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Morbid obesity
Obesity is defined as the abnormal storage of fat reserves, and 

it is a disease that limits activity, shortens lifespan and is highly 
prevalent in developed societies such as the West. Despite the 
epidemic spread of this disease, there is currently no fully effective 
system for its treatment.1 It is estimated that the economic cost of 
obesity in developed countries is 2‒7% of the cost of healthcare, 
which represents a very significant monetary expenditure devoted to 
healthcare in a country.2

Morbid obesity is defined as a body mass index (BMI)≥40 kg/
m2 or a BMI under 40 in the presence of significant comorbidities. 
Although not many studies have been published on the prevalence 
of morbid obesity in populations, recent data indicate that in 2010, 
15.5 million adult Americans or 6.6% of the population had an BMI 
≥40 kg/m2. The prevalence of clinically severe obesity continues to 

be increasing, although less rapidly in more recent years than prior 
to 2005,3 which is significantly higher than that estimated for Spain 
(4% of obese people).4 In general, the prevalence of morbid obesity 
is 2‒3 times higher in women, tends to increase with age, especially 
in women, and affects less privileged socio‒economic and cultural 
groups.5

Morbid obesity is associated with significant comorbidities 
(endocrine‒ metabolic, respiratory, digestive, vascular, cardiac 
and psychosocial diseases, as well as high risks of some cancers). 
Currently, it is believed that the development of diseases associated 
with obesity is not as important as the amount of fat deposited and 
the area of the body where it is located. The accumulation of intra‒
abdominal visceral fat in the mesentery and omentum is considered 
to be a better predictor of coronary heart disease that the body 
mass index. The pathophysiology of subjects with intra‒abdominal 
visceral fat accumulation is closely related to the so‒called metabolic 
syndrome X.6 While central obesity is frequently associated with 
psychosocial and socio‒ economic difficulties, excessive use of 
cigarettes and alcohol and emotional conditions, such as anxiety and 
depression, peripheral obesity lacks these associations, suggesting 
that there is even a negative relationship between them.7

There is no doubt that a primary risk factor in cardiovascular 
disease is hypertriglyceridemia, which is considered to be a risk factor 
for obesity, diabetes, stress, etc. It should be noted that morbid obesity 
is usually accompanied by diabetes and/or hyperlipemia.8
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Abstract

Background: People who suffer from morbid obesity (MO) are at high risk for many diseases, 
atherogenic dyslipidemia, elevated blood pressure, type 2 diabetes, thromboembolism, 
hepatic steatosis, proinflammatory state, etc. Metabolic syndrome is characterized by the 
clustering of some, or all, of these metabolic abnormalities in the presence of underlying 
insulin resistance with a strong association with diabetes and cardiovascular disease 
morbidity and mortality. The pathophysiology is attributable to insulin resistance. Increased 
release of free fatty acids (FFAs) from adipocytes blocks the insulin signal transduction 
pathway, which induces endothelial dysfunction due to the generation of increased reactive 
oxygen species (ROS) and oxidative stress. Dyslipidemia, associated with high levels of 
triglycerides and low concentrations of high‒density lipoproteins (HDLs), contributes to a 
proinflammatory state. These risk factors are strongly associated with an excess of, and a 
particular bodily distribution, of adipose tissue.

Going deeply into the biochemical and molecular knowledge of co‒morbidly associated to 
the morbid obesity and the changes that it experience with the bariatric surgery: alterations 
of lipid metabolism, hepatic steatosis, satiety factors, thrombophilia or stress.

The Roux‒en‒Y gastric bypass (RYGBP) has become the gold standard of bariatric surgery. 
It represents a mixed technique, combining restriction derived from leaving a small stomach 
pouch near the esophagogastric junction by excluding the greater curvature, together 
with a small malabsorptive component derived from bypassing most of the stomach and 
duodenum. Surgical weight loss approaches are based on intestinal malabsorption and 
gastric reduction. “Success” has been defined as a maintained weight loss of ≥50% of 
excess body weight, which in turn is defined as the difference between body weight and 
ideal weight (for a given patient’s gender and height).

Keywords: morbid obesity, thromboembolism, hepatic steatosis, oxygen species, tissue, 
body weight, ethiopathogenic
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Of the strategies used for the treatment of obesity, including 
limitation of food intake, increased energy expenditure and bariatric 
surgery, the last has been shown to be the most effective method to 
improve morbid obesity.1 In addition to patients whose obesity is 
associated with a BMI ≥40, patients with a lower BMI and osteoarthritis, 
diabetes, hypertension, infertility, psychosocial problems, etc. are 
also candidates for surgery. Some surgical techniques that induce 
malabsorption or reduce gastric volume have been developed for 
the treatment of patients who fail to lose weight steadily. The first 
type of treatment requires a survey of protein malnutrition and other 
conditions, the latter involving a reservoir and a small stoma, and 
in both cases it is necessary to monitor these conditions long term. 
Between 15 and 40% of patients, depending on the procedure, fail 
to maintain a steady decrease in weight. However, the successful 
reduction that is achieved in most cases justifies this type of surgery, 
which improves such a devastating disease and achieves a clear 
improvement in quality of life.9

Using animal models to study obesity and/or diabetes

Because one of the major risk factors for obesity is 
hypertriglyceridemia, experimentally obese and/or diabetic animals 
have been used to study the mechanisms by which hypolipidemic 
drugs produce their effects. These effects have been studied both in 
plasma and different tissues (adipose, heart, liver, etc.) by determining 
lipid profiles, lipolytic activity of lipoprotein lipase (LPL) and hepatic 
lipase (HL), the expression of different apoproteins and the molecular 
mechanisms (transcription factors such as PPAR‒α, β and γ) through 
which different genes are regulated.

