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Abstract

Background and aims: Positive calorie balance disrupt the function of visceral adipose tissue including cardiac and perivascular adipose
tissue. Excess fat in visceral adipocytes impairs endocrine as well as immune response. The inflammatory and hormonal factors released
from adipose tissue play a central role in inter-organ cross-talk. This review considers the current evidence on the role of Adiposopathy on
cardiovascular disease and the importance of physical activity in restoring the function of adipocytes.

Methods: Literature searches were conducted with key words (e.g., Adiposopathy, cardiovascular disease, Exercise) using PubMed,
MEDLINE, EMBASE, Science Direct, Google Scholar and DOA]J. All article types were included in the search.

Results: The pathological mechanisms associated with up-regulated proinflammatory and down-regulated anti-inflammatory cytokines are
responsible for the disturbed communication among muscle, liver and vasculature. In other words, Adiposopathy promote cardiovascular risk
factors such as atherosclerosis, hypertension, insulin resistance, dyslipidaemia and prothrombotic state which in turn, directly and indirectly,
promotes cardiovascular disease.

Conclusion: Although various studies have identified a relationship between Adiposopathy and its contribution in pathogenesis of
cardiovascular disease, further investigations into the underlying mechanisms are needed. Further, studies on the role of exercise in improving
the quality of adipose tissue for the prevention and management strategies for improving cardiovascular health are suggested.
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Highlights

a) Excess fat deposition in adipose tissue derange the internal milieu of the proinflammatory and anti-inflammatory cytokines.

b) This altered milieu disturbs the normal functioning of adipocytes and interfere in the crosstalk among liver muscle and vasculature.
c) The changes brought by these cytokines have profound effect on potentiating cardiovascular risk factors (CVD).

d) Exercise promotes fat mobilization from adipocytes as well as rebrowning of white adipose tissue and improves CVD risk factors.

Introduction
for excess body weight Hill & Melanson [2] Hill [3], Caudwell [4],

The Greek Physician Hippocrates (460-377 BCE) wrote “It is . . .
L Y PP ) ( ) o Romieu [5]. The excess energy intake and its storage beyond the
very injurious to health to take in more food than the constitution . . o A
] ] i physiological limit disturb the homeostatic milieu of fat storage
will bear when, at the same time, one uses no exercise to carry . .
. ) i . ) depots. This excess storage and sedentary behaviour promote

off this excess. For as aliment fills, and exercise empties the body, . . . . - . .
o many diseases like obesity, diabetes, hyperlipidaemia cardiovas-

the result of an exact equipoise between them must be, to leave

i ] o cular disease and hypertension see Figure 1, Pang [6].
the body in the same state they found it, that is, in perfect health”

Bays [1]. Over the last few decades there has been a growing body
of evidence which emphasized the same fact that an imbalance
between energy intake and energy expenditure is responsible

The white adipose tissue has an important role in energy ho-
meostasis. It stores excess energy as triglycerides and releases
fatty acids during energy deprivation Langin [7]. There are two
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main depots of white adipose tissue: subcutaneous and visceral.
Both these depots arise from different origin during development
so each one has its unique structural and functional features Farb
& Gokce [8]. Approximately 80% of total fat is stored in subcuta-
neous adipose tissue located in gluteal, femoral and abdominal re-
gions. Visceral adipose tissue which accounts for 20%, surrounds
internal organs like omental depot, the mesenteric depot around
the intestines, retroperitoneal fat around the kidney, epicardi-
al fat, perivascular fat along blood vessels Pandzic Jaksic V [9].
Those individuals who are genetically/environmentally suscep-

tible, the accumulation of excess fat in visceral adipocytes result
in functional impairment of adipocytes. Adiposopathy, a term
used to describe adipose tissue pathology analogous to nephrop-
athy, myopathy, cardiomyopathy, encephalopathy, retinopathy,
enteropathy, and neuropathy. Abnormally enlarged adipocytes
exhibit functional abnormalities that directly and indirectly pro-
mote cardiovascular diseases Bays [1]. The aim of this review is
to focus on pathologic adipose tissue and its role in increasing the
risk of cardiovascular diseases and how physical activity is helpful
in combating the ill effects of adenopathy.

