabolic problems
associated with obesity [69].

Preadipocytes from the SCAT depots have a greater differ-
entiation capacity than those from the VAT depots
[70,71]. The differentiation of preadipocytes into lipid-
storing adipocytes is regulated in part by the nuclear hor-

mone receptor, peroxisome proliferators activated recep-
tor (PPAR). Activation of this receptor by natural ligands,
such as prostaglandin metabolites, or synthetic ligands,
such as thiazolidinediones (TZDs), leads to stimulation of
the differentiation pathway [71]. This increases the
number of smaller adipocytes in SCAT with a high avidity
for FA and TG uptake. These increased adipose stores
made up of new, smaller, more insulin sensitive adi-
pocytes act as a sink or powerful 'buffers,' avidly absorb-
ing circulating fatty acids and triglycerides in the
postprandial period. This prevents their diversion to non-
adipose tissues, thereby protecting against ectopic fat syn-
drome and metabolic syndrome. It has been proposed
that an inability to differentiate new adipocytes to accom-
modate and store excess energy, underlies the develop-
ment of type 2 diabetes [72,73].

A thiazolidinedione (TZD) paradox
TZDs can increase the number of new fat cells, and
because obesity is a major cause of insulin resistance, this
represents an apparent paradox. Ex-vivo studies of human
preadipocytes from SCAT and VAT depots have demon-
strated that TZD-stimulated differentiation is much
greater in SCAT than VAT preadipocytes [71]. Since TZDs
selectively promote adipogenesis in SCAT and not VAT,
this would encourage the redistribution of body fat away
from "harmful" VAT sites and toward "safer" SCAT ones
[74-76]. Thus, in this way, TZDs could allow for pushing
the patient to below his CVATT. Paradoxically, the TZDs
can lead to weight gain while improving insulin sensitiv-
ity as the new SCAT adipocytes continue to trap FA and as
fat storage continues, eventually the new adipocytes will
enlarge, become less insulin sensitive, and ultimately con-
tribute to insulin resistance [77]. TZDs may also exert anti-
inflammatory effects on adipocytes by reducing the pro-
duction of serum amyloid A (SAA) and preventing the
TNFα-mediated expression of adiponectin production
[69].

Adipose macrophages
Macrophages increase their accumulation within fat
depots in direct proportion to increases in adipose tissue
and adipocyte size. The increased macrophage activity
observed in the adipose tissue of the obese may reflect a
combination of conversion of local preadipocytes to mac-
rophages and activation and recruitment of resident mac-
rophages and circulating monocytes. This seems to occur
after the onset of adiposity but prior to insulin resistance,
and supports the notion that pathophysiological conse-
quences of obesity involve macrophages and inflamma-
tion that contribute to insulin resistance and metabolic
syndrome [78,79]. Evidence suggests that macrophages
and adipocytes not only express overlapping sets of genes
and serve similar functions, but also commingle in the
same part of the body – the fat tissue [80].
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VAT Versus SCAT (See figure 2)
VAT
There are numerous inherent differences between VAT
and SCAT. VAT is a major predictor for insulin resistance
[81] and metabolic syndrome [11]. Compared to SCAT,
VAT adipocytes have a higher rate of lipolysis, which is
more readily stimulated by catecholamines and less read-
ily suppressed by insulin [82]. VAT also produces more IL-
6 and plasminogen activator inhibitor-1 (PAI-1) [81]. The
"Portal Theory" suggests that insulin resistance and many
of its related features could arise from VAT delivering free
fatty acids (FFAs) at a high rate to the liver via the portal
vein into which VAT directly drains [83,84]. This, in turn,
would increase hepatic glucose production, reduce
hepatic insulin clearance, and ultimately lead to insulin
resistance, hyperinsulinemia, hyperglycemia as well as
non-alcoholic fatty liver disease (NAFLD). FFA flux could
also lead to enhanced production of triglycerides (TGs)
and apolipoprotein B-rich lipoproteins, which are fea-
tures of the insulin resistance syndrome [55,85]. Delivery
of VAT derived pro-inflammatory cytokines may contrib-
ute to hepatic pathology such as non-alcoholic steatohep-

atitis (NASH). VAT also releases a large amount of glycerol
which enters the liver where it can be converted to glu-
cose, thereby contributing to hyperglycemia [86]. It is
likely that the relationship observed between VAT and
metabolic complications may not exclusively result from
FFA flux from VAT into the portal vein and the portal the-
ory does not adequately hold up as the sole explanation
of the role of VAT in metabolic syndrome [7].

VAT has twice the glucose uptake rate as SCAT
Recently, omental VAT cells have been shown to have an
approximately two-fold higher rate of insulin-stimulated
glucose uptake compared with SCAT adipocytes, and this
could be explained by a higher GLUT-4 expression [87].
Perhaps in situations with a high intake of dietary glyc-
emic load, a higher rate of glucose uptake and subse-
quently lipogenesis might be one mechanism by which
TGs are stored preferentially in the VAT depot. VAT is
highly lipolytic and resistant to insulin's lipogenic effects
yet apparently can remain insulin sensitive to glucose
uptake. This efficiency in glucose uptake may reflect VAT's
ability to accumulate and maintain its activity. Enhanced

VAT versus SCATFigure 2
VAT versus SCAT
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Major predictor of IR /MetabolicMajor predictor of IR /Metabolic
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glucose utilization in VAT would be accompanied by less
lipid oxidation, which would indirectly promote TG stor-
age [87].

Testosterone
VAT has a high density of androgen receptors and testo-
sterone which can amplify its own effect by up-regulation
of androgen receptors, inhibiting the expression of lipo-
protein lipase (LPL) and FA uptake [5,88]. In men, VAT is
strongly negatively correlated with plasma total and free
testosterone and sex-hormone binding globulin (SHBG)
concentrations. Thus, in young men whose plasma total
testosterone and free testosterone are high, the amount of
VAT is low. As men age, exceed their 20s, and reach mid-
dle age, their total and free testosterone decline, more fat
is deposited in VAT stores, they often develop the "pot
belly," and their risk for CHD increases [5,89]. The effects
of testosterone on insulin resistance and metabolic syn-
drome risk factors are opposite in men and women
[5,88,90,91]. Testosterone production often declines in
women as they age, but VAT obesity in women is associ-
ated with elevated levels of total testosterone, free testo-
sterone., and SHBG [92]. Hyperandrogenicity can also
occur in polycystic ovary syndrome, where hyperinsuline-
mia can stimulate ovarian androgen production and sup-
press serum SHBG [88,93]. While weight loss in both
sexes has been consistently shown to reverse the abnor-
malities in testosterone levels [94-97], a number of pla-
cebo controlled studies have consistently demonstrated
that administering testosterone to obese men resulted in a
significant reduction in VAT. This occurred without signif-
icantly altering amounts of total body fat or lean body
mass [89,98-100]. However, the use of testosterone for
VAT obesity is left open to debate [90].

11-β-Hydroxydehydrogenase1 (11-β HSD1)
Patients with type 2 diabetes and metabolic syndrome
often appear Cushingoid, yet they invariably do not have
elevated plasma cortisol [101]. Compared to SCAT, VAT
has more glucocorticoid receptors [88]. The enzyme 11-β
hydroxysteroid dehydrogenase type 1 (11-β HSD1) con-
verts inactive cortisone to the active compound cortisol,
and, if overexpressed, may cause increases in local cortisol
concentrations [101]. Local production of active cortisol
from inactive cortisone driven by 11-β-HSD-1 activity is
very high in VAT and barely detectable in SCAT. Therefore
it is likely that the VAT depot actively contributes to the
production of high local concentrations of cortisol, which
might not be reflected by plasma levels. These, in turn,
might contribute to an increase in VAT accumulation
[102]. 11-βHSD1 inhibition holds promise as a therapeu-
tic target for VAT-associated metabolic syndrome
[103,104].

VAT and impaired skeletal muscle oxidation
The amount of fat deposited within skeletal muscle
(intramyocellular lipid – IMCL) and the ability of muscle
to oxidize fat are important determinants of weight
gain,[105] weight regain following weight loss [106], and
the development of insulin resistance syndrome [107].
IMCL and the VAT depot might not be independent from
each other. Furthermore, the relationship between IMCL
and insulin sensitivity is independent of percent total
body fat and SCAT but not of VAT [108]. In individuals
with type 2 diabetes, among the depots of regional and
overall adiposity, VAT was the depot of adipose tissue that
was most strongly related to skeletal muscle insulin resist-
ance [109].

Colberg et al studied the fasting patterns of skeletal mus-
cle fatty acid uptake and oxidation in healthy, lean and
obese premenopausal women who had a cross-sectional
VAT area over a range from 18 to 180 cm2 and BMIs from
19 to 39 kg/m2 [110]. The researchers found that insulin
sensitivity as well as postabsorptive rates of FFA utiliza-
tion or oxidation by muscle were diminished in relation
to VAT. Women with increased VAT did not have lower
plasma FFA levels or lower rates for appearance of FFA, yet
they had an impaired or reduced uptake of plasma FFA by
the skeletal muscle in the leg [111]. Together, this sup-
ports a role for VAT, IMCL lipid deposition, and perhaps
impaired oxidation of nonadipose tissue lipid in insulin
resistance and metabolic syndrome.

VAT may influence central SCAT
Mauriege et al found that adrenoreceptor sensitivity was
increased in SCAT cells of individuals who have a higher
VAT accumulation compared to those with a low VAT dep-
osition [112]. SCAT adipocytes from women with visceral
obesity exhibit higher lipolysis rates in vitro than those
obtained from women with little VAT [113]. Mauriege et
al also demonstrated that among men with high levels of
VAT, SCAT adipocytes are more sensitive to β-adrenergic
lipolysis which may further exacerbate an impaired insu-
lin action, a potentially important factor in the etiology of
metabolic syndrome associated with visceral obesity
[112]. Moreover, an increased truncal SCAT mass and an
increased amount of VAT mass can independently predict
insulin resistance [114]. Together, these findings support
that VAT may enhance central SCAT lipolysis and acceler-
ate release of peripheral FFAs.

The PPARs are important transcription factors that play an
important role in the induction of adipose-specific genes,
the proliferation and differentiation of adipocytes, and
the development of mature adipose tissue. A number of
transcription factors are involved, including PPARγs.
Giusti et al suggest that in VAT, the expression of PPARγ2
is controlled by local transcription factors (RXRα,
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αSREBP1, and SREBP1c) promoting fat storage in adi-
pocytes. Given that the fat storage capacity is limited in
VAT, RXRα induces the expression of PPARγ2 in SCAT to
increase its overall capacity [115]. These data also suggest
that the signal to promote fat storage may occur in VAT
and that other metabolic and hormonal factors are
involved in the control and modulation of adipogenesis
in visceral fat [115].

Perhaps the above can be explained as follows. SCAT cells
may act as a buffer or sink for circulating FAs and TGs but
once they reach their capacity they lose their protective
benefits. Initially, VAT may influence SCAT to expand and
act as a buffer. However, once the critical VAT threshold
(CVATT) is achieved and metabolic syndrome has begun
to develop, then VAT may influence central SCAT to
become more VAT-like, i.e., more lipolytic and less sensi-
tive to insulin's adipogenic or lipid storing effects.

SCAT
Greater preadipocyte differentiation and protection
As discussed earlier, preadipocytes from SCAT depots
have a greater capacity than VAT to differentiate into
numerous, small, insulin-sensitive, adipocytes [70,71].
These lipid-storing cells act as a buffer or sink for circulat-
ing FAs and TGs, thereby preventing their deposition in
non-adipose tissues, e.g., skeletal muscle, pancreas, and
liver, where they could contribute to lipotoxicity, apopto-
sis, and insulin resistance [73,116].

Does SCAT replenish VAT?
In defending the role of VAT accumulation in individuals
with metabolic syndrome, we must postulate a high rate
of lipid turnover, with high rates of lipolysis at certain
times matched by high rates of lipid deposition at other
times. Otherwise, as Frayn points out, the hyperlipolytic
VAT would ultimately disappear [117]. He also suggests
that if SCAT were to become insulin resistant, and there-
fore resistant to fat storage, then fat might tend to be
deposited in VAT depots. Another possibility is that the
usually larger SCAT depot has a greater potential to con-
tribute to insulin resistance through release of FFA into
the systemic circulation. However, this would not ade-
quately explain the subset of individuals who demon-
strate metabolic profiles consistent with insulin resistance
but are in fact lean, healthy-appearing with normal BMIs,
excess VAT, little SCAT, and are referred to as "metaboli-
cally obese, normal weight (MONW) [26]. As described
above, perhaps once VAT expands and SCAT depots reach
their capacity for storing FAs, then do SCAT adipocytes
become insulin resistant, release FFAs, and contribute to
systemic insulin resistance and metabolic syndrome.

While some studies cast doubt on the portal theory and its
implications for VAT's direct delivery of FFA to the liver

[118,119], they leave open other mechanisms via which
VAT could induce insulin resistance and other metabolic
disturbances, e.g., by producing proinflammatory
cytokines which could be directly delivered to the liver
where they can potentially affect hepatic metabolism
[117]. These will be discussed below.

Peripheral fat mass may protect against atherosclerosis and 
metabolic syndrome
If trunk fat is taken into account, accumulation of fat in
the hips and legs is an independent predictor of lower car-
diovascular and diabetes-related mortality, and it seems to
protect against impaired glucose metabolism, especially
in women [120-124]. In a study of 1,356 women ages 60–
85, those with excessive peripheral fat had less atheroscle-
rosis (determined by aortic calcification scores), and the
quartile with both the highest amount of central fat and
peripheral fat seemed to be partially protected by the high
percentage of peripheral fat mass as reflected in a number
of measured risk factors [121]. These findings corroborate
similar findings by the same group who followed 316
postmenopausal women for 7.7 years and monitored pro-
gression of aortic calcifications [120]. In yet another
study, Tanko et al demonstrated that peripheral fat mass
(SCAT) in generally obese, post-menopausal women is
associated with increased adiponectin and higher insulin
sensitivity [125]. Together, these support protective roles
for peripheral fat. In addition to fat trapping, these might
include possible influences on adipokines, e.g., they
might contribute to an increase in adiponectin, which
could improve FA oxidation [126]. One must interpret
these results with caution because the measuring tech-
nique of dual-energy X-ray absorptiometry (DXA) does
not allow separate quantification of intermuscular and
subcutaneous fat in the arms and legs as well as SCAT in
the trunk [121]. While VAT is a major predictor of insulin
sensitivity in overweight and lean individuals [114,127],
others have found abdominal SCAT to contribute to insu-
lin resistance independently of VAT [128,129].

An example of metabolically innocent obesity
When there is an inability to store fat, due to lipodystro-
phy, the adipocytes' storage capacity is exceeded and lip-
ids accumulate and cause lipotoxicity in liver, muscle, and
other organ tissues [7]. A counterpart of lipodystrophy
may be illustrated by patients with multiple symmetric
lipomatosis (MSL), a condition characterized by regional
excess of subcutaneous adipose tissue. These patients have
higher adiponectin levels, a high degree of insulin sensi-
tivity and glucose tolerance, very low lipid levels in liver
and muscle cells, and markedly little VAT [130]. In this
case, SCAT may be protective and beneficial. This may be
analogous to thiazolidinedione action, which also pro-
motes SCAT deposition while improving insulin sensitiv-
ity and glucose tolerance [74,75].
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Estrogen
Estrogen promotes the accumulation of peripheral gluteo-
femoral SCAT, which may be protective [131]. The
abundant presence of peripheral fat mass in generally
obese women is associated with increased plasma adi-
ponectin, and the loss of estrogen with menopause is
associated with an increase in central fat [132]. This
accounts for the progression in many overweight women
after menopause from a predominantly pear-shape or
"gynoid" habitus to the apple or "android" shape. Con-
trary to popular belief, menopause does not seem to inde-
pendently cause a gain in total body weight; the increases
in BMI that often accompany menopause are usually con-
sistent with normal aging [133]. However, even without
weight gain, body fat distribution changes; postmenopau-
sal obese women tend to accumulate abdominal fat along
with deterioration of risk factors, even if total body weight
and BMI do not change during menopause transition.

After menopause, when ovarian function declines, adi-
pocytes become the primary source of endogenous estro-
gens [134], and compared to "gynoid" or pear-shaped
women, those with central obesity (apple- or "android-"
shaped) have lower plasma SHBG and higher estradiol
[125,135]. This suggests regional differences in the enzy-
matic conversion of steroid hormones in VAT versus SCAT
[125,136-138]. In ovarian hormone-deficient women,
SCAT adipocyte size, lipoprotein lipase (LPL) activity, and
basal lipolysis were not found to be significantly greater
compared to regularly cycling premenopausal women.
However, in the ovarian hormone-deficient women,
omental (VAT) adipocyte size was significantly higher,
and the omental/SCAT LPL activity ratio and VAT lipolysis
were also significantly higher [139]. For a given amount of
total body fat, men have been found to have about twice
the amount of VAT than what is found in premenopausal
women but this may change after menopause when VAT
storage becomes predominant [140,141].