The effects of antidiabetics, such as thiazolidinediones (TZD), 
have been studied in obese diabetic rats, and rexinoids (derivatives 
of vitamin A that are used to treat certain skin diseases and cancer) 
have been studied in normal and diabetic rats. In the diabetic rats, 
it was observed that high hypertriglyceridemia was produced by a 
drastic decrease in LPL.10 Modified fatty acids (FA) that activate the 
transcription factor PPAR‒ α decreased the liver expression of genes 
involved in lipid metabolism, such as apoClll, ApoAl or apoAlV, 
while PPAR‒γ, which regulates the LPL gene in white adipose tissue 
WAT, did not produce changes in the activity or in the enzyme mRNA 
level.11 Ligands of PPAR‒γ in obese mice decreased LPL activity 
in WAT.12 Oleoyl‒estrone in obese Zucker rats has been shown to 
produce a reduction in body weight.13,14 Both in obese and in normal 
rats, not only the lipoprotein profile15,16 but also analysis of cholesterol 
transport17 indicated a reduction of LPL activity in WAT and HL 
activity in the liver, as well as a lipid‒lowering effect in plasma18 
On the other hand, the effects of fibrates and other lipid‒lowering 
drugs have been studied in mice and rats in vivo and in vitro, and a 
reduction in hypertriglyceridemia caused by obesity and/or diabetes 
was observed19,20

Adipose tissue

Adipose tissue mass in mammals is maintained by a dynamic 
equilibrium between lipid storage, which is mediated by lipoprotein 
lipase (LPL), and fat mobilization (lipolysis), which is regulated by 
hormone‒sensitive lipase (HSL). Both enzymes play important roles 
in obesity8 However, there is still uncertainty about the importance 
of each enzyme in the acquisition and maintenance of fat deposits, 
particularly in subcutaneous (SAT) and visceral (VAT) adipose tissue 
in morbidly obese patients.

LPL is the enzyme responsible for hydrolysis of circulating TAG 
from QM and VLDL.21,22 The enzyme functions as a dimer and is 
located in the light of capillaries, anchored to endothelial cells by 
heparin and dermatan sulfate moieties.23 After a short half‒life, the 
enzyme monomerizes, losing its activity, and is released from its 
anchor to travel freely through the blood (possibly bound to LDL24), 
which is then taken up mostly by the liver, internalized and degraded. 
Sometimes, some LPL molecules are released in the dimeric form 
(active), which causes LPL activity to appear in the blood and liver25 
The presence of activity in the tissue determines its capacity to use 
fatty acids that are part of the TAG of lipoproteins. The enzyme is 
expressed and located at high levels in white and brown adipose 
tissue, heart, muscle and lactating mammary gland.26 Changes in 
LPL activity are important, first because it changes the flow of TAG 
between different tissues and second because it generates low‒density 
lipoprotein (LDL), a clear atherogenic characteristic.27

The importance of LPL in WAT and its role in the regulation of 
the origin and/or maintenance of obesity are not yet fully understood. 
However, experiments in rats and humans have led to the suggestion 
that the role of the enzyme is to preserve the constancy of adipocyte 
volume.28 With some exceptions,29 in LPL studies in obese humans, 
the enzyme was released from WAT with heparin, and an increase 
in LPL activity was shown by the cells.28 However, when the data 
are expressed per gram of tissue, the activity has been described to 
increase,30 decrease31 or remain unchanged compared to lean controls.32 
Expressing LPL activity per gram of tissue can be misleading because 
it does not take into account whether the number and/or volume of 
cells increases, decreases or remains unchanged. When a study was 
conducted in obese individuals undergoing weight reduction by 
dietary changes, the results unanimously indicated that there was an 
increase in the LPL mRNA and activity in WAT;33 however, there 
were also discrepancies, and not all the authors observe changes in 
the expression of the enzyme.34 However, practically no studies have 
been carried out on LPL in patients undergoing bariatric surgery.

One way to avoid possible mistakes is to express LPL activity by 
DNA quantity, which results in increased LPL activity in parallel with 
obesity, reaching a peak in morbid obesity; on the other hand, despite 
the increased LPL in WAT, parallel increases in plasma TAG and 
cholesterol from VLDL were also observed.35

LPL activity

According to Marin and coworkers,36 there are differences in the 
TAG uptake capacity between different adipose deposits. The uptake 
of labeled TAG is approximately 50% higher in omental adipose 
tissue than in subcutaneous abdominal adipose tissue in men with a 
wide range of body fat. However, these results did not correlate with 
LPL activity.36 The increase in visceral fat mass with increasing total 
body fat could be explained by an increase in fat cell size, but only 
up to a certain adipocyte weight. Further increases in intra‒abdominal 
fat mass with severe obesity appear to be due to higher numbers of 
adipocytes.37 Considering that visceral adipocytes compete with 
other adipose tissues, in addition to muscle, for circulating TAG from 
VLDL and QM, it is reasonable to expect that determining the LPL 
activity in different adipose tissues and factors that regulate or modify 
this activity could help to prevent and/or correct visceral adiposity.

