TUIICPTCH3US REVIEW

Adipokines and cardiometabolic syndrome

M.A. Boyarinova, O.P. Rotar, A.O. Konradi

Federal Almazov Medical Research Centre, St Petersburg, Russia

Corresponding author: Federal Almazov Medical Research Centre, Research Laboratory «Epidemiology of hypertension»,
2 Akkuratov st., St Petersburg, Russia, 197341. E-mail: boyarinova@almazovcentre.ru (Maria A. Boyarinova, MD, a Researcher
at the Research Laboratory «Epidemiology of hypertension» at the Federal Almazov Medical Research Centre).

Abstract

Obesity is one of the most important public health challenges of the XXI century. Currently, the
adipose tissue is considered as an active endocrine organ producing hormones — adipokines. Adipokines
are the regulators of insulin sensitivity, oxidative stress, energy metabolism, coagulation and inflam-
matory reactions. That’s why adipokines may be retailers of mechanism of negative actions of obesity
on the cardiovascular system. The study of their pathophysiological role will unveil the potential of
adipokines as a therapeutic target in the treatment of obesity and associated conditions.
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Pe3rome

OskupeHue sBISETCS OMHOM M3 Hanbosee BaKHBIX MpobieM 00IIecTBeHHOTO 3apaBooxpaneHus XXI
Beka. B HacTosIiee BpeMsi :KUPOBasi TKaHb PACCMAaTPUBAETCS KaK aKTUBHBIM SHJIOKPUHHBINA OpraH, Ipou3-
BOJISIILIMI TOPMOHBI — AIUIIOKUHBI. AJTUIIOKUHBI SBJISIFOTCS. OHUMU U3 PETYIISTOPOB UyBCTBUTEIILHOCTH K
UHCYIIMHY, OKCUAATUBHOTO CTPECCa, JHEPreTHUECKOT0 0OMEHa, CBEPTHIBAEMOCTH KPOBH 1 BOCHATUTEIBHBIX
peakuuii. UMeHHO 03TOMY aIMIIOKMHBI MOT'YT SIBJISTHCSI pEaIM3aTOpaMi MEXaHH3Ma HETATUBHOTO ICHCTBHUS
OXKHPEHUS Ha CEPICUHO-COCYAUCTYIO cuctemy. M3ydenue nx naropu3noiaoruaeckoil poiu MoXKeT CenaTh
AIMTIOKMHBI TEPAIeBTUYECKON MHUIIEHBIO B 00pH0E ¢ OKUPEHHEM U aCCOLMHPOBAHHBIX C HUM COCTOSTHHH.
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Introduction

Obesity is one of the most important public
health problems in the XXI century. There are
1.6 billion overweight adults in the world, and about
400 million of them are obese. Overweight and
obesity are closely connected with cardiovascular
diseases, type 2 diabetes mellitus (DM), diseases
of the musculoskeletal system, some types of
cancer. Due to this studies of obesity mechanisms,
pathophysiological properties and laws of this process
are an important and urgent task for researchers
worldwide.

Metabolic syndrome (MS) — a combination of
the most important cardiovascular risk factors —
can be found in most cardiologist patients. MS is
associated with the 5-fold increase in the risk
of type 2 DM and 2-fold increase in the risk of
cardiovascular disease (CVD) in the next 5-10 years
[1] (MS patients have 2—4-fold risk of stroke, and
3—4-fold risk of myocardial infarction compared
to those without MS) [2]. Abdominal obesity is the
most common component of MS. Adipose tissue,
including abdominal fat, is a heterogeneous mixture
of adipocytes, stromal pre-adipocytes, immune
cells, endothelium, and adipocyte hyperplasia
and hypertrophy quickly develops in response
to an excessive food intake [3]. Currently, the
understanding that adipose tissue is a storage of fatty
acids and energy has been replaced by the concept
of adipose tissue as an active endocrine organ
producing hormones — adipokines (originally called
«adipocytokinesy») that are biologically active low
molecular weight proteins. Visceral fat has the highest
metabolic activity, and according to a recent study is
the only significant predictor of insulin resistance
[4]. Adipokines are regulators of insulin sensitivity
[5], oxidative stress [6], energy metabolism, blood
clotting and inflammatory reactions [7].

