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Abstract Metabolic cardiovascular diseases have become a global health concern, and some
of their risk factors are linked to several metabolic disorders. They are the leading causes of
death in developing countries. Adipose tissues secrete a variety of adipokines that participate
in regulating metabolism and various pathophysiological processes. Adiponectin is the most
abundant pleiotropic adipokine and can increase insulin sensitivity, improve atherosclerosis,
have anti-inflammatory properties, and exert a cardioprotective effect. Low adiponectin con-
centrations are correlated with myocardial infarction, coronary atherosclerotic heart disease,
hypertrophy, hypertension, and other metabolic cardiovascular dysfunctions. However, the
relationship between adiponectin and cardiovascular diseases is complex, and the specific
mechanism of action is not fully understood. Our summary and analysis of these issues are ex-
pected to contribute to future treatment options.
ª 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

Metabolic cardiovascular diseases include a series of clin-
ical syndromes in which there is a causal relationship be-
tween metabolic disorders and cardiovascular damage and
exclude other cardiovascular causes. Atherosclerotic car-
diovascular diseases are the main pathophysiological
foundation, cardiovascular and cerebrovascular events are
the main outcome, and the intervention of metabolic dis-
orders is helpful to improve the prognosis. For example,
obesity is a major healthcare problem worldwide. As re-
ported in a global study, the number of overweight or obese
adults and children is increasing every year.1 The global
obesity rate rose to 13.1% in 2016, and the prevalence of
obesity among adults worldwide has increased 1.5 times
since 2000.2 Obesity and its associated metabolic effects
are closely related to a series of diseases, including car-
diovascular disease, hypertension, diabetes, lipid meta-
bolism disorders, fatty liver, etc.3 As we know, metabolic
cardiovascular diseases are the leading causes of death
from chronic non-communicable diseases worldwide.
However, despite the prevalence rates of obesity and
metabolic cardiovascular diseases, their associations are
complex and not well studied at the molecular level. Adi-
pose tissue was previously thought to be a simple energy
storage organ but more recently has been discovered to be
an important endocrine organ. It plays a vital role in the
regulation of various physiological functions through the
secretion of a number of hormones, so-called adipocyto-
kines or adipokines. Adiponectin, the most abundant
pleiotropic adipokine, has received a great deal of atten-
tion and research.

Adiponectin was originally identified as an insulin-
sensitizing adipokine,4,5 but an increasing number of
studies have demonstrated that adiponectin plays a vital
role in cardiovascular diseases because of its anti-inflam-
matory, anti-atherosclerotic, and cardioprotective ef-
fects.6,7 Adiponectin is mainly secreted by adipocytes in
white adipose tissue but is also produced by the bone
marrow, osteoblasts, fetal tissue, myocytes, and car-
diomyocytes.8e10 Females have higher levels of adiponectin
than males. Adiponectin is a 30-kDa monomeric glycopro-
tein composed of an N-terminal signal sequence, a nonho-
mologous or hypervariable region, a collagenous domain,
and a C-terminal C1q-like globular domain. Before secre-
tion into the circulation, adiponectin is modified into
different multimers (low molecular weight or trimer, mid-
dle molecular weight or hexamer, and high molecular
weight), among which the high molecular weight isoform
exhibits higher activity. The circulating concentration of
adiponectin is approximately 3e6 orders of magnitude
greater than that of ordinary hormones and cytokines.11

AdipoR1 and AdipoR2 are the classic and universally
expressed receptors of adiponectin. AdipoR1 is most
abundantly found in skeletal muscle and endotheliocytes,
whereas AdipoR2 is predominantly present in the liver12;
however, they are also expressed in cardiocytes, especially
AdipoR1.13 T-cadherin is considered a newly discovered
adiponectin receptor that is mainly expressed in vascular
smooth muscle cells and endothelial cells of the heart.14

