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p
Abstract

&

Obesity is a chronic disease of multifactorial origin, with a high prevalence worldwide thatis associated with potentially serious complications
and that requires a multidisciplinary approach. Due to its high clinical impact and high health cost. Obesity is a global health problem, being
considered one of the most serious and prevalent non communicable diseases of the 21%* century. The aim of this review is to present the current
approaches to the physiopathology of obesity, with adipose tissue as its focus. We argue that a thorough understanding of the alterations that
occur in the adipose tissue in situations of obesity can provide a strong basis upon which building prevention and treatment strategies
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Introduction

Obesity is one of the greatest challenges that current
societies face. Its prevalence and serious consequences led
to label it as the “21%* century pandemic” in 2004; coining the
term “globosity” in 2010 in view of the alarming reality and the
perspective of no improvement in the short term [1,2].

The primary difficulty to tackle this situation starts on
how is defined. In 1997, the WHO defined it as an excess of fat
accumulation that harms health [3]. This conceptualization
constitutes the first challenge addressing obesity, since it does
not establish the extent of fat accumulation that becomes
harmful-while we recognize that this is a very complicated
variable to be quantified. In 2003, Cummings and Schwartz
introduced the concept of genetic and environmental load
that accompanies this pathology and define it as an oligogenic
disease, whose expression can be modulated by numerous
modifying genes that interact with each other and, also, with
environmental factors [4]. Recently, Pasco & Montero [5]
went further and defined obesity as a systemic, multiorganic,
metabolic and chronic inflammatory disease, multi determined
by the interrelation between the genomic and environmental
factors, and phenotypically expressed by an excess of body
fat (in relation to the organism that houses it), which entails a
greater risk of morbidity and mortality. In comparison to the
previous ones, this last definition takes greater consideration of
the clinical aspects of the diseases, while also taking into account
the anthropometric indicators of risk.

Thus, obesity must be understood as a chronic, multifactorial
and multicausal disease, which corresponds to an alteration
of the correct function of adipose tissue in its capacity to store
fat, both quantitatively and qualitatively. This alteration leads
to a situation of inflammation of this tissue, closely linked
to an extended metabolic malfunctioning, ultimately related
to metabolic syndrome [6,7]. Insulin resistance appears
concomitantly, establishing a link between obesity and the
metabolic disturbances that accompany it, without a clear
division between both phenomena [8,9].

The aim of this mini-review is to present obesity as a
complex chronic disease based on the current approaches to its
physiopathology, and with adipose tissue as its focus.

Discussion

The adipocyte is the main cell of the adipose tissue, and
its main function is that of storing excess energy in the form
of triglycerides in their lipid bodies and releasing them in
situations of energy need. Since its discovery as an endocrine
cell, it is known that the adipocyte plays an active role both in the
energetic balance and in numerous physiological and metabolic
processes [10-12]. Even though approximately 600 bioactive
factors are nowadays considered adipokines (cytokines released
by the adipose tissue), we are largely unaware of the function
and mechanisms of action and signalling of many of the recently
discovered adipokines [13,14]. Leptin and adiponectin are still
the most investigated adipokines, trying to provide a deeper
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understanding of their role at a general level and in the context of
obesity [15,16]. Obesity has been associated with a disturbance
of the releasing profile of both the adipose tissue and the
adipocyte, causing an alteration of the leptin/adiponectin ratio
secretion [10]. In this way, in a context of lipo-inflammation, an
increase in serum leptin levels accompanied by a decrease in
adiponectin occurs, which does not correspond to the fatty tissue
levels [10,16]. Moreover, Leptin plays an immunomodulator role
that, together with the anti-inflammatory and sensitizing role of
insulin at a systemic level of adiponectin, constitutes a secretary
profile that can partly explain the metabolic abnormalities
associated with obesity, as the low-grade inflammation [16,17].

The adipose tissue is composed of adipocyte and stroma
(reticular connective tissue that confers adipocyte and
vascularisation and innervations), along with various cells
(macrophages, T cells, fibroblasts, preadipocyte, mesequimal
cells, pericytes, etc. which make up the cellular microenvironment
[11]. Immune cells from the adipose tissue also have the function
of releasing inflammation-related factors that become essential
to understand how obesity conditions may foster inflammation
[18]. It has been observed that, in obesity situations, most
proinflammatory cytokines are emitted by M1 macrophages
or “classically activated” adipose tissue macrophages, which
become greatly increased by the infiltration of circulating
monocytes, attracted by chemo attractant substances and by
local proliferation [19]. It has been recently suggested that
such local proliferation from resident macrophages precedes
infiltration, thus initiating the accumulation of macrophages in
the tissue [20].

Adipocyte can be developed through two processes:
hypertrophy (increasing its size) and hyperplasia (increasing
its number from a precursor cell -preadipocyte- to a mature
adipocyte through a series of steps). It has been traditionally
considered that, at a certain moment in the growth of an
adipocyte, as its volume of fat (hypertrophy) increases, it will
reach a threshold of critical size in which there will be a process
of hyperplasia, stimulating a precursor cell and, thus, generating,
anew fat cell [21]. Itis now widely accepted that this is a process
strongly regulated by many factors and that the single exposure
to an excess caloric intake causes the precursor cells to start
proliferating at the visceral level without the need for a signal
from the hypertrophied adipocyte [22].

