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Abstract

In obesity, the vascular complication is a result of insulin resistance, such as decreased capillary
recruitment in skeletal muscle from endothelial insulin resistance. Recent progress in the study of
obesity-associated inflammation suggests that vasculature dysfunction occurs in adipose tissue
before insulin resistance. In obesity, capillary density and function fail to meet the demand of
adipose tissue growth. The failure leads to microcirculation dysfunction from an impaired blood
perfusion, which results in a local hypoxia response in adipose tissue. The hypoxia response in
adipocytes and macrophages is a new cellular basis for the chronic inflammation. The obesity-
associated inflammation has both positive and negative effects in the body. At the early stage, it
amplifies the hypoxia signal to stimulate vasculature remodeling locally, and promotes systemic
energy expenditure against obesity. At the late stage, it causes adipose tissue dysfunction for
insulin resistance. These points suggest that in obesity, adipose tissue vascularization controls
chronic inflammation and influences systemic insulin sensitivity.
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Introduction

Obesity-associated chronic inflammation occurs primarily in adipose tissue, and contributes
to pathogenesis of insulin resistance. There are several hypotheses to explain the origin of
inflammation in adipose tissue. Those involve in free fatty acids (FFASs)/toll-like receptor 4,
fatty acid derivatives (diaglyceride or ceramide), endoplasmic reticulum (ER) stress,
oxidative stress, adipocyte death and PKR (double-stranded RNA-dependent protein kinase)
[1]. Although these factors directly induce inflammatory response in adipose tissue, it is not
clear why these factors are increased in obesity. On the other side, anti-inflammatory
therapies are not successful in the treatment of type 2 diabetes [2]. These facts suggest there
are a lot of unknowns about obesity-associated inflammation. The origin and biological
significance of the inflammation are two major questions to address the failure in anti-
inflammation-based therapy. Recent studies have provided answers to both questions.
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The character of obesity-associated inflammation has been widely documented in literature.
The inflammation contributes to systemic insulin resistance through inhibition of adipose
tissue function in fat storage and hormones/cytokines secretion. Inflammation enhances
lipolysis and reduces re-esterification of FFAS in adipocytes, which leads to FFA elevation
in circulation and ectopic fat deposition for lipotoxicity. Inhibition of adiponectin expression
by inflammation leads to hypoadiponectinemia for insulin resistance. Lipotoxicity and
hypoadiponectinemia impair insulin receptor substrate (IRS) function in the insulin
signaling pathway in liver and muscle. Studies from many groups including ours suggest
that activation of serine kinases (IKK, JNK, PKC, and S6K) by FFA derivatives or
inflammatory cytokines contributes to the IRS inhibition through serine phosphorylation.
The adipocyte inhibition by inflammation relates to functional suppression of peroxisome
proliferator-activated receptor-y (PPAR-y), which is a nuclear receptor for thiazolidinedione/
long-chain fatty acids and required for maintenance of the adipocyte functions. Our study
suggests that nuclear factor-kB (NF-xB) activation by inflammatory cytokine (tumor
necrosis factor-a [TNF-a]) results in the PPAR-y inhibition through a corepressor exchange
program [3].

Adipose Tissue Hypoxia

Recent studies from multiple groups including ours consistently suggest that adipose tissue
hypoxia (ATH) is a root of chronic inflammation in obesity. The hypoxia is likely a result of
reduction in adipose tissue blood flow (ATBF), which is supported by studies in humans and
animals. ATBF (mL/min/g) reduction was first indicated in obese individuals by a decreased
rate in the radioisotope clearance in subcutaneous fat in 1966 [4]. The reduction was
confirmed in an animal experiment in dogs in 1967. The most convincing evidence is
reported in rats in 1984 [5], in which ATBF reduction was tested using radiolabeled
microsphere in Sprague-Dawley rats for age-related (450 days) obesity. In the study, blood
flow was determined with 51Cr-labeled microsphere in epididymal, mesenteric,
retroperitoneal, and subcutaneous fat. The result demonstrates that the fat blood flow is
different among distinct fat pads. The highest flow is in mesenteric fat and lowest in
epididymal fat. In obesity, the blood flow (mL/min/vol or mL/min/mm?) is decreased in
epididymal, retroperitoneal, mesenteric, and subcutaneous fat pads. A similar observation
was made later in Zucker obese rats in 1987 [6], in which 31Cr or 103Ru-labeled microsphere
(dextran) was used in the analysis of blood flow in five difference adipose tissues including
dorsal subcutaneous, retroperitoneal, inguinal, epididymal, and mesenteric fat pads. The
blood flow (mL/min) was normalized in three ways: pad, gram, and cell surface (mm?).
When normalized with cell surface, the blood flow (mL/min/mm?2) was significantly (>50%)
reduced in all five fat pads by obesity [6]. The blood flow was not changed in nonadipose
tissues in the obese rats, suggesting that the reduction is fat-specific. Now, it is known that
in obese individuals, ATBF is 30% to 40% lower (P<0.02-0.05) than that of lean controls