HSL activity

The data on obese human HSL activity are also controversial, 
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mainly because of methodological differences among the available 
studies.38 Some authors demonstrated that the expression and function 
of HSL in subcutaneous adipocytes are defective in obese patients. 
These HSL defects were accompanied by decreased lipolytic capacity 
of adipocytes when lipolysis was expressed per gram of lipid in fat 
cells. Lipolysis per gram of lipid is a better measure of lipolytic 
capacity than lipolysis per cell, as fat cell volume increases in 
obesity. Moreover, there is a relationship between cell size and the 
lipolysis rate per cell but not per gram of lipid.39 We have also recently 
described40 HSL activity in the morbidly obese. Similarly to LPL, 
HSL values observed in SAT and VAT from obese or control subjects 
were approximately the same. If we compare these two groups, 
obese individuals had 2.8 times more activity per gram of tissue than 
controls (p<0.001 vs. control) in both SAT and VAT, despite having 
fewer cells per gram of tissue. Moreover, they also have more HSL 
activity per cell than controls (p<0.001), which increases fatty acid 
delivery to plasma by two‒fold). This higher lipolytic capacity was 
also reflected when data were expressed as HSL activity per BW. In 
both SAT and VAT, obese subjects displayed five times more activity 
than controls (p<0.001).40

There are also conflicting data about LPL and HSL activity after 
weight loss.41 Some authors observed that, when obese subjects lost 
weight and became less hyperinsulinemic, adipose LPL continued to 
increase. This suggests that abnormal LPL regulation is independent 
of insulin.38 Others reported that weight loss did not change the 
lipolytic capacity of adipocytes or their capacity for storing TAG.42,43 
These inconsistencies may be related to a) the way the enzyme 
activities were expressed (tissue weight, protein, DNA, etc.) and b) the 
difficulties in measuring LPL activity, since a portion of the enzyme 
remains inaccessible in the tissue extracts. In contrast, measures of 
HSL activity give the total amount of enzyme in the tissue.42 Recently, 
in morbidly obese patients submitted to weight loss with bariatric 
surgery, we have observed that the LPL activity profile in SAT was 
similar independently of the units used to express it; moreover, this 
activity decreased one year after surgery to the LPL values observed 
in patients with normal weight. This decrease affects the amount of 
TAG stored in the tissue, which during this time is also decreased.41 
After bariatric surgery, HSL activity per gram of tissue in SAT showed 
a linear increase until 12 months (r=0.98, p<0.001). Thus, lipolytic 
capacity of obese patients seemed to increase after surgery (p<0.001, 
6 months and 12 months vs. obese. Nevertheless, we must take into 
account that the cells are progressively smaller; thus, HSL activity 
per cell remained steady. Total HSL activity was also stable during 
the follow‒up period, which was in agreement with the elevated 
concentrations of NEFA observed in plasma.41

Plasma

Studies carried out in human postheparin plasma from obese 
individuals generally show that HL is more important than LPL. HL 
is an enzyme synthesized in the liver, and its primary function is the 
hydrolysis of TAG from TAG‒rich HDL2, which is converted into 
HDL3. It also has the capacity to hydrolyze phospholipids from the 
surfaces of lipoproteins. This enzyme, like LPL, exerts its function in 
the lining of capillaries and, also like LPL, can be released by heparin 
administration, since it is anchored on endothelial cells by specific 
glycosaminoglycan chains. The enzyme is synthesized in hepatocytes, 
but, after synthesis, it is immediately released to the endothelium, 
unlike LPL, which is intracellularly processed in a highly regulated 
and complex process. The HL enzyme has an important role in reverse 

cholesterol transport and capture of QM remnants. On the other hand, 
it is also present in steroidogenic organs where it travels, through the 
blood, from where it was synthesized to the liver.44

HL has been reported to increase in postheparin plasma from obese 
individuals and to be positively correlated with visceral fat deposition, 
and a decrease in enzyme activity has also been reported, which 
possibly results in low levels of HDL2 cholesterol. After weight 
reduction in obese individuals, there was a decrease in postheparin 
plasma HL activity with increases in HDL cholesterol and esterified 
cholesterol.45 This last observation is very interesting because the risk 
of cardiovascular disease also decreases with body weight. We made 
the same observation recently in preheparin plasma.46 There is little 
information in the literature about lipolytic activity in the plasma of 
human obese or morbidly obese individuals at baseline, i.e., not in 
plasma postheparin. In basal conditions, the real lipolytic capacity 
of plasma can be determined, while after injection of heparin, the 
activity measured in plasma corresponds to total body LPL released 
from different tissues (white adipose, brown adipose, muscle, heart, 
diaphragm, lung, etc.). Although it is true that a large proportion, 
under normal conditions, corresponds to white adipose tissue, at 
a more or less severe hypertriglyceridemia, such as obesity with or 
without diabetes, the situation may be very different. Furthermore, 
determination of the mass of the LPL enzyme, similarly to HL, can 
indicate whether a case of hypertriglyceridemia, caused by LPL, 
is due to a deficiency in the synthesis of the enzyme, a deficiency 
in functionality and/or the existence of inhibitors of the enzyme 
in plasma,47 i.e., apoClll and/or deficiency in the plasma enzyme 
activity of apoCll. The determination of HL in the plasma and liver 
gives information about reverse cholesterol transport and the direct 
relationship between HL activity and levels of cholesterol and plasma 
phospholipids. It is noteworthy that the increases in FA and free 
cholesterol can lead to changes in the fluidity and plasticity of the 
plasma membranes of cells where LPL and HL are anchored.