Apparently, once the threshold size has been exceeded, the
hypertrophied adipocyte will present a disfunctional activity.
altering its relationship with the circulating microenvironment.
Hypertrophy in large adipocyte has been associated with an
increased emission of inflammatory factors and/or impaired
insulin sensitivity in both animal models and humans [23].
Depending on their location, adipose cells of the different
fatty deposits will have a certain average size, a greater
or lesser capacity for hypertrophy and/or hyperplasia, a
differentiated secretary profile, and a greater or lesser local or
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systemic relevance. This is a very representative fact, since the
accumulation of obesity at the central level has been pointed
out as the best predictor of cardio metabolic diseases associated
with obesity, at the same time that visceral fat is greatly
associated with adverse effects than peripheral or subcutaneous
fat [23]. At the onset of hypertrophy development, there is a
transient state of inflammation that is considered necessary
and even healthy [24]. The problem arises when this situation is
perpetuated, since it compromises the integrity of the adipocyte,
hypertrophied in excess, modifying its metabolic behaviour
and generating adaptations in the tissue, which, ultimately,
might lead to apoptosis [25]. At this point, an infiltration of
immune cells of proinflammatory profile would occur, altering
the cellular microenvironment, and generating a state of tissue
inflammation known as lipo-inflammation [26,27].

This phenomenon would release to the circulation
inflammatory factors that can travel to other tissues, causing
alterations in them that, in the end, create a low-grade systemic
inflammatory condition [28]. In these circumstances, a situation
of hypoxia happens, which together with the alteration of
angiogenesis and the alteration of the extracellular matrix

(fibrosis), further aggravates its inflammatory situation [29,30].

The greater size of the adipocyte, together with the
concomitant inflammatory state conditions its functioning in, at
least, six ways [31]:

A.  Altering its secretary profile with a greater production
of leptin and less adiponectin (which inhibits its expression
by inflammatory factors such as TNFa),

B. Causing a lower sensitivity to insulin,

C. Leading to a worse mitochondrial function and to a
greater stress of the endoplasmic reticulum,

D.  Producing a greater basal lipolysis,
E.  Altering the cellular cytoskeleton, and
F.  Causing a lower rate of de novo lipogenesis.

This increase of basal lipolysis is known as the “overflow
hypothesis”. According to it, the adipocyte has saturated its
capacity to deposit triglycerides and, these are directed to other
tissues, being ectopically deposed in them, thus generating
lipotoxicity and resistance to insulin [32,33]. The increase in the
flow of free fatty acids, together with the inflammatory factors,
turns a situation of insulin resistance and local inflammation
into a state of systemic insulin resistance and low-grade chronic
inflammation [34,35].

In this inflammatory situation, and in the face of an
incompetent subcutaneous adipose tissue, visceral adipose
tissue becomes the first store of triglycerides due to its limited
hyperplasic capacity, its characteristic hypertrophy development,
together with the greater response to catecholamine’s and lower
insulin inhibitory response to lipolysis [36,37]. Therefore, the
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ability of an adequate adipose tissue expansion (hyperplasia
versus hypertrophy), is what largely determines the existence
of obese metabolically healthy subjects and metabolically ill thin
subjects; although currently, the metabolically healthy obese
phenotype is considered as a transition state to disease [38-40].

Obesity does not only change physical
many other structures and processes are affected. Hunger
(physiological), appetite (hedonic), satiety and energy balance
are regulated by a redundant neuroendocrine system that is
integrated at the level of the hypothalamus [41]. A dense and
complex network of neurohormonal circuits make up a system
where molecular signals (central and peripheral; short and long
duration) are crossed, which, in turn, are integrated with signals
from the mechanical, cognitive and sensory environment, all of

appearance:

them altered in obesity [42,43]. In obesogenic environments-like
many current societies, where there is AN easy access to food
and where many of these are highly processed-the person with
obesity is forced into a futile struggle. Individuals become not
only a victim, but are also criminalized for their condition, being
blamed for their lack of willpower or irresponsibility, which
sometimes is even exerted by health professionals themselves
[44-47].

Conclusion

With the pandemic proportions reached by obesity, it is
crucial to be aware of the factors that drive the risk of chronic
disease in overweight and obese patients. Age, sex, genetics,
ethnicity, hormonal factors, diet, level of physical activity/
exercise, pharmacological agents, and other factors such as
smoking or stress are some of them. Although an increase in
total body fat is associated with increased risk to health, the
amount of abdominal fat, particularly, when it is placed inside
the abdominal cavity, has been associated with a greater risk
of morbidity and mortality, mediated by different entities: type
2 diabetes, heart disease, stroke, sleep apnea, hypertension,
dyslipidemia, insulin resistance, inflammation, and some types
of cancer.

While new evidence in the field of genetics make the
development of tests that allows the classification of patients
in several subgroups possible, further permitting to apply more
personalized treatments, the formulation of more effective ways
of prevention and treatment methods is imperative, before
the considerable impact that excess weight has in individuals’
quality of life and in societies in general. The design of new
programs aimed to help obese individuals change their dietary
habits and their levels of physical activity, combined, if necessary,
with new safe pharmacological approaches, to diminish the
excess of visceral/ectopic fat, should improve our ability to cope
with the devastating consequences of this pandemic, which has
unfortunately been inefficiently evaluated with the body mass
index indicator (BMI). We expect that this mini-review will help
to understand and pave the way for the development of better
tools by all the stakeholders involved.
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