[71.

The ATBF reduction is a result of obesity, but not a result of insulin resistance. ATBF was
compared in two rat models of type 2 diabetes with or without obesity [8]. Both obese
Zucker rats and nonobese Goto-Kakizaki (GK) rats suffer insulin resistance. The ATBF
reduction was observed only in the obese diabetic rats (obese Zucker rat), but not in the
nonobese diabetic GK rats, suggesting that the ATBF reduction is a result of obesity, not
insulin resistance. In obesity, the ATBF reduction is associated with insulin resistance [9,
10], suggesting a role of ATBF reduction in the pathogenesis of insulin resistance. Although
the association has been known for years, the cause/effect relationship was unclear for
several years. The relationship received strong support in 2007 when a hypoxia response
was found in obese mice to induce adipose tissue inflammation [11] and adipose tissue
dysfunction [12]. Study of adipose tissue oxygen tension is found in literature of 2004 to
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2005 about wound healing in obese patients [13, 14]. The reports show that oxygen supply is
reduced in subcutaneous fat of obese patients. The authors conclude that the reduced
oxygenation is a potential mechanism for the delayed wound healing and increased infection
risk in obese patients after surgery. However, these studies did not address the relationship
of low oxygenation and insulin resistance in obesity. Hypoxia was proposed as a possible
cause of adipose tissue inflammation in 2004 in a review article [15]. The article suggests
that adipose tissue may suffer a hypoxia response that contributes to the chronic
inflammation. This hypothesis received strong support when the relationship was
systematically investigated in obese mice during 2004 to 2007 and reported in 2007 by our
group [11]. The study provides a direct link of ATH to the pathogenesis of insulin
resistance.

In addition to the ATBF reduction, the increase in adipocyte size may contribute to the
hypoxia response in adipose tissue as well, which is discussed in our report [11]. In tissue,
oxygen can only defuse about 120 um. When adipocyte diameter increases to (or above) 120
um, oxygen will not be able to reach the cells beyond 120 um from the capillary. The
diameter of a large adipocyte can be over 150 um [16]. This distance effect remains to be
tested in the adipose tissue in obesity. There are four different assays in the study of ATH as
being reviewed [17].

Hypoxia Induction of Adipose Tissue Inflammation

Hypoxia promotes inflammatory response through direct and indirect effects in adipose
tissue. The direct effect is activation of multiple signaling pathways in adipocytes and
macrophages from the hypoxia-related stresses. Transcription factors such as hypoxia-
inducible factor-1a (HIF-1o) and NF-«B are the important signaling molecules for hypoxia
to induce the inflammatory responses. The nuclear factors stimulate expression of many
proinflammatory molecules through transcriptional activation. In the indirect approach,
hypoxia induces adipocyte death (eg, apoptosis and necrosis) and lipolysis.

HIF-1a is a master signal mediator of hypoxia signal. In 2005, HIF-1a was shown to be
increased in adipose tissue of obese patients and its expression was reduced after surgery-
induced weight loss [18]. In 2006, the increase in HIF-1a expression was confirmed in
adipose tissue by microarray and immunohistostaining [19]. In the primary cell culture,
HIF-1a protein was induced in human adipocytes by hypoxia [20]. HIF-1o. mRNA and
protein are induced by insulin as well. Therefore, in obese conditions, HIF-1o induction in
fat tissue may be a result of hyperinsulinemia and ATH. The role of hypoxia in HIF-1a
activation was reported in the adipose tissue of obese mice in 2007 by our group and
Hosogai’s group independently [11, 12]. The human study was conducted in obese patients
and reported in 2009 by Pasarica, et al. [21].