Ve

Adopted from Bays [25].

(N

Figure 1: Adiposopathy is promoted by unhealthy nutrition and a sedentary lifestyle in genetically and environmentally predisposed
individuals. With impaired adipogenesis of peripheral, subcutaneous adipose tissue during positive caloric balance, existing fat cells may
hypertrophy, circulating free fatty acids may increase, and lipids may be deposited in nonadipose tissue organs (e.g., liver, muscle, possibly
pancreas) resulting in lipotoxicity. Adiposopathic endocrine and immune responses may be directly pathogenic to the cardiovascular system
or otherwise interact with other body systems. If not mitigated by these other body organs, adiposopathy may indirectly cause or promote
major atherosclerotic risk factors (type 2 diabetes mellitus, high blood pressure, or dyslipidemia). Figure illustration by Craig Skaggs.
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Adenopathy and Cardiovascular Disease

In addition to storage of excess energy, adipose tissue also
serves as an endocrine and immune organ capable of releasing
a number of biologically active compounds involved in glucose
metabolism (e.g. adiponectin, resistin), lipid metabolism (e.g. cho-
lesteryl ester transfer protein, CETP), inflammation (e.g. TNF-a,
IL-6), coagulation (PAI-1), blood pressure (e.g. angiotensinogen,
angiotensin II), and feeding response (leptin) Hajer [10]. These
inflammatory and hormonal factors play important role in in-
ter-organ crosstalk Zhu & Scherer [11] which in turn affect me-
tabolism and function of tissues including muscle, liver and vas-
culature. A number of studies have reported that up-regulation of
proinflammatory adipokines and the down-regulation of anti-in-
flammatory adipokines in pathologic adipose tissue contributes
to the pathogenesis of cardiovascular diseases Kilic [12], Fuster
[13] Figure 2. A pro-inflammatory cytokine IL-6 has direct action
in promoting the expression of adhesion molecules in endothelial

cells and lymphocytes Bacchiega [14]. It also acts as a primary de-
terminant of acute phase protein production and has pro-throm-
botic effects on platelets and lipid accumulation in macrophages
Reiss [15].

However, some studies have also documented atheroprotec-
tive properties of IL-6 as it handles lipids through up-regulation
of ATP binding cassette transporter (ABC) A1, a protein involved
in macrophage lipid efflux Madan [16], Reiss [15]. These contrast-
ing features of IL-6 in atherogenic and atheroprotective functions
need further clarification. TNF-alpha another proinflammatory
cytokine, over expresses in dysfunctional adipose tissue and plays
a significant role in insulin resistance by altering insulin signal-
ling Borst [17], Nieto-Vazquez [18], Guillemette [19]. Likewise,
the study by Saad [20] maintains that besides free fatty acids and
hyperinsulinemia, TNF-a induces activation of serine/threonine
kinases that phosphorylate Insulin Receptor Substrate (IRS-1) in
serine and inhibits its function. Furthermore, the down-regulation
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of insulin signalling through IRSs/PI3K/Akt pathway and an in-
creased activation of Extracellular-Signal-Regulated Kinase (ERK)
pathway contributes to endothelial dysfunction. It is worth noting
that animal, as well as humans, studies have supported the role
of these pathways in endothelial dysfunction Campos-Mota [21],
King [22]. In addition to these proinflammatory cytokines, re-
sistin levels are also increased and have been proposed to be asso-
ciated with calcification in coronary arteries Lee [23], Fuster [13].
Furthermore, Plasminogen Activator Inhibitor 1 (PAI-1) is also