Along with an increase in VAT, a decline in estrogen is also
associated with reduced lean body mass as well as other
features of the metabolic syndrome including: dyslipi-
demia with elevation in Lp(a), triglycerides, and an
increase in small, dense, LDL particles. Estrogen defi-
ciency also may influence cardiac risk by its effects on the
insulin action, the arterial wall, and fibrinolysis. Park et al
showed that postmenopausal women lost less VAT com-
pared with the premenopausal women during a weight
reduction program (10.5 percent vs. 25.7 percent respec-
tively) [142]. The reasons behind this are presently
unclear.

As mentioned above, in menopause, adipocytes are pri-
mary sources of endogenous estrogens in women
[125,134], and estrogens are known inhibitors of IL-6

secretion [143]. It is worth noting that the relationship
between BMI and serum IL-6 was observed only in post-
menopausal women, and this relationship was lost
among those women receiving hormone replacement
[144]. Adipose tissue-derived estrogens in postmenopau-
sal women would not be sufficient to reduce IL-6 in a sim-
ilar way as endogenous estrogens do in premenopausal
women [145]. Perhaps in premenopausal women, endog-
enous estrogen from the ovaries helps keep VAT volume
relatively low and is thereby protective. Estrogen by itself
seems to protect postmenopausal women receiving
replacement therapy from VAT accumulation, and in
women with type 2 diabetes, estrogen replacement may
protect against the risk of cardiac events [146,147].

Compared to men of similar age, premenopausal women
appear to be significantly protected from CHD. However,
by age 70 the incidence of CHD is equal in men and
women, suggesting that estrogen deficiency causes a rapid
acceleration in CHD risk [133]. Yet, in elderly, postmeno-
pausal women, Tanko et al showed that those women
with higher amounts of central versus peripheral obesity
had significantly higher levels of estradiol and lower adi-
ponectin. This suggests that prolonged and increased
exposure of SCAT cells to estradiol may eliminate the pro-
tective effect of SCAT by affecting SCAT's ability to release
adiponectin thereby promoting the atherogenic effects of
IL-6 [125]. Perhaps future research will help clarify
whether central obesity has any implication for increased
susceptibility to the adverse cardiovascular effects of hor-
mone replacement therapy (HRT) in diabetic patients
early after initiation of therapy [125].

Obesity, particularly visceral obesity, as well as insulin
resistance and hyperinsulinemia are associated with
breast cancer [148]. Insulin may increase estrogen action
by increasing bioavailable estrogen due to a decrease in
sex hormone-binding globulin, by influencing estrogen
receptors, and by increasing aromatization of androgen to
estrogen at the tissue level, a phenomenon which has
been demonstrated in breast tissue. Estrogen upregulates
the IGF-1 receptor and IGFBP-1 and -2 and may directly
activate the IGF-1 receptor, thereby increasing insulin sig-
naling [149].

Around 1900, most women died soon after menopause.
The average lifespan of persons in the United States has
since lengthened by greater than 30 years [150], which
means that women, and men, too, are now spending 30
or more years with hormonal and physiological states that
society and medicine has not had to deal with previously.
These, combined with significant dietary and lifestyle
changes since 1900, must be considered as critical contrib-
uting factors to the world's current epidemic of metabolic
syndrome.
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Lipotoxicity Model
Overnutrition, lipotoxicity, leptin, and the metabolic syndrome
When one consumes too many calories, especially in the
form of excessive carbohydrates, the liver converts excess
glucose to fatty acids. First, glucose that is not oxidized or
stored as glycogen is metabolized to acetyl CoA, which
then enters the lipogenic pathway. Acetyl CoA is catalyzed
to form malonyl CoA, which in turn inhibits carnitine
palmitoyl transferase 1 (CPT-1, the enzyme responsible
for fatty acid transport into the mitochondria) [42]. The
net effect is that malonyl CoA (from excess carbohydrates,
glucose, and insulin) reduces the oxidation of FAs [151].
This results in increased accumulation of intracellular fat
in the form of long chain fatty acids and their derivatives,
e.g., TGs and ceramide [28,29]. Cellular TG accumulation
is not initially toxic and may actually be protective by
diverting excess FAs from pathways that lead to cytotoxic-
ity [152]. While glucose is being preferentially utilized,
the FAs are metabolized by pathways other than their pre-
ferred β oxidation, leading to toxic products, e.g., cera-
mide, which may cause apoptosis and lipotoxicity
[28,30,153]. The subsequent development of the cell's
resistance to insulin-mediated glucose uptake, which pre-
vents further influx of glucose, may be viewed as being
protective in that it limits the amount of intracellular glu-
cose to be preferentially metabolized over the β oxidation
of intracellular FAs [29,37,154]. The cell can be insulin
resistant with respect to glucose uptake and metabolism
but remain sensitive to insulin's lipogenic effects and the
de novo synthesis of fat. Overconsumption of calories,
especially in the form of carbohydrates, also stimulates
hyperinsulinemia that can then upregulate SREBP-1c and
increase de novo lipogenesis [43].

Leptin protects against lipotoxicity
Leptin
The first adipocyte-specific hormone to be characterized,
leptin is produced predominantly by SCAT adipocytes
compared to VAT. Females produce leptin at about twice
the rate in males [155], and leptin secretion increases with
enlarged adipocyte cell size. Circulating leptin rises by 40
percent after acute overfeeding and more than three-fold
after chronic overfeeding, whereas fasting is associated
with decreased leptin levels [156].

Dietary carbohydrates may influence leptin action
The increase in leptin concentration after meals is not sim-
ply a result of a caloric load, but is in response to a signal
that is not present following a fat load without carbohy-
drate [157]. Leptin circulates in a free form and is also
bound to a soluble leptin receptor – sOBR, which is posi-
tively associated with energy intake from carbohydrates
and negatively associated with energy intake from dietary
fat [158].

Excess caloric consumption and fat deposition results in
newly synthesized FAs that are transported as VLDLs and
stored as TG in adipocytes. Initially, these expanding adi-
pocytes secrete leptin in proportion to their growing fat
accumulation. Leptin also crosses the blood brain barrier,
stimulates its receptor in the hypothalamus, and causes
the release of neuropeptide-Y (NP-Y), which reduces feed-
ing behavior [85]. This, in turn, suppresses appetite and
stimulates thyroid function. Leptin affects peripheral tis-
sues, and is a determinant of insulin sensitivity. The ensu-
ing hyperleptinemia increases fat oxidation in skeletal
muscle [159-161], and also keeps de novo lipogenesis in
check by lowering the involved transcription factor, i.e.,
SREBP-1c mRNA (sterol regulatory element binding pro-
tein 1c mRNA) [43]. It promotes cholesterol ester synthe-
sis in macrophages in a hyperglycemic environment, an
important process in the formation of foam cells in
atherosclerosis which may suggest a protective role of rel-
ative leptin resistance [162]. Leptin also possibly increases
sympathetic nervous system (SNS) activity with subse-
quent decreased FFA oxidation and thermogenesis [163].
All of these effects of leptin tend to limit further weight
gain.

Leptin resistance
As the process progresses, inefficient leptin action can lead
to the opposite of leptin's protective effects, e.g., hyper-
phagia, decreased fat oxidation, increased tissue TG levels,
insulin resistance, and overweight. Subsequently, plasma
leptin levels rise. The majority of obese individuals with
high leptin levels show a leptin insensitivity or "resistance
[164]," which occurs at the leptin receptor level. In animal
models, leptin-resistance and leptin-deficiency increases,
and upregulates the hepatic expression of SREBP-1c
mRNA, which may stimulate an increase in fat production
via de novo lipogenesis. Together, all of these features sug-
gest a state of "leptin resistance" which may ultimately
lead to obesity and metabolic syndrome [29,165].

It is quite possible that hyperleptinemia in diet-induced
obesity serves to protect nonadipose tissues (e.g. muscles,
liver, pancreatic β cells, and myocardium) from the toxic
effects resulting from the spillover of full adipose stores
and subsequent ectopic deposition of FFAs. In defense of
this paradigm, Unger points out that normally rats can
tolerate a 60 percent fat diet because 96 percent of the sur-
plus fat is stored in an enlarging adipose tissue mass, in
which leptin gene expression increases proportionally
[166]. However, when leptin is congenitally absent or
inactive, or ineffective due to resistance, even on a normal
or low-fat diet, excess dietary fat is deposited in nonadi-
pose tissues. This causes dysfunction (lipotoxicity), and
possible cell death (lipoaptosis) [29].
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Acquired leptin resistance occurs in aging, obesity, Cush-
ing's syndrome, and acquired lipodystrophy, a condition
associated with protease inhibitor therapy of AIDS. Pre-
liminary evidence suggests that patients with these condi-
tions have increased ectopic fat, i.e., lipid deposition in
non-adipose tissues [29].

Role of triglycerides in leptin resistance
The relation between cerebrospinal fluid and serum levels
of leptin in obese humans suggests that defective blood
brain barrier (BBB) transport accounts for a great deal of
leptin resistance in the CNS. Banks et al showed in mice
that serum TGs directly inhibit the transport of leptin
across the BBB and so could be a major cause of leptin
resistance across the central nervous system (CNS). Thus
they suggest that serum TGs are likely a major cause of the
leptin resistance seen in both obesity and starvation
[167]. This hypothesis explains why lowering TGs may be
therapeutically useful in enhancing the effects of leptin.

Implications for VAT in relative hypoleptinemia and metabolic 
syndrome
Compared to VAT, SCAT is the predominant source of lep-
tin [60], yet patients with VAT obesity may tend to have
higher leptin levels than normal, lean individuals but
lower than those with predominantly SCAT or subcutane-
ous obesity [29]. This suggests that the hyperleptinemia of
predominantly VAT obesity is not high enough to over-
come a leptin resistance due to the accumulation of
ectopic fat in nonadipose tissues, which leads to lipotox-
icity and ultimately the metabolic syndrome [29].

Lipodystrophies – A paradigm for the roles of fat depots and 
insufficient leptin action in metabolic syndrome
A number of clinical states exhibit evidence of leptin
insufficiency, either leptin deficiency or resistance, and
they all have in common the metabolic syndrome. These
include rare genetic diseases known as lipodystrophies,
which are characterized by a redistribution of fat. Ironi-
cally, in the more severe cases, e.g., congenital generalized
lipoatrophy, near-complete fat loss is associated with
severe insulin resistance, fatty liver, and classic features of
the metabolic syndrome. There is hyperleptinemia along
with hyperphagia and a predominance of intra-muscular
fat [168]. Dunnigan-type familial partial lipodystrophy is
a rare autosomal dominant condition characterized by
markedly reduced plasma leptin levels along with gradual
loss of SCAT from the extremities, trunk, and gluteal
region, commencing at the time of puberty, as well as
hyperinsulinemia, glucose intolerance, dyslipidemia
(high TGs with low HDL), and diabetes [169,170]. These
individuals do maintain central obesity and VAT [169],
which supports a relatively protective role for SCAT and
implicates VAT as being more pathogenic.

The aforementioned potential role of TGs in leptin resist-
ance may have implications for patients with lipodystro-
phy and lipoatrophy who have little or no fat mass, and as
a result, have very little or no leptin. They also have severe
hypertriglyceridemia that is reversed by treatment with
leptin [168,171]. The elevated plasma level of TGs in these
patients is likely inducing leptin resistance that is prevent-
ing the leptin from inducing TGs to be used as an energy
source. Thus the TGs in these patients are not oxidized,
and they are unable to settle into fat stores that would nor-
mally act as a TG sink and prevent their diversion to non-
adipose tissues where they contribute to lipotoxicity and
insulin resistance.

Fat depots can protect against lipotoxicity
Fat provides leptin and adiponectin
Transplantation of adipose tissue grafts in animal models
of congenital lipoatrophy reverses the signs of the meta-
bolic syndrome in a dose-dependent fashion [172]. Fur-
thermore, leptin treatment in humans and animals with
lipodystrophies also reverses fatty liver and insulin resist-
ance. However, transplantation of ob/ob adipose tissue
(which does not produce leptin) in lipodystrophic rats
does not reverse diabetes [173] nor is it beneficial to inject
leptin in obese humans with leptin resistance [18]. These
support the notion that insufficient leptin action may be
a cause of metabolic syndrome, and that adequate leptin
derived from SCAT is protective.

Like leptin, adiponectin secretion increases early on in
obesity and plays a role in reducing the expression of lipo-
genic enzymes and increases FA oxidation in peripheral
tissues thus limiting ectopic fat accumulation [174]. The
fact that adiponectin is secreted initially by fat but levels
are reduced as fat depots increase, may help resolve the
paradox of both lipodystrophy and obesity both being
insulin-resistant states [73].

Critical Visceral Adipose Tissue Threshold (CVATT) – 
Individual Variation
The CVATT has tremendous individual variation; thus a
relatively "thin" individual (with a normal BMI) and an
excess of VAT for him, may be metabolically obese, nor-
mal weight (MONW) [26]. Meanwhile, another individ-
ual with a large "pot belly" may have a great capacity to
store fat as SCAT with relatively little VAT or he may have
a high threshold for VAT. This may explain the finding
that while some individuals weighing even up to 200 kg
do not show any signs of type 2 diabetes or dyslipidemia,
while in others, diabetes or dyslipidemia either develop or
deteriorate with an increase in body weight of only one kg
[175] – perhaps just enough to exceed the CVATT.

A number of studies have looked at a possible CVATT
[176-182]. Using CT scans to measure VAT volume,
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Williams et al found that a value of above 110 cm2 was
associated with an increased risk of CHD in pre-and post-
menopausal women [177]. Similarly, Despres and
Lamarche observed a VAT cutoff of 100 cm2 was associ-
ated with increased CHD risk in young adult men and pre-
menopausal women (mostly of French Canadian descent)
[179], and a cutoff range of 100–110 cm2 has also been
observed by others [176,181]. Other studies have sug-
gested thresholds of > 130 cm2 for metabolic deterioration
[183,184]. De Nino et al found that insulin resistance did
not appear until women were older than 60 years and had
accumulated levels of VAT that approximated the levels
seen in men, suggesting a possible threshold effect of VAT
on insulin resistance [185]. As discussed below with
MONW, genetic and ethnic factors play a role. For exam-
ple, in nonobese and obese Japanese males and females,
fat areas at the umbilicus as determined by CT had thresh-
old values for metabolic syndrome with only > 100 cm2

for men and > 90 cm2 for women [186].

Brochu et al were unable to demonstrate that obese post-
menopausal women who reduced their weight and
attained a level of VAT below 110 cm2 would show greater
improvement in their metabolic profile compared to
those who also lost weight but remained above the 110
cm2 VAT threshold [178]. However, there were only 25
total subjects and the women had relatively normal meta-
bolic profiles at baseline. Perhaps due to the relatively
small number of subjects, only five lost less than 20 per-
cent of their baseline VAT value. Thus it is unclear whether
even smaller losses of VAT than those observed improved
metabolic outcomes. The researchers did find larger losses
of VAT and a greater improvement in insulin sensitivity in
those who attained a VAT level < 110 cm2 [178]. It should
also be noted that in postmenopausal women, peripheral
SCAT may be protective, even in the face of large amounts
of VAT, and this needs to be accounted for [120,121,125].
While studying obese Japanese women, Tanaka et al
recently validated the 100 cm2 CVATT but their longitudi-
nal data from both pre- and posttreatment suggest that
these women should reduce their VAT area to <60 cm2

through weight reduction to improve CHD risk factors
[181].

Metabolically obese normal weight (MONW)
VAT accumulation contributes to metabolic risk factors in
nonobese individuals [187,188]. Ruderman et al have
shown that normal weight individuals may also have
insulin resistance and the disorders of the metabolic syn-
drome [26]. They designated such individuals as "meta-
bolically obese normal weight – MONW [189,190]."
MONW subjects (BMI < 25 kg/m2) have been character-
ized by an excess of VAT area (> 100 cm2 by abdominal
CT), insulin resistance, and hyperinsulinemia [24-26]. As
pointed out earlier, the development of insulin resistance

may limit further weight gain [34,38-41,191]. A rapid and
early development of insulin resistance prior to significant
weight gain would explain that a significant number of
the normal-weight population have insulin resistance
[26]. The prevalence of MONW could be as high as 13 –
18 percent [26,192,193].