Similar discrepancies concerning the effect of reducing body weight 
to those observed in tissues have also been described for plasma LPL 
and HL lipases, which are always measured in postheparin plasma. 
So, while there are authors who did not observe the differences in 
LPL activity before and after weight loss,48 other authors observed 
an increase.49 We have seen that both LPL50 and HL46 activity in 
preheparin plasma in the morbidly obese are higher (0.59±0.11 and 
4.31±0.94 mU/mL plasma, respectively) than in individuals with 
normal weight (0.18±0.07 mU/mL plasma, p<0.01 and 2.46±0.17 mU/
mL plasma, p <0.05, respectively). When the individual lost weight, 
after one year, while the HL recovered to the normal value, the LPL 
remained virtually unchanged.46,50 Changes in HL were accompanied 
by changes in almost all plasma lipids except NEFA.46

Liver steatosis and obesity

A further complication in 90% of cases of morbid obesity,51 for 
which a plausible explanation has not yet found, is non‒alcoholic fatty 
liver (NAFL) disease, which is not currently diagnosed, as evidence 
of clinical or biochemical changes and liver biopsy are not used to 
detect progress (fibrosis, cirrhosis) of the disease.52 While there is 
some evidence to suggest that obesity, diabetes, old age and perhaps 
an aspartate transaminase/alanine transaminase (AST/ALT) ratio 
greater than one can predict most advanced liver fibrosis, histology 
remains the best tool for diagnosis.52‒55
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In 1979, the presence of LPL activity in livers of rat fetuses and 
neonates was first described in experimental animals in different 
physiological and metabolic situations.56 Later, its expression,57 
its functional tissue localization,58 its response to physiological 
stimuli,59‒61 the cells involved in synthesis in the liver,62 its mechanisms 
of regulation63,64 and the physiological significance of its perinatal 
presence in the liver were described.65 In the liver of adult animals, 
LPL activity is also present in some physiological or experimental 
situations,66‒68 but in most cases, the enzyme travels from other tissues 
via the blood. The presence of LPL activity and mRNA in adult rat 
regenerating livers was also described,69 as well as the identification 
of at least two types of receptors in the liver involved in the process of 
collecting the circulating LPL.70

It has been suggested that increased visceral fat implies a high flux 
of fatty acids (FA) and metabolism, which exposes the liver to the FA, 
causing increased secretion of very low density lipoprotein (VLDL) 
and promoting metabolic abnormalities, such as glucose intolerance, 
diabetes, non‒dependent and/or dyslipidemia, with a consequent 
increase in cardiovascular disease. Moreover, the decrease of LPL in 
muscle and WAT reduces peripheral hydrolysis of TAG, which causes 
an increase in the return of chylomicrons (QM) and VLDL to the liver, 
leading to the stimulation of production of these lipoproteins.42

Insulin resistance and, therefore, hyperinsulinemia are common 
features found in patients with and without diabetes mellitus who 
were or were not obese,71,72 and this plays an important role in the 
generation of damage liver, so that the severity of hepatic failure 
is proportional to the severity of insulin resistance. Some authors 
suggest that the presence of diabetes and the time of development are 
important factors to identify patients with deeper hepatic lesions.73

We recently described46,50 that liver steatosis causes an accumulation 
of all kinds of lipids and that a year after bariatric surgery, except for the 
FA, the levels of all lipids decrease to normal. From the beginning, our 
hypothesis, from our experience in experimental animals, was that if 
these lipids were FA and/or TAG, the origin of these lipids may be due 
to an abnormal presence of LPL in the liver during the development 
of the disease; this LPL could have an origin in other tissues, such as 
fat, or the liver itself. But if the accumulated lipids were cholesterol or 
cholesterol esters, the enzyme involved is probably HL. The first part 
of the hypothesis is supported by the fact that patients with morbid 
obesity and possibly steatosis were also hypertriglyceridemic and were 
given fibrates as a treatment, and an increase in LPL expression and 
activity in the livers of experimental animals treated with fenofibrates 
has been shown.19 The second part of the hypothesis is supported by 
the fact that, in some cases, inhibitors of the enzyme that regulates 
cholesterol synthesis, hydroxymethylglutaryl CoA reductase, are 
used for treatment.30 We have been able to corroborate our hypothesis 
that the livers of morbidly obese patients show increased levels of 
HL activity and mRNA in the liver. Moreover, we have not only 
detected the LPL activity in the livers from obese patients but also 
the presence of the mRNA of the enzyme. From this evidence, we 
can deduce that, indeed, the presence of both elevated enzymes in 
the livers of morbidly obese individuals may cause the liver steatosis 
detected in these patients.46,50 We also observed that improving the 
lipid profile in the liver of these obese individuals after bariatric 
surgery is accompanied by reduced activity of these enzymes as well 
as the disappearance of the LPL mRNA.46,50

