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Abstract

Introduction: Obesity is a chronic fatal disease with still growing incidence among children,
adolescents, and adults worldwide. The subclinical inflammatory process together with
hipoadiponectinemia may lead to the development of various comorbidities, including
cardiovascular complications. That is why, the relationship between adipose tissue activity,
obesity, insulin resistance, and endothelial function is in high interest and an object of
extensively studies.

Aim of the study: This article summarizes the current knowledge on the anti-atherogenic
effects of adiponectin and its properties to improve endothelial function in obesity-related
insulin resistance.

Description of knowledge: Adiponectin, an adipose tissue-derived pleiotropic hormone with
anti-inflammatory, anti-atherogenic, anti-diabetic, and insulin-sensitizing actions, is not only
engaged in modulation of type 2 diabetes mellitus, hypertension or coronary artery disease,
but the latest researches highlight its role in improving vascular wall integrity. It affects
complex signaling pathways in endothelial cells and influence inflammatory responses in the
subendothelial space. Pre-clinical and clinical studies suggest that agents leading to increase
in adiponectin levels, simultaneously contribute to decrease insulin resistance, and improve
endothelial dysfunction.

Conclusions: Adiponectin may be a predictive factor of endothelial dysfunctionality and
vascular remodeling development in the group of patients with overweight, obesity, and
insulin resistance. Discovering pharmacological agents and non-pharmacological
interventions that increase the level of circulating adiponectin will become novel and
innovative therapeutic strategy to ameliorate obesity-related comorbidities. Therefore, further
studies are required to determine the exact role of adiponectin in the pathogenesis of

metabolic diseases.
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Introduction

Obesity is a chronic disease characterized by the excessive deposition of fat that may
lead to various comorbidities, including cardiovascular complications, diabetes mellitus, and
cancers [1,2]. Overweight and obesity are commonly defined by the body mass index (BMI)
calculated as weight (kg) divided by height (meters) squared. Individuals are classified to one
of five categories according to BMI as normal weight: 18.5-24.9 kg/m?, overweight: 25.0-29.9
kg/m?, grade I obesity: 30.0-34.9 kg/m?, grade II obesity: 35.0-39.9 kg/m?, and grade III
obesity, also called severe or morbid obesity: >40 kg/m? [3,4]. In the twenty-first century,
obesity has reached global epidemic proportions with still increasing prevalence among
children, adolescents, and adults. It is estimated that if current trends continue, about 58% of
adults will be overweight or obese by 2030, that is why body weight disturbances are treated
as major health, psychological, and socioeconomic problems worldwide [1,5,6]. What is more,
date analysis of 900,000 adult patients from the Prospective Studies Collaboration (PSC)
demonstrated that median survival rate may decrease by 8 to even 10 years for obese
individuals with BMI of 40-45 kg/m?, compared to those with normal BMI, mostly due to
vascular complications [7]. Another simple and widely available measurement is waist
circumference that allows to assess the distribution of adipose tissue. Currently, according to
the values proposed by the International Diabetes Federation for European countries, waist
circumference >80 cm in women and >94 cm in men are treated as threshold values for which
abdominal obesity is diagnosed [8]. Moreover, waist-hip ratio (WHR) constitutes an
important indicator for distinguishing the main types of obesity: gynoid obesity, slightly more
typical for women, and visceral obesity, more characteristic in men. It is established by
experts in many guidelines that WHR equal or higher than 1 for men and 0.8 for women
indicates obesity of the abdominal type, and lower than these values suggests obesity of the
gluteal-femoral type, although there are ethnic-specific WHR cutoffs in different studied
populations [9,10]. Nevertheless, both BMI, waist circumference, and WHR do not provide
accurate information about fat distribution, body composition, adipose tissue activity, and the
related risk of cardiometabolic complications, morbidity, and mortality in obese individuals.
Therefore, there is a great need to discover novel biomarkers for early predicting of
endothelial or vascular dysfunction in insulin resistance, overweight, and obesity.