Regulation of HIF-1a activity is well documented in the literature. HIF-1a stays in the
nucleus and is not detectable in the cytoplasm under normoxia. HIF-1a and HIF-1p are the
two subunits of HIF-1, whose activity is regulated at multiple levels including expression
(mRNA and protein) and protein degradation. Hypoxia does not induce HIF-1a. mRNA in
cultured cells, but does induce the mRNA in tissue under ischemia [22]. Under normal
oxygen conditions, HIF-1a protein with a half-life of less than 5 min is subject to rapid
degradation in the proteasome. The protein stability is induced by hypoxia and several
growth factors including insulin, insulin-like growth factor, and epidermal growth factor
through activation of PI3K-AKT and MAPK-ERK pathways. Under hypoxic conditions,
HIF-1a protein increases dramatically through inhibition of protein degradation by hypoxia.
In cell culture, HIF-1a protein peaks at 4 to 8 h and returns to the basal level 16 h later in
response to ambient hypoxia. HIF-1a. translocates to the nucleus and dimerizes with HIF-13
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(hydrocarbon receptor nuclear translocator [ARNT]) to form the active HIF-1 protein, which
binds to the promoter DNA of target genes and induces gene transcription. The core DNA
sequence of HIF-1 element is 5'-RCGTG-3'. HIF-1a is also upregulated by certain transition
metals (Co2+, Ni2+, and Mn2+) and by iron chelating. HIF-1a expression is required for
embryonic survival in mice.

Activation of NF-xB by hypoxia is widely investigated in the cancer, immunology, and
cardiovascular diseases. In response to hypoxia, NF-kB is disassociated from the inhibitor
protein (IkBa) in the absence of 1kBa degradation. The disassociation leads to nuclear
translocation and transcriptional activation of inflammatory cytokines. In the literature, there
was no clear documentation about the role of hypoxia-induced NF-xB activation in adipose
tissue before our report in 2007 [11]. We detected hypoxia and NF-«xB activation in the
adipose tissue at the same time. In cell culture, hypoxia activated NF-xB in adipocytes and
macrophages to induce expression of proinflammatory cytokines (TNF-o and monocyte
chemoattractant protein-1 [MCP-1]). ER stress and oxidative stress may be involved in NF-
kB activation by hypoxia according to the literature.

Hypoxia induces macrophage infiltration into adipose tissue by stimulating expression of
chemokines, which attract macrophages into adipose tissue. Adipose tissue macrophages
have been under active investigation since 2004 when macrophage infiltration was identified
in obese mice [23-26]. MCP-1 (CCL2) is proposed to be a major chemokine for
macrophage infiltration into adipose tissue. This activity of MCP-1 is supported by several
studies using transgenic mice with either global MCP-1 knockout or fat-specific
overexpression of MCP-1. However, later studies suggest that macrophage infiltration was
not associated with MCP-1 in both lean and obese mice [27, 28]. We propose that
macrophage migration inhibition factor (MIF) is one of the factors mediating the hypoxia
signal in the macrophage infiltration in adipose tissue [11]. This possibility is supported by
adipocyte expression of MIF in response to hypoxia [11]. MIF is a 114 amino acid protein
that circulates in homotrimeric, dimeric, and monomeric forms. MIF expression is increased
by hypoxia and glucocorticoids. Study of MIF knockout mice suggests that MIF is required
for normal function of macrophage. It remains to be understood how MIF is linked to insulin
resistance. Such a link is suggested by the possible role of MIF in macrophage infiltration
into adipose tissue [11].

Our study suggests that hypoxia may promote macrophage infiltration through induction of
cell apoptosis or necrosis [29+]. Adipocyte death induces macrophage infiltration into
adipose tissue to clean the dead adipocytes [30]. This activity of dead adipocytes is
supported by an observation that macrophages are located around the dead adipocytes in the
adipose tissue [31]. Macrophages are also located in the hypoxic areas in adipose tissue of
obese mice [32]. However, it is unknown what causes the cell death in adipose tissue. Our
study suggests that the adipocyte death is a result of hypoxia response [29+]. In response to
hypoxia, adipocytes undergo apoptosis and necrosis for cell death. The cell death may
contribute to FFA elevation in circulation because dead cells may release FFA into blood
stream. This possibility is verified in an experiment using a ischemia model, in which
plasma FFA was induced by acute hypoxia from a femoral arterial clamp in the rat hind leg
[29+¢]. This possibility is supported by a study of newborn mice, in which plasma FFA is
induced by systemic hypoxia [33].

