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Abstract
Obesity is a complex, multifactorial condition, a major public health problem with an increasing prevalence 

worldwide. Obesity is characterized by an excess of adipose tissue, a low degree of chronic inflammation and 
disorders in the synthesis of biologically active hormones and peptides which intervene in regulating appetite 
and energy balance, immunity, insulin sensitivity, angiogenesis, blood pressure, lipid metabolism and 
homeostasis of the body.

The visceral adipose tissue accumulation is accompanied by metabolic disorders that have as a substrate 
subclinical inflammation and signaling by intracellular pathways that lead to irreversible cellular structural 
and functional changes. 

The long-term impact of overweight and obesity translates into shortening life expectancy and disability, 
due to association with severe comorbidities, such as cardiovascular diseases, diabetes, oncological conditions. 
Therefore, understanding the cellular mechanisms involved in obesity may facilitate the highlighting of new 
possible therapeutic targets.
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INTRODUCTION

It has been established that the prevalence of obe-
sity tripled between 1975 and 2016, with the World 
Health Organization (WHO) pointing out that approxi-
mately 2.8 million people annually die due to over-
weight and obesity (1). It is estimated that 39% of the 
adult population was overweight and 13% were obese 
in 2016 (1). 

The main complications of obesity and associated 
pathologies are: cardiovascular (atherosclerosis, is-
chemic heart disease, myocardial infarction, sudden 
death, hypertension, stroke, heart failure, deep vein 
thrombosis, pulmonary embolism etc.), respiratory 
(respiratory failure, sleep apnea syndrome, pulmonary 

hypertension etc.), osteoarticular (gonarthrosis etc.), 
metabolic (insulin resistance, type 2 diabetes, hyperu-
ricemia, gout etc.), digestive (gallstones, hepatic stea-
tosis etc.), neoplasms (in men: prostate, colorectal, in 
female: breast, ovary, endometrium, cervix), endocrine 
(hypogynadism, infertility etc.), psychosocial (altered 
quality of life, altered image and self-esteem, discrimi-
nation), obstetric complications, increased operative 
risk (2).

The result of the interaction between genetic pre-
disposition (thousands of genes have been identified 
to intervene in genetic predisposition even without 
playing a decisive role in the occurrence of obesity), en-
vironmental factors, socio-economic factors and eating 
habits, obesity is characterized by an imbalance be-
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tween high and low caloric energy intake, which will 
lead to the gradual accumulation of adipose tissue. An 
essential role in the onset of obesity is played by high in 
calories food and inadequate diet (eating behavior is 
complex regulated in the central nervous system under 
both hormonal and psychological influence), s eden-
tary lifestyle (recreational physical inactivity, office 
work, advanced technology), some drugs (antipsychot-
ics, tricyclic antidepressants, insulin, some oral antidia-
betics, corticosteroids). A “chronic relapsing disease 
process” (3) with an increased risk of mortality and 
morbidity, obesity is a “continuum” in which life expec-
tancy is reduced by 7 to 10 years in men and women 
with severe obesity (4).

DEFINITION AND CLASSIFICATION

The WHO defined and classified the degrees of obe-
sity according to the body mass index (BMI), calculated 
by the weight/height² ratio. Obesity is defined by a BMI 
≥ 30 kg/m². Depending on BMI, there are 3 degrees of 
obesity: 30-34.9 kg/m² I degree of obesity, 35-39.9 kg/
m² II degree of obesity, ≥ 40 kg/m² III degree of obesity. 
The risks related to obesity depend not only on the 
amount of adipose tissue, but also on its distribution, 
depending on which we can talk about two types of 
obesity. First one is abdominal or android obesity, with 
the disposition of adipose tissue at the subcutaneous 
or visceral level, the visceral disposition having patho-
logical significance by determining the occurrence of 
metabolic disorders (insulin resistance, atherogenic 
dyslipidemia), increased cardiovascular risk regardless 
of body mass index, and endocrine disorders. The sec-
ond one is gluteofemoral or gynoid obesity with the 
arrangement of adipose tissue in the buttocks, hips and 
thighs. It is more common in women and has a low car-
diovascular risk.