MONW and low birthweight
Both low birthweight (LBW) [194] and lowest weight at
one year of age have been linked to, VAT accumula-
tion[195] insulin resistance and cardiovascular risk fac-
tors in middle-aged and elderly individuals, many of
whom could be classified as MONW with metabolic syn-
drome. By middle age, many LBW subjects have BMIs less
than 24–26 kg/m2 and would be classified as MONW.
While some data suggest that LBW babies have central adi-
posity in middle age, definitive measurements of VAT in
these individuals are still lacking [26].

Ethnicity and MONW
One should consider ethnic differences when attempting
to identify MONW subjects. Lean appearing individuals,
especially in certain ethnic groups such as the Japanese,
may have significant amounts of VAT that surpass their
CVATT but appear with what, for the general population,
would be considered a normal BMI and waist circumfer-
ence [196]. For example, nonobese Japanese (BMI<25)
with increased VAT areas (100–110 cm2) fulfill the criteria
for MONW [25,181]. In another study, relatively lean Jap-
anese patients with newly diagnosed type 2 diabetes had
increased VAT. Through diet and without medication for
three months, the amount of VAT in these patients
became comparable to that in normal-weight control sub-
jects. Therefore, a three-month dietary treatment regimen
with small to moderate weight loss was very effective in
decreasing excess VAT in this population [197]. This illus-
trates the importance of early recognition of an individ-
ual's approaching or exceeding his CVATT. Park et al were
among the first to demonstrate that healthy, non-obese
Asian American women may have higher amounts of VAT,
and that normative values or standards for VAT derived
from Caucasians may not be applicable to Asians [196].
On the other side of the spectrum, a 10-year prospective
study studied increased BMI in Micronesian Nauruans (an
ethnic group from the central Pacific Ocean with rapidly
increase in prevalence of obesity) and Melanesian- and
Indian-Fijians. Overall, there was little evidence to suggest
that obesity was a risk factor for total or cardiovascular
mortality in these populations [198].

Metabolically normal obese (MNO)
McGarry found that one of his most obese patients in a
series (BMI 32.8 kg/m2) was one of the most insulin-sen-
sitive but had one of the lowest values for intramyocellu-
lar lipid (IMCL). Conversely, another subject, with a BMI
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of only 18.9 kg/m2, proved to be highly insulin-resistant
but had a large amount of IMCL. This supports that insu-
lin sensitivity appears to correlate more with where the fat
is located rather than the total amount in the body [42].
This has implications for the phenomena of the metabol-
ically obese normal weight (MONW) and the metaboli-
cally normal obese (MNO) individuals.

Like some of the Micronesian Nauruans and Indian-
Fijians above, there are individuals who are obese and
who nevertheless are metabolically normal – "metaboli-
cally normal obese; MNO." Unlike their MONW counter-
parts, MNO individuals have very little VAT
accumulation. They often share an onset of obesity early
in childhood, normal VAT, lower TGs, and increased
HDL. The actively competitive Japanese wrestlers main-
tain their gross obesity by consuming a 5,000 to 6,000 cal-
orie diet. They are MNO, and their VAT is normal in
amount, i.e., they have excessive amounts of SCAT [91].
On retirement, when they discontinue their rigorous
training regimen, they markedly develop increased insu-
lin resistance and metabolic syndrome. It is likely that that
their VAT increases concomitantly [26,27] and exceeds
their CVATT. Data from the European Group for the Study
of Insulin Resistance (1146 hyperinslinemic/euglycemic
clamp studies from 20 clinical centers in Europe) showed
that in "simple" obesity, insulin resistance is not as preva-
lent as previously thought [199]. MNO could account for
as much as 20 percent of the obese population [193]. In
another study using HOMA to determine insulin resist-
ance, Bonora et al showed that 11 percent of the entire
group of overweight individuals fit the criteria of MNO
[200]. Brochu et al extensively studied 43 sedentary,
obese, postmenopausal women and found that 17 were
MNO, while 26 had reduced insulin sensitivity (estimated
by clamp) [201]. The two groups were similar in total
body fat mass, SCAT amount, as well as waist circumfer-
ence, and total daily energy expenditure. However, lean
body mass was significantly greater in the metabolically
abnormal subjects. Unlike SCAT, VAT measured by CT
was inversely related to the insulin sensitivity and to a
classification of MNO. In fact, despite similar levels of
total body fatness, MNO individuals showed 49 percent
less VAT as measured by CT. However, the level of VAT
was still significant. Furthermore, using doubly labeled
water and indirect calorimetry, Brochu et al were unable
to demonstrate a meaningful difference between resting
metabolic rate and daily physical energy expenditure
between MNO and obese individuals at risk [201].

MNO and childhood obesity
Several investigators have found that there has been a pos-
itive association between insulin sensitivity and duration
of obesity, i.e., those who are obese since childhood are
more likely to remain insulin sensitive. In one study 48

percent of the MNO women presented with a history of an
earlier age-related onset of obesity (between 13 and 19
years of age) and less VAT compared with 29 percent of
the metabolically abnormal obese [201].

Insulin sensitivity seems to be dependent upon adipose
cell size; as adipocytes within tissue grow larger, they
become more insulin resistant [202]. Normal-sized, more
insulin-sensitive adipocytes have been associated with
early onset of obesity [203]. Perhaps today we are begin-
ning to see that with the marked increase in overfeeding
and extent of obesity at younger ages, hypertrophy of fat
cells may occur earlier and hence metabolic syndrome is
now occurring with greater frequency in children.

Puberty and VAT
During puberty, a certain degree of insulin resistance is
normal, and children who are more insulin resistant have
decreased SCAT fat gain [204]. Early in the development
of juvenile obesity, increased VAT, hyperinsulinemia, and
insulin resistance are closely linked [205]. Adrenal andro-
gens are elevated in obese children and have been associ-
ated with early pubertal development in these
children[206,207] Sex differences in VAT begin to emerge
during puberty, with boys having more VAT than girls.
Some studies suggest that the rate of VAT accumulation
can be slowed in children by using exercise interventions
[208,209].

Fit and fat
VAT is strongly associated with fitness even within indi-
viduals of the same weight. This is illustrated by the earlier
mentioned example of the active Sumo wrestler in his
prime who has relatively little VAT [91]. Regular exercise
can selectively reduce VAT with minimal change in weight
[210-212]. This could especially add to the frustration
level of the middle-aged or post-menopausal woman who
regularly exercises moderately without inducing measura-
ble reduction in body weight or fatness. She may still ben-
efit from reducing her VAT or attenuating the gain of VAT
"normally" experienced by sedentary women as they age.
It should be emphasized that the lower VAT level associ-
ated with increased fitness is modest but nonetheless clin-
ically important. Reduced morbidity is likely explained by
factors in addition to a reduced VAT, and VAT likely
explains morbidity independent of fitness [213]. Sumo
wrestlers tend to have most of their central adiposity
stored subcutaneously (as SCAT), and, perhaps a shift
toward more VAT accompanies their contracting meta-
bolic syndrome upon their retirement – with premature
death to follow [26,91]. This may also explain the body of
work showing that overweight or "fat" individuals who
are fit (according to cardiorespiratory testing on a tread-
mill) are at less risk for a cardiac event or developing type
2 diabetes than a "leaner" individual who is unfit
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[214,215]. Thus, the former could be considered "fit and
fat." High levels of cardiorespiratory fitness (CRF) reduce
CRP and the rate of cardiovascular morbidity and mortal-
ity, independent of obesity [216]. CRF is also associated
with lower abdominal fat independent of BMI, and for a
given BMI or waist circumference (WC), individuals with
moderate CRF had lower levels of total fat mass and
abdominal SCAT and VAT than individuals with low CRF
for a given BMI or WC value [213,217]. Low CRF is an
independent risk factor for mortality in healthy-appearing
and diseased populations, and is associated with elevated
CRP and reduced fasting glucose control in women with
type 2 diabetes [218]. It is likely that compared to the fit
and fat, the unfit and lean-appearing individual may have
greater amounts of "hidden" VAT.

Effects of exercise
In obese patients, increasing physical activity can enhance
fat oxidation, reduce IMCL and improve insulin sensitiv-
ity [219]. Exercise training may reduce waist size, inde-
pendent of changes in BMI, and exercise without weight
loss is effective in reducing VAT and preventing further
increases in obesity [213,220].

Ross et al showed that either modality, caloric restriction
alone or daily exercise without calorie restriction, is an
effective strategy for reducing obesity in moderately obese
men.

Their findings also suggest that exercise without weight
loss is a useful method for reducing VAT and preventing
further increases in obesity [220]. Irwin et al studied 168
overweight, postmenopausal, previously sedentary
women in a randomly controlled trial of exercise versus
no exercise. While the body weight lost at 12 months
among the exercisers was modest, the amount of intra-
abdominal fat lost was considerable (8.5 g/ cm2) and was
dose-dependent. The women who exercised for approxi-
mately 200 min/wk lost 4.2 percent of total body fat and
6.9 percent of VAT without reducing their energy intake
[212]. Exercise may counteract the abnormal metabolic
profiles associated with abdominal obesity by reducing
VAT along with other independent mechanisms. It pro-
motes adaptive responses including those causing mus-
cles to increase their use of lipid stores rather than relying
primarily on carbohydrate reserves. Even a single bout of
exercise can reduce triglyceride levels, increase HDL levels,
reduce resting blood pressure, increase glucose tolerance,
and reduce insulin resistance [221].

While evidence supports that CRF may be associated with
a lower VAT, this is certainly not proven. However, study
results suggest that individuals with moderate to high CRF
levels have lower WC than men with low CRF independ-
ent of BMI [213,222]. Data support that the substantial

reductions in health risk often associated with modest
weight loss (<10 percent) may be mediated in part by a
preferential reduction in VAT [48,216,217,220,223]. This
is reinforced by the finding that reductions in VAT alone
were related to improvements in glucose tolerance and
insulin sensitivity [220,224]. Therefore, it would seem
reasonable to infer that the combination of high CRF and
low abdominal fat, especially VAT, would be associated
with reductions in metabolic risk compared with those
with the same BMI, but low CRF and high VAT [213]. Add-
ing resistance training to aerobic exercise may add to an
improvement in insulin sensitivity related to a loss of VAT
and an increase in muscle density [225,226].

Surgical Interventions Shed Light on Pathophysiology
Surgical removal of VAT in animals and humans dramati-
cally improves insulin resistance and diabetes. In a Swed-
ish, single-center, randomized and controlled pilot trial of
50 severely obese adults, Thorne et al compared 25
patients who underwent adjustable gastric banding (AGB)
alone with AGB plus surgical removal of the total greater
omentum. At two-year follow-up there were no statistical
differences between groups with regard to weight loss,
changes in WHR or sagittal diameter. However, the
improvements in oral glucose tolerance insulin sensitivity
and fasting plasma glucose and insulin were 2–3 times
greater in omentectomized as compared to control sub-
jects, which was statistically independent of the loss in
BMI [52]. More recently, this has led to a study of another
experimental procedure performed by surgeons at Bos-
ton's Beth Israel Deaconess Medical Center working in
conjunction with Joslin Diabetes Center. Using a two-
hour laparoscopic procedure that involves extracting
strips of only the omentum through tiny incisions, this
will be the first study to examine the possible health ben-
efits of removing only the omentum [227].

Recently Klein et al. demonstrated that liposuction con-
ferred no benefits with regard to metabolic profile [53].
Furthermore, Weber et al showed that after 3 months, ani-
mals that had lipectomy of > 50 percent of SCAT had
more intra-abdominal VAT as percentage of total body fat,
higher insulinemic index, a strong trend toward increased
liver fat content, and markedly elevated serum TGs com-
pared with animals that had undergone a sham operation
and received either a high- or low-fat diet [228]. Together
with the findings above, these support a pathologic role
for VAT and a possible protective role for SCAT. Removing
SCAT might actually increase risk as one removes a buffer
or sink for peripheral TGs [228].

Environmental Considerations
Organochlorines, adipose tissue, and energy balance
Since our genes have not changed significantly in the past
10,000 years, the rise in obesity can be attributed to the
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environment, including what we are exposed to in the way
of food as well as the level of physical activity. While the
main focus has been on diet and activity, what may be
overlooked is the tremendous increase in exposure to syn-
thetic organic and inorganic chemicals, which can damage
many of the mechanisms involved in weight control.
Most of us have been exposed to organochlorines found
in pesticides, dyes, solvents, etc., and we contain residues
in our adipose tissue, where they are preferentially stored.
Thus, the obese tend to have increased organochlorine
concentrations compared to lean individuals [229]. Dur-
ing body weight loss, a decrease in fat mass results in lipid
mobilization, and organochlorine concentrations
increase both in plasma and remaining adipose tissue.
Even after adjustment for weight loss, the related increase
in organochlorine concentration has been correlated with
decreases in triidothyronine (T3) concentration and rest-
ing metabolic rate [230]. This is also associated with a
reduction in activity of the skeletal muscle oxidative
enzymes that normally are involved in fat oxidation
[231]. The net effect could prevent further weight gain and
might even encourage weight regain beyond the initial
baseline [232], which could contribute to VAT.

Implications of Controlling Dietary Carbohydrates
Reduced fat oxidation and carbohydrates
Frisancho points out that an important contributing fac-
tor for obesity in modern as well as developing nations is
a reduced fat oxidation and increased metabolism of car-
bohydrate. This has been brought about by a shift toward
the body's preference toward oxidizing carbohydrate
rather than fat – resulting in an increased deposition of
body fat. In developing nations, obesity can co-exist with
developmental undernutrition, which can result in obes-
ity with short stature [233].

A solution to reducing the ectopic fat, as well as VAT, bur-
den would be to enhance its oxidation in nonadipose tis-
sues, e.g., liver, pancreas, and skeletal muscle. This will
push the system toward below the CVATT and improve
insulin sensitivity. In their review, Westman et al cite
many studies that have consistently shown that low-car-
bohydrate/high-fat diets consumed for more than seven
days induce powerful metabolic adaptations to enhance
fat oxidation [37]. Such diets will reduce muscle glycogen
content and carbohydrate oxidation, even in well-trained
athletes who already demonstrate increased oxidation
[37,154]. The authors' paradigm suggests that, under
these conditions, insulin resistance could improve by
reducing glucose appearance and cellular influx, resulting
in a preferential fat oxidation and protection against lipo-
toxicity. In an elegant study, Bisschop et al support this by
showing that high-fat, low-carbohydrate diets do not
affect the action of insulin on total glucose disposal but
decrease basal endogenous glucose production and

improve insulin-stimulated nonoxidative glucose dis-
posal [234]. Sharman et al demonstrated short term
improvements of a ketogenic diet on lipids in normal
weight men. These benefits occurred without total weight
loss but there was evidence of a change in body composi-
tion toward more lean body mass [235]. One would also
expect a reduction in VAT as he moves to the left or below
his CVATT (See figure 1). Weight loss does not appear to
be necessary to reduce mortality rates in overweight or
obese men who increase their aerobic fitness or level of
physical activity [224]. Similarly, in overweight, postmen-
opausal women, exercise may lead to improved metabolic
profiles and VAT loss without total weight loss [212].

Dietary carbohydrate and VAT
Optimizing macronutrients and food preparation can
have beneficial effects in those with visceral obesity. A
number of recent reviews support the metabolic benefits
of controlling glycemic index (GI) [236] and glycemic
load (GL) [237]. In a 12-month pilot study of teens, com-
pared to a conventional diet, a lower GI diet led to greater
total weight and fat loss without regain from months 6–
12. While insulin resistance as measured by HOMA
increased in the conventional group (possibly in part
attributable to puberty), the lower GI group showed no
change [238]. Recently, Silvestre et al showed that com-
pared to an energy-restricted low-fat diet, a short-term,
very low-carbohydrate diet was associated with greater
weight and fat loss with an apparent preferential loss of
central fat [239].