HL expression is regulated predominantly by cell cholesterol 
content (through a sterol response element in its promoter region), 
steroid and thyroid hormones and possibly glucose and/or insulin, 
although in adult humans, HL responsiveness to insulin remains 
controversial.74,75 As we have been able to demonstrate in this 
work, HOMA‒IR, a parameter that indicates insulin resistance, was 
correlated with HL activity in the liver, so that the decrease in insulin 
resistance during weight loss in obese patients after surgery was 
accompanied by diminished HL activity in the liver. Some,76,77 but 
not all,78 in vitro studies have shown a stimulatory effect of insulin 
on HL secretion from hepatocytes, and regulation of the HL gene by 
insulin or insulin resistance has not been conclusively demonstrated.74 
Moreover, as we have seen, the HL in the liver is also correlated with 
BMI, body weight and body fat.

Thromboembolism and obesity

Apart from the specific metabolic alterations, metabolic syndrome 
is characterized by the presence of a highly prothrombotic state 
resulting from a combination of increased thrombin generation, 
platelet hyperactivity and decreased fibrinolysis.79,80 The presence 
of a prothrombotic state accounts in part for the high prevalence 
of cardiovascular events in patients with visceral obesity, despite 
the control of traditional risk factors.81 Recent studies have focused 
attention on the pathogenetic role of platelet hyperactivation,82,83 and 
reduced sensitivity to antiaggregating therapy in these conditions 
mediates the ADP‒induced platelet activation.84 In conditions of 
insulin resistance, such as central obesity, type 2 diabetes mellitus 
with obesity and essential arterial hypertension, a large reduction of 
platelet sensitivity to the antiaggregating effects of insulin has been 
reported.85‒87

In morbidly obese patients undergoing bariatric surgery, there is a 
high risk of developing a pulmonary embolism or post‒thrombotic8 
syndrome. However, the limited number of studies has not determined 
the causes of this additional post‒surgical complication, but it has been 
shown that BMI caused an increase in PAI‒1 (plasminogen inhibiting 
factor), the main inhibitor of fibrinolysis, and created a prothrombotic 
state. The origin of PAI appears to be due to production within the 
fat.21 Moreover, research on the role of genetics in the regulation of 
thermogenesis and the development of morbid obesity opens very 
interesting alternatives for the management and treatment of morbidly 
obese patients.4

In our morbidly obese patients, the PAI‒1 obese value was 
16217 ng/mL, and this parameter decreased 37% during first month 
and reached 356 ng/mL one year after surgery. Surgery leads to a 
normalization of the hematological profile and a decrease in PAI‒1 
levels, which entails a decrease of risk for cardiovascular disease.88

Satiety factors and obesity

Due to the enormous impact of obesity and its associated disorders 
on health, much effort has been devoted to understanding the control 
of food intake. In recent years, a large number of molecules have 
been shown to be involved in energy homeostasis and related to the 
regulation of body weight. Among the many molecules that have 
been investigated, we will highlight leptin molecules. Currently, it 
is believed that the role of leptin is to prevent obesity by regulating 
intake and thermogenesis through the hypothalamic pathway. In fact, 
it appears that leptin deficiency causes severe obesity and hyperphagia 
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despite the fact that insulin levels are high. In contrast, the deficiency 
of insulin does not produce obesity, even though in some cases of 
uncontrolled diabetes mellitus food intake is dramatically increased.89

Leptin controls lipid homeostasis in non‒adipose tissue during 
periods of over‒nutrition. Although the WAT is the major site of leptin 
synthesis, it is also synthesized in other tissues such as brown adipose 
tissue. Moreover, there is a high correlation between circulating levels 
of leptin and body mass index. This hormone has pleiotropic effects, 
acting both in the central nervous system and in various peripheral 
tissues in which it has different functions.90 When adipocytes store 
excess calories in the form of TAG, leptin secretion increases to 
prevent the accumulation of lipids in non‒adipose tissues that are not 
adapted to excess TAG. However, when leptin is deficient or there is 
leptin resistance, over‒nutrition causes disease in non‒adipose tissues 
that leads to generalized steatosis, lipotoxicity and lipoapoptosis.91 
Indeed, in obese rats, hyperleptinemia has been shown to prevent 
excessive lipogenesis and increased oxidation of FA,92 although a 
contrary opinion93 has been described, in which some genes involved 
in the regulation of FA metabolism are stimulated even in leptin‒
deficient mice, and the protein that mediates this regulation could be 
the apolipoprotein AIV.94

It has been described in obese or morbidly obese women that both 
leptin and TNF‒alpha are overexpressed in SAT proportionally to the 
magnitude of fatty deposits and regardless of the presence of type 2 
diabetes.35

In the plasma of the morbidly obese, we have seen that the 
concentration of leptin is very high (147% more than normal); 
however, one month after bariatric surgery, the levels of leptin 
decrease and even fall below normal a year after surgery.95 Contrary 
to other reports,96 leptin levels were correlated with BMI, the total fat 
percentage, subcutaneous fat, and visceral fat, both in the obese state 
and after surgery. Moreover, the progressive decrease in plasma leptin 
levels did not appear to depend on the type of diet or the number of 
calories ingested.