Increase in visceral fat mass and adipocyte
hypertrophy leads to fat cells perfusion problems
and hypoxia [8]. In response to ischemia necrosis
and macrophages infiltration develop in adipose
tissue, resulting in the excessive synthesis of
proinflammatory cytokines and adipokines, free fatty
acids, tumor necrosis factor alpha, interleukin-6,
plasminogen activator inhibitor-1 (PAI-1), C-reactive
protein (CRP) [9]. As a result, chronic inflammation is
maintained in adipose tissue, which leads to the
systemic inflammation and obesity-associated
diseases and pathological states such as endothelial
dysfunction, and atherosclerosis [10]. In patients
with overweight and obesity, there is a dysregulation
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of adipokine secretion — some of them are reduced
while other are increased.

In recent years, the attention of researchers
was focused on the role of some adipokines in the
CVD development, as well as their relationships
with each other and MS components. Negative
effects of MS components on the cardiovascular
system can be realized through adipokines, so we
can hypothesize that finding novel adipokines will
contribute the changes in treatment strategy of
metabolic disorders.

Adiponectin and leptin are the most well-
studied adipokines. After the discovery of leptin in
1994 adipose tissue has been considered an
endocrine organ. Other adipokines are actively
studied nowadays including visfatin, plasminogen
activator inhibitor-1, resistin, and ghrelin. Ghrelin is
a peptide hormone synthesized primarily in the
stomach, small and large intestine. It is not an
adipokine, but it has metabolic functions.

This review highlights the role of some adipokines,
including ghrelin, in the formation of conditions
associated with obesity.

Adipokines and obesity

Adiponectin is a hormone of adipose tissue that
was opened in 1995. Adiponectin with high molecular
weight (high molecular weight oligomer) in contrast
to the other two isomers, is regarded as the active form
ofthe adipokine [11] and is the most important marker
for the assessment and monitoring of treatment of
patients with MS and concomitant disorders.
Reduction of high molecular weight oligomer
adiponectin is predictive of MS progression. Lifestyle
modification, body mass index (BMI) and waist
circumference (WC) reduction lead to an increase in
the level of the high-mass adiponectin, while the
levels of total adiponectin may not change [11, 12].
Adiponectin is inversely correlated with BMI and the
amount of visceral fat [13].

Leptin was the first discovered adipokine (1994)
and was called «hunger hormone» due to its role in
the regulation of satiety and energy consumption
[14], as well as in the control of appetite. There
are six leptin isoforms different in their biological
actions [15]. In the hypothalamus, leptin decreases
oreksigenic and increases anorexigenic peptide
synthesis by inhibition of adenosine monophosphate
(AMP)-activated protein kinase in the arcuate
nucleus and activation of acetyl-CoA carboxylase.
As a consequence, an increase in leptin level leads to
appetite reduction [16]. Thus, a transient increase in
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leptin levels occurs during meal, and fasting leads to its
decrease. Most overweight and obese patients have
elevated blood leptin levels, however, the appetite
suppression is not observed, i. e. there is a resistance
to leptin. Leptin resistance is considered to be one of
the fundamental pathophysiological components in
obesity [17]. Hereditary leptin deficiency leads
to severe obesity, hyperphagia, and reproductive
dysfunction. Plasma leptin concentration is
proportional to the amount of adipose tissue in the
body [18]. Leptin level increases exponentially with
BMI and is considered an independent risk factor for
obesity [19].