The human adiponectin gene is a single copy gene, located
on chromosome 3q27, 17 kb, including 3 exons and 2 in-
trons. The adiponectin gene and AdipoR gene show single
nucleotide polymorphism in different ethnic groups or re-
gions. The single nucleotide polymorphism can affect serum
adiponectin levels and functions, which is closely related to
obesity, diabetes, and coronary atherosclerosis.15e17

Extensive studies have demonstrated that adiponectin
plays a vital protective role against the development of
metabolic syndromes and related complications.12,18,19 In
addition to being an insulin-sensitizing adipokine, adipo-
nectin possesses anti-inflammatory, antiatherogenic, anti-
apoptotic, proangiogenic, and proadipogenic properties.
The specific mechanisms that link adiponectin and cardio-
vascular diseases remain incompletely understood, and this
review summarizes the role of adiponectin in cardiovascu-
lar diseases and analyzes the possible underlying molecular
pathways.

Adiponectin and metabolic cardiovascular
diseases

Ischemic heart disease/coronary atherosclerotic
heart disease

Low adiponectin concentrations are closely associated with
ischemic heart disease and coronary atherosclerotic heart
disease (CAD). Healthy older adults with low adiponectin
concentrations showed a higher risk of myocardial infarc-
tion.20 Studies found that hypoadiponectinemia was signifi-
cantly and independently correlated with CAD21 and
multiple atherosclerotic lesions in coronary arteries in
men.22 In patients undergoing coronary angiography with
stable angina and unstable angina, plasma adiponectin was
independently predictive of the subsequent risk of death
and myocardial infarction.23 Some studies have demon-
strated that elevated levels of serum adiponectin are
associated with coronary collateral development in patients
with coronary artery disease.24 While a meta-analysis indi-
cated that in contrast to the strong associations previously
reported between adiponectin levels and the risk of type 2
diabetes, any association with CAD risk is comparatively
moderate and requires further investigation.25 A study on
British women found that adiponectin could not be used as a
predictor of CAD.26 In terms of ischemia/reperfusion injury,
an animal experiment in early 2005 demonstrated that
adiponectin gene knockout mice experienced myocardial
ischemia/reperfusion injury with larger infarct size, while
adenovirus-mediated restoration of adiponectin expression
resulted in reduced infarct size.27 Since then, a large
number of animal experiments have proven that exogenous
recombinant adiponectin has a significant protective effect
against cardiac ischemia/reperfusion injury.28,29 Some
studies have declared that adiponectin may protect the
heart through several important signaling pathways,
including the AMPK-Cox2 pathway,27 AMPK-mediated Akt-
eNOS-NO pathway,30 and inhibition of oxidative stress and
nitrification stress.28 However, a high level of adiponectin
may not always reflect a cardiovascular protective effect.

A clinical follow-up study found that high adiponectin
concentrations were associated with worse cardiovascular
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outcomes, particularly heart failure and death, in patients
with stable ischemic heart disease.31 These outcomes
suggested that high levels of adiponectin might be a pro-
tective compensatory response in severe cardiovascular
diseases. Moreover, a long-term follow-up study discovered
that adiponectin at a high concentration at discharge was a
strong independent predictor of all-cause mortality in pa-
tients with acute myocardial infarction without a history of
diabetes.32 However, the concentration cannot serve as an
indicator of cardiovascular events, which might be
ascribed to certain factors of the enrolled groups (e.g.,
sex, race, or a co-morbid disease). Hence, adiponectin acts
as a marker of ischemic heart disease and should be further
identified.

Hypertension

Many clinical trials have revealed that hypertensive pop-
ulations have lower adiponectin levels on average and that
adiponectin levels are inversely associated with the risk of
hypertension.33e35 Furthermore, the levels of adiponectin
could be influenced by related genetic polymorphisms and
some lifestyle risk factors, including diet, exercise, and
adiposity. However, a doseeresponse relationship between
circulating adiponectin levels and hypertension has not
been established. Animal studies showed that obese mice
had lower adiponectin levels and higher blood pressure
than control mice and that adiponectin supplementation
could decrease the blood pressure, while clinical trials have
reported inconsistent outcomes regarding the antihyper-
tensive effects of adiponectin.36