However, in addition to leptin, it has been proposed that adipostat, 
TNF‒alpha, apolipoprotein AIV (apoAIV), NPY (neuropeptide Y), 
ghrelin and CRH (corticotropin‒releasing hormone), among others, 
are also involved in energy homeostasis.

Kern and colleagues have observed that the expression of TNF‒
alpha in human patients with morbid obesity, but without diabetes, 
is decreased, suggesting that this cytokine may act like adipostat and 
regulate fat deposition.97 It has also been observed that women with 
morbid obesity overexpress TNF‒alpha in subcutaneous adipose tissue 
in proportion to the magnitude of fatty deposits and regardless of the 
presence or absence of type 2 diabetes.35 In obese patients undergoing 
weight loss, it has been shown that LPL activity is increased in the 
WAT by 411%, although this increase is not parallel with the decrease 
of TNF‒alpha, which would agree with the inhibitory effect this 
cytokine has on LPL in WAT.97

The peptide hormone ghrelin is a more recent discovery and has 
been identified as a secretagogue endogenous growth hormone. In rats, 
it appears that intraventricular brain injection of ghrelin stimulates 
intake, increased body weight and fat deposition, which indicates that 
it is a new regulator of nutritional homeostasis.98 Endocrine cells of 
the stomach mucosa and intestine produce ghrelin,99 and insulin is a 
physiological and dynamic modulator of plasma levels of ghrelin.100 

Recently, in patients undergoing weight loss, reduced ghrelin levels 
have been demonstrated, which show that the reversible suppression 
of this hormone is associated with obesity. The fact that it can be easily 
measured in plasma provides a new tool to investigate the complex 
hormonal regulation that governs appetite and energy balance.101

In our study,95 the disappearance of a large part of the stomach after 
RYGBP was likely not enough to result in reduced plasma ghrelin; the 
stomach was reduced to about 200 cm3, but a portion of the fundus 
might have remained active. Additionally, ghrelin levels were lower 
in morbidly obese patients than in NW subjects but increased to 
NW levels during weight loss. We therefore consider that loss of the 
fundus likely did not cause the reduction of ghrelin levels because this 
effect was not seen at all times studied.95 In the present study, ghrelin 
levels were significantly correlated not only with weight loss but also 
with decreased insulin resistance; these results are in accordance with 
previous studies.102,103

 ApoAIV has an important role in lipoprotein metabolism, including 
modulation of the catabolism of TAG‒rich lipoproteins and reverse 
transport of cholesterol and cholesterol ester transfer protein (CETP), 
which is a protein synthesized in the human intestine. The increase in 
plasma levels of apoAIV is associated with increased prevalence of 
macrovascular disease in diabetes, not insulin dependence.104 It has 
also been shown that apoAIV increases LPL activation in the presence 
of lipoproteins, and its presence has been proposed to be necessary 
for the efficient release of the cofactor of LPL, apoCll, both in HDL 
and VLDL, which allows LPL to hydrolyze TAG from new QM and 
VLDL.105 In the murine mutation (fld/fld) called fatty liver dystrophy, 
some markers of the disease have been identified, such as increased 
serum and liver levels of TAG, increased levels of apoAIV and apoCll 
mRNAs in the liver, as well as a decrease in the levels of lipolytic 
activity, LPL and HL.106 Some of the apoAIV mutational variants have 
been associated with increased BMI and fat deposition.107 In 1992, 
it was demonstrated that apoAIV is a satiety signal secreted by the 
small intestine in response to lipid ingestion,108 suggesting that leptin 
regulates circulating levels of this protein by abolishing synthesis in 
the small intestine.109

In our study, morbidly obese patients had apoAIV levels similar 
to those of NW individuals, but, as with HDL, levels decreased by 
50% within one month after surgery.95 This decrease was not only 
related to reduced duodenum size, as the duodenum is not the primary 
source of apoAIV; rather, the observed decrease in apoAIV was likely 
the result of the general decrease (not only lipids, which stimulate 
the apoAIV secretion) in caloric ingestion.110 We observed one month 
after surgery that plasma apoAIV levels began to increase until they 
reached NW levels.95 Similarly, HDL levels increased.95 However, 
during this period, patients did not increase their lipid ingestion. 
Therefore, the change in apoAIV levels may have resulted from 
increased total intestinal absorption due to increased numbers of 
enterocytes or development of vellosities. Although not addressed 
in the present study, our research group has previously described 
that, in human intestinal atrophy, plasma apoAIV diminishes111 due 
to reduced activity or numbers of enterocytes. The present HDL and 
apoAIV data further reinforce the concept that human plasma apoAIV 
is synthesized exclusively by the intestine and is at least partly 
associated with HDL as previously described.112