Ghrelin, discovered in 1999, like leptin, is
involved in the regulation of food intake and energy
homeostasis. However, there is an inverse relationship
between ghrelin and leptin — fasting increases
ghrelin level and food intake leads to its decrease
[20]. Its concentration in blood decreases with the
higher BMI, WC and obesity [21, 22] and increases
with weight loss. Ghrelin promotes weight gain
by increasing appetite and food consumption
while reducing energy expenditure. It acts in the
hypothalamus, stimulating arcuate nerve activity and
thus reproduces the effects of neuropeptide Y in the
paraventricular nucleus of the hypothalamus [23].
Factors involved in the regulation of ghrelin secretion
are not yet fully identified. Interestingly, exogenous
administration of somatostatin and its analogs reduces
circulating ghrelin level, while leptin administration
does not alter ghrelin level in the blood.

In2001, anew adipokine, resistin, was discovered.
Its plasma concentration positively correlates with
BMI and WC, circulating levels of resistin increase
with age, probably reflecting the increase of adipose
tissue [24]. In mice, resistin is secreted mainly
by white adipose tissue, however, in humans it is
mostly produced by macrophages [25]. Obese people
have high macrophage infiltration in adipose tissue,
and, as a consequence, a high level of resistin in
adipose tissue samples, as well as elevated levels
of circulating resistin compared to lean people [26].
Weight loss by means of a diet or bariatric surgery
lead to the reduction of resistin level. At the same
time, some studies did not show a link between
resistin and obesity [27], but the results of the cross-
sectional Framingham study showed correlation
between resistin level and the amount of visceral
fat [28].

Another adipokine — visfatin — was opened in
2005. The term «visfatiny comes from the phrase
«visceral faty», since it was assumed that visfatin

424

REVIEW

concentration is much higher in visceral fat than in
subcutaneous fat. However, following studies
showed comparable visfatin concentration in the
subcutaneous and visceral fat [29]. This hormone is
released not only by adipocytes, but also by activated
macrophages, infiltrating adipose tissue in obesity
[30]. Numerous studies have shown contradictory
data on the circulating visfatin concentration in obese
patients: in some studies, the level was raised, in
others it was comparable to the control group, while
some authors reported even reduced visfatin level
[31-34]. So far, it is not clear exactly how visfatin is
associated with obesity.

The circulating level of plasminogen activator
inhibitor-1 is increased in obesity [35] and PAI-1
isindependently associated with central fat distribution
[36]. Animal studies confirmed pathogenetic role of
PAI-1 in the development of obesity and insulin
resistance. Thus, in a mice model of obesity, induced
by high fat- or high carbohydrate diet, PAI-1 gene
deficiency (PAI-1 gene -/-) prevented obesity
and insulin resistance. At the same time, mice with
genetically determined obesity and diabetes lacking
PAI-1 gene, had lower weight, fat content, as well
as lower glucose and insulin levels compared
to individuals with PAI-1 gene [37, 38].

Adipokines and carbohydrate metabolism

Adiponectin suppresses hepatic enzymes,
involved in gluconeogenesis, reduces the speed
of endogenous glucose production in the liver,
which increases the transport of glucose into
muscle and increases fatty acid oxidation [39],
and improves the sensitivity of tissues to insulin.
In pregnant women with gestational diabetes onset
adiponectin level was significantly lower than
that in women with euglycemia, so adiponectin
level might be used as an early marker of gestational
diabetes in this group [40].

High leptin level in obesity is associated with
hyperinsulinemia and insulin resistance [41].
However, relationship between increased leptin level
and type 2 DM is still not clear. In a recent small
study of 65 patients with type 2 DM, there was no
significant difference in leptin level between non-
obese patients with and without type 2 DM. High
levels of leptin were largely associated with obesity
than with type 2 DM [42].

There is an inverse relationship between the level
of circulating insulin and ghrelin in humans [21].
Ghrelin level decreases after glucose load (100 g)
along with the increase in insulin level (insulin-induced
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hypoglycemia, 0.1 IU/kg insulin intravenously). The
studies indicated a biphasic response to ghrelin
administration: at first, insulin synthesis is inhibited,
then its secretion is stimulated [43, 44]. Further
studies are needed to clarify such variability in insulin
homeostasis and thus glucose in response to ghrelin.
Ghrelin level inversely correlates with the index
of insulin resistance [22].