Since adipose tissue has been recognized as one of the largest metabolically active

endocrine organ, but not only place for energy and lipid storage, it is an object of many
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researches in the context of glucose homeostasis and development of cardiovascular diseases
[11,12]. Adipose tissue synthesizes and releases multiple inflammatory- and immune-
modulatory proteins, such as cytokines, hormones, growth and vasoactive factors, and
extracellular matrix proteins, collectively named as adipokines, that affect the functioning of
the whole organism and are engaged in various physiological and pathophysiological
processes [13,14]. Among all secreted molecules, adiponectin, also known as adipocyte
complement-related protein of 30 kDa (Acrp30), AdipoQ, apM1, and gelatin binding protein
of 28 kD (GBP-28), structurally belonging to C1q/TNF protein family, is one of the most
extensively investigated novel cytokine and promising therapeutic target in obesity-related
diseases [15,16]. The results of recent years’ studies have revealed the link between anti- and
proinflammatory adipokines’ imbalance in obesity-induced insulin resistance in adipose tissue,
and endothelial dysfunction, vascular remodelling as well as have demonstrated the novel
pathways involved in the pathogenesis of atherosclerosis development [17-19]. What is
interesting, but not widely known, chronic insulin resistance state has been strengthened by
epidemiological and experimental studies as independent factor increasing the risk of
cardiovascular disorders [20]. A thorough understanding of above-mentioned correlations and
disturbances in adipose tissue microenvironment will likely result in innovative approach to
diagnostic process and rationalizing treatment methods of these highly prevalent disorders in
the future.
Aim of the study

The aim of this systematic review was to present the protective influence of
adiponectin on endothelial and vascular function in the course of insulin resistance and
obesity. Moreover, we also discussed the current and future perspectives of the usefulness of
this adipocytokine as diagnostic and prognostic factor as well as potential therapeutic target in
obesity-related vascular damages.
Materials and methods

The available literature was subjectively selected due to its usefulness in showing
clinical approach to the role of adiponectin, an insulin-sensitizing and anti-inflammatory
adipocytokine, as a biomarker of endothelial dysfunction in overweight and obesity.
Furthermore, its involvement in the mechanisms of insulin resistance and atherosclerosis
development was evaluated. Data which reveals inconsistency in results was shown as well.
Articles in English in the EBSCO and the PubMed database have been analyzed using key
words in various combinations: ‘adiponectin’, ‘endothelial dysfunction’, ‘insulin resistance’,

‘overweight’, ‘obesity’, ‘metabolic disorders’, ‘diagnostic marker’ and ‘therapeutic target’.
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Adiponectin, obesity and insulin resistance — when the vicious circle begins

Obesity is a complex condition with a multifactorial background, including genetic,
epigenetic, behavioral, socioeconomic, and environmental factors, in which a prolonged status
of positive energy balance leads to both adipocyte hypertrophy and hyperplasia [21]. In
consequence, the changes in size and number of adipocyte cells with further increase in the
total fat mass, cause adipose tissue dysfunctionality and initiate a variety of inflammatory and
immune signaling pathways that strongly contribute to disruption of metabolic homeostasis in
the whole human organism [22]. Numerous in vitro and in vivo studies proved that adipose
tissue in overnutrition conditions undergoes different cellular and structural reconstruction
processes involving impaired angiogenesis leading to local hypoxia, mitochondrial
dysfunction, changes in membrane proteins, increased adipocyte cell death due to
apoptosis/necrosis and autophagy, disturbed extracellular matrix remodelling, and fibrosis
[13,23-25]. It 1s also worth mentioning that adipose tissue expansion is strongly associated
with innate and adaptive immune disturbances, such as increased infiltration of activated
macrophages, neutrophils, foam cells, proinflammatory Thl and Th17 CD4, B cells,
mastocytes, and dendritic cells [26]. Above-mentioned disorders occur already at the early
stages of obesity development, and then they are sustained by chronic low-grade
inflammation, and at the same time exaggerate it. What is more, excessive visceral fat
accumulation promotes unbalanced secretion of proinflammatory molecules, such as
interleukin-6 (IL-6), interleukin-1 (IL-1pB), tumor necrosis factor-alpha (TNF-a), leptin,
monocyte chemoattractant protein 1 (MCP-1), which together with increased production of C-
reactive protein (CRP) by hepatocytes, subsequently inhibits adiponectin expression on both
mRNA and protein levels, and thereby cause adipose tissue inflamed [27].