up-regulated in dysfunctional adipose tissue and contributes to
thrombotic disorders in individuals with “sick fat” Ouchi [24]. On
the other hand, adiponectin and Secreted Frizzled-Related Protein
5 (SFRP5) anti-inflammatory adipokines have atheroprotective
function and its expression has been found to be decreased in ad-
iposopathy Fuster [13]. Collectively, these studies have suggested
that adiposopathy worsen CVD risk factors such as insulin resis-
tance, prothrombotic state, dyslipidemia and hypertension which
in turn indirectly promotes cardiovascular disease Bays [25].
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Figure 2: Functional adipose tissue (left), predominantly found in lean organisms, tends to express anti-inflammatory adipokines that
protect against cardiovascular disease. In contrast, excess adipose tissue expansion promotes dysfunction (right), leading to the expression
of proinflammatory adipokines that promote cardiovascular disease. Dysfunctional adipose tissue is characterized by enlarged adipocytes,
vascular rarefaction, increased inflammatory cell infiltrate, and the appearance of crown-like structures. (Adopted from Fuster [13]).
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Besides, visceral adipose tissue, other ectopic fat depots such
as peri-vascular, pericardial, epicardial, perimuscular and paraos-
seal are also metabolically active Bays [26]. Similar to visceral
adipose tissue, Perivascular Adipose Tissue (PVAT) also secrete
adipokines and other substances, including hormones, cytokines,
chemokines, fatty acids, components of the renin-angiotensin sys-
tem and oxygen radicals Houben [27]. The study conducted by
Baker and his colleagues Baker [28] have shown that epicardial
adipose tissue which is located between the myocardium and the
pericardium expresses a pathogenic profile of adipocytokines
in patients with cardiovascular disease. Another study conduct-
ed by Lee [23] has reported that dysfunctional perivascular adi-
pose tissue may stimulate smooth muscle cell proliferation and
the progression of atherosclerosis in high-fat, diet-induced obese
Zucker rats. Moreover, it was also reported in the same study that
the amount of epicardial adipose tissue has shown a stronger cor-
relation with coronary artery disease than VAT in obese as well
as non-obese population. A systemic review and meta-analysis
conducted by Nerlekar [29] concluded that increased amount of
epicardial adipose tissue is associated with the presence of high-
risk plaque. When considering all the points outlined above, these

How to cite this article:

studies support the notion that epicardial and perivascular dys-
functional adipose tissue have direct pathogenic effects on the
myocardium and coronary arteries.

Role of Physical Activity in Modulating Adipose

Tissue Function

Various epidemiological studies have shown a higher inci-
dence of cardiovascular diseases in people who are physically in-
active Elffers [30]. Sedentary lifestyle and positive calorie balance
promote pathogenic adipose tissue in genetically and environ-
mentally susceptible individuals Bays [31]. Excess fat deposition
in adipocytes may lead to hypoxia which in turn inhibits adipocyte
differentiation from preadipocytes. Moreover, reduced oxygen
availability to adipose tissue initiate the polarisation of macro-
phages from M2 to M1 and cause an imbalance in anti-inflamma-
tory and pro-inflammatory cytokines Bays [1], Ae [32]. This dys-
regulated adipocytokines secretion contributes to metabolic and
increased CVD risk. The M1 macrophages produce pro-inflamma-
tory cytokines and induce chronic inflammatory states whereas
M2 macrophages produce anti-inflammatory cytokines and de-
crease this chronic inflammation Ouchi [24] Figure 3.
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Figure 3: Macrophages in lean adipose tissue express markers of an M2 or alternatively activated state, whereas obesity leads to the
recruitment and accumulation of M1 or classically activated macrophages, as well as T cells, in adipose tissue. Anti-inflammatory adipokines,
including adiponectin and Secreted Frizzled-Related Protein 5 (SFRP5), are preferentially produced by lean adipose tissue. (Adopted from
Ouchi [24]).
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The role of physical activity in modulating the function of
adipose tissue has been well documented in animal and human
studies Vieira [33], Kruger [34]. Exercise training not just decreas-
es invasion of macrophages in fat tissue yet phenotype changing
from M1 to M2 is likewise incited Goh [35]. However, the molec-
ular mechanisms responsible for these changes are still unclear
Kawanishi [36]. The investigation directed by Disanzo & You [37]
observed that exercise training reduces lactate levels in intra-ab-
dominal adipose tissue with synchronous increment in Vascular
Endothelial Growth Factor A (VEGF-A), which is responsible for
tissue angiogenesis and capillary growth Van Pelt [38]. A systemic
review and meta-analysis conducted by Vissers [39] investigat-
ed the effect of exercise on visceral adipose tissue in overweight
adults. The studies published between 1990 to August 2012 were
included in this meta- analysis. It was concluded that an aerobic
exercise program is effective in reducing in visceral adipose tis-
sue more than 30cm? (on CT analysis) in women and more than
40cm? in men, even without hypo caloric diet. Regular exercise
reduces the adipocyte size as well as the content of lipid stored in
it. In addition to improvement in distorted adipocytes, increased
expression of genes involved in mitochondrial biogenesis and ac-
tivity have additionally been observed to be associated with exer-
cise training Stanford [40].