VAT cells have a two-fold higher glucose uptake rate com-
pared with SCAT cells [87]. It may follow that reducing
glucose exposure by reducing glycemic load may reduce
the supply of glucose to the VAT depot and possibly
impair its accumulation. Glucose raises insulin concentra-
tion, which can stimulate 11-β-HSD1, increase active cor-
tisol in VAT, and enhance VAT accumulation [102].
Feeding rats a high-GI starch diet over five weeks resulted
in higher VAT and larger adipocyte volume than did feed-
ing low-GI starch ad libitum. Replacing this with a low-GI
starch diet increased insulin -stimulated glucose oxida-
tion, decreased glucose incorporation into total lipids and
decreased VAT adipocyte diameter [240,241]. Together,
these add to the evidence supporting the benefits of low-
ering GI to reduce and maintain lower volumes of VAT.
Feeding rats a high sucrose diet increases both VAT and
muscle insulin resistance [242]. Keno et al. demonstrated
in rats that a high sucrose diet compared to a lab chow
diet led to a significantly greater fat cell volume in VAT
depots [243]. Although fat cell number did not change,
the ratio of VAT weight to SCAT weight was also signifi-
cantly increased in the rats fed a high sucrose diet, provid-
ing further evidence for controlling the dietary GI and GL.
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A number of studies have demonstrated an association
between glycemic load (GL) and levels of CRP [244,245],
which is a powerful predictor for diabetes and CHD, and
is positively associated with both insulin resistance and
the prevalence of the metabolic syndrome [246]. O'Brien
et al showed that compared to a high carbohydrate diet, a
low carbohydrate diet reduced SAA and CRP, both mark-
ers of inflammation and risk factors for metabolic syn-
drome [247]. Relative to fat (cream) and protein (casein),
a glucose challenge elicits the greatest production of radi-
cal oxygen species (ROS) by polymorphonuclear and
mononuclear white cells [248,249]. Chronic carbohy-
drate ingestion with a high GL diet can lead to hyperin-
sulinemia, as well as hypertrophy, functional
dysregulation, and overresponsiveness of the pancreatic β
cell and hepatic production of newly synthesized fatty
acids via de novo lipogenesis [43]. A Johns Hopkins study
examined intra-operative liver biopsies obtained from 74
consecutive morbidly obese patients undergoing bariatric
surgery. Compared with patients with the lowest carbohy-
drate intake [246], a high-carbohydrate diet was associ-
ated with an odds ratio of 7.0 for liver inflammation. A
high fat diet appeared to be protective, with those in the
highest fat intake group having an OR of 0.17 [250]. This
is consistent with the findings of others who found that
dietary fat explained only two percent of the variance in
general adiposity and dietary fat appears to play only a
minor role in determining general adiposity and is not
related to VAT when measured in cross-sectional studies
[251]. Apparently, GL may be more significant in this
regard.

Compared to SCAT, VAT (both adipose and non-adipose
cells within VAT) is associated more with PAI-1 – a pow-
erful risk factor for CHD [58,252]. In patients with type 2
diabetes, a simple and modest lowering of the GI com-
pared to an otherwise similar diet led to dramatic changes:
a normalized PAI-1 activity (-54 percent, P < 0.001) as
well as lowering of both blood glucose and plasma insulin
concentrations by 30 percent, and a 29 percent decrease in
LDL-C [253]. All subjects began with a BMI < 27, and
there was only a slight but similar weight loss in both
groups over the 24 days. The results support the potential
benefit of lowering dietary GI in patients with metabolic
syndrome, especially those with VAT and elevated PAI-1.
This is also supported by the observation of hyperglyc-
emia induces PAI-1 gene expression in adipose tissue of
rats [254].

Esposito et al demonstrated in both diabetics and non-
diabetics that after consuming a high carbohydrate high-
fiber meal, IL-18 (a potent pro-inflammatory cytokine)
concentrations increased [49]. Adiponectin concentra-
tions decreased after the high-carbohydrate, low-fiber
meal in diabetic patients. The fiber content of complex

carbohydrates seemed to affect circulating IL-18 and adi-
ponectin concentrations in response to the same carbohy-
drate load. The pizza that was made with whole flour and
was rich in fiber was associated with reduce serum IL-18
concentrations and unchanged serum adiponectin con-
centrations. Meanwhile, the pizza prepared with refined
flour and was low in fiber raised circulating IL-18 concen-
trations. Serum glucose and TG concentrations were not
significantly different between the two types of pizza. The
study did not completely resolve the mechanism by which
the fiber content of meals influences IL-18 and adiponec-
tin. However, it appears that while the GL of each pizza
was the same, the GI of the whole wheat pizza would be
much less and may be more beneficial.

Recently, dietary TGs have been demonstrated to contrib-
ute to CNS leptin resistance by impairing the transport of
leptin across the blood brain barrier where it would usu-
ally stimulate the release of neuropeptide-Y and reduce
feeding behavior [167]. Reducing dietary carbohydrates
lowers serum TGs, which theoretically should protect
against this form of leptin resistance [167].

Dietary influences on leptin action
Leptin may enhance fatty acid oxidation and protects
against fat deposition and lipotoxicity. As mentioned ear-
lier, normally, rats can tolerate a 60 percent fat diet
because 96 percent of the surplus fat is stored in an enlarg-
ing adipose tissue mass, in which leptin gene expression
increases proportionally [166]. However, when leptin is
congenitally absent or inactive, or ineffective due to resist-
ance, even on a normal or low-fat diet, unutilized dietary
fat is deposited in nonadipose tissues, causing dysfunc-
tion (lipotoxicity), and possible cell death (lipoaptosis)
[29].

Acute overfeeding can cause circulating leptin levels to rise
by 40 percent and more than three-fold after chronic over-
feeding, whereas fasting is associated with a decreased lep-
tin levels. This may suggest that overfeeding leads to leptin
resistance. Dietary carbohydrates may influence leptin
action. Some investigators have suggested that the
increase in plasma leptin concentration observed after
meals is not simply a result of an energy load but is in
response to a signal that is not present following a fat load
without carbohydrate [157]. SCAT-derived leptin (which
circulates in a free form and is bound to a soluble leptin
receptor – sOB-R) plays a key role in regulating energy
homeostasis and metabolism, sOB-R is positively associ-
ated with energy intake from carbohydrates and nega-
tively associated with energy intake from dietary fat [158].
While this suggests that dietary fat and carbohydrates reg-
ulate free leptin levels, the implications of this are not yet
completely clear.
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Stress
There is an association with lifestyle, worry, cortisol levels,
and abdominal girth. Those who were found to have the
highest levels of chronic stress had the highest levels of
cortisol and VAT [255-257]. This is supported by evidence
that a number of medications, including prednisone, may
cause an excess of cortisol and insulin resistance. Taken
orally, cortisol raises blood pressure, and it has been
shown to impair brachial artery blood flow in response to
an acetylcholine challenge, i.e., an indicator of endothe-
lial dysfunction [88,255,257-262]. Even brief episodes of
mental stress, such as those encountered in daily life, may
cause transient endothelial dysfunction even in young,
healthy individuals ([263,264]. In turn, subsequent
cytokine release may increase anxiety and have negative
effects on emotional and memory functions [265]. Psy-
chological stress has also been demonstrated to acutely

reduce clearance of triglycerides [266], which could con-
tribute to CNS leptin resistance [167].

There are many other ways in which psychological stress
might increase the likelihood of developing metabolic
syndrome and type 2 diabetes, for example, chronic psy-
chological stress may also be related to central activation
of the HPA (hypothalamo-pituitary-adrenal) axis and the
sympathetic nervous system (SNS) [267]. Psychological
stress also induces IL-6, TNFα, and other cytokine secre-
tions from macrophages [267-271]. Repeated stress with
the repeated induction of corticosteroids can damage the
hippocampus, which is involved in the downregulation of
corticosteroid production by corticosteroid feedback.
Impairment of this feedback mechanism can lead to
persisting elevated circulating cortisol levels [267], which
might play a role in inducing VAT accumulation.

This diagram provides an overview of how behavioral and environmental factors can lead to VAT obesity and, ultimately, met-abolic syndrome and related disordersFigure 3
This diagram provides an overview of how behavioral and environmental factors can lead to VAT obesity and, ultimately, met-
abolic syndrome and related disorders.
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Stress decreases splanchnic blood flow, impairs the integ-
rity of the GI tract, increases intestinal permeability, and
results in increased absorption of lipopolysaccharide
endotoxin (LPS) from the gut (the greatest source of LPS).
Elevated portal bloodstream LPS levels stimulate Kupffer
cell receptors and cytokine release and possibly other
immune-challenging activators, e.g., AGEs in food [271].

Stress and dietary carbohydrates
Dietary carbohydrate has been known to stimulate SNS
activity though a number of studies have emphasized the
role of insulin. Recent studies in rats have demonstrated
that adding glucose to the basic diet increased SNS activity
in peripheral tissues and increased GLUT 4 activity in
interscapular brown adipose tissue and retroperitoneal fat
(but not in epididymal fat) [272]. Overfeeding results in
high insulin levels. In the presence of glucose, insulin acts
on the brain to increase the SNS tone, which, in turn
enhances thermogenesis and dissipation of excess calories
[163]. There is a close relationship between postprandial
insulinemia, SNS activation, and adipose tissue blood
flow (ATBF). ATBF increases in response to stress states
such as exercise or mental stress, and also in response to
nutrient intake [273]. High insulin levels and increased
SNS tone are useful for the maintenance of caloric bal-
ance, but in the long term they are conducive to CHD,
hypertension, sudden death, and obesity as the SNS recep-
tors become down regulated [163].

Chronic stress leads to elevated cortisol levels, which may
lead to accumulation of VAT and metabolic syndrome
[274]. Stress-induced increased levels of glucocorticoids
can also have a major effect on food intake [275]. A subset
of stressed or depressed humans may overeat, especially
comfort food (e.g., sugar and fat), in an attempt to reduce
anxiety and activity in the chronic stress-response net-
work. This is supported by the finding that these people
have decreased cerebrospinal corticosteroid releasing fac-
tor, catecholamine concentrations, and HPA activity.
While comfort foods may calm them down in the short
term, they may lead to abdominal obesity if this becomes
a long term "solution." The chronic elevation of systemic
glucocorticoids may contribute to VAT deposition. By
itself, being obese may be a stressful stimulus to overeat-
ing. A weight loss program can be stressful, which can sab-
otage its success by eliciting the release of stress
hormones, which, in turn can make a person crave high
energy foods [275]. Feeding rats a long-term high-sucrose
diet along with supplemental dexamethasone has been
shown to increase fat depots and induce liver steatosis
[276]. In addition to dietary intervention, stress manage-
ment may improve one's cognitive, behavioral, and phys-
iologic responses to stress, including glycemia [277].

Summary
The role of visceral adipose tissue (VAT) obesity in meta-
bolic syndrome is critical and complex. (See figure 3). The
paradigm of an individual critical VAT threshold (CVATT)
has been presented along with a review of potential mech-
anisms and contributing factors. This includes the poten-
tial role of dietary carbohydrates in VAT obesity. As this
area continues to evolve, perhaps the reviewed material
and proposed concepts may have relevance to clinical
assessment, prevention, and treatment of metabolic
syndrome.

Declaration of Competing Interests
The author(s) declare that they have no competing
interests.

References
1. Bjorntorp P: Metabolic implications of body fat distribution.

Diabetes Care 1991, 14:1132-1143.
2. Lamarche B: Abdominal obesity and its metabolic complica-

tions: implications for the risk of ischaemic heart disease.
Coron Artery Dis 1998, 9:473-481.

3. Lafontan M, Berlan M: Do regional differences in adipocyte biol-
ogy provide new pathophysiological insights? Trends Pharmacol
Sci 2003, 24:276-283.

4. Montague CT, O'Rahilly S: The perils of portliness: causes and
consequences of visceral adiposity. Diabetes 2000, 49:883-888.

5. Wajchenberg BL: Subcutaneous and visceral adipose tissue:
their relation to the metabolic syndrome. Endocr Rev 2000,
21:697-738.

6. Ross R, Goodpaster B, Kelley D, Boada F: Magnetic resonance
imaging in human body composition research. From quanti-
tative to qualitative tissue measurement. Ann N Y Acad Sci
2000, 904:12-17.

7. Ravussin E, Smith SR: Increased fat intake, impaired fat oxida-
tion, and failure of fat cell proliferation result in ectopic fat
storage, insulin resistance, and type 2 diabetes mellitus. Ann
N Y Acad Sci 2002, 967:363-378.

8. Kim SK, Kim HJ, Hur KY, Choi SH, Ahn CW, Lim SK, Kim KR, Lee
HC, Huh KB, Cha BS: Visceral fat thickness measured by ultra-
sonography can estimate not only visceral obesity but also
risks of cardiovascular and metabolic diseases. Am J Clin Nutr
2004, 79:593-599.

9. Blair D, Habicht JP, Sims EA, Sylwester D, Abraham S: Evidence for
an increased risk for hypertension with centrally located
body fat and the effect of race and sex on this risk. Am J
Epidemiol 1984, 119:526-540.

10. Bergstrom RW, Newell-Morris LL, Leonetti DL, Shuman WP, Wahl
PW, Fujimoto WY: Association of elevated fasting C-peptide
level and increased intra-abdominal fat distribution with
development of NIDDM in Japanese-American men. Diabetes
1990, 39:104-111.

11. Carr Darcy B., Utzschneider Kristina M., Hull Rebecca L., Kodama
Keiichi, Retzlaff Barbara M., Brunzell John D., Shofer Jane B., Fish Brian
E., Knopp Robert H., Kahn Steven E.: Intra-abdominal fat is a
major determinant of the National Cholesterol Education
Program Adult Treatment Panel III Criteria for the Meta-
bolic Syndrome. Diabetes 2004, 53:2087-2094.

12. Matsuzawa Y, Shimomura I, Nakamura T, Keno Y, Kotani K, Toku-
naga K: Pathophysiology and pathogenesis of visceral fat
obesity. Obes Res 1995, 3 Suppl 2:187S-194S.

13. Cheal KL, Abbasi F, Lamendola C, McLaughlin T, Reaven GM, Ford ES:
Relationship to insulin resistance of the adult treatment
panel III diagnostic criteria for identification of the meta-
bolic syndrome. Diabetes 2004, 53:1195-1200.

14. Liao Y, Kwon S, Shaughnessy S, Wallace P, Hutto A, Jenkins AJ, Klein
RL, Garvey WT: Critical evaluation of adult treatment panel
III criteria in identifying insulin resistance with dyslipidemia.
Diabetes Care 2004, 27:978-983.
Page 17 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1773700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9847978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9847978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10866038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10866038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11133069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11133069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10865704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10865704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10865704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12079864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12079864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12079864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6711542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6711542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6711542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2210052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2210052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2210052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15277390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15277390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15277390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8581775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8581775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047659


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
15. McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven G: Use
of metabolic markers to identify overweight individuals who
are insulin resistant. Ann Intern Med 2003, 139:802-809.

16. Reaven GM: Insulin resistance, cardiovascular disease, and the
metabolic syndrome: how well do the emperor's clothes fit?
Diabetes Care 2004, 27:1011-1012.

17. Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic syn-
drome among US adults - Findings from the Third National
Health and Nutrition Examination Survey. JAMA-J Am Med
Assoc 2002, 287:356-359.

18. Meigs JB, Avruch J: The metabolic syndrome. Endocrinology Rounds
(Massachusetts General Hospital) 2003, 2:1-5.

19. Einhorn D, Reaven GM, Cobin RH, Ford E, Ganda OP, Handelsman
Y, Hellman R, Jellinger PS, Kendall D, Krauss RM, Neufeld ND, Petak
SM, Rodbard HW, Seibel JA, Smith DA, Wilson PW: American Col-
lege of Endocrinology position statement on the insulin
resistance syndrome. Endocr Pract 2003, 9:237-252.

20. Proceedings of the American College of Endocrinology Insu-
lin Resistance Syndrome Conference. Washington, DC,
USA. August 25-26, 2002. Endocr Pract 2003, 9 Suppl 2:22-112.

21. Executive Summary of the third report of the National Cho-
lesterol Education Program (NCEP) expert panel on detec-
tion, evaluation and treatment of high blood cholesterol in
adults (Adult Treatment Panel III). Jama 2001, 285:2486-2497.

22. Balkau B, Charles MA, Drivsholm T, Borch-Johnsen K, Wareham N,
Yudkin JS, Morris R, Zavaroni I, van Dam R, Feskins E, Gabriel R, Diet
M, Nilsson P, Hedblad B: Frequency of the WHO metabolic syn-
drome in European cohorts, and an alternative definition of
an insulin resistance syndrome. Diabetes Metab 2002,
28:364-376.

23. Alberti KG, Zimmet PZ: Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1: diagnosis
and classification of diabetes mellitus provisional report of a
WHO consultation. Diabet Med 1998, 15:539-553.

24. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, Murashima S, Nakatani
K, Yano Y, Adachi Y: Increased oxidative stress is associated
with serum levels of triglyceride, insulin resistance, and
hyperinsulinemia in Japanese metabolically obese, normal-
weight men. Diabetes Care 2004, 27:631-632.

25. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, Murashima S, Maru-
yama N, Morioka K, Nakatani K, Yano Y, Adachi Y: Increased vis-
ceral fat and serum levels of triglyceride are associated with
insulin resistance in Japanese metabolically obese, normal
weight subjects with normal glucose tolerance. Diabetes Care
2003, 26:2341-2344.

26. Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S: The metabol-
ically obese, normal-weight individual revisited. Diabetes 1998,
47:699-713.

27. Sims EA: Are there persons who are obese, but metabolically
healthy? Metabolism 2001, 50:1499-1504.

28. Unger RH: Lipotoxic diseases. Annu Rev Med 2002, 53:319-336.
29. Unger RH: Lipid overload and overflow: metabolic trauma

and the metabolic syndrome. Trends in Endocrinol & Metab 2003,
14:398-403.

30. Schaffer JE: Lipotoxicity: when tissues overeat. Curr Opin Lipidol
2003, 14:281-287.

31. . In Boston Globe Boston, MA; 1991. 
32. Arcaro G, Zamboni M, Rossi L, Turcato E, Covi G, Armellini F,

Bosello O, Lechi A: Body fat distribution predicts the degree of
endothelial dysfunction in uncomplicated obesity. Int J Obes
Relat Metab Disord 1999, 23:936-942.

33. Ziccardi P, Nappo F, Giugliano G, Esposito K, Marfella R, Cioffi M,
D'Andrea F, Molinari AM, Giugliano D: Reduction of inflamma-
tory cytokine concentrations and improvement of endothe-
lial functions in obese women after weight loss over one
year. Circulation 2002, 105:804-809.

34. Eckel RH: Obesity: disease or physiologic adaptation? In Obesity:
Mechanisms and Clinical Management Edited by: Eckel R H. Philadel-
phia, Lippincott Williams & Wilkins; 2003. 

35. Landsberg L: The sympathetic nervous system, insulin resist-
ance, and obesity. SNS Report (Servier) 2002, No.4:2-4.

36. Unger RH: Minireview: weapons of lean body mass destruc-
tion: the role of ectopic lipids in the metabolic syndrome.
Endocrinology 2003, 144:5159-5165.

37. Westman EC, Mavropoulos J, Yancy WS, Volek JS: A review of low-
carbohydrate ketogenic diets. Curr Atheroscler Rep 2003,
5:476-483.

38. Eckel RH: Insulin resistance: an adaptation for weight
maintenance. Lancet 1992, 340:1452-1453.

39. Swinburn BA, Nyomba BL, Saad MF, Zurlo F, Raz I, Knowler WC, Lil-
lioja S, Bogardus C, Ravussin E: Insulin resistance associated with
lower rates of weight gain in Pima Indians. J Clin Invest 1991,
88:168-173.

40. Frayn KN, Humphreys SM, Coppack SW: Net carbon flux across
subcutaneous adipose tissue after a standard meal in nor-
mal-weight and insulin-resistant obese subjects. Int J Obes Relat
Metab Disord 1996, 20:795-800.

41. Maffeis C, Moghetti P, Grezzani A, Clementi M, Gaudino R, Tato L:
Insulin resistance and the persistence of obesity from child-
hood into adulthood. J Clin Endocrinol Metab 2002, 87:71-76.

42. McGarry JD: Banting lecture 2001: dysregulation of fatty acid
metabolism in the etiology of type 2 diabetes. Diabetes 2002,
51:7-18.

43. Lewis GF, Carpentier A, Adeli K, Giacca A: Disordered fat storage
and mobilization in the pathogenesis of insulin resistance
and type 2 diabetes. Endocr Rev 2002, 23:201-229.

44. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM: Reduction in the incidence of type 2
diabetes with lifestyle intervention or metformin. N Engl J Med
2002, 346:393-403.

45. Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriks-
son J, Uusitupa M, Tuomilehto J: The Finnish Diabetes Preven-
tion Study (DPS): Lifestyle intervention and 3-year results
on diet and physical activity. Diabetes Care 2003, 26:3230-3236.

46. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H,
Ilanne-Parikka P, Keinanen-Kiukaanniemi S, Laakso M, Louheranta A,
Rastas M, Salminen V, Uusitupa M: Prevention of type 2 diabetes
mellitus by changes in lifestyle among subjects with impaired
glucose tolerance. N Engl J Med 2001, 344:1343-1350.

47. Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, Hu ZX, Lin J,
Xiao JZ, Cao HB, Liu PA, Jiang XG, Jiang YY, Wang JP, Zheng H, Zhang
H, Bennett PH, Howard BV: Effects of diet and exercise in pre-
venting NIDDM in people with impaired glucose tolerance.
The Da Qing IGT and Diabetes Study. Diabetes Care 1997,
20:537-544.

48. Goodpaster BH, Kelley DE, Wing RR, Meier A, Thaete FL: Effects of
weight loss on regional fat distribution and insulin sensitivity
in obesity. Diabetes 1999, 48:839-847.

49. Esposito K, Nappo F, Giugliano F, Di Palo C, Ciotola M, Barbieri M,
Paolisso G, Giugliano D: Meal modulation of circulating inter-
leukin 18 and adiponectin concentrations in healthy subjects
and in patients with type 2 diabetes mellitus. Am J Clin Nutr
2003, 78:1135-1140.

50. Giugliano G, Nicoletti G, Grella E, Giugliano F, Esposito K, Scuderi N,
D'Andrea F: Effect of liposuction on insulin resistance and vas-
cular inflammatory markers in obese women. Br J Plast Surg
2004, 57:190-194.

51. Cazes L, Deitel M, Levine RH: Effect of abdominal lipectomy on
lipid profile, glucose handling and blood pressure in patients
with truncal obesity. Obes Surg 1996, 6:159-166.

52. Thorne A, Lonnqvist F, Apelman J, Hellers G, Arner P: A pilot study
of long-term effects of a novel obesity treatment: omentec-
tomy in connection with adjustable gastric banding. Int J Obes
Relat Metab Disord 2002, 26:193-199.

53. Klein S, Fontana L, Young VL, Coggan AR, Kilo C, Patterson BW,
Mohammed BS: Absence of an effect of liposuction on insulin
action and risk factors for coronary heart disease. N Engl J Med
2004, 350:2549-2557.

54. Smith SR, Zachwieja JJ: Visceral adipose tissue: a critical review
of intervention strategies. Int J Obes Relat Metab Disord 1999,
23:329-335.

55. Busetto L: Visceral obesity and the metabolic syndrome:
effects of weight loss. Nutr Metab Cardiovasc Dis 2001, 11:195-204.

56. Hotamisligil GS: The irresistible biology of resistin. J Clin Invest
2003, 111:173-174.

57. Alessi MC, Bastelica D, Morange P, Berthet B, Leduc I, Verdier M,
Geel O, Juhan-Vague I: Plasminogen activator inhibitor 1, trans-
forming growth factor-beta1, and BMI are closely associated
in human adipose tissue during morbid obesity. Diabetes 2000,
49:1374-1380.
Page 18 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14623617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14623617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14623617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12924350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12924350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12924350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14698968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14698968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14698968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11368702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11368702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11368702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9686693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9686693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9686693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9588440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9588440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11735101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11735101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11818477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12840659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10490799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10490799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12960011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12960011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14525681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14525681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2056116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2056116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8880344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8880344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8880344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11788625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11788625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11788625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11943743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11943743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11943743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11333990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11333990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11333990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9096977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9096977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9096977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14668275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15006519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15006519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10729858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10729858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10729858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15201411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15201411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10340808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10340808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10923640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10923640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10923640


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
58. Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW: Comparison
of the release of adipokines by adipose tissue, adipose tissue
matrix, and adipocytes from visceral and subcutaneous
abdominal adipose tissues of obese humans. Endocrinology
2004, 145:2273-2282.

59. Pantanetti P, Garrapa GG, Mantero F, Boscaro M, Faloia E, Venarucci
D: Adipose tissue as an endocrine organ? A review of recent
data related to cardiovascular complications of endocrine
dysfunctions. Clin Exp Hypertens 2004, 26:387-398.

60. Minocci A, Savia G, Lucantoni R, Berselli ME, Tagliaferri M, Calo G,
Petroni ML, de Medici C, Viberti GC, Liuzzi A: Leptin plasma con-
centrations are dependent on body fat distribution in obese
patients. Int J Obes Relat Metab Disord 2000, 24:1139-1144.

61. Fain JN, Bahouth SW, Madan AK: TNFalpha release by the nonfat
cells of human adipose tissue. Int J Obes Relat Metab Disord 2004,
28:616-622.

62. Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, Okamoto Y, Ish-
igami M, Kuriyama H, Kishida K, Nishizawa H, Hotta K, Muraguchi M,
Ohmoto Y, Yamashita S, Funahashi T, Matsuzawa Y: Adipocyte-
derived plasma protein, adiponectin, suppresses lipid accu-
mulation and class A scavenger receptor expression in
human monocyte-derived macrophages. Circulation 2001,
103:1057-1063.

63. Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Erickson MR, Yen FT,
Bihain BE, Lodish HF: Proteolytic cleavage product of 30-kDa
adipocyte complement-related protein increases fatty acid
oxidation in muscle and causes weight loss in mice. Proc Natl
Acad Sci U S A 2001, 98:2005-2010.

64. Stefan N, Vozarova B, Funahashi T, Matsuzawa Y, Weyer C, Lindsay
RS, Youngren JF, Havel PJ, Pratley RE, Bogardus C, Tataranni PA:
Plasma adiponectin concentration is associated with skeletal
muscle insulin receptor tyrosine phosphorylation, and low
plasma concentration precedes a decrease in whole-body
insulin sensitivity in humans. Diabetes 2002, 51:1884-1888.

65. Stefan N, Stumvoll M, Vozarova B, Weyer C, Funahashi T, Matsuzawa
Y, Bogardus C, Tataranni PA: Plasma adiponectin and endog-
enous glucose production in humans. Diabetes Care 2003,
26:3315-3319.

66. Chandran M, Phillips SA, Ciaraldi T, Henry RR: Adiponectin: more
than just another fat cell hormone? Diabetes Care 2003,
26:2442-2450.

67. Fisher FM, McTernan PG, Valsamakis G, Chetty R, Harte AL, Anwar
AJ, Starcynski J, Crocker J, Barnett AH, McTernan CL, Kumar S: Dif-
ferences in adiponectin protein expression: effect of fat
depots and type 2 diabetic status. Horm Metab Res 2002,
34:650-654.

68. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta
K, Nishida M, Takahashi M, Muraguchi M, Ohmoto Y, Nakamura T,
Yamashita S, Funahashi T, Matsuzawa Y: Adiponectin, an adi-
pocyte-derived plasma protein, inhibits endothelial NF-kap-
paB signaling through a cAMP-dependent pathway. Circulation
2000, 102:1296-1301.

69. Rajala MW, Scherer PE: Minireview: The adipocyte--at the
crossroads of energy homeostasis, inflammation, and
atherosclerosis. Endocrinology 2003, 144:3765-3773.

70. Hauner H, Wabitsch M, Pfeiffer EF: Differentiation of adipocyte
precursor cells from obese and nonobese adult women and
from different adipose tissue sites. Horm Metab Res Suppl 1988,
19:35-39.

71. Adams M, Montague CT, Prins JB, Holder JC, Smith SA, Sanders L,
Digby JE, Sewter CP, Lazar MA, Chatterjee VK, O'Rahilly S: Activa-
tors of peroxisome proliferator-activated receptor gamma
have depot-specific effects on human preadipocyte
differentiation. J Clin Invest 1997, 100:3149-3153.

72. Danforth E., Jr.: Failure of adipocyte differentiation causes type
II diabetes mellitus? Nat Genet 2000, 26:13.

73. Frayn KN: Adipose tissue as a buffer for daily lipid flux. Diabet-
ologia 2002, 45:1201-1210.

74. Miyazaki Y, Mahankali A, Matsuda M, Mahankali S, Hardies J, Cusi K,
Mandarino LJ, DeFronzo RA: Effect of pioglitazone on abdomi-
nal fat distribution and insulin sensitivity in type 2 diabetic
patients. J Clin Endocrinol Metab 2002, 87:2784-2791.

75. Nakamura T, Funahashi T, Yamashita S, Nishida M, Nishida Y, Taka-
hashi M, Hotta K, Kuriyama H, Kihara S, Ohuchi N, Nishimura T,
Kishino BI, Ishikawa K, Kawamoto T, Tokunaga K, Nakagawa C,
Mineo I, Watanabe F, Tarui S, Matsuzawa Y: Thiazolidinedione

derivative improves fat distribution and multiple risk factors
in subjects with visceral fat accumulation--double-blind pla-
cebo-controlled trial. Diabetes Res Clin Pract 2001, 54:181-190.

76. Kelly IE, Han TS, Walsh K, Lean ME: Effects of a thiazolidinedione
compound on body fat and fat distribution of patients with
type 2 diabetes. Diabetes Care 1999, 22:288-293.

77. de Souza CJ, Eckhardt M, Gagen K, Dong M, Chen W, Laurent D, Bur-
key BF: Effects of pioglitazone on adipose tissue remodeling
within the setting of obesity and insulin resistance. Diabetes
2001, 50:1863-1871.

78. Xu Haiyan, Barnes Glenn T., Yang Qing, Tan Guo, Yang Daseng, Chou
Chieh J., Sole Jason, Nichols Andrew, Ross Jeffrey S., Tartaglia Louis
A., Chen Hong: Chronic inflammation in fat plays a crucial role
in the development of obesity-related insulin resistance. J Clin
Invest 2003, 112:1821-1830.

79. Charriere G, Cousin B, Arnaud E, Andre M, Bacou F, Penicaud L,
Casteilla L: Preadipocyte conversion to macrophage. Evi-
dence of plasticity. J Biol Chem 2003, 278:9850-9855.

80. Lehrke M, Lazar MA: Inflamed about obesity. Nat Med 2004,
10:126-127.

81. Wagenknecht LE, Langefeld CD, Scherzinger AL, Norris JM, Haffner
SM, Saad MF, Bergman RN: Insulin sensitivity, insulin secretion,
and abdominal fat: the Insulin Resistance Atherosclerosis
Study (IRAS) Family Study. Diabetes 2003, 52:2490-2496.

82. Zierath JR, Livingston JN, Thorne A, Bolinder J, Reynisdottir S,
Lonnqvist F, Arner P: Regional difference in insulin inhibition of
non-esterified fatty acid release from human adipocytes:
relation to insulin receptor phosphorylation and intracellu-
lar signalling through the insulin receptor substrate-1
pathway. Diabetologia 1998, 41:1343-1354.

83. Bjorntorp P: "Portal" adipose tissue as a generator of risk fac-
tors for cardiovascular disease and diabetes. Arteriosclerosis
1990, 10:493-496.

84. Arner P: Regional adipocity in man. J Endocrinol 1997,
155:191-192.

85. Stephens TW, Basinski M, Bristow PK, Bue-Valleskey JM, Burgett SG,
Craft L, Hale J, Hoffmann J, Hsiung HM, Kriauciunas A, et al.: The
role of neuropeptide Y in the antiobesity action of the obese
gene product. Nature 1995, 377:530-532.

86. Kishida K, Kuriyama H, Funahashi T, Shimomura I, Kihara S, Ouchi N,
Nishida M, Nishizawa H, Matsuda M, Takahashi M, Hotta K, Naka-
mura T, Yamashita S, Tochino Y, Matsuzawa Y: Aquaporin adipose,
a putative glycerol channel in adipocytes. J Biol Chem 2000,
275:20896-20902.

87. Lundgren M, Buren J, Ruge T, Myrnas T, Eriksson JW: Glucocorti-
coids Down-Regulate Glucose Uptake Capacity and Insulin-
Signaling Proteins in Omental But Not Subcutaneous
Human Adipocytes. J Clin Endocrinol Metab 2004, 89:2989-2997.

88. Bjorntorp P: Endocrine abnormalities in obesity. Diabetes
Reviews 1997, 5:.

89. Marin P, Arver S: Androgens and abdominal obesity. Baillieres
Clin Endocrinol Metab 1998, 12:441-451.

90. Shadid S, Jensen MD: Ch 7: Endocrine control of fuel partition-
ing. In Obesity: Mechanisms and Clinical Management Edited by: Eckel R
H. Philadelphia, Lippincott Williams & Williams; 2003. 

91. Matsuzawa Y: Pathophysiology and molecular mechanisms of
visceral fat syndrome: the Japanese experience. Diabetes
Metab Rev 1997, 13:3-13.

92. Jensen MD: Androgen effect on body composition and fat
metabolism. Mayo Clin Proc 2000, 75 Suppl:S65-8; discussion S68-
9.