Initially, it was suggested that resistin links
obesity with diabetes [45]. However, in contrast
to the experimental results in mice, no significant
differences in resistin level were found between
patients with or without insulin resistance, and
patients with or without type 2 DM. Nevertheless,
resistin levels are increased in hypercaloric diet-
induced obesity and genetic models of obesity
and insulin resistance. Insulin resistance levels
positively correlate with resistin expression [46].
The highest concentration of resistin was found in
abdominal fat in obese patients [47], and increase in
abdominal fat is the major risk factor for insulin
resistance. Studies of human resistin application in
mice showed that human resistin causes inflammation
occurrence in visceral fat and insulin resistance.
This demonstrates that resistin may be a link
between inflammation and glucose homeostasis [48].
Also in 10-year prospective studies elevated basal
level of resistin was associated with significantly
higher risk of type 2 DM, even after adjusting for
other risk factors [49, 50].

Visfatin has been previously considered as an
adipokine with insulin-like properties [51]. Binding
to insulin receptors in mice cell cultures, visfatin
led to the reduction of blood glucose level by
stimulating glucose uptake in cell culture and fat
accumulation in the pre-adipocytes. Later, however,
the authors had o disclaim this statement due to
the inability to reproduce hypoglycemic properties
of visfatin [52]. However, subsequent studies have
shown that visfatin can increase insulin secretion,
and can directly activate insulin receptors of the
beta-cells stimulating phosphorylation [53]. A recent
study showed that visfatin stimulates beta-cell
proliferation in a MING6 cell line and inhibits cell
apoptosis [54].

Cross-sectional studies have shown an association
of PAI-1 with proinsulin and fasting insulin levels
[55]. In a study of 843 people, with a follow-
up of 5.2 years, the contribution of PAI-1 in the
development of insulin resistance and DM was
studied. It was shown that high basal level of PAI-1
and its elevation over time were associated with the
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development of insulin resistance and type 2 DM.
It was detected regardless of the common risk
factors for type 2 DM. In patients without DM and in
healthy people PAI-1 progression was associated
with impaired glucose tolerance and subsequent
DM onset, even when adjusted for demographic
data, smoking and basal level of PAI-1 [56]. Another
large study also showed a relationship of insulin
resistance with PAI-1 level, even when adjusted
for obesity [36]. Based on these data, the authors
suggested a negative indirect effect of hyperglycemia,
insulin resistance and obesity on the development of
endothelial dysfunction as a result of violations of
fibrinolysis and systemic inflammation. PAI-1 was
a marker of both of them.

Adipokines and hypertension

There is a number of hypothetical pathogenic
mechanisms, connecting obesity and high blood
pressure (BP) (hypertension) [57]. These include
activation of the sympathetic nervous system, renin-
angiotensin-aldosterone system, metabolic disorders
(including hyperinsulinemia, adipokine imbalance,
increasing number of cytokines). Influence of
adipokines in overweight and obesity is probably one of
the key processes in the development of hypertension.
Both the influence of individual adipokines, the
most significant of which is leptin, and the overall
effect of the adipokines imbalance, maintenance
of oxidative stress and inflammation leading to
endothelial dysfunction are important. Reducing
the concentration of nitrogen oxide impairs vascular
relaxation, which leads to vasoconstriction in
hypertension. Also influenced by some adipokines,
including leptin, vascular stiffness increases, which
also leads to an increase in BP.

According to some studies, adiponectin correlated
inversely with BP level [ 58], according to the other —
there was no independent association between
adiponectin and BP [59]. The overweight effects
might mediate this relationship. At the same time,
some studies show an inverse relationship between
adiponectin and arterial stiffness indicators [60].