MECHANISMS OF OCCURRENCE

An essential role in the appearance of excess weight 
is played by genetic predisposition, the intervention of 
the brain-gut axis (5) and its regulation mechanisms, 
central intervention of hypothalamus as well as by hor-
monal (so called peripheral) intervention.

The regulation of the food intake is made in the hy-
pothalamus at the level of the arched nucleus (6). The 
intervention of the hypothalamus is performed through 
the orexigenic pathway that expresses hypothalamic 
neuropeptides involved in leptin actions (such as Agou-
ti-related peptides (AgRP) (5,7), neuropeptide Y (NPY), 
melanin concentrating hormone and orexins (8)) and 
the anorexigenic pathway, through proopiomelanocor-
tin (POMC), corticotropin-releasing hormone (CRH). 

These pathways are genetically influenced but also can 
be influenced through signals from the periphery – ad-
ipose tissue and digestive tract. 

Proopiomelanocortin is a hormone that cleaves into 
smaller peptides with various roles, which bind with 
different affinities to homologous receptors (6). At 
least 3% of the causes of morbid obesity are due to the 
existence of a genetic defect (2) that affects the gene of 
the hypothalamic melanocortin 4 receptor (MC4R), a 
receptor that plays a major role in regulating eating be-
havior (9). A syndrome with total proopiomelanocortin 
deficiency due to POMC gene mutation, characterized 
by early-onset obesity, adrenal insufficiency, reduced 
skin pigmentation and red-orange hair, is also cited in 
the literature (2).

The adipose tissue intervenes through the secretion 
of adipocytokines (leptin, adiponectin, resistin, adipsin, 
omentine, TNF α, interleukins) in regulating food ho-
meostasis through specific receptors in the hypothala-
mus. Leptin has a role in diminsh appetite by inhibiting 
NPY/AgRP neurons and stimulating POMC neurons, but 
is also involved in inflammation and angiogenesis (8). 
Congenital leptin deficiency due to a mutation in the 
leptin gene is characterized by early morbid obesity 
and is accompanied by hyperphagia and hypogonado-
tropic hypogonadism. There is a similar form of mani-
festations, due to a resistance to leptin caused by a de-
fect of the leptin receptor gene, in which its 
administration is inefficient, the respective patients 
having even a high serum leptin level (2). It has been 
demonstrated that leptin influences cell proliferation, 
angiogenesis (8) and also, in ovarian cancer cells, can 
inhibits apoptosis through suppression of the cyc-
lin-dependent kinase inhibitor p21 and p27 (10). Physi-
ological, leptin has a central effect acting on POMC 
neurons where regulates the energy balance through 
signaling on the PI3K pathway (and thus promoting 
suppression of food intake and enhancing body energy 
expenditure) (11). In obesity, systemic inflammation 
leads to central resistance on leptin action, central inhi-
bition of PI3K and fat gain (11).

The digestive tract secretes a number of appe-
tite-regulating hormones including ghrelin, pancreatic 
polypeptide, YY peptide, glucagon-like peptide -1 (GLP-1), 
oxytomodulin and cholecystokinin (7). With the excep-
tion of ghrelin (12), which is an orexigenic hormone 
that causes hunger in the absence of food, all the oth-
ers are anorexigenic hormones, which cause satiety 
and decreased appetite. The secretion of these hor-
mones is stimulated or inhibited by food ingestion and 
physiologically, achieves through complementary ef-
fects the regulation of gene expression of neurons in 
the arcuate nucleus and thus food intake (5,7). 
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SPECIFIC TISSUE AND CELL CHANGES
Obesity is characterized by changes in the mass and 