93. Nestler JE: Obesity, insulin, sex steroids and ovulation. Int J
Obes Relat Metab Disord 2000, 24 Suppl 2:S71-3.

94. Lima N, Cavaliere H, Knobel M, Halpern A, Medeiros-Neto G:
Decreased androgen levels in massively obese men may be
associated with impaired function of the gonadostat. Int J Obes
Relat Metab Disord 2000, 24:1433-1437.

95. Kraemer WJ, Volek JS, Clark KL, Gordon SE, Puhl SM, Koziris LP,
McBride JM, Triplett-McBride NT, Putukian M, Newton RU, Hakkinen
K, Bush JA, Sebastianelli WJ: Influence of exercise training on
physiological and performance changes with weight loss in
men. Med Sci Sports Exerc 1999, 31:1320-1329.

96. Turcato E, Zamboni M, De Pergola G, Armellini F, Zivelonghi A, Ber-
gamo-Andreis IA, Giorgino R, Bosello O: Interrelationships
between weight loss, body fat distribution and sex hormones
Page 19 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14726444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14726444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14726444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11033982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11033982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11033982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14770194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14770194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12882876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12660876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12660876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12660876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10982546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10982546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10982546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12933646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12933646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12933646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3235057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3235057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3235057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9399962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9399962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9399962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12242452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12050251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12050251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12050251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11689273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11473050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11473050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14679177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14679177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12519759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12519759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14760416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14514631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14514631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14514631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9833943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9833943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9833943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2196039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2196039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9415044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10777495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10777495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10332565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9134345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9134345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10959220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10959220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10997613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10487375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10487375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10487375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183303


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
in pre- and postmenopausal obese women. J Intern Med 1997,
241:363-372.

97. Wabitsch M, Hauner H, Heinze E, Muche R, Bockmann A, Parthon W,
Mayer H, Teller W: Body-fat distribution and changes in the
atherogenic risk-factor profile in obese adolescent girls dur-
ing weight reduction. Am J Clin Nutr 1994, 60:54-60.

98. Marin P, Holmang S, Jonsson L, Sjostrom L, Kvist H, Holm G, Lindst-
edt G, Bjorntorp P: The effects of testosterone treatment on
body composition and metabolism in middle-aged obese
men. Int J Obes Relat Metab Disord 1992, 16:991-997.

99. Rebuffe-Scrive M, Marin P, Bjorntorp P: Effect of testosterone on
abdominal adipose tissue in men. Int J Obes 1991, 15:791-795.

100. Marin P, Krotkiewski M, Bjorntorp P: Androgen treatment of
middle-aged, obese men: effects on metabolism, muscle and
adipose tissues. Eur J Med 1992, 1:329-336.

101. Bujalska IJ, Walker EA, Tomlinson JW, Hewison M, Stewart PM:
11Beta-hydroxysteroid dehydrogenase type 1 in differentiat-
ing omental human preadipocytes: from de-activation to
generation of cortisol. Endocr Res 2002, 28:449-461.

102. Bujalska IJ, Kumar S, Stewart PM: Does central obesity reflect
"Cushing's disease of the omentum"? Lancet 1997,
349:1210-1213.

103. Walker BR: 11beta-hydroxysteroid dehydrogenase type 1 in
obesity. Obes Res 2004, 12:1-3.

104. Engeli S, Bohnke J, Feldpausch M, Gorzelniak K, Heintze U, Janke J,
Luft FC, Sharma AM: Regulation of 11beta-HSD genes in
human adipose tissue: influence of central obesity and
weight loss. Obes Res 2004, 12:9-17.

105. Zurlo F, Larsen K, Bogardus C, Ravussin E: Skeletal muscle
metabolism is a major determinant of resting energy
expenditure. J Clin Invest 1990, 86:1423-1427.

106. Ranneries C, Bulow J, Buemann B, Christensen NJ, Madsen J, Astrup
A: Fat metabolism in formerly obese women. Am J Physiol 1998,
274:E155-61.

107. Kelley DE, Goodpaster B, Wing RR, Simoneau JA: Skeletal muscle
fatty acid metabolism in association with insulin resistance,
obesity, and weight loss. Am J Physiol 1999, 277:E1130-41.

108. Sinha R, Dufour S, Petersen KF, LeBon V, Enoksson S, Ma YZ, Savoye
M, Rothman DL, Shulman GI, Caprio S: Assessment of skeletal
muscle triglyceride content by (1)H nuclear magnetic reso-
nance spectroscopy in lean and obese adolescents: relation-
ships to insulin sensitivity, total body fat, and central
adiposity. Diabetes 2002, 51:1022-1027.

109. Kelley DE, Williams KV, Price JC, McKolanis TM, Goodpaster BH,
Thaete FL: Plasma fatty acids, adiposity, and variance of skel-
etal muscle insulin resistance in type 2 diabetes mellitus. J Clin
Endocrinol Metab 2001, 86:5412-5419.

110. Colberg SR, Simoneau JA, Thaete FL, Kelley DE: Skeletal muscle
utilization of free fatty acids in women with visceral obesity.
J Clin Invest 1995, 95:1846-1853.

111. Kelley DE, Goodpaster BH, Storlien L: Muscle triglyceride and
insulin resistance. Annu Rev Nutr 2002, 22:325-346.

112. Mauriege P, Brochu M, Prud'homme D, Tremblay A, Nadeau A, Lem-
ieux S, Despres JP: Is visceral adiposity a significant correlate of
subcutaneous adipose cell lipolysis in men? J Clin Endocrinol
Metab 1999, 84:736-742.

113. Johnson JA, Fried SK, Pi-Sunyer FX, Albu JB: Impaired insulin
action in subcutaneous adipocytes from women with visceral
obesity. Am J Physiol Endocrinol Metab 2001, 280:E40-9.

114. Cnop M, Landchild MJ, Vidal J, Havel PJ, Knowles NG, Carr DR, Wang
F, Hull RL, Boyko EJ, Retzlaff BM, Walden CE, Knopp RH, Kahn SE:
The concurrent accumulation of intra-abdominal and subcu-
taneous fat explains the association between insulin resist-
ance and plasma leptin concentrations : distinct metabolic
effects of two fat compartments. Diabetes 2002, 51:1005-1015.

115. Giusti V, Suter M, Verdumo C, Gaillard RC, Burckhardt P, Pralong FP:
Molecular determinants of human adipose tissue: differences
between visceral and subcutaneous compartments in obese
women. J Clin Endocrinol Metab 2004, 89:1379-1384.

116. Snijder Marieke B, Dekker Jacqueline M, Visser Marjolein, Bouter Lex
M, Stehouwer Coen DA, Kostense Piet J, Yudkin John S, Heine Rob-
ert J, Nijpels Giel, Seidell Jacob C: Associations of hip and thigh
circumferences independent of waist circumference with
the incidence of type 2 diabetes: the Hoorn Study. Am J Clin
Nutr 2003, 77:1192-1197.

117. Frayn KN: Visceral fat and insulin resistance--causative or
correlative? Br J Nutr 2000, 83 Suppl 1:S71-7.

118. Gabriely I, Ma XH, Yang XM, Atzmon G, Rajala MW, Berg AH,
Scherer P, Rossetti L, Barzilai N: Removal of visceral fat prevents
insulin resistance and glucose intolerance of aging: an adi-
pokine-mediated process? Diabetes 2002, 51:2951-2958.

119. Tiikkainen M, Bergholm R, Vehkavaara S, Rissanen A, Hakkinen AM,
Tamminen M, Teramo K, Yki-Jarvinen H: Effects of identical
weight loss on body composition and features of insulin
resistance in obese women with high and low liver fat
content. Diabetes 2003, 52:701-707.

120. Tanko LB, Bagger YZ, Alexandersen P, Larsen PJ, Christiansen C:
Central and peripheral fat mass have contrasting effect on
the progression of aortic calcification in postmenopausal
women. Eur Heart J 2003, 24:1531-1537.

121. Tanko Laszlo B., Bagger Yu Z., Alexandersen Peter, Larsen Philip J.,
Christiansen Claus: Peripheral adiposity exhibits an independ-
ent dominant antiatherogenic effect in elderly women. Circu-
lation 2003, 107:1626-1631.

122. Snijder Marieke B., Dekker Jacqueline M., Visser Marjolein, Bouter
Lex M., Stehouwer Coen D.A., Yudkin John S., Heine Robert J.,
Nijpels Giel, Seidell Jacob C.: Trunk Fat and Leg Fat Have Inde-
pendent and Opposite Associations With Fasting and
Postload Glucose Levels: The Hoorn Study . Diabetes Care
2004, 27:372-377.

123. Van Pelt RE, Evans EM, Schechtman KB, Ehsani AA, Kohrt WM: Con-
tributions of total and regional fat mass to risk for cardiovas-
cular disease in older women. Am J Physiol Endocrinol Metab 2002,
282:E1023-8.

124. Lissner Lauren, Bjorkelund Cecilia, Heitmann Berit L., Seidell Jaap C.,
Bengtsson Calle: Larger hip circumference independently pre-
dicts health and longevity in a Swedish female cohort. Obes
Res 2001, 9:644-646.

125. Tanko LB, Bruun JM, Alexandersen P, Bagger YZ, Richelsen B, Chris-
tiansen C, Larsen PJ: Novel associations between bioavailable
estradiol and adipokines in elderly women with different
phenotypes of obesity: implications for atherogenesis. Circula-
tion 2004, In Press:.

126. Tanko LB: Book. Book (Editor ed.^eds.) 2004, :-.
127. Kahn Steven E., Prigeon Ronald L., Schwartz Robert S., Fujimoto Wil-

fred Y., Knopp Robert H., Brunzell John D., Porte Daniel, Jr.: Obes-
ity, body fat distribution, insulin sensitivity and Islet {{beta}}-
cell function as explanations for metabolic diversity. J Nutr
2001, 131:354S-360.

128. Abate N, Garg A, Peshock RM, Stray-Gundersen J, Grundy SM: Rela-
tionships of generalized and regional adiposity to insulin sen-
sitivity in men. J Clin Invest 1995, 96:88-98.

129. Goodpaster BH, Thaete FL, Simoneau JA, Kelley DE: Subcutaneous
abdominal fat and thigh muscle composition predict insulin
sensitivity independently of visceral fat. Diabetes 1997,
46:1579-1585.

130. Haap M, Siewecke C, Thamer C, Machann J, Schick F, Haring HU, Sze-
imies RM, Stumvoll M: Multiple symmetric lipomatosis: a para-
digm of metabolically innocent obesity? Diabetes Care 2004,
27:794-795.

131. Krotkiewski M, Bjorntorp P, Sjostrom L, Smith U: Impact of obesity
on metabolism in men and women. Importance of regional
adipose tissue distribution. J Clin Invest 1983, 72:1150-1162.

132. Poehlman ET, Toth MJ, Gardner AW: Changes in energy balance
and body composition at menopause: a controlled longitudi-
nal study. Ann Intern Med 1995, 123:673-675.

133. Carr MC: The emergence of the metabolic syndrome with
menopause. J Clin Endocrinol Metab 2003, 88:2404-2411.

134. Kopp HP, Festa A, Krugluger W, Schernthaner G: Low levels of
sex-hormone-binding globulin predict insulin requirement in
patients with gestational diabetes mellitus. Exp Clin Endocrinol
Diabetes 2001, 109:365-369.

135. Kirschner MA, Samojlik E: Sex hormone metabolism in upper
and lower body obesity. Int J Obes 1991, 15 Suppl 2:101-108.

136. Deslypere JP, Verdonck L, Vermeulen A: Fat tissue: a steroid res-
ervoir and site of steroid metabolism. J Clin Endocrinol Metab
1985, 61:564-570.

137. Corbould AM, Bawden MJ, Lavranos TC, Rodgers RJ, Judd SJ: The
effect of obesity on the ratio of type 3 17beta-hydroxysteroid
dehydrogenase mRNA to cytochrome P450 aromatase
mRNA in subcutaneous abdominal and intra-abdominal adi-
Page 20 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8017338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8017338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8017338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1335979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1778664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1778664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1341460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1341460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1341460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9130942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9130942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14742835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14742835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14742837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14742837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14742837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2243122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2243122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2243122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9458761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10600804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10600804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10600804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11701715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11701715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7706491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12055349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12055349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10022446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10022446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11120657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11120657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11120657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15001637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10889795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10889795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12606511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12606511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12606511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12919778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12919778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12919778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11934666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11934666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11934666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11160560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11160560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11160560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14988304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14988304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6350364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6350364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6350364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7574222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7574222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7574222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12788835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12788835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11573147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11573147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11573147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1794930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1794930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3160722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3160722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850747


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
pose tissue of women. Int J Obes Relat Metab Disord 2002,
26:165-175.

138. Corbould AM, Judd SJ, Rodgers RJ: Expression of types 1, 2, and
3 17 beta-hydroxysteroid dehydrogenase in subcutaneous
abdominal and intra-abdominal adipose tissue of women. J
Clin Endocrinol Metab 1998, 83:187-194.

139. Tchernof A, Desmeules A, Richard C, Laberge P, Daris M, Mailloux J,
Rheaume C, Dupont P: Ovarian hormone status and abdominal
visceral adipose tissue metabolism. J Clin Endocrinol Metab 2004,
89:3425-3430.

140. Enzi G, Gasparo M, Biondetti PR, Fiore D, Semisa M, Zurlo F: Subcu-
taneous and visceral fat distribution according to sex, age,
and overweight, evaluated by computed tomography. Am J
Clin Nutr 1986, 44:739-746.

141. Lemieux S, Prud'homme D, Bouchard C, Tremblay A, Despres JP:
Sex differences in the relation of visceral adipose tissue accu-
mulation to total body fatness. Am J Clin Nutr 1993, 58:463-467.

142. Park HS, Lee KU: Postmenopausal women lose less visceral
adipose tissue during a weight reduction program. Menopause
2003, 10:222-227.

143. Pottratz ST, Bellido T, Mocharla H, Crabb D, Manolagas SC: 17 beta-
Estradiol inhibits expression of human interleukin-6 pro-
moter-reporter constructs by a receptor-dependent
mechanism. J Clin Invest 1994, 93:944-950.

144. Straub RH, Hense HW, Andus T, Scholmerich J, Riegger GA, Schun-
kert H: Hormone replacement therapy and interrelation
between serum interleukin-6 and body mass index in post-
menopausal women: a population-based study. J Clin Endocrinol
Metab 2000, 85:1340-1344.

145. Fernandez-Real JM, Ricart W: Insulin resistance and chronic car-
diovascular inflammatory syndrome. Endocr Rev 2003,
24:278-301.

146. Newton KM, LaCroix AZ, Heckbert SR, Abraham L, McCulloch D,
Barlow W: Estrogen therapy and risk of cardiovascular events
among women with type 2 diabetes. Diabetes Care 2003,
26:2810-2816.

147. Dallongeville J, Marecaux N, Isorez D, Zylbergberg G, Fruchart JC,
Amouyel P: Multiple coronary heart disease risk factors are
associated with menopause and influenced by substitutive
hormonal therapy in a cohort of French women. Atherosclerosis
1995, 118:123-133.

148. Harvie M, Hooper L, Howell AH: Central obesity and breast can-
cer risk: a systematic review. Obes Rev 2003, 4:157-173.

149. Kazer RR: Insulin resistance, insulin-like growth factor I and
breast cancer: a hypothesis. Int J Cancer 1995, 62:403-406.

150. Ten great public health achievements -- United States, 1900-
1999. MMWR 1999, 48:241-243.

151. Roduit R, Nolan C, Alarcon C, Moore P, Barbeau A, Delghingaro-
Augusto V, Przybykowski E, Morin J, Masse F, Massie B, Ruderman N,
Rhodes C, Poitout V, Prentki M: A role for the malonyl-CoA/
long-chain acyl-CoA pathway of lipid signaling in the regula-
tion of insulin secretion in response to both fuel and nonfuel
stimuli. Diabetes 2004, 53:1007-1019.

152. Listenberger LL, Han X, Lewis SE, Cases S, Farese R. V., Jr., Ory DS,
Schaffer JE: Triglyceride accumulation protects against fatty
acid-induced lipotoxicity. Proc Natl Acad Sci U S A 2003,
100:3077-3082.

153. Pettus BJ, Chalfant CE, Hannun YA: Ceramide in apoptosis: an
overview and current perspectives. Biochim Biophys Acta 2002,
1585:114-125.

154. Phinney SD, Bistrian BR, Wolfe RR, Blackburn GL: The human met-
abolic response to chronic ketosis without caloric restric-
tion: physical and biochemical adaptation. Metabolism 1983,
32:757-768.