The activity of the renineangiotensinealdosterone
system (RAAS) is a key factor in regulating blood pressure.
More evidence has indicated that the RAAS might be
correlated with adiponectin levels in plasma and that
angiotensin II (Ang II)-induced hypertension resulted in a
significant decrease in adiponectin, AdipoR1, and AdipoR2
levels in perivascular adipocytes and vascular cells.37

Intervention with an Ang II receptor blocker or angio-
tensin-converting enzyme inhibitor has been demon-
strated to be associated with high adiponectin levels in
hypertension patients.38,39 However, there is still a lack of
evidence about the effect of adiponectin regulation on
blood pressure.

Adiponectin decreases blood pressure through central
and peripheral mechanisms.40e42 Intracerebral-ventricular
injection of adiponectin decreased renal sympathetic ner-
vous system activity and blood pressure in adiponectin gene
knock-out mice.43 However, the impact cannot be sus-
tained. Therefore, the hypotensive effect of adiponectin
was partially recognized as changes in the activities of
autonomic nerves. The long-term effect of adiponectin on
blood pressure is mainly dependent on the improvement in
vascular endothelial function.

First, plasma adiponectin was found to be associated
with endothelium-dependent vascular relaxation in
humans35,44 and mice.45 Second, adiponectin was shown to
directly enhance NO production in the endothelium to
improve blood pressure and atherogenesis.46 Moreover, the
anti-inflammatory and anti-oxidative properties of adipo-
nectin also regulate vascular homeostasis.6,47,48
Heart failure

Obesity is closely related to heart failure. In particular,
visceral obesity is associated with three different pheno-
types of heart failure, including heart failure with reduced
ejection fraction (HFrEF), heart failure with preserved
ejection fraction (HFpEF), and high-output heart failure.49

Moreover, levels of adiponectin, secreted by car-
diomyocytes, are usually elevated in HFrEF patients.
Recent evidence has suggested that adiponectin may even
be released from the heart in patients with non-ischemic or
ischemic heart failure and a higher New York Heart Asso-
ciation class comes with a higher serum adiponectin
level50; furthermore, high adiponectin was associated with
poor prognosis, heart failure, and death in individuals with
reduced muscle mass and cachexia in particular.51e54

Several studies suggested that an elevated circulating
adiponectin level, independent of other cardiovascular risk
factors such as age, systolic blood pressure, duration of
heart failure, and creatinine clearance, is an essential
predictor of mortality and morbidity in HFrEF.55e57 How-
ever, adiponectin levels were decreased in HFpEF, espe-
cially obesity-related HFpEF. The reasons are as follows:
first, obesity leads to the down-regulation of adiponectin
gene expression; second, HFpEF is usually caused by
abnormal diastolic function rather than systolic function,58

and the excess capacity inhibits the release of adipo-
nectin.59 When the contraction function is maintained,
adiponectin levels decrease further if the load increases.
Chronic adiponectin overexpression and supplementation
improved the progression of aldosterone-induced HFpEF,
independent of blood pressure.60 Therefore, these studies
suggested that increased circulating levels of adiponectin
in HFrEF may not be secreted primarily by adipose tissue.
Potential mechanisms for increasing adiponectin levels in
patients with more severe cardiac disease may be the
stimulation of adiponectin production by natriuretic pep-
tides61 and adiponectin resistance due to heart failure.49,62

In contrast to a study conducted by Cavusoglu et al23

pooling subjects with CAD, clinical trials have pointed to an
association between high adiponectin levels and heart
failure or cardiovascular death, with a rare role in
myocardial infarction.31

Myocardial hypertrophy

Initially, cardiac hypertrophy is a compensatory response to
increased blood pressure. Chronic pressure overload can
lead to ventricular hypertrophy, with decreased cardiac
compliance and limited diastolic function. Hypertrophic
cardiomyopathy is characterized by thick myocardial fibers
and an increased number of interstitial fibers. As reported,
myocardial hypertrophy is an independent risk factor for
the morbidity and mortality of cardiovascular diseases.63