functions of adipose tissue due to an increased me-
chanical, inflammatory and metabolic stress (13). The 
adipose tissue undergoes a remodeling process that is 
based on both increasing the number (hyperplasia) and 
increasing the size of adipocytes (hypertrophy), on the 
presence of inflammatory infiltrate, high levels of cy-
tokines, tissue damage and healing through fibrosis 
(13). The mechanisms underlying adipose tissue ex-
pansion, adipocyte hypertrophy and their hyperplasia 
(increased cell turnover through cell proliferation and 
differentiation, in Akt signaling dependent manner 
(14)) can also explain their functional changes. Normal-
ly, adipocytes are responsive for lipogenesis and stor-
age of lipids and also intervene in control of energy 
metabolism through adipokine secretion. Abnormal 
adipocytes express lower insulin-receptors and be-
come resistant to insulin action, increase secretion of 
promoting inflammation cytokines, accumulates reac-
tive oxygen species – factors that trigger abnormal sig-
naling pathways and lead to a senescent-like pro-in-
flammatory state (15). Due to a prolonged exposure to 
different types of stress, different types of cell death 
pathways can be triggered at the adipocytes level (16). 
In humans, the normal turnover of adipocyte is approx-
imately 10% per year (17)) and adipocyte regeneration 
process can explain accelerating adipogenesis during 
obesity. Excess accumulation of adipose tissue is ac-
companied by local hypoxia with impaired functionali-
ty and synthesis of substances involved in the local and 
systemic inflammatory process with the appearance of 
a vicious circle (3,12); moreover, abnormal adipose tis-
sue become unable to perform its functions. 

At cellular level, due to inflammation, increased ox-
idative stress, production of reactive oxygen species 
and mitochondrial disfunction, were described early 
aging processes (15). Beside adipocytes hypertrophy, 
another major feature of obesity is represented by the 
macrophages accumulation in adipose tissue, accumu-
lation that is achieved with the help of MCP-1 (che-
moattractant protein-1 of the monocyte) (18). The adi-
pocyte-derived factors, hyaluronan and serum amyloid 
A are also involved in the recruitment of monocytes 
and the accumulation of macrophages in adipose tis-
sue (19). Serum amyloid A and hyaluronan are compo-
nents of the matrix, and are involved in increasing the 
adhesion and retention of monocytes by hypertrophied 
adipocytes, but also in increasing the chemotaxis of 
monocytes. Therefore, the hypertrophied adipocyte is 
accompanied by increased production of serum amy-
loid A and hyaluronan, which acts synergistically with 
MCP-1 in the recruitment and adhesion of monocytes 

with the production of local inflammation (19). Serum 
amyloid A plays an important role in both local and sys-
temic inflammation (20), through the ability to recruit 
inflammatory cells and by activating endothelial cells 
and increasing the expression of adhesion molecules – 
intercellular adhesion molecule-1 (ICAM-1) and vascu-
lar cell adhesion molecule 1 (VCAM-1) (21).

Han et al. showed in a study performed both in vitro 
on cell cultures and in vivo in obese mice (19), an in-
crease in activity (up-regulation) of nuclear factor kB 
(NF-kB), an indicator of proinflammatory status, and a 
decrease in activity (down-regulation) of activated per-
oxisome proliferation receptors- gamma (PPAR-γ), ac-
companied by increased expression of serum amyloid 
A and hyaluronan in hypertrophied adipocytes. Admin-
istration of thiazolidinedione, a PPAR-γ agonist, deter-
mined the reversibility of these changes (19).

The family of PPAR nuclear receptors act as tran-
scription factors, is activated by ligands (such as fatty 
acids and their derivatives, prostaglandin analogues 
and leukotrienes, fibrates, NSAIDs, glitazones) and play 
an essential role in modulating adipogenesis, energy 
balance, lipid and carbohydrate metabolism. There are 
3 subtypes of receptors with tissue distribution and 
specific metabolic effects: PPAR-α which modulates the 
expression of genes encoding enzymes and other pro-
teins involved in lipid metabolism and atherogenesis, 
PPAR-β/δ involved in the reverse cholesterol transport 
(22) and PPAR-γ.