Some investigators113 studying weight loss in children and obese 
adolescents given a low‒fat diet did not observe any relationship 
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between plasma levels of apoAIV and TAG; this finding agrees with 
our data. However, the same study found no correlation between levels 
of apoAIV and changes in BMI or plasma leptin, in contrast to our 
findings. In ob/ob mice and human small intestine epithelial CACO‒2 
cells, respectively, Shen and coworkers114 and Morton and coworkers115 
observed decreased apoAIV levels after leptin administration. We also 
found a relationship between leptin and apoAIV levels; women had 
higher plasma leptin and lower apoAIV levels, and men showed the 
opposite trend. Thus, circulating leptin levels increase as individuals 
become more obese, whereas the intestinal apoAIV response to 
lipids is attenuated;116 during weight loss, this situation is reversed. 
It is possible, as suggested by other investigators, that the effects of 
leptin and apoAIV combine, perhaps synergistically, to reduce food 
intake.114 In the present study, plasma apoAIV levels significantly 
varied between women and men at all times after surgery. Men had 
higher apoAIV levels than women (p<0.05), and gender explained 
10% of the variance in plasma apoAIV levels. The study of changes in 
plasma levels of leptin, ghrelin and apoAIV after surgery might allow 
better diagnosis of fat loss and recovery of gastrointestinal function, 
which is important for clinical monitoring of patients.

Stress and obesity

Stress is a widespread phenomenon in the population, and it is 
independent to social class. Stress can be defined as an organism’s 
response, which developed through phylogeny, in response to 
danger.117 The individual response is activated when the stimulus 
exceeds the subjective capacity of homeostatic mechanisms to confront 
the disruption of the internal environment. Every phenomenon has a 
physical component, determined by the nature or origin of the stress 
phenomenon, and another psychological component, which refers 
to how the body perceives this stimulus. The primary response to 
stress consists of the activation of the hypothalamic (CRF)‒pituitary 
(ACTH)‒adrenal (glucocorticoids) axis.118 Glucocorticoids stimulate 
the synthesis and release of catecholamines, especially in the adrenal 
medulla. Both circulating glucocorticoids and catecholamines reach 
the target tissues and prepare to confront the danger. The main 
metabolic abnormalities were hyperglycemia, increased lipolysis, 
increased heart rate and blood pressure, etc. Although it is known 
that stress is a risk factor in the development of atherosclerosis, 
little is known about its effect on lipid metabolism and LPL and HL 
activities. The existing literature regarding the effect of stress on lipid 
metabolism119,120 is sparse and, in the case of LPL, contradictory.121‒123 
It has been described in rats,, in vivo and in vitro that adrenaline 
causes a decrease in the LPL activity in the vascular bed of 
adipocytes, but expression of the gene encoding the enzyme was not 
affected,124 in parallel with an increase in plasma LPL activity as well 
as the appearance of LPL activity in the liver,125,126 but there is still 
controversy about the regulatory mechanism. This study showed that 
adrenaline or isoproterenol increased the release of LPL activity in 
the plasma and the incubation medium, and it discussed the possible 
mechanism by which catecholamines exert this effect.

To further the knowledge of LPL in vivo regulation by adrenaline, 
a model of restraint stress in rats was used and applied either as 
chronic and acute conditions.127 A method for lipoprotein isolation 
by differential ultracentrifugation and quantification [128] has been 
modified and adapted for small volumes of plasma to study the 
possible effects of stress on lipid metabolism. Using these tools, 

both chronic and acute stresses were reported to produce significant 
alterations in lipid and lipoprotein metabolism,127 and these changes 
were accompanied by a decrease in LPL activity in white adipose 
tissue (epididymal, mesenteric and lumbar) and an increase in 
plasma.124 The possible role of blood flow in the regulation of LPL 
by catecholamines has also been studied. Because of its intravascular 
location, it is possible that LPL is sensitive to variations in the flow 
of blood through the capillaries. Thus, an increased flow could lead 
to an increase in the release of LPL from its anchor, which would 
lead to a decline in activity in the tissue without altering its synthesis. 
This would provide a mechanism for short‒term regulation of the 
LPL (much faster than the regulation of enzyme synthesis), which 
has not been studied yet. It has recently been reported that acute 
immobilization stress increased blood flow in white adipose tissue 
(which reduces LPL activity) but not in muscle (in which LPL was 
unchanged).129

It has also been reported that LPL shows a circadian rhythm in 
adult rats130 that can be modified by soft stress.131 However, there 
are very few data linking stress caused by with lipolytic activity. In 
experimental animals, HL activity and mRNA were shown to decrease 
in the liver after hepatectomy, whereas activity was not detected in the 
plasma. However, adrenal HL activity did not vary post‒surgery.132 
This is very interesting because the steroidogenic organs, such as the 
adrenal gland, cannot synthesize the enzyme, which originates in the 
liver; however, given the need to capture cholesterol for the synthesis 
of catecholamines and glucocorticoids, such as in a stressful situation, 
steroidogenic organs retain high levels of HL. It has also been 
observed that surgical stress leads to the recovery of the LPL activity 
and mRNA in the liver, and there are also changes in the expression 
of LPL and other proteins, such as albumin, actin, etc., in peripheral 
tissues.133 Today, we tend to view the psychopathology of obesity as 
a consequence more than as a cause of obesity. Despite this positive 
point of view, the obese continue to suffer prejudice and discrimination 
in everyday life. Adverse psychosocial effects, together with the high 
incidence of cardiovascular disease and diabetes with morbid obesity, 
call dramatically for obesity treatment.134 The psychopathological 
profiles of the morbidly obese before surgery show depression, feelings 
of insecurity and despair, somatization, denial of emotional stress, 
difficulties in interpersonal relationships, poor social adjustment and 
low self‒esteem. After surgery, improvement is determined by the 
psychological effect of weight loss and even the occasional surgical 
complications, yet, despite the complications, these patients have 
less mental and emotional suffering. Apparently, these patients prefer 
a non‒obese state with surgical complications to the obese state.134 
Recently it has been suggested that adverse psychological states 
associated with chronic stress may lead to visceral obesity. 135