Leptin exerts its effect through the hypothalamus,
increasing BP by activating the sympathetic nervous
system [61]. High levels of circulating leptin in
obese people are associated with an increase in
sympathetic tone of the renal arteries [62]. Leptinis a
NO-dependent vasodilator, it also increases vascular
resistance due to smooth muscle cell proliferation
and activity of the sympathetic nervous system
[63]. Leptin was shown to be associated with
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an increase in systolic, diastolic, and pulse BP.
It is noteworthy that the relationship between
leptin and BP was stronger in men [59]. In a study
of 294 healthy adolescents circulating leptin was
significantly associated with an increase in arterial
stiffness. Moreover, this association was independent
of fat mass, BP, CRP or cholesterol level [64]. In
addition, a direct link was found between leptin and
arterial stiffness parameters in the study including
60 women [60].

Data on the relationship between ghrelin and
BP pressure are contradictory. Ghrelin was shown
to decrease the activity of sympathetic nervous
system in rabbits [65]. Intravenous injection of
ghrelin leads not only to the reduction in BP, but
also to the increase in cardiac output in humans
[66]. Also, another study showed that administration
of ghrelin reduces BP equally in obese and lean
people. It has recently been found, that acetylated
ghrelin positively correlates with systolic BP and
left ventricular myocardial mass in patients with MS,
even after adjustment for BMI [67]. In a population
study involving 1,037 people a link between ghrelin
and office BP was found, but after adjustment for
sex, age and BMI this association was not anymore
significant. Home BP measurements also showed no
relation to the level of ghrelin, but left ventricular
hypertrophy was associated with increased ghrelin
levels, also after adjustment for sex, age, BMI, and
systolic BP [68].

Nowadays there is a very scarce and conflicting
data on the direct effect of visfatin on vascular
tone regulation. Basically they show that visfatin is
associated with the impairment of endothelium-
dependent vascular relaxation [69].

In a 14-year follow-up of 872 women without
hypertension and DM elevated level of plasma
resistin was independently associated with the higher
risk of hypertension [70].

A multivariate analysis has shown an association
between PAI-1 and every MS component, including
hypertension [71]. The level of PAI-1 correlated with
an increase in diastolic BP, and this association is
detected both in hypertension and «prehypertension»
[72]. Interestingly, the angiotensin receptor blockers
reduce circulating levels of PAI-1 proportionally
to the decrease in BP [73]. In a large Korean study
of 1,312 women there was an association between
locus polymorphism in PAI-1 gene and hypertension
development: patients with PAI-14 G allele had more
severe hypertension independently of age, BMI,
cholesterol and glucose levels [74].
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Adipokines and atherosclerosis

Previous studies have shown that adiponectin
can prevent atherosclerosis, thereby suggesting its
protective role against cardiovascular disease in
patients with the MS and DM. Adiponectin
demonstrates antiatherogenic multifactorial effects,
including inhibition of endothelial activation,
decline of macrophage conversion into foam cells
and inhibition of smooth muscle cell proliferation
[75]. There is an inverse correlation between
adiponectin and low density lipoproteins, and serum
triglyceride levels [58], and a direct association with
high density lipoprotein level [76, 77]. The level
of adiponectin is significantly lower in patients
with coronary heart disease (CHD), and it may
be an independent predictor of CHD [78]. At the
same time, a recent meta-analysis of 16 prospective
studies involving 14,063 patients with cardiovascular
disease showed that elevated levels of adiponectin
are associated with increased risk of death from all
causes and cardiovascular mortality in patients with
cardiovascular disease [79]. Among patients with
the highest tertile levels of adiponectin all-cause
mortality was 46 % higher, and mortality from
cardiovascular causes — 69 % higher compared
to the lowest tertile. The authors suggest that a a
compensatory mechanism or adiponectine resistance
might lead to adiponectin increase in patients with
arterial lesions; besides compensation may not be
optimal in advanced cardiovascular diseases, and
adiponectin protective properties are no longer
present. Further studies are needed to clarify the
underlying mechanisms.

Leptin is a pro-atherogenic agent. It regulates NO-
synthase activity in endothelial cells, and promotes the
accumulation of reactive oxygen species [80], which
stimulates proliferation and migration of endothelial
and smooth muscle cells [81, 82]. Leptin facilitates
the accumulation of cholesterol in macrophages [83]
and stimulates angiogenesis [84]. Leptin positively
correlates with plasma levels of CRP, PAI-1 [85].
Furthermore, it activates platelet aggregation and
may contribute to arterial thrombosis [86].