Metabolic effects of PPAR-γ activation are responsi-
ble for induction of adipocyte differentiation (preadi-
pocytes express PPAR-γ, the receptor level being fur-
ther increased in the initial stages of adipocyte 
differentiation), redistribution of adipose tissue (de-
creases visceral adipose tissue and increases subcuta-
neous adipose tissue), improving insulin sensitivity by 
decreasing the cytokine Tumor necrosis factor alpha 
(TNF α) and increasing adiponectin expression. Activa-
tion of PPAR-γ promotes decreased insulin resistance, 
attenuates hyperinsulinism and improves insulin sensi-
tivity in adipose tissue, liver, skeletal muscle. Improving 
carbohydrate metabolism by increasing the expression 
and translocation of glucose transporters (GLUT 1, 
GLUT 4) to the cell surface, increasing glucose con-
sumption in the liver and skeletal muscle, inhibition of 
angiogenesis induced by vascular endothelial growth 
factor (VEGF) and anti-inflammatory effects (by in-
creasing adiponectin secretion and reducing the pro-
duction of resistance and TNF α) acts synergistically to 
an antioxidant effect (reduce the plasma level of 
chemokines, MCP-1, antifibrinolytic proteins, inhibitor 
of plasminogen activator 1, endothelial cell adhesion 
molecule, C-selectin, ICAM-1.
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ADIPONECTIN, CELL SIGNALING PATHWAYS 
AND CELL DEATH

The pathophysiological mechanisms described 
above are the basis for the premature onset of pro-
grammed cell death. The synthesis of proinflammatory 
cytokines and the accumulation of reactive oxygen spe-
cies have the ability to activate the mitogen-activated 
protein kinase (MAP kinase) signaling pathway (with 
increased posttranscriptional expression of p27 and 
other factors such as nuclear factor-κB (NF -κB) and 
transforming growth factor-β1 (TGF-β1) and the ap-
pearance of morphological changes (increased extra-
cellular protein matrix synthesis, cellular hypertrophy). 
After mitochondrial deterioration and its sensitization 
to apoptotic stimuli (23), cell enters in the final phase 
of programmed cell death with activation of proteases 
that degrade cytoskeletal and nuclear proteins, as well 
as endonucleases capable of degrading nuclear materi-
al with the appearance of lesions typical of apoptotic 
cells, incompatible with life.

An important role in counteracting the action of in-
flammatory mediators at the cellular level has adi-
ponectin (ADPN), an adipocytokine synthesized mainly 
in adipose tissue. Different effects of adiponectin, due 
to its various forms, explain the stimulation of food in-
take (ADPN enhances adenosine monophosphate  
(AMP)-activated protein kinase (AMPK) in the arcuate 
nucleus of hypothalamus) and promotion of fatty acid 
oxidation and insulin sensitivity (through the activation 
of AMPK at peripheral level) (24). There were described 
high-molecular-weight (HMW-ADPN), middle-molecu-
lar-weight (MMW-ADPN), and low-molecular-weight 
(LMW-ADPN) forms of adiponectin (24), with opposite 
effects on weight gain: the LMW-ADPN and MMW-ADPN 
can activate AMPK via adiponectin receptor 1 (AdipoR1) 
in the hypothalamus, favoring the fat accumulation (in-
crease food intake, reduce energy consumption) (24), 
while HMW-ADPN activates AMPK in peripheral tissues 
such as skeletal muscle and stimulates heartburn 
(25,26).

With multiple roles in cell signaling, involved in in-
creasing sensitivity to insulin action by stimulating the 
phosphorylation of the insulin receptor, the adiponec-
tin’s action is mediated by binding to specific receptors, 
AdipoR1/adipoR2. AdipoR1 and R2 receptors are pre-
dominantly expressed in the liver and muscle and are 
involved in initiating signal transduction in intracellular 
signaling, secondary to phosphorylation and activation 
of AMPK, a central enzyme of homeostasis regulation. 
Secondary to AMPK activation, fatty acid oxidation in-
creases and their circulatory availability decreases, he-
patic glucose production decreases as well as the oxy-
gen reactive species production and mitogen activated 
protein kinase signaling; moreover, cell proliferation is 

inhibited. Unlike most adipokines, adiponectin expres-
sion and serum concentrations are reduced in obesity 
and insulin resistance (27). 