Adiponectin, a 244 amino acids protein encoded by the APM1 gene located on the
long arm of the third chromosome, is one of the key adipose tissue-derived substances with a
pleiotropic influence on glucose homeostasis, insulin sensitivity, lipid metabolism, and
vascular endothelium integrity [15,28]. It is predominantly produced by mature cells of white
adipose tissue with special attention to visceral fat compartments associated with the highest
cardiovascular risk, subcutaneous, perivascular, and epicardial fat depots, although it may also
be secreted by cardiomyocytes, hepatocytes, skeletal muscle, colon, salivary gland, placenta,
and even hypophysis at significantly lower concentrations [28]. Adiponectin acts not only
locally in adipose tissue in an autocrine and paracrine manner, but it also circulates in the
bloodstream in three major multimeric forms, which include low molecular weight (LMW)

trimers, middle molecular weight (MMW) hexamers, and high molecular weight (HMW)
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multimers, which is suggested to be the most active form, and thus it regulates processes in
other tissues and distant organs [29]. It comprises about 0.01-0.05% of all plasma proteins and
its level ranges from 3 to 30 pg/ml with about 40% higher concentration in women than in
men (median: 8.7 pg/ml vs 5.5 pg/ml) [28,30-32]. This highly bioactive molecule (a half-life
of 75 min to 150 min) with anti-inflammatory, anti-atherogenic, anti-diabetic, and insulin-
sensitizing properties exerts plentiful impact on diverse disease areas via two main
transmembrane receptors: AdipoR1, primarily expressed in skeletal muscle and activated by
AMPK (AMP-dependent protein kinase) phosphorylation, and AdipoR2, mainly localized in
liver and involved in the activation of peroxisome proliferator activating receptor alpha
(PPAR-a), whereas vascular effects are mediated throughout unique cell surface molecule in
endothelial and smooth muscle cells called T-cadherin receptor, which is able to bind MMW
and HMW, but not LMW adiponectin form [15,31].

Furthermore, adiponectin stimulates fatty acid oxidation, partly due to the activation of
AMPK signaling axis and subsequent deactivation of acetyl coenzyme A carboxylase, and in
this way it decreases the level of circulating free fatty acids and improves insulin sensitivity
[15]. However, high fat diets lead to the reduction in insulin-stimulated glucose transport,
which together with chronic subclinical inflammatory process, altered adipokine patterns play
a central role in the promotion of insulin resistance that is observed in even 50-70% of
overweight or obese individuals [33,34]. Some authors claimed adiponectin levels influence
the fluctuations in insulin sensitivity in even 73% of cases [35]. According to the current
knowledge, in obesity-induced insulin resistance, down-regulation of adiponectin and its
receptors expression is observed, and it can induce adiponectin resistance consistently
developing during the progression of obesity. Although, it is known that AdipoR2 expression
within visceral adipose tissue is decreased without any changes in AdipoR1 expression. It is
also worth nothing that adaptor protein-containing pleckstrin homology domain,
phosphotyrosine-binding domain, and leucine zipper motif 1 (APPLI1), the intracellular
binding partner of AdipoR1 and AdipoR2 complex and the mediator of adiponectin dependent
insulin sensitization, may be a possible link between adiponectin-insulin resistance cross-talk,
which causes multiple intracellular signal transduction disorders in obese individuals [32].

A growing number of pre-clinical and clinical studies repeatedly demonstrated that
plasma adiponectin levels are negatively correlated with BMI, plasma insulin concentrations,
and insulin resistance calculated using the HOMA-IR (Homeostatic Model Assessment for
Insulin Resistance) index [36-37]. At the same time, it is suggested that HMW adiponectin

better predicts insulin resistance and the metabolic syndrome in patients than total adiponectin
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concentration [38]. Many authors have shown that hypoadiponectinemia is observed in human
and animals subjects with overweight and obesity compared to non-obese ones, but
adiponectin levels are further decreased in patients with coexisting type 2 diabetes mellitus or
cardiovascular diseases [28,39]. Notwithstanding, there are single reports in the literature,
which do not prove the changes in adiponectin levels in individuals regarded as obese [40].