An increasing number of studies have indicated that
adiponectin can inhibit myocardial hypertrophy and is
closely related to the prevention of diastolic dysfunction.
Kitaoka et al showed that plasma adiponectin levels were
associated with impaired left ventricular systolic function
and could be used as a biomarker to assess disease severity
in hypertrophic cardiomyopathy patients.64 Sam et al found
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hypoadiponectinemia exacerbated left ventricular hyper-
trophy, diastolic dysfunction, and diastolic heart failure.
Moreover, high levels of adiponectin improved myocardial
hypertrophy and diastolic dysfunction in HFpEF rats, inde-
pendent of their effect on blood pressure.60 Observational
studies also found that higher levels of adiponectin were
associated with a lower left ventricular mass.65

We suppose that the effect of adiponectin on myocardial
hypertrophy is largely based on its effect on blood pressure
and improvements in myocardial ischemia and hypoxia.
First, hypertension is one of the most important causes of
myocardial hypertrophy, and adiponectin levels are signif-
icantly reduced in hypertensive patients. As mentioned
earlier, high levels of adiponectin can improve blood pres-
sure. Second, numerous studies have suggested that adi-
ponectin inhibits myocardial hypertrophy via the AMPK and
ERK signaling pathways.66e69 AMPK is a key protein involved
in energy regulation and metabolic homeostasis. Adipo-
nectin can activate AMPK via APPL1,70 which activates
endothelial nitricoxide synthase (eNOS) and increases
nitricoxide (NO) production to promote vasodilation.66,71

The extracellular signal-regulated protein kinase (ERK)
pathway is associated with myocardial ischemia.72 Phos-
phorylated ERK mediates cardiac hypertrophy in vitro in
mice.69,73 Adiponectin suppression of ERK phosphorylation
is another important mechanism that prevents car-
diomyocyte hypertrophy.67

Diabetic cardiomyopathy

Diabetic cardiomyopathy is a specific myocardial disease
that is also one of the main causes of diabetes-related
death. Diabetic cardiomyopathy primarily manifests as
ventricular diastolic dysfunction that causes heart failure.
The pathogenesis of diabetic cardiomyopathy is complex.
Hyperglycemia causes myocardial necrosis and fibrosis, in-
creases myocardial free radicals and oxidants, worsens
endothelial function, and induces myocardial inflamma-
tion; insulin resistance with hyperinsulinemia and
decreased insulin sensitivity cause left ventricular hyper-
trophy; metabolic disorder induces endoplasmic reticulum
stress and initiates the apoptosis signaling pathway, leading
to cardiomyocyte apoptosis. Higher adiponectin levels are
associated with a lower risk of type 2 diabetes,74 and adi-
ponectin levels are significantly decreased in patients with
type 2 diabetes.75,76 Low levels of total adiponectin and
high molecular weight adiponectin were found to be asso-
ciated with a higher risk of cardiovascular events among
patients with type 2 diabetes in follow-up studies,77 but the
role of adiponectin in diabetic cardiomyopathy is not fully
understood.

Studies have suggested that myocardial apoptosis plays
a major role in diabetic cardiomyopathy.78,79 We previ-
ously demonstrated that exenatide can activate the
“APPL1-AMPK-PPARa” anti-apoptosis signaling axis by pro-
moting adiponectin expression in cardiomyocytes and
reducing the apoptosis of diabetic cardiomyocytes, thus
protecting cardiomyocytes.70 Another study also showed
that adiponectin reduced apoptosis in human cardiac
myocytes cultured with high glucose in an in vitro experi-
ment.80 The specific mechanisms still need further inves-
tigation and exploration.
Insulin resistance is also an important pathogenic
mechanism of diabetic cardiomyopathy. Reduced AdipoR1
expression aggravated insulin resistance and takes part in
the mechanisms of diabetic cardiomyopathy in diabetic
rats.13 Decreased adiponectin levels and increased insulin
resistance induced myocardial energy dysfunction, lipid
accumulation, and subsequent contractile dysfunction to
accelerate the development of diabetic cardiomyopathy.81

Adiponectin and cardiovascular disease:
molecular mechanisms

The mechanisms of adiponectin signaling in various car-
diovascular diseases are varied and complex, including but
not limited to its ability to suppress apoptosis, oxidative/
nitrative stress, atherosclerosis, and inflammation in car-
diomyocytes. Several important mechanisms are summa-
rized below.