By cloning adiponectin cellular receptors, they have 
been confirmed as possible therapeutic targets in con-
ditions related to obesity and metabolic syndrome (26, 
27). Decreased high molecular weight adiponectin 
(HMW ADPN) levels has been shown to be essential 
and causal in obesity, insulin resistance, and metabolic 
syndrome; it has been also demonstrate that AdipoR1 
and AdipoR2 serve as major receptors in vivo, and Adi-
poR1 activates the AMP-kinase pathway and AdipoR2 
the PPAR-α pathway in the liver (26) with increasing 
insulin sensitivity and decreasing inflammation. De-
creased action of adiponectin and increased MCP-1 un-
derlie the link between insulin resistance and adipokine 
metabolic syndrome; PPAR-γ upregulates HMW ADPN, 
and PPAR-α upregulates ADPN receptors (26,27). 

In obesity, adipose tissue remodeling is closely re-
lated to adipocyte death (28). The mechanisms of cell 
death depend on the cellular context and the stimulus 
that induces death. The chronic inflammation can trig-
ger a real cascade of events (activation of protein ki-
nase C (PKC) and NF-κB, stimulation of cell prolifera-
tion, increased synthesis of cytokines and reactive 
oxygen species, impaired insulin signaling, activation of 
TNFα-mediated signal transduction), reduced cell via-
bility and may initiate cell death.

Adipocyte death is initiated by their hypertrophy 
process. In obesity, systemic disorders can exacerbate 
cell death, through activating intimate cell signaling 
mechanisms (such as protein kinase signaling imbal-
ance, with overuse of the MAPK pathway to the detri-
ment of Phosphoinositide 3-kinase/Akt signaling (PI3K/
Akt). Insulin and leptin receptors signaling involves 
PI3K/Akt pathway which regulates the metabolism of 
adipose tissue, glucose metabolism processes, cell pro-
liferation and survival (29). 

As a result of imbalance in signaling through MAPK 
and PI3K/Akt pathways, occurs an overexpression of 
proteases, activation of the caspase cascade, cytoplas-
mic structural disorganization with rupture of the cy-
toskeleton and membrane blebbing, irreversible nucle-
ar events (damage to DNA structures, nuclear damage, 
condensation) and cell death. 

Obesity has as substrate insulin resistance, an ab-
normal glucose and lipid metabolism. Adipose hyper-
trophy increases immune cells infiltration and cause 
insulin resistance with blocking PI3K/Akt – mediated 
inhibition of lipolysis, increase glucose metabolism, de-
crease production of free fatty acids, promotes inflam-
mation, cell damage and fibrosis (11). PI3K signaling 
pathway participate in obesity-associated metabolic 
disorders, being essential in the insulin-dependent reg-
ulation of adipocyte metabolism, recruitment of in-
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flammatory cells and neurohormonal regulation of 
food intake and energy expenditure (11). An abnormal 
signaling through PI3K/Akt pathway leads to obesity 
(PI3K/Akt potentiates growth factor signals) but insulin 
resistance also exacerbates an abnormal signaling 
through PI3K/Akt pathway (29) thus creating a vicious 
circle. Abnormal functions of adipose tissue promote 
high fat degradation and ectopic accumulation of lipids 
with increased inflammation and insulin resistance 
(11).

CONCLUSIONS
Obesity is characterized by changes in the mass and 

function of adipose tissue that will have a long-term 
effect which can lead to disability and greater reduc-
tion in life expectancy. 

The morphological and functional changes of adi-
pose tissue lead to a senescent-like pro-inflammatory 

state, energy homeostasis alteration and mitochondri-
al dysfunction, and can be a trigger for adipocytes pre-
mature apoptosis. 

Although the mechanisms underlying obesity are 
not fully understood, there is much evidence that even 
long-term small changes in lifestyle can improve the 
metabolic control - which can reduce inflammation, 
cellular stress, abnormal pathways cellular signaling, 
the accumulation of profibrotic factors and thus can 
prevent the installation of irreversible ultrastructural 
lesions.

Elucidating the pathophysiological pathways in obe-
sity can be a first step in identifying new treatment tar-
gets.
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