A great portion of studies done on lipoproteins and/or lipolytic 
activity (LPL, HL, HSL) and obesity have been conducted in obese 
or morbidly obese patients undergoing different kinds of surgery 
(mostly cholecystectomy) who, additionally, have participated in 
adipose tissue biopsies.136 But studies on the obese or morbidly obese 
undergoing bariatric surgery in which the stress of surgery has been 
added to a sharp weight loss, which can lead to significant changes in 
metabolism, are scarce. The extracellular localization of LPL clearly 
affects the mechanisms through which it could be regulated, such 
as allostery, phospho‒dephosphorylation, etc. Several authors have 
concluded that LPL is regulated in the short term primarily through 
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changes in its synthesis and intracellular processing.137 This seems 
particularly true in the changes that nutritional status of the individuals 
causes in the LPL activity of different tissues.138 However, changes 
that occur in other situations, such as stress, may use other control 
mechanisms that have not yet been described. Catecholamines can 
be seen as negative regulators of LPL in WAT for two reasons: first, 
adrenergic stimulation by catecholamines of the pancreas decreases 
insulin secretion, which potentially eliminates or reduces LPL in 
WAT; second, catecholamines and other modulators that increase 
cAMP levels decrease LPL activity by accelerating the inactivation or 
degradation of LPL inside adipocytes.139 Thus, people who have both 
an LPL and/or HL decrease and obesity have an increased risk for 
cardiovascular diseases.140

In population studies, adrenal hormones show strong statistical 
associations with centralization of body fat as well as obesity. There 
is considerable evidence from clinical, cellular and molecular studies 
that elevated cortisol, particularly when combined with secondary 
inhibition of sex steroids and secreted growth hormones, causes 
accumulation of fat in visceral adipose tissues as well as metabolic 
abnormalities (know as metabolic syndrome). Hypertension is 
probably due to a parallel activation of the central sympathetic nervous 
system. Depression and ‘small baby syndrome’ as well as stress 
exposure in men and non‒human primates are followed with time by 
similar central and peripheral abnormalities. Glucocorticoid exposure 
is also followed by increased food intake and ‘leptin resistant’ obesity, 
perhaps by disrupting the balance between leptin and neuropeptide 
Y to the advantage of the latter. The consequence might be ‘stress 
eating’, which is a poorly defined entity. Factors that activate the 
stress centers in humans include psychosocial and socioeconomic 
handicaps, depressive and anxiety traits, alcohol and smoking, with 
some differences in profiles between personalities and genders. 
Polymorphisms have been defined in several genes associated with 
the cascade of events along the stress axes. Based on this evidence, it 
has been suggested that environmental, perinatal and genetic factors 
induce neuroendocrine perturbations that are followed by abdominal 
obesity with its associated comorbidities.141

We have demonstrated, in rats142 and mice143 subjected to different 
types of stress, that the activities of HL in the liver, plasma and the 
adrenal glands are correlated, so that an increase in HL activity in 
the adrenal gland (which, at least in rodents, does not synthesize the 
enzyme144) allows cholesterol to be captured in order to synthesize 
steroid hormones, as in the case of corticosterone. In the present 
work, we demonstrated, for the first time, that levels of both ACTH 
and cortisol were very high in obese individuals and that these levels 
decreased with weight loss. There are conflicting data regarding the 
levels of cortisol in obese humans; it has been described that they 
may be increased,145 decreased146 or normal.147 As for the synthesis 
of steroid hormones in the adrenal glands, cholesterol is essential; 
we believe that, as in the animals, in humans, the enzyme HL might 
facilitate cholesterol uptake from the corresponding lipoproteins. 
Both the active and the inactive forms of HL in the plasma travel in 
association with HDL to the adrenal glands to facilitate the uptake 
of cholesterol by these glands or other steroidogenic organs, as we 
demonstrated in rats.148 The fact that we have determined the activity 
of HL in plasma without heparin and that this correlated with the 
enzyme activity in the liver allows us to hypothesize that the enzyme 
is released from the liver and taken up by the adrenal glands for the 

synthesis of steroid hormones. The administration of heparin released 
HL from both the liver and the adrenal or sexual organs, so it is not 
possible to know how much enzyme is free in the plasma and how 
much has been released from other organs.

Conclusion
Despite the extensive research on obesity in recent decades, much 

remains to be elucidated. Hopefully in subsequent years we can 
increase awareness of this disease in developed countries, not only 
because it is harmful in itself but also because it is associated with 
many comorbidities.
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