Physical Activity and Re-Browning of White Adipose

Tissue

Human cardiac and perivascular adipose tissue belong to
brown adipose tissue in early life but with age and excess fat, it
whitens and becomes dysfunctional that contributes to athero-
genesis in local vessels Aldiss [41]. It is well known that brown ad-
ipose tissue has a high density of mitochondria with high levels of
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expression of Uncoupling Protein 1 (UCP1), which is responsible
for non-shivering thermogenesis Stanford [40]. It has been sug-
gested in several studies that re-browning of white adipose tissue
reduces cardiovascular risk by attenuating local inflammation and
hypoxia Sanchez-Delgado [42], Aldiss [41]. During exercise, con-
tracting muscles release bioactive molecules known as myokines,
responsible for altering the metabolic phenotype of adipose tis-
sue. These myokines also induce browning and increase fatty acid
oxidation in adipose tissue Boa [43]. One such myokine, Irisin has
a potential role in the browning of adipose tissue Choi [44], Winn
[45] Figure 4 Choi [44], Winn [45]. Animal studies have demon-
strated that physical exercise stimulate the expression of peroxi-
some proliferator-activated receptor-gamma co-activator 1-alpha
(PGC-1a) which increases the gene expression of Fibronectin
type Il Domain-Containing protein 5 (FNDC5) that encodes Iri-
sin. Above all, PGC-1a is a transcriptional co-activator of Peroxi-
some Proliferator-Activated Receptor gamma (PPAR-y). PPAR-y in
turn modulates Uncoupling Protein 1 (UCP-1) expression in mi-
tochondria Rodrigues et al., Exercise induced increase in PPAR-y
mediated signally also improves serum lipid profiles (increased
HDL-cholesterol and decreased total cholesterol, LDL-cholesterol,
and triglycerides) and M2 macrophage activation in adipose tissue
Goh [35]. In Conclusion, accumulation of fat in visceral adipose
tissue beyond its limit lead to pathologic changes. These adiposo-
pathic changes disturb the inflammatory and metabolic milieu of
adipose tissue and this disturbed milieu, directly and indirectly,
contribute to increased risk of cardiovascular diseases. Regular
physical activity initiates a number of mechanisms at the molecu-
lar level that not only restores normal functioning of adipose tis-
sue but initiates its browning also. The transformation of white
adipose tissue into brown adipose tissue is helpful in restoring
energy balance and reduces the risk of cardiovascular diseases.
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Figure 4: Potential role of exercise in the activation of BAT. Adopted from Sanchez-Delgado [42].
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Future Implications
There are still some questions that need researching such as

1) what causes the defect in the process of expansion of adi-
pocytes?

2) what is the triggering mechanism that causes good quality
fat into sick fat? and

3) what initiates the macrophage polarization from M2 to M1?

a) Studies investigating the optimal exercise dose in terms
of duration and intensity able to stimulate, activate and recruit
BAT are also warranted.
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