Antiatherosclerotic property and endothelial
protection

Cardiovascular atherosclerosis is an important pathological
basis of cardiovascular disease. Endothelial barrier injury
and inflammatory cell adhesion are the initiators of
atherosclerosis. Adiponectin plays a protective role in
regulating atherosclerosis. Adiponectin directly inhibits
atherogenic molecules such as intercellular adhesion
molecule-1, vascular cell adhesion molecule-1, and E-
selectin.82 Adiponectin could increase NO production
through the PI3K-dependent pathway and AMPK pathway to
prevent the occurrence of atherosclerosis caused by NO
reduction.46,83 Adiponectin suppresses monocyte adhesion
to endothelial cells and promotes endothelial cell survival,
differentiation, and migration.84 Moreover, adiponectin
may mediate the transformation of macrophages from the
pro-inflammatory M1 type to the anti-inflammatory M2
type, which secretes anti-inflammatory factors to inhibit
the formation of inflammatory plaques and stabilize exist-
ing atherosclerotic plaques.85 Adiponectin accumulates in
the vascular wall when the vascular endothelial barrier is
damaged and inhibits the inflammatory response of endo-
thelial cells, foam cell transformation, and proliferation of
vascular smooth muscle (Fig. 1).

Angiogenesis

In addition to protecting the endothelium, adiponectin can
repair damaged blood vessels by stimulating angiogenesis.
Treatment with recombinant adiponectin protein promoted
angiogenesis in bronchopulmonary dysplasia neonatal
mice.86 Adiponectin supplementation was beneficial to
revascularization in wild-type mice with chronic hind limb
ischemia.87 Endothelial progenitor cells (EPCs) are a het-
erogeneous group of cells involved in vascular repair and
angiogenesis. Globular adiponectin reversed high glucose-
impaired EPC functions through the restoration of eNOS
activity and p38 MAPK-related mechanisms.88 Other animal
studies have shown that adiponectin plays a protective role
by binding to the T-cadherin receptor and then connecting



Figure 1 Protective effect of adiponectin on the vascular endothelium. Adiponectin promotes endothelial cell survival, dif-
ferentiation, and migration, and the transition of macrophages from the inflammatory M1 phenotype toward the anti-inflammatory
M2 phenotype, and inhibits vascular smooth muscle cell proliferation and migration and foam cell transformation. Adiponectin
increases NO production through the PI3K-dependent pathway and AMPK pathway. Moreover, adiponectin directly inhibits
atherogenic molecules to regulate atherosclerosis.
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to the new intima and the site of atherosclerotic plaque
injury.89 Adiponectin can stimulate angiogenesis via the
AMPK-eNOS pathway and Akt signaling within endothelial
cells.30,90 Furthermore, globular adiponectin also signifi-
cantly increased endothelial cell proliferation and migra-
tion in vitro viatheAdipoR1 and AMPK-Akt pathways and
increased matrix metalloproteinase (MMP)-2, MMP-9 and
vascular endothelial growth factor (VEGF) expression levels
via AdipoR1 (andAdipoR2), but full-length adiponectin
increased only endothelial cell proliferation90 (Fig. 2).
However, animal research has suggested that adiponectin
primarily improves revascularization through AdipoR2 but
not AdipoR1.87

Moreover, some studies suggested that adiponectin in-
hibits the proliferation and migration of smooth muscle
cells induced by basic fibroblast growth factor, platelet-
derived growth factor, endothelial growth factor, and
heparin-binding epidermal growth factor.91 The anti-
angiogenic effects of adiponectin have been studied in liver
tumor growth in nude mice92 and rhesus choroid-retinal
endothelial cells after high-glucose intervention.93 The
discrepancies between the experimental outcomes could
be due to the different forms of adiponectin used, and the
role of endogenous adiponectin from endothelial cells
should also be identified.