Our study demonstrates that hypoxia induces lipolysis in adipocytes [29¢¢]. Plasma FFAs are
positively associated with increased lipolysis in adipose tissue. The lipolysis is a result of
reduced insulin action in adipocytes, which occurs under fasting or insulin resistance. To
understand hypoxia impact on lipid metabolism in adipocytes, we examined lipolysis in
adipocytes under hypoxia. The study shows that hypoxia induces adipocyte lipolysis through
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inhibition of insulin signaling pathway [29+¢]. Hypoxia inhibits insulin receptor protein in
3T3-L1 adipocytes and reduces signaling activity of insulin receptor [29+¢]. Inhibition of
PPAR-y expression is another mechanism of hypoxia-induced lipolysis. In a study of
hypoxia in the regulation of adipogenesis, Yun et al. [34] observed that hypoxia inhibited
PPAR-y activity in a cellular model. Activation of AMP-activated protein kinase (AMPK)
by hypoxia may contribute to lipolysis in adipocytes as well. AMPK is a serine kinase that
serves as a sensor for energy supply in cells. It is known that hypoxia activates AMPK
through inhibition of mitochondrial respiration or oxidative stress [35].

Hypoxia induces ER stress [36]. ER stress induces adipose tissue dysfunction in obese mice
[37]. In search for the mechanism of obesity-associated JNK activation, ER stress was found
in the adipose tissue in obese mice [37]. Inhibition of ER stress genetically or chemically
provides protection of the mice from obesity-associated insulin resistance [38]. However,
those studies do not explain why ER stress occurs in obesity. This point is addressed in a
study by Hosogai et al. [12] in which hypoxia was shown to induce ER stress in 3T3-L1
adipocytes. In addition to the JNK activation, the ER stress may induce NF-xB activity as
well under hypoxia condition.

Hypoxia inhibits mitochondrial function. White adipocytes have much less mitochondria
relative to the brown adipocytes. However, mitochondrial dysfunction may contribute to
malfunction in white adipose tissue [39]. Mitochondria are reduced in adipose tissue of
obese people [39]. However, it is not clear why and how the mitochondria number is
reduced. It is known that mitochondria respiration and biogenesis are inhibited by hypoxia.
HIF-1a is a major mediator of the hypoxia signal in the inhibition of mitochondrial function.
Therefore, hypoxia is a potential cause of the mitochondrial inhibition in adipocyte in
obesity. This possibility remains to be tested.

Several groups consistently report that hypoxia inhibits adiponectin expression in adipocytes
[11, 12, 20, 40]. ATH provides a new mechanism for adiponectin reduction in obesity.
Inflammation was proposed to inhibit adiponectin expression in obesity, although the
relative importance of inflammation is controversial in obesity. In classic chronic
inflammatory/autoimmune diseases (eg, rheumatoid arthritis, systemic lupus erythematosus,
inflammatory bowel disease, type 1 diabetes, and cystic fibrosis), adiponectin levels are
elevated rather than decreased. In obesity, inhibition of adiponectin expression by hypoxia
provides an excellent alternative mechanism to inflammation.

Leptin is reported as a HIF-1a target gene [41, 42]. Leptin is a primary hormone produced
by adipose tissue and plasma leptin is positively associated with body weight (or adiposity).
In adipose tissue, leptin mRNA is positively associated with adiposity. In cell culture, leptin
expression is induced by hypoxia in adipocytes [43]. However, this activity of hypoxia is
controversial because leptin was not induced when classical hypoxia response genes were
induced by hypoxia in adipocytes [44].

Causes of ATBF Reduction

Our study suggests that a reduction in capillary density contributes to ATH [45]. We
observed that capillary density was reduced in adipose tissue of obese mice [45], which was
confirmed in other studies later [21, 46, 47]. Capillary density is determined by angiogenesis
that requires proliferation and tube formation of endothelial cells. Endothelial proliferation
was driven by growth factors including vascular endothelial growth factor (VEGF) and
fibroblast growth factor-2. The tube formation and capillary maturation are controlled by a
different set of cytokines including platelet-derived growth factor (PDGF), transforming
growth factor-p (TGF-p), and angiopoietin. We observed that VEGF expression was not
increased in response to hypoxia in the adipose tissue of ob/ob mice, although expression of

Curr Diab Rep. Author manuscript; available in PMC 2011 June 21.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ye

Page 6

other hypoxia response genes was upregulated [11]. This defect was associated with a
reduced endothelial density in the tissue [45]. The evidence suggests that angiogenesis is
deficient in the adipose tissue of obese mice, and is a mechanism for the reduction in
capillary density, which accounts for ATBF reduction in obesity. The details of molecular
events underlying the angiogenic defect remain to be investigated in the obese condition.