The initial hypothesis indicating that obesity induces chronic subclinical inflammation,
and recent insights into immune and biochemical alteration highlights the leading role of
adiponectin in the development of obesity-linked comorbidities. On the other hand, it seems
that complex pathological mechanisms underlying the relationship between overweight or
obesity, insulin resistance, altered adipokine profiles, and endothelial complications, make it
hard to establish the moment when this vicious circle begins.
Adiponectin and endothelial dysfunction in obesity-induced insulin resistance

According to the latest data, it was found that the substantially higher risk of vascular
and endothelial dysfunction as well as adverse cardiovascular events in the group of patients
with metabolically unhealthy obesity compared to those with metabolically healthy obesity
and metabolically healthy people of a normal weight is associated with imbalanced secretion
of adipocytokines, mainly adiponectin [41-44]. Extensive experimentations in both animal
models and humans have demonstrated that chronic low-grade inflammation, disturbed nitric
oxide (NO)-bioavailability, oxidized low-density lipoprotein (oxLDL), insulin resistance
together with hypoadiponectinemia are involved in the initiation and progression of obesity-
induced disruption of vascular homeostasis, endothelial vasodilator dysfunction, which result
in the development of atherosclerosis, and then micro- and macrovascular complications [45].
What is interesting, the research conducted by Murioz-Mursioz E et al. shed a new light on the
pathogenesis of vascular dysfunction as they have revealed that placental endothelium of
large-for-gestational-age (LGA) neonates from obese mothers is characterized with
diminished vascular response to adiponectin compared to fetoplacental chorionic arteries and
umbilical cord endothelium of adequate-for-gestational (AGA) newborns. Similar
observations were also presented in primary cultures of umbilical artery endothelial cells of
LGAs from mothers with pre-gestational obesity, in which decreased endothelial nitric oxide
synthase (eNOS) activation and adiponectin-dependent NO production were proved. These
molecular changes indicate that the onset of cardiovascular disorders is already present in the
early period of human life, especially in genetically predisposed subjects with programmed

obesity-related complications [46].
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Adiponectin, a unique substance with anti-inflammatory, vasculoprotective, and
angiogenic functions, is involved in the prevention of atherosclerotic process development at
all of its steps by both affecting highly complex signaling pathways in endothelial cells and
modulating inflammatory responses in the subendothelial space [18]. Primarily, it is engaged
in down-regulation of endothelial adhesion molecules expression, such as vascular cell
adhesion molecule-1 (VCAM-1), intracellular adhesion molecule-1 (ICAM-1), and E-selectin,
which bind mononuclear cells, and in this way enable their migration into the subendothelial
space and actively promote atherogenesis. Adiponectin also plays a role as an inhibitor of
transformation of monocyte-derived macrophages into foam cells by inhibiting the class A
macrophage scavender receptor, and it is suggested to prevent binding of LDL fraction to
vascular proteoglycan. These actions aim to prevent the atherosclerotic plaque formation, and
lead to decreased level of local inflammation. In addition, adiponectin protects against
pathological vascular remodelling through suppression of smooth muscle cell growth and
their migration. What is more, atheroprotective effects of adiponectin also include its impact
on the vasculature by reducing platelet aggregation [27,45]. Besides, adiponectin improves
endothelial vasorelaxation by increasing eNOS activity and NO production, and at the same
time it suppresses the generation of reactive oxygen species (ROS) (superoxide and H20»),
which are released in response to several triggers, such as free fatty acids, oxLDL, TNF-a that
activate adequate signaling kinases [18,19]. Moreover, this cytokine stimulates angiogenesis
and recruitment of progenitor cells. These effects of adiponectin are mainly mediated through
increased phosphorylation of the insulin receptor, activation of AMP-activated protein kinase,
and modulation of the nuclear factor kB pathway [45,47].

The above-described properties of adiponectin were proved in both experimental and
clinical studies [17,48-50]. Ortiz Segura MDC et al. indicated that the adiponectin
concentrations were lower and soluble ICAM-1 levels as markers of endothelium dysfunction
were increased in Mexican obese adolescents with insulin resistance compared to those
without insulin resistance and in the controls [17]. The results of the research conducted on rat
models revealed that the implementation of a high-fat diet leads to continuously increasing of
pro-inflammatory cytokines, and decreasing of anti-inflammatory adiponectin levels with the
first effects observed after six weeks, while NO levels were decreased at six weeks and lipid
peroxidation increased in twelve weeks, which in consequence induced an increase in systolic
blood pressure [48]. Similar observations were found in adiponectin-deficient mice which
developed enhanced salt- or atherogenic diet-induced hypertension due to disturbances in the

endothelial cell function [49,50]. Furthermore, it turned out that adiponectin administration
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may reverse neointimal thickening in mechanically injured arteries due to inhibitory effects of
this cytokine on proliferation and migration of vascular smooth muscle cells [51]. On the
other hand, there are several studies suggesting that no association between adiponectin levels
and cardiovascular risk is observed as well as increased adiponectin concentrations are
associated with a worse prognosis in patients with cardiometabolic disturbances, although the
mechanisms of such paradox remain still unclear [52].