Ghrelin is able to improve endothelial function in
patients with MS, increasing the biological activity
of nitric oxide [87]. Ghrelin inhibits the production
of proinflammatory cytokines in human endothelial
cells in vitro, as well as endotoxin-induced cytokine
production in vivo. These anti-inflammatory effects of
ghrelin may play a regulatory role in the development
of atherosclerosis, especially in obese patients who
demonstrated a reduced ghrelin level [88].
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Resistin correlates with inflammation markers and
may be a predictor of coronary artery atherosclerosis
[93]. It induces expression of adhesion molecules in
endothelial cells [89], and contributes to the formation
of foam cells [90]. In one study, obesity and CRP were
associated with increased levels of resistin in men with
acute myocardial infarction [91]. Serum resistin levels
are positively correlated with vascular inflammation
leading to the development of atherosclerosis, that
was confirmed by positron emission tomography with
fluoro-18F-deoxyglucose [92]. In a cross-sectional
SIRCA study of 879 asymptomatic patients, the
association of coronary artery calcification with
markers of inflammation and other risk factors was
studied; Reilly at al. showed that elevated level of
resistin is a predictor of coronary atherosclerosis,
independent of CRP [93]. Resistin level correlated
with the severity of coronary atherosclerosis in
patients who underwent coronary angiography [94,
95]. Furthermore, resistin is a predictor of restenosis
after coronary stenting and is an independent
predictor of serious cardiovascular events in patients
with coronary heart disease [96—98]. Based on
a large-scale population-based study involving
6636 people, resistin was suggested to be a marker
of coronary artery disease. Moreover, women have
higher resistin levels. The group of nondiabetic
patients with the highest resistin levels had higher
risk of myocardial infarction, and it was higher in
women than in men [99].

Circulating levels of visfatin positively correlate
with the level of pro-inflammatory markers such
as IL-6 and CRP. In recent years, visfatin was
suggested as a marker of endothelial dysfunction
and atherosclerosis [100]. Patients with cerebral
atherosclerosis have significantly higher level
of visfatin, so it may be an independent risk factor
for stroke [101]. There is a positive relationship
between visfatin level, atherosclerotic coronary
artery disease and the presence of unstable
plaques in patients with coronary artery disease
and acute myocardial infarction [102]. High
concentrations of visfatin were found in unstable
foam cells of atherosclerotic plaques in patients
with myocardial infarction. Thus, it was suggested
that visfatin may be involved in the process of
destabilization of plaques [102]. Visfatin also directly
promotes proliferation of smooth muscle cells,
contributing to the progression of atherosclerosis.
Visfatin promotes angiogenesis by stimulating
the migration and proliferation of endothelial
cells and forming the capillaries [103, 104].
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Abnormal angiogenesis is believed to contribute
atherosclerotic lesions in carotid and coronary
arteries [105]. In addition, visfatin can act indirectly
by modulating the immune cells [106], in particular
monocytes, promoting the synthesis and release of
proinflammatory cytokines [102]. Thus, visfatin is
a novel promising pharmacological target for the
prevention and treatment of atherosclerosis.

PAI-1 is a marker of fibrinolysis and risk factor
for atherothrombotic events [107]. An association
between high PAI-1 and atherosclerosis has already
been shown [108].

Adipokines potential use in obesity treatment

The potential application of leptin for the treatment
of obesity and related disorders of lipid and glucose
metabolism is wide and has been considered since the
early discovery of this adipokine. Almost immediately,
drugs were developed — recombinant human leptin,
its analogues, which have been tested on animals
and in small number of studies in humans. Studies
showed the effectiveness of therapy in a small group
of patients with obesity (genetically deficient in leptin
synthesis, lipodystrophy), however, the efficiency
was low in patients with leptin resistance that is
found in up to 95% obese people [109]. Recently
Metleptin, an analog of human leptin, has been
approved for the treatment of lipodystrophy in Japan.
The FDA approved the drug for the treatment of
DM and/or hypertriglyceridemia in patients with
the rare forms of dystrophy. Later, to overcome
leptin resistance, a combination of Metleptin and
Pramlintide (analogue of the hormone amylin) have
been developed, but human trials were stopped due
to side effects [110].