Blood perfusion is regulated by vasodilation or vasoconstriction. An increase in
vasoconstriction in obesity is another possible mechanism for the ATBF reduction. This
possibility is supported by the literature about angiotensin Il (Ang I1). Ang Il is a serum
peptide for vasoconstriction. Ang Il is a component in the renin-angiotensin system, and
produced after hydrolysis of Ang | by angiotensin-converting enzyme. Ang Il acts on both
the type 1 (AT1) and type 2 (AT2) receptors. In obesity, the Ang Il activity is increased in
adipose tissue and in circulation. This may contribute to the ATBF reduction through an
increase in vasoconstriction. Additionally, the Ang Il inhibitors are known to enhance blood
perfusion in adipose tissue [48]. The inhibitors also decrease inflammation in adipose tissue,
and increase systemic insulin sensitivity. The relative significance remains to be tested in
vivo for the capillary reduction and vasoconstriction in the pathogenesis of ATH in obesity.

Benefits of Obesity-Associated Inflammation

Inflammation originates from the hypoxia response in adipose tissue at the early stage in
obesity. When metabolic disorders occur, metabolites of lipid and glucose will join the force
to promote inflammation at the late stage of obesity. Those metabolites include oxygen
species, diaglyceride, and ceramide, which induce inflammation through activation of IKK
and JNK. What is the biological significance of inflammation in the adipose hypoxia
response? We believe that inflammation serves as a signal amplifier for hypoxia in the tissue
remodeling process during adipose tissue expansion. Angiogenesis is a major event in the
extracellular matrix remodeling program and is extensively documented in cancer biology
and developmental biology. Pathogenic angiogenesis is related to tumor metastasis and
diabetic retinopathy. The major driving force for angiogenesis is hypoxia. Angiogenesis is
required for adipocyte differentiation and tissue growth [49, 50]. Inhibition of angiogenesis
reduces adipose tissue growth and prevents obesity. Regulation of angiogenesis by
inflammation in adipose tissue is supported by several recent studies about macrophage
functions in adipose tissue [28, 45, 51].

In adipose tissue, many cytokines produced by adipocytes and macrophages are
proangiogenic factors [50]. These cytokines include leptin, adiponectin, VEGF, hepatocyte
growth factor (HGF), TNF-a, MIF-1, interleukin-8, PDGF, TGF-B, and angiopoietin.

Adipocytes and macrophages have different activities in the regulation of angiogenesis.
Adipocytes produce cell type-specific proangiogenic factors (leptin and adiponectin), and
also cell type-unspecific proangiogenic factors, such as VEGF and HGF. VEGF is a
powerful angiogenic factor to stimulate proliferation of endothelial cells. Adipocytes express
more VEGF than stromal-vascular cells, which contain macrophages, fibroblasts, and
endothelial cells. We compared primary adipocytes and macrophages in VEGF expression,
and observed that adipocytes express more VEGF than macrophages in mice (Ye,
Unpublished data). Fat pad location determines VEGF expression levels. Visceral fat
(omentum) expresses more VEGF than subcutaneous fat in mice. This location effect was
verified in a transplantation study of 3T3-L1 adipocytes, which express more VEGF mRNA
in the mesenteric area than in subcutaneous area [52]. In obese patients, serum VEGF is
positively associated with visceral fat content [53], suggesting that fat tissue controls serum
VEGEF level. Visceral fat is most important among all of the fat pads in the control of serum
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VEGF. The molecular basis is that visceral fat expresses more VEGF than subcutaneous fat
[52, 54]. It is not clear why VEGF expression by adipocytes varies with fat pad location.