Myocardial protection

Adiponectin can be synthesized and secreted by human
skeletal muscle cells and myocardial cells, and myocardial
cells express adiponectin receptors. In addition to its car-
diovascular protective effects, adiponectin can directly
protect the myocardium. In previous articles, we
summarized the effects of adiponectin on hypertrophic
cardiomyopathy and diabetic cardiomyopathy. In an
ischemia reperfusion model, adiponectin inhibited inducible
nitricoxide synthase and NADPH oxidase protein expression
and the resultant oxidative/nitrative stress to protect the
heart.94,28 In addition, adiponectin also protected the heart
through the AMPK pathway to decrease myocardial cell
apoptosis27,70 and through the COX-2 pathway to increase
PGE2 synthesis and inhibit TNF-a production.27 Adiponectin
suppressed cardiac hypertrophy and interstitial fibrosis and
protected against myocyte and capillary loss to prevent
systolic dysfunction after myocardial infarction.95 Animal
experiments suggest that adiponectin can increase cardiac
fatty acid oxidation and regulate cardiac energy homeo-
stasis through the AMPK pathway96 (Fig. 3).

Antithrombosis

Obesity is associated with thrombosis, which can lead to
vascular dysfunction and serious clinical complications.
Platelet aggregation and adhesion at the site of endothelial
injury are the initial factors of thrombi. Inhibition of
platelet activation and aggregation is beneficial for pre-
venting thrombosis and atherosclerosis. As a vascular pro-
tective adipokine, adiponectin has antithrombotic
properties. Clinical studies have found that adiponectin can
inhibit platelet aggregation and platelet activation,97 and
plasma adiponectin levels were negatively correlated with
platelet activation.98 In a prospective cohort study, a
decreased adiponectin level was an independent predictor
of the post-thrombotic syndrome.99 Lower adiponectin
levels also have an important role in the diagnosis of pul-
monary thromboembolism.100 The antithrombotic effect of



Figure 2 The mechanism by which adiponectin promotes angiogenesis. Adiponectin stimulates angiogenesis to repair damaged
blood vessels: globular adiponectin reverses high glucose-impaired functions of endothelial progenitor cells (EPC) through the
restoration of eNOS activity and p38 MAPK-related mechanisms; full-length adiponectin increases endothelial cell proliferation and
the expression of MMP-2, MMP-9 and vascular endothelial growth factor; adiponectin stimulates angiogenesis via the AMPK-eNOS
pathway and Akt signaling and increases endothelial cell proliferation and migration in vitro via the AdipoR1 and AMPK-Akt
pathways.
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adiponectin could be attributed to the following: (i) it in-
hibits the expression and activity of tissue factors from
macrophages,101 (ii) it stimulates the production of NO from
vascular endothelial cells or platelet NO synthases to
regulate platelet activation,102,103 and (iii) it promotes
crosstalk between AMP-activated protein kinase and Akt
signaling in endothelial cells.30
Figure 3 Protective effect of adiponectin on the myocardium
stress, cardiac hypertrophy, and interstitial fibrosis to protect the
production through the COX-2pathway to decrease cardiac hyp
myocardial cell apoptosis and increases cardiac fatty acid oxidatio
Adiponectin and inflammatory and oxidative
stresses