The studies are ongoing, however, it is clear now,
since the first drug development, that even when
the mechanisms are well known, and efficacy was
proven in animal models, its efficacy and safety in
humans is not guaranteed.

The synthetic low-molecular weight adiponectin
receptor agonists are being developed, e. g. AdipoRon,
which improves insulin sensitivity and DM in mice
[111].

Visfatin studies in humans have not yet been
performed. Visfatin plays an important role in
the synthesis of nikotinamidmononucleotide. In
mouse models of obesity and DM, introduction
of nikotinamidmononucleotide reduces glucose
tolerance and increases hepatic insulin sensitivity.

A vaccine against obesity is a challenge that
called many attempts [42]. Some studies suggest
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that immunization against ghrelin can reduce appetite
and body weight. A mice study demonstrated that
administration of monoclonal antibodies inhibits
ghrelin-mediated acute orexigenic effect, but this
effect is not long-lasting [112]. Administration of
antibodies against octanoyl fragment of ghrelin
leads to the formation of inactive deacylated
ghrelin, which leads to more prolonged suppression
of appetite [113]. An anti-ghrelin vaccine could
be a useful tool for obesity treatment, the effects
of long-term neutralization of ghrelin, including
perhaps the development of cachexia, need
further investigation.

On the other hand, it should be noted that ghrelin
administration to patients with cachexia increases
appetite and weight, and, thus, improves the prognosis.
Ghrelin therapy also might be implemented in
patients with heart failure, including those with end-
stage disease: ghrelin can increase left ventricular
ejection fraction, possibly due to the development
of hypertrophy. Intravenous administration of
synthetic human ghrelin 2 mg/kg twice daily for
three weeks led to an increase in left ventricular
ejection fraction due to the increase in myocardial
mass and to the reduction in left ventricular
end-systolic volume in 10 patients with chronic
heart failure. Moreover, there was an increase in
lean body mass and muscle strength in these
patients [114]. Interestingly, surgical treatment for
obesity — gastric bypass — leads to a reduction
of body weight, that is partially due to the reduced
levels of circulating ghrelin. Ghrelin level is 77 %
lower in these patients compared to lean subjects
[115]. Moreover, there is no daily variability in
ghrelin level in these patients, including post-
prandial fluctuations. The mechanisms of ghrelin
decrease after gastric bypass is unknown.

Conclusions

Nowadays there is an obesity pandemic Diet,
physical activity and lifestyle modification cannot
always prevent the development of obesity and
associated diseases. To develop optimal pre-
vention, molecular mechanisms, underlying these
cardiometabolic disorders, should be well studied.

Increased accumulation of adipose tissue in
obesity leads to an imbalanced adipokine synthesis,
which may play a crucial pathophysiological role in
the development of atherosclerosis, hypertension,
disorders of carbohydrate metabolism, including
type 2 DM, as well as promote further progression
of obesity. Effects of adipokines on these processes
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have been already studied, but many issues are still
unclear.

Currently it is known that not all obese individuals
are at increased risk of cardiovascular and
metabolic complications, and they are considered
as «metabolically healthy» obese individuals. Despite
an increased adipose tissue mass, such patients have
normal sensitivity to insulin, show a normal lipid
profile and normal levels of inflammatory markers,
as well as normal BP [116]. Few studies showed that
some patients with BMI greater than 40 kg/m? have
elevated levels of adiponectin, which may indicate
a metabolic health [117]. So far it is not clear what
factors determine the metabolic health even in obese
subjects, and the uniform criteria for the definition of
«metabolic healthy are lacking [118]. Perhaps further
study of adipokines in metabolically healthy patients
will clarify the mechanisms underlying the absence
of negative impact of obesity.
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