155. Baratta M: Leptin--from a signal of adiposity to a hormonal
mediator in peripheral tissues. Med Sci Monit 2002, 8:RA282-92.

156. Kolaczynski JW, Ohannesian JP, Considine RV, Marco CC, Caro JF:
Response of leptin to short-term and prolonged overfeeding
in humans. J Clin Endocrinol Metab 1996, 81:4162-4165.

157. Evans K, Clark ML, Frayn KN: Carbohydrate and fat have differ-
ent effects on plasma leptin concentrations and adipose tis-
sue leptin production. Clin Sci (Lond) 2001, 100:493-498.

158. Yannakoulia M, Yiannakouris N, Bluher S, Matalas AL, Klimis-Zacas D,
Mantzoros CS: Body fat mass and macronutrient intake in
relation to circulating soluble leptin receptor, free leptin

index, adiponectin, and resistin concentrations in healthy
humans. J Clin Endocrinol Metab 2003, 88:1730-1736.

159. Minokoshi Y, Kim YB, Peroni OD, Fryer LG, Muller C, Carling D,
Kahn BB: Leptin stimulates fatty-acid oxidation by activating
AMP-activated protein kinase. Nature 2002, 415:339-343.

160. Minokoshi Y, Kahn BB: Role of AMP-activated protein kinase in
leptin-induced fatty acid oxidation in muscle. Biochem Soc Trans
2003, 31:196-201.

161. Zhou YT, Wang ZW, Higa M, Newgard CB, Unger RH: Reversing
adipocyte differentiation: implications for treatment of
obesity. Proc Natl Acad Sci U S A 1999, 96:2391-2395.

162. O'Rourke L, Gronning LM, Yeaman SJ, Shepherd PR: Glucose-
dependent regulation of cholesterol ester metabolism in
macrophages by insulin and leptin. J Biol Chem 2002,
277:42557-42562.

163. Landsberg L: Insulin-mediated sympathetic stimulation: role
in the pathogenesis of obesity-related hypertension (or, how
insulin affects blood pressure, and why). J Hypertens 2001,
19:523-528.

164. Zimmet P, Boyko EJ, Collier GR, de Courten M: Etiology of the
metabolic syndrome: potential role of insulin resistance, lep-
tin resistance, and other players. Ann N Y Acad Sci 1999,
892:25-44.

165. Unger RH, ORCI L: Diseases of liporegulation: new perspective
on obesity and related disorders. FASEB J 2001, 15:312-321.

166. Zhang Y, Guo KY, Diaz PA, Heo M, Leibel RL: Determinants of
leptin gene expression in fat depots of lean mice. Am J Physiol
Regul Integr Comp Physiol 2002, 282:R226-34.

167. Banks WA, Coon AB, Robinson SM, Moinuddin A, Shultz JM, Nakaoke
R, Morley JE: Triglycerides induce leptin resistance at the
blood-brain barrier. Diabetes 2004, 53:1253-1260.

168. Petersen KF, Oral EA, Dufour S, Befroy D, Ariyan C, Yu C, Cline GW,
DePaoli AM, Taylor SI, Gorden P, Shulman GI: Leptin reverses
insulin resistance and hepatic steatosis in patients with
severe lipodystrophy. J Clin Invest 2002, 109:1345-1350.

169. Hegele RA: Familial partial lipodystrophy: a monogenic form
of the insulin resistance syndrome. Mol Genet Metab 2000,
71:539-544.

170. Garg A, Peshock RM, Fleckenstein JL: Adipose tissue distribution
pattern in patients with familial partial lipodystrophy (Dun-
nigan variety). J Clin Endocrinol Metab 1999, 84:170-174.

171. Oral EA, Simha V, Ruiz E, Andewelt A, Premkumar A, Snell P, Wagner
AJ, DePaoli AM, Reitman ML, Taylor SI, Gorden P, Garg A: Leptin-
replacement therapy for lipodystrophy. N Engl J Med 2002,
346:570-578.

172. Gavrilova O, Marcus-Samuels B, Graham D, Kim JK, Shulman GI, Cas-
tle AL, Vinson C, Eckhaus M, Reitman ML: Surgical implantation
of adipose tissue reverses diabetes in lipoatrophic mice. J Clin
Invest 2000, 105:271-278.

173. Colombo C, Cutson JJ, Yamauchi T, Vinson C, Kadowaki T, Gavrilova
O, Reitman ML: Transplantation of adipose tissue lacking lep-
tin is unable to reverse the metabolic abnormalities associ-
ated with lipoatrophy. Diabetes 2002, 51:2727-2733.

174. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori
Y, Ide T, Murakami K, Tsuboyama-Kasaoka N, Ezaki O, Akanuma Y,
Gavrilova O, Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M,
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M, Froguel P, Kadow-
aki T: The fat-derived hormone adiponectin reverses insulin
resistance associated with both lipoatrophy and obesity. Nat
Med 2001, 7:941-946.

175. Matsuzawa Y: Establishing the concept of visceral fat syn-
drome and clarifying its molecular mechanisms. JMAJ 2002,
45:103-110.

176. Nicklas BJ, Goldberg AP, Bunyard LB, Poehlman ET: Visceral adi-
posity is associated with increased lipid oxidation in obese,
postmenopausal women. Am J Clin Nutr 1995, 62:918-922.

177. Williams MJ, Hunter GR, Kekes-Szabo T, Trueth MS, Snyder S, Ber-
land L, Blaudeau T: Intra-abdominal adipose tissue cut-points
related to elevated cardiovascular risk in women. Int J Obes
Relat Metab Disord 1996, 20:613-617.

178. Brochu M, Tchernof A, Turner AN, Ades PA, Poehlman ET: Is there
a threshold of visceral fat loss that improves the metabolic
profile in obese postmenopausal women? Metabolism 2003,
52:599-604.
Page 21 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11850747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9435439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9435439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9435439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15240626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15240626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3788827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3788827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3788827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8379501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8379501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8379501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12792294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12792294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8132780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8132780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8132780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10720088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10720088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10720088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12788800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12788800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14514584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14514584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8579622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8579622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8579622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12916817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12916817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7543456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7543456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8923877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8923877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8923877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11294689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11294689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11294689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12679465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12679465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12679465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12679465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11797013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11797013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12546684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12546684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10051652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10051652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10051652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12200416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12200416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12200416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11327624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11327624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11327624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10842650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10842650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10842650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11156947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11156947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11742842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11742842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12021250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12021250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12021250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11136544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11136544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11856796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11856796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10675352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10675352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12196465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12196465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12196465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11479627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11479627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8817354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8817354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12759890


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
179. Despres JP, Lamarche B: Effects of diet and physical activity on
adiposity and body fat distribution: implications for the pre-
vention of cardiovascular disease. Nutr Res Rev 1993, 6:137-159.

180. Hunter GR, Snyder SW, Kekes-Szabo T, Nicholson C, Berland L:
Intra-abdominal adipose tissue variables associated with risk
of possessing elevated blood lipids and blood pressure. Int J
Obes 1994, 2:563-569.

181. Tanaka K, Okura T, Shigematsu R, Nakata Y, Lee DJ, Wee SW, Yam-
abuki K: Target value of intraabdominal fat area for improv-
ing coronary heart disease risk factors. Obes Res 2004,
12:695-703.

182. Lemieux S, Prud'homme D, Bouchard C, Tremblay A, Despres JP: A
single threshold value of waist girth identifies normal-weight
and overweight subjects with excess visceral adipose tissue.
Am J Clin Nutr 1996, 64:685-693.

183. Perusse L, Despres JP, Lemieux S, Rice T, Rao DC, Bouchard C:
Familial aggregation of abdominal visceral fat level: results
from the Quebec family study. Metabolism 1996, 45:378-382.

184. Nicklas BJ, Penninx BW, Ryan AS, Berman DM, Lynch NA, Dennis KE:
Visceral adipose tissue cutoffs associated with metabolic risk
factors for coronary heart disease in women. Diabetes Care
2003, 26:1413-1420.

185. DeNino WF, Tchernof A, Dionne IJ, Toth MJ, Ades PA, Sites CK,
Poehlman ET: Contribution of abdominal adiposity to age-
related differences in insulin sensitivity and plasma lipids in
healthy nonobese women. Diabetes Care 2001, 24:925-932.

186. Saito Y, Kobayashi J, Seimiya K, Hikita M, Takahashi K, Murano S, Bujo
H, Morisaki N: Contribution of visceral fat accumulation to
postprandial hyperlipidemia in human obesity. Eighth Inter-
national Congress on Obesity. Int J Obes 1998, Suppl 3:S226.

187. Boyko EJ, Fujimoto WY, Leonetti DL, Newell-Morris L: Visceral adi-
posity and risk of type 2 diabetes: a prospective study among
Japanese Americans. Diabetes Care 2000, 23:465-471.

188. Hayashi T, Boyko EJ, Leonetti DL, McNeely MJ, Newell-Morris L,
Kahn SE, Fujimoto WY: Visceral adiposity is an independent
predictor of incident hypertension in Japanese Americans.
Ann Intern Med 2004, 140:992-1000.

189. Ruderman NB, Schneider SH, Berchtold P: The "metabolically-
obese," normal-weight individual. Am J Clin Nutr 1981,
34:1617-1621.

190. Ruderman NB, Berchtold P, Schneider S: Obesity-associated dis-
orders in normal-weight individuals: some speculations. Int J
Obes 1982, 6 Suppl 1:151-157.

191. Looker HC, Knowler WC, Hanson RL: Changes in BMI and
weight before and after the development of type 2 diabetes.
Diabetes Care 2001, 24:1917-1922.

192. Dvorak RV, DeNino WF, Ades PA, Poehlman ET: Phenotypic char-
acteristics associated with insulin resistance in metabolically
obese but normal-weight young women. Diabetes 1999,
48:2210-2214.

193. Karelis AD, St-Pierre DH, Conus F, Rabasa-Lhoret R, Poehlman ET:
Metabolic and body composition factors in subgroups of
obesity: what do we know? J Clin Endocrinol Metab 2004,
89:2569-2575.

194. Phillips DI, Barker DJ, Hales CN, Hirst S, Osmond C: Thinness at
birth and insulin resistance in adult life. Diabetologia 1994,
37:150-154.

195. Kuh D, Hardy R, Chaturvedi N, Wadsworth ME: Birth weight,
childhood growth and abdominal obesity in adult life. Int J
Obes Relat Metab Disord 2002, 26:40-47.

196. Park YW, Allison DB, Heymsfield SB, Gallagher D: Larger amounts
of visceral adipose tissue in Asian Americans. Obes Res 2001,
9:381-387.

197. Takami K, Takeda N, Nakashima K, Takami R, Hayashi M, Ozeki S,
Yamada A, Kokubo Y, Sato M, Kawachi S, Sasaki A, Yasuda K: Effects
of dietary treatment alone or diet with voglibose or glybu-
ride on abdominal adipose tissue and metabolic abnormali-
ties in patients with newly diagnosed type 2 diabetes. Diabetes
Care 2002, 25:658-662.

198. Hodge AM, Dowse GK, Collins VR, Zimmet PZ: Mortality in
Micronesian Nauruans and Melanesian and Indian Fijians is
not associated with obesity. Am J Epidemiol 1996, 143:442-455.

199. Ferrannini E, Natali A, Bell P, Cavallo-Perin P, Lalic N, Mingrone G:
Insulin resistance and hypersecretion in obesity. European
Group for the Study of Insulin Resistance (EGIR). J Clin Invest
1997, 100:1166-1173.

200. Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Targher G,
Alberiche M, Bonadona RC, Muggeo M: Prevalence of insulin
resistance in metabolic disorders:  The Bruneck Study. Diabe-
tes 1998, 47:1643-1649.

201. Brochu M, Tchernof A, Dionne IJ, Sites CK, Eltabbakh GH, Sims EA,
Poehlman ET: What are the physical characteristics associated
with a normal metabolic profile despite a high level of obes-
ity in postmenopausal women? J Clin Endocrinol Metab 2001,
86:1020-1025.

202. Weyer C, Wolford JK, Hanson RL, Foley JE, Tataranni PA, Bogardus
C, Pratley RE: Subcutaneous abdominal adipocyte size, a pre-
dictor of type 2 diabetes, is linked to chromosome 1q21--q23
and is associated with a common polymorphism in LMNA in
Pima Indians. Mol Genet Metab 2001, 72:231-238.

203. Salans LB, Cushman SW, Weismann RE: Studies of human adipose
tissue. Adipose cell size and number in nonobese and obese
patients. J Clin Invest 1973, 52:929-941.

204. Travers SH, Jeffers BW, Eckel RH: Insulin resistance during
puberty and future fat accumulation. J Clin Endocrinol Metab
2002, 87:3814-3818.

205. Caprio S, Hyman LD, Limb C, McCarthy S, Lange R, Sherwin RS, Shul-
man G, Tamborlane WV: Central adiposity and its metabolic
correlates in obese adolescent girls. Am J Physiol 1995,
269:E118-26.

206. l'Allemand D, Schmidt S, Rousson V, Brabant G, Gasser T, Gruters A:
Associations between body mass, leptin, IGF-I and circulat-
ing adrenal androgens in children with obesity and prema-
ture adrenarche. Eur J Endocrinol 2002, 146:537-543.

207. Ehrhart-Bornstein M, Lamounier-Zepter V, Schraven A, Langenbach J,
Willenberg HS, Barthel A, Hauner H, McCann SM, Scherbaum WA,
Bornstein SR: Human adipocytes secrete mineralocorticoid-
releasing factors. Proc Natl Acad Sci U S A 2003, 100:14211-14216.

208. Owens S, Gutin B, Allison J, Riggs S, Ferguson M, Litaker M, Thomp-
son W: Effect of physical training on total and visceral fat in
obese children. Med Sci Sports Exerc 1999, 31:143-148.

209. Gutin B, Barbeau P, Owens S, Lemmon CR, Bauman M, Allison J, Kang
HS, Litaker MS: Effects of exercise intensity on cardiovascular
fitness, total body composition, and visceral adiposity of
obese adolescents. Am J Clin Nutr 2002, 75:818-826.

210. Irwin ML, Ainsworth BE: Physical activity interventions follow-
ing cancer diagnosis: methodologic challenges to delivery
and assessment. Cancer Invest 2004, 22:30-50.

211. Ross R, Janssen I, Dawson J, Kungl AM, Kuk JL, Wong SL, Nguyen-Duy
TB, Lee S, Kilpatrick K, Hudson R: Exercise-induced reduction in
obesity and insulin resistance in women: a randomized con-
trolled trial. Obes Res 2004, 12:789-798.

212. Irwin ML, Yasui Y, Ulrich CM, Bowen D, Rudolph RE, Schwartz RS,
Yukawa M, Aiello E, Potter JD, McTiernan A: Effect of exercise on
total and intra-abdominal body fat in postmenopausal
women: a randomized controlled trial. Jama 2003,
289:323-330.

213. Wong SL, Katzmarzyk P, Nichaman MZ, Church TS, Blair SN, Ross R:
Cardiorespiratory fitness is associated with lower abdominal
fat independent of body mass index. Med Sci Sports Exerc 2004,
36:286-291.

214. Church TS, Cheng YJ, Earnest CP, Barlow CE, Gibbons LW, Priest EL,
Blair SN: Exercise capacity and body composition as predic-
tors of mortality among men with diabetes. Diabetes Care 2004,
27:83-88.

215. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN: Low car-
diorespiratory fitness and physical inactivity as predictors of
mortality in men with type 2 diabetes [see comments]. Ann
Intern Med 2000, 132:605-611.

216. Church TS, Barlow CE, Earnest CP, Kampert JB, Priest EL, Blair SN:
Associations between cardiorespiratory fitness and C-reac-
tive protein in men. Arterioscler Thromb Vasc Biol 2002,
22:1869-1876.

217. Katzmarzyk PT, Church TS, Blair SN: Cardiorespiratory fitness
attenuates the effects of the metabolic syndrome on all-
cause and cardiovascular disease mortality in men. Arch Intern
Med 2004, 164:1092-1097.

218. McGavock JM, Mandic S, Vonder Muhll I, Lewanczuk RZ, Quinney
HA, Taylor DA, Welsh RC, Haykowsky M: Low cardiorespiratory
fitness is associated with elevated C-reactive protein levels
in women with type 2 diabetes. Diabetes Care 2004, 27:320-325.
Page 22 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12716798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10857936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10857936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10857936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15197016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15197016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7270486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7270486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6749721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6749721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11679457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11679457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10535456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10535456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10535456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8163048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8163048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11791145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11791145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11445659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11445659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8610659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8610659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8610659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9303923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9303923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9303923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9753305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9753305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11238480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11238480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11238480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11243729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11243729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11243729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4693656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4693656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4693656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12161515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7631766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7631766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14614137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14614137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11976154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11976154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11976154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15069762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15069762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15069762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15166299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15166299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15166299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14767252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14693971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14693971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10766678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10766678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10766678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12426218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15159266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15159266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15159266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747207


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
219. Goodpaster BH, Wolfe RR, Kelley DE: Effects of obesity on sub-
strate utilization during exercise. Obes Res 2002, 10:575-584.