Adiponectin as potential therapeutic target for obesity-related vascular damage

Adiponectin due to its multiple properties seems to be not only relevant clinical
biomarker, but also promising therapeutic target for obesity-related vascular and endothelial
damages [53]. Currently, there are numerous studies that assess alteration in adiponectin
concentrations after both non-pharmacological and pharmacological interventions, but many
of them were conducted on animal models or in in vitro conditions. Clinical trials that would
comprehensively evaluate efficacy of various treatment strategies contributing to increase in
adiponectin levels and improving endothelial functions in group of patients with overweight,
obesity, and insulin resistance, especially before prediabetes state, type 2 diabetes mellitus or
cardiovascular complications develop, are limited [54].

Among the common non-pharmacological treatment options, lifestyle modifications,
including control diet and physical exercises, is proposed in order to obtain weight loss [55-
57]. It was estimated that each kilogram of fat mass lost is associated with simultaneously
increase in plasma adiponectin level by approximately 6% [58]. What is more, researches
have shown that these methods also decrease insulin resistance, improve endothelial function,
and reduce cardiovascular risk. Recent studies displayed that the most effective drugs with
proven effects on bioavailability and concentrations of adiponectin are insulin sensitizers
thiazolidinediones, peroxisome proliferator-activated receptor gamma (PPAR-y) agonists,
such as rosiglitazone, pioglitazone, hypoglycemic drugs as glimepiryd, cardiovascular
medicament, like angiotensin receptor type 1 blockers (ARB family, mainly telmisartan, to a
lesser degree candesartan and losartan), rennin-angiotensin system inhibitors (ACEI family,
like temocapril, ramipril), and nebivolol, novel agent in beta-blocker group. It is also worth
mentioning that both statins (simvastatin, atorvastatin, and rosuvastatin), diuretics, old beta-
blockers, and metformin, the best known anti-hyperglycemic drugs, do not alter plasma
adiponectin levels in obese patients with type 2 diabetes mellitus [28,53,54]. Moreover, the
special attention is also paid to herbal medicines, such as garlic extract, astragaloside II and
isoastragaloside I, isolated from medicina herb radix, Zataria multiflora plant, commonly

known as Avishan-E-Shirazi, as these natural substances are suggested to play a role in
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increasing adiponectin levels, and at the same time alleviating insulin resistance and
modulating vasculature function [53]. There are also some evidence that omega-3 fatty acids,
cobalt, L-cysteine, and manganese supplementation can be supportive therapeutic strategy,
although further studies are necessary [53,59]. The analysis of existing data indicates that
roux-en-y gastric bypass surgery should be considered, especially in patients with severe
obesity, as the treatment method allowing to not only weight loss, but also inducing sustained
increases in plasma adiponectin levels with simultaneously improvement of the metabolic
profile that is observed post-surgically [60-62]. It is also worth nothing that short-term weight
loss do not change adiponectin concentration and insulin resistance, but only significant
increment of HMW and reduction of MMW form.

Increased serum or plasma adiponectin levels after different treatment interventions
prove its regulatory role and properties to improve and mimic metabolic and vascular actions
of insulin and its protective influence on endothelial function in experimental and clinical
studies. Constant development of various strategies involving both regulation of adiponectin
and its receptors expression as well as discovering adiponectin receptors’ agonists may make
adiponectin as a multipotent therapeutic object to combat with obesity, insulin resistance, and
their metabolic and vascular complications.

Conclusions

To conclude, it is worth to emphasize that obesity is a chronic fatal disease in which
subclinical inflammatory process together with hipoadiponectinemia lead to disruption of
vascular homeostasis and endothelial dysfunction, and these changes contribute to
significantly higher risk of adverse cardiovascular events as a consequence. Adiponectin, an
adipose tissue-derived hormone with insulin-sensitizing, anti-atherogenic, and anti-
inflammatory properties, may be a predictive factor of endothelial dysfunctionality and
vascular remodeling development in the group of patients with overweight, obesity, and
insulin resistance. Discovering of pharmacological agents and non-pharmacological
interventions that increase the level of circulating adiponectin, would become novel and
innovative therapeutic strategy to ameliorate obesity-related comorbidities. Therefore, further
studies are required to determine the effect of adiponectin and its role in the pathogenesis

metabolic diseases.
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