Macrophages may serve as a signal amplifier for hypoxia in the stimulation of angiogenesis
in adipose tissue. In response to hypoxia, macrophages are able to secrete almost all of the
proangiogenic factors [55]. PDGF is a good example for this activity of macrophages.
Adipocytes produce a high level of VEGF, but they cannot produce much PDGF [45]. Our
data suggest that differentiated 3T3-L1 cells lost their ability in expression of PDGF [45],
and gained capacity in VEGF expression. VEGF mainly induces proliferation of endothelial
cells. It does not stimulate maturation of capillary. PDGF is able to induce tube formation
and recruitment of pericytes for capillary maturation. Therefore, in adipose tissue,
proangiogenic factors from adipocytes may not be sufficient for neovascularization.
Macrophages may facilitate the neovascularation by producing PDGF. Without
macrophages, angiogenesis was significantly reduced in adipose tissue in lean mice [28].

In addition to adipose angiogenesis, inflammation serves as a signal to stimulate energy
expenditure in obesity. This concept is supported by abundant literature on cancer cachexia
and caloric restriction [56<]. Inflammation stimulates energy expenditure by enhancing fuel
mobilization and heat production. The former is supported by inflammation induction of
fatty acid release from adipose tissue through lipolysis and adipocyte death. The latter is
based on elevated basal metabolic rates in our NF-«xB transgenic mice, which exhibit chronic
inflammation and elevated body temperature [57]. To understand inflammation effects on
insulin sensitivity, we made fat-specific NF-kB overexpressing mice by expressing the P65
subunit under the aP2 gene promoter. The mice exhibit a chronic inflammation in adipose
tissue on chow diet. Macrophage infiltration and proinflammatory cytokine expression are
elevated in the tissue. They have a normal body weight at birth and less fat content in
adulthood. Their body temperature is 1° higher than the wild-type mice on chow diet. The
transgenic mice have a significant increase in food intake and energy expenditure. On a
high-fat diet, they are protected from obesity and insulin resistance. These observations
suggest that chronic inflammation promotes energy expenditure in vivo.

Clinical Relevance of ATH

In clinic, obstructive sleep apnea (OSA) is associated with insulin resistance. The OSA
syndrome is characterized by recurrent collapse of the upper airway during sleep leading to
periods of intermittent hypoxia (IH) and fragmentation of sleep. The prevalence of OSA is
40% to 60% in obese subjects. OSA increases risk of hypertension, coronary artery disease,
and stroke. Because systemic hypoxia is associated with insulin resistance and glucose
intolerance, hypoxia is proposed as a risk factor for OSA-associated insulin resistance.

In a recent study, systemic hypoxia is shown to induce insulin resistance in lean mice [58].
The insulin resistance was examined with the hyperinsulinemic-euglycemic clamp. The
result suggests that hypoxia induced systemic insulin resistance as glucose infusion rate was
decreased. A reduction in glucose utilization in the oxidative muscle fibers was observed,
suggesting that muscle developed insulin resistance. The role of liver was excluded because
hepatic glucose output was not changed by the hypoxia treatment. A role of autonomic
nervous system (ANS) was excluded because ANS blocker did not improve the insulin
resistance. This study cannot exclude the role of adipose tissue response in the muscle
insulin resistance because the adipose tissue function and blood FFA were not examined.

In addition to insulin resistance, the ATH concept suggests a new mechanism for insulin
sensitization by several factors such as physical exercise, fasting, weight loss, and Ang 11
inhibitors. ATBF is increased in response to stress such as exercise, mental stress, fasting,
and nutrient intake. ATBF is increased by the Ang Il inhibitor, epinephrine, insulin, and
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nitric oxide. Insulin sensitivity is improved under these conditions. An improvement in
oxygen supply may contribute to the mechanism of insulin sensitization in these conditions.
This possibility remains to be tested in experiments.

Conclusions

Recent studies have provided compelling evidence for the role of vasculature in the control
of adipose tissue growth and function. These studies are leading us to a new view for the
adipose tissue vasculature in obesity and its complications. The ATH concept states the
importance of vasculature and provides a cellular mechanism for adipose inflammation in
obesity. The biological basis of ATH is related to reduction in ATBF, which reflects a
failure in compensatory angiogenesis or vasodilation. The beneficial effect of inflammation
in obesity is another new concept. It is now believed that inflammation may serve as a signal
amplifier for hypoxia to stimulate vasculature remodeling during adipose tissue expansion.
In the whole body, inflammation promotes energy expenditure to fight against obesity.
Inflammation will exhibit the side effects for insulin resistance and complications at the late
stage of obesity when the chronic inflammation is overactivated. These new insights may
help us to understand why anti-inflammatory therapy is not successful in the treatment of
insulin resistance.
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