220. Ross R, Dagnone D, Jones PJ, Smith H, Paddags A, Hudson R, Janssen
I: Reduction in obesity and related comorbid conditions after
diet-induced weight loss or exercise-induced weight loss in
men. A randomized, controlled trial. Ann Intern Med 2000,
133:92-103.

221. Thompson PD, Crouse SF, Goodpaster B, Kelley D, Moyna N, Pesc-
atello L: The acute versus the chronic response to exercise.
Med Sci Sports Exerc 2001, 33:S438-45; discussion S452-3.

222. Janssen I, Katzmarzyk PT, Ross R, Leon AS, Skinner JS, Rao DC,
Wilmore JH, Rankinen T, Bouchard C: Fitness alters the associa-
tions of BMI and waist circumference with total and abdom-
inal fat. Obes Res 2004, 12:525-537.

223. Dattilo AM, Kris-Etherton PM: Effects of weight reduction on
blood lipids and lipoproteins: a meta-analysis. Am J Clin Nutr
1992, 56:320-328.

224. Paffenbarger R. S., Jr., Hyde RT, Wing AL, Lee IM, Jung DL, Kampert
JB: The association of changes in physical-activity level and
other lifestyle characteristics with mortality among men. N
Engl J Med 1993, 328:538-545.

225. Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD, Frohlich
JJ: Effective exercise modality to reduce insulin resistance in
women with type 2 diabetes. Diabetes Care 2003, 26:2977-2982.

226. Holten MK, Zacho M, Gaster M, Juel C, Wojtaszewski JF, Dela F:
Strength training increases insulin-mediated glucose uptake,
GLUT4 content, and insulin signaling in skeletal muscle in
patients with type 2 diabetes. Diabetes 2004, 53:294-305.

227. Grady D: Fat:  the secret life of a potent cell. In New York Times
New York; 2004.  July 6

228. Weber RV, Buckley MC, Fried SK, Kral JG: Subcutaneous lipec-
tomy causes a metabolic syndrome in hamsters. Am J Physiol
Regul Integr Comp Physiol 2000, 279:R936-43.

229. Pelletier C, Despres JP, Tremblay A: Plasma organochlorine con-
centrations in endurance athletes and obese individuals. Med
Sci Sports Exerc 2002, 34:1971-1975.

230. Pelletier C, Doucet E, Imbeault P, Tremblay A: Associations
between weight loss-induced changes in plasma organochlo-
rine concentrations, serum T(3) concentration, and resting
metabolic rate. Toxicol Sci 2002, 67:46-51.

231. Imbeault P, Tremblay A, Simoneau JA, Joanisse DR: Weight loss-
induced rise in plasma pollutant is associated with reduced
skeletal muscle oxidative capacity. Am J Physiol Endocrinol Metab
2002, 282:E574-9.

232. Baillie-Hamilton PF: Chemical toxins: a hypothesis to explain
the global obesity epidemic. J Altern Complement Med 2002,
8:185-192.

233. Frisancho AR: Reduced rate of fat oxidation: A metabolic
pathway to obesity in the developing nations. Am J Human Biol
2003, 15:522-532.

234. Bisschop PH, Pereira Arias AM, Ackermans MT, Endert E, Pijl H,
Kuipers F, Meijer AJ, Sauerwein HP, Romijn JA: The effects of car-
bohydrate variation in isocaloric diets on glycogenolysis and
gluconeogenesis in healthy men. J Clin Endocrinol Metab 2000,
85:1963-1967.

235. Sharman MJ, Kraemer WJ, Love DM, Avery NG, Gomez AL, Scheett
TP, Volek JS: A ketogenic diet favorably affects serum biomar-
kers for cardiovascular disease in normal-weight men. J Nutr
2002, 132:1879-1885.

236. Ludwig DS: The glycemic index: physiological mechanisms
relating to obesity, diabetes, and cardiovascular disease. Jama
2002, 287:2414-2423.

237. Ludwig DS: Glycemic load comes of age. J Nutr 2003,
133:2695-2696.

238. Ebbeling CB, Ludwig DS: Treating obesity in youth: should die-
tary glycemic load be a consideration? Adv Pediatr 2001,
48:179-212.

239. Silvestre R, Sharman MJ, Gomez AL, Judelson DA, Watson G, Ruffin
K, Kraemer WJ, Volek JS: A very low-carbohydrate diet results
in greater reductions in body weight, whole body fat, and
trunk fat than a low-fat diet in overweight subjects. In Kings-
brook conference on nutritional and metabolic aspects of low carbohydrate
diets Brooklyn, University of Connecticut (Storrs); 2004. 

240. Kabir M, Rizkalla SW, Quignard-Boulange A, Guerre-Millo M, Boillot
J, Ardouin B, Luo J, Slama G: A high glycemic index starch diet

affects lipid storage-related enzymes in normal and to a
lesser extent in diabetic rats. J Nutr 1998, 128:1878-1883.

241. Lerer-Metzger M, Rizkalla SW, Luo J, Champ M, Kabir M, Bruzzo F,
Bornet F, Slama G: Effects of long-term low-glycaemic index
starchy food on plasma glucose and lipid concentrations and
adipose tissue cellularity in normal and diabetic rats. Br J Nutr
1996, 75:723-732.

242. Kim JY, Nolte LA, Hansen PA, Han DH, Kawanaka K, Holloszy JO:
Insulin resistance of muscle glucose transport in male and
female rats fed a high-sucrose diet. Am J Physiol 1999,
276:R665-72.

243. Keno Y, Matsuzawa Y, Tokunaga K, Fujioka S, Kawamoto T, Kobatake
T, Tarui S: High sucrose diet increases visceral fat accumula-
tion in VMH-lesioned obese rats. Int J Obes 1991, 15:205-211.

244. Liu S, Manson JE, Buring JE, Stampfer MJ, Willett WC, Ridker PM:
Relation between a diet with a high glycemic load and
plasma concentrations of high-sensitivity C-reactive protein
in middle-aged women. Am J Clin Nutr 2002, 75:492-498.

245. Erickson KL: Is there a relation between dietary linoleic acid
and cancer of the breast, colon, or prostate? Am J Nutr 1998,
68:5-7.

246. McKeown NM, Meigs JB, Liu S, Saltzman E, Wilson PW, Jacques PF:
Carbohydrate nutrition, insulin resistance, and the preva-
lence of the metabolic syndrome in the Framingham Off-
spring Cohort. Diabetes Care 2004, 27:538-546.

247. O'Brien KD, Brehm BJ, Seeley RJ: Greater reduction in inflam-
matory markers with a low carbohydrate diet than with a
low fat diet. American Heart Association Scientific Sessions 2002, Abst
# 117597:. November 19

248. Mohanty Priya, Ghanim Husam, Hamouda Wael, Aljada Ahmad, Garg
Rajesh, Dandona Paresh: Both lipid and protein intakes stimu-
late increased generation of reactive oxygen species by pol-
ymorphonuclear leukocytes and mononuclear cells. Am J Clin
Nutr 2002, 75:767-772.

249. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P:
Glucose challenge stimulates reactive oxygen species (ROS)
generation by leucocytes. J Clin Endocrinol Metab 2000,
85:2970-2973.

250. Clark JM: Dietary composition and fatty liver disease. In Annual
Meeting of the American Assocation for the Study of Liver Disease Boston,
MA, Abst 734; 2003. 

251. Larson DE, Hunter GR, Williams MJ, Kekes-Szabo T, Nyikos I, Goran
MI: Dietary fat in relation to body fat and intraabdominal adi-
pose tissue: a cross-sectional analysis. Am J Clin Nutr 1996,
64:677-684.

252. Alessi MC, Morange P, Juhan-Vague I: Fat cell function and
fibrinolysis. Horm Metab Res 2000, 32:504-508.

253. Jarvi AE, Karlstrom BE, Granfeldt YE, Bjorck IE, Asp NG, Vessby BO:
Improved glycemic control and lipid profile and normalized
fibrinolytic activity on a low-glycemic index diet in type 2 dia-
betic patients. Diabetes Care 1999, 22:10-18.

254. Gabriely I, Yang XM, Cases JA, Ma XH, Rossetti L, Barzilai N: Hyper-
glycemia induces PAI-1 gene expression in adipose tissue by
activation of the hexosamine biosynthetic pathway. Atheroscle-
rosis 2002, 160:115-122.

255. Rosmond R, Bjorntorp P: Quality of life, overweight, and body
fat distribution in middle-aged men.[In Process Citation].
Behav Med 2000, 26:90-94.

256. Rosmond R, Bjorntorp P: Occupational status, cortisol secre-
tory pattern, and visceral obesity in middle-aged men. Obes
Res 2000, 8:445-450.

257. Rosmond R, Dallman MF, Bjorntorp P: Stress-related cortisol
secretion in men: relationships with abdominal obesity and
endocrine, metabolic and hemodynamic abnormalities [see
comments]. J Clin Endocrinol Metab 1998, 83:1853-1859.

258. Mooy JM, de Vries H, Grootenhuis PA, Bouter LM, Heine RJ: Major
stressful life events in relation to prevalence of undetected
type 2 diabetes: the Hoorn Study. Diabetes Care 2000,
23:197-201.

259. Bjorntorp P, Holm G, Rosmond R, Folkow B: Hypertension and
the metabolic syndrome: closely related central origin? Blood
Press 2000, 9:71-82.

260. Rosmond R, Bjorntorp P: The role of antidepressants in the
treatment of abdominal obesity. Med Hypotheses 2000,
54:990-994.
Page 23 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12105277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12105277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10896648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10896648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10896648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11427768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15044671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15044671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15044671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1386186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1386186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8426621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8426621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14578226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10956251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10956251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12471304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12471304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11961215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11961215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11961215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12006126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12006126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10843182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10843182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10843182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12097663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12097663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11988062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11988062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12949351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11480757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11480757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9808637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9808637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9808637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8695599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8695599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8695599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10070126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10070126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10070126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2045213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2045213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14747241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11916766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10946914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10946914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10946914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8901785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10333897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11147295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11147295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11011911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11011911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10868831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10868831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10868831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10855728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10855728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10867753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10867753


Nutrition & Metabolism 2004, 1:12 http://www.nutritionandmetabolism.com/content/1/1/12
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

261. Bjorntorp P, Rosmond R: Obesity and cortisol [In Process
Citation]. Nutrition 2000, 16:924-936.

262. Esposito-Del Puente A, Lillioja S, Bogardus C, McCubbin JA, Feinglos
MN, Kuhn CM, Surwit RS: Glycemic response to stress is
altered in euglycemic Pima Indians. Int J Obes Relat Metab Disord
1994, 18:766-770.

263. Ghiadoni L, Donald AE, Cropley M, Mullen MJ, Oakley G, Taylor M,
O'Connor G, Betteridge J, Klein N, Steptoe A, Deanfield JE: Mental
stress induces transient endothelial dysfunction in humans
[In Process Citation]. Circulation 2000, 102:2473-2478.

264. Sarabi M, Lind L: Mental stress opposes endothelium-depend-
ent vasodilation in young healthy individuals. Vasc Med 2001,
6:3-7.

265. Reichenberg A, Yirmiya R, Schuld A, Kraus T, Haack M, Morag A, Poll-
macher T: Cytokine-associated emotional and cognitive dis-
turbances in humans. Arch Gen Psychiatry 2001, 58:445-452.

266. Stoney CM, West SG, Hughes JW, Lentino LM, Finney ML, Falko J,
Bausserman L: Acute psychological stress reduces plasma trig-
lyceride clearance. Psychophysiology 2002, 39:80-85.

267. Black PH: Stress and the inflammatory response: a review of
neurogenic inflammation. Brain Behav Immun 2002, 16:622-653.

268. Black PH, Garbutt LD: Stress, inflammation and cardiovascular
disease. J Psychosom Res 2002, 52:1-23.

269. Black PH: The inflammatory response is an integral part of the
stress response: Implications for atherosclerosis, insulin
resistance, type II diabetes and metabolic syndrome X. Brain
Behav Immun 2003, 17:350-364.

270. Pickup JC, Mattock MB: Activation of the innate immune sys-
tem as a predictor of cardiovascular mortality in Type 2 dia-
betes mellitus. Diabet Med 2003, 20:723-726.

271. Pickup JC: Inflammation and activated innate immunity in the
pathogenesis of type 2 diabetes. Diabetes Care 2004, 27:813-823.

272. Young JB, Weiss J, Boufath N: Effects of dietary monosaccha-
rides on sympathetic nervous system activity in adipose tis-
sues of male rats. Diabetes 2004, 53:1271-1278.

273. Karpe F, Fielding BA, Ilic V, Macdonald IA, Summers LK, Frayn KN:
Impaired postprandial adipose tissue blood flow response is
related to aspects of insulin sensitivity. Diabetes 2002,
51:2467-2473.

274. Bjorntorp P: Do stress reactions cause abdominal obesity and
comorbidities? Obes Rev 2001, 2:73-86.

275. Dallman MF, Pecoraro N, Akana SF, La Fleur SE, Gomez F, Houshyar
H, Bell ME, Bhatnagar S, Laugero KD, Manalo S: Chronic stress and
obesity: a new view of "comfort food". Proc Natl Acad Sci U S A
2003, 100:11696-11701.

276. Franco-Colin M, Tellez-Lopez AM, Quevedo-Corona L, Racotta R:
Effects of long-term high-sucrose and dexamethasone on fat
depots, liver fat, and lipid fuel fluxes through the retroperi-
toneal adipose tissue and splanchnic area in rats. Metabolism
2000, 49:1289-1294.

277. Surwit RS, van Tilburg MA, Zucker N, McCaskill CC, Parekh P, Fein-
glos MN, Edwards CL, Williams P, Lane JD: Stress management
improves long-term glycemic control in type 2 diabetes. Dia-
betes Care 2002, 25:30-34.
Page 24 of 24
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11054598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11054598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7866478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7866478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11076819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11076819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11076819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11358157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11358157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11343523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11343523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12206298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12206298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12480495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12480495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11801260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11801260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12946657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12946657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12946657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12925051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12925051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12925051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14988310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14988310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12119665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12119665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12975524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12975524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11079818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11079818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11079818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11772897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11772897
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Introduction
	Ectopic Fat Storage Syndrome
	CVATT - A Working Hypothesis
	Implications of VAT loss
	Adipose tissue as an endocrine organ
	Adipokines

	Implications of fat mass expansion
	A thiazolidinedione (TZD) paradox
	Adipose macrophages

	VAT Versus SCAT (See figure 
	VAT
	VAT has twice the glucose uptake rate as SCAT
	Testosterone
	11-b-Hydroxydehydrogenase1 (11-b HSD1)
	VAT and impaired skeletal muscle oxidation
	VAT may influence central SCAT

	SCAT
	Greater preadipocyte differentiation and protection
	Does SCAT replenish VAT?
	Peripheral fat mass may protect against atherosclerosis and metabolic syndrome
	An example of metabolically innocent obesity
	Estrogen

	Lipotoxicity Model
	Overnutrition, lipotoxicity, leptin, and the metabolic syndrome

	Leptin protects against lipotoxicity
	Leptin
	Dietary carbohydrates may influence leptin action

	Leptin resistance
	Role of triglycerides in leptin resistance
	Implications for VAT in relative hypoleptinemia and metabolic syndrome
	Lipodystrophies - A paradigm for the roles of fat depots and insufficient leptin action in metabolic syndrome

	Fat depots can protect against lipotoxicity
	Fat provides leptin and adiponectin

	Critical Visceral Adipose Tissue Threshold (CVATT) - Individual Variation
	Metabolically obese normal weight (MONW)
	MONW and low birthweight
	Ethnicity and MONW

	Metabolically normal obese (MNO)
	MNO and childhood obesity

	Puberty and VAT
	Fit and fat
	Effects of exercise

	Surgical Interventions Shed Light on Pathophysiology
	Environmental Considerations
	Organochlorines, adipose tissue, and energy balance

	Implications of Controlling Dietary Carbohydrates
	Reduced fat oxidation and carbohydrates

	Dietary carbohydrate and VAT
	Dietary influences on leptin action
	Stress
	Stress and dietary carbohydrates

	Summary
	Declaration of Competing Interests
	References