Inflammatory and oxidative stresses are widely present in
various cardiovascular diseases and metabolic diseases.
Adipose tissue can secrete proinflammatory and anti-in-
flammatory cytokines. Obesity leads to increased
and its mechanism. Adiponectin inhibits oxidative/nitrative
heart. Adiponectin increases PGE2 synthesis and inhibits TNF-a
ertrophy and myocardial injury. Adiponectin also decreases
n through the AMPK pathway.
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expression of proinflammatory adipokines and diminished
expression of anti-inflammatory adipokines, and the
imbalance of adipokines promotes cardiovascular diseases,
insulin resistance, and diabetes. Adiponectin has been
proven to be a potent and pleiotropic anti-inflammatory
adipokine.104 A large number of studies have proven that
adiponectin levels are negatively correlated with inflam-
matory markers, such as CRP and IL-6.105e107 The anti-in-
flammatory mechanism of adiponectin is complex.
Adiponectin mediated the transformation of the macro-
phage phenotype from the proinflammatory M1 type to the
anti-inflammatory M2 type to control inflammation.85,108

Adiponectin also suppressed the phagocytic ability of
macrophages109 and promoted the clearance of apoptotic
cells by macrophages.110 Moreover, adiponectin inhibited
Toll-like receptor-mediated nuclear factor-kB activation111

and promoted the production of the anti-inflammatory cy-
tokines IL-10 and IL-1RA.109,112 Adiponectin counteracted
the proinflammatory effects of TNF-a on the arterial
wall,113 reduced NADPH oxidase superoxide production,
and increased NO bioavailability in the vessel wall.114

Oxidative stress is a harmful factor that promotes the
development of diabetes, atherosclerosis, and a variety of
other diseases and critically regulates cardiometabolism.
Adiponectin may partially alleviate aldosterone-induced
adverse cardiac remodeling by inhibiting oxidative
stress.115 Adiponectin inhibited the production of excess
ROS through the cAMP/PKA and AMPK pathways to decrease
endothelial cell apoptosis116 (Fig. 4).
Figure 4 Anti-inflammatory and antioxidant mechanisms of adi
cAMP/PKA and AMPK pathways to inhibit oxidative stress. (ii) In
phenotype, adiponectin inhibits the phagocytosis of macrophages a
promotes the production of anti-inflammatory cytokines (e.g., IL-10
(iv) Inhibition of activation of nuclear factor-kB is one of the impo
Adiponectin and autophagy

Under physiological conditions, the autophagy function of
cardiomyocytes is maintained at a low basal level, which is
of great importance for maintaining the homeostasis of
cardiac structure and function and maintaining the integ-
rity of cardiac cells. Animal studies have shown that
increased autophagy in cardiomyocytes is a protective
response that reduces heart damage. Autophagy disorders
can participate in the pathological process of myocardial
damage caused by various factors, such as chronic heart
failure,117 myocardial hypertrophy and dilated cardiomy-
opathy,118 and ischemia/reperfusion injury.119 However,
the mechanisms have yet to be fully illustrated.

Adiponectin can promote the formation of autophagic
lysosomes in the myocardium,120 and an adiponectin defi-
ciency may aggravate myocardial hypertrophy and systolic
dysfunction by causing autophagic disorders in rats fed a
high-fat diet.121 AMPK, an important downstream signaling
protein of the adiponectin signaling pathway and cell en-
ergy sensor, plays an important role in the regulation of
cardiac autophagy. AMPK activation up-regulated the
autophagy activity of cardiomyocytes in diabetic mice to
prevent diabetic cardiomyopathy.122 Liraglutide could
promote cardiac autophagy through the AMPK-mTOR
signaling pathway and reduce myocardial cell injury in
diabetes mellitus.123 The mechanism may be that AMPK
promotes the separation of Beclin1 from Bcl-2 and en-
hances cardiac autophagy.124 Cardiomyocyte autophagy
ponectin. (i) Adiponectin inhibits ROS production through the
addition to mediating the transformation of the macrophage
nd increases the clearance of apoptotic cells. (iii) Adiponectin
and IL-1RA) and increases NO bioavailability in the vessel wall.

rtant mechanisms of anti-inflammatory action for adiponectin.



Figure 5 The mechanism by which adiponectin regulates autophagy. AMPK plays an important role in the regulation of cardiac
autophagy, and adiponectin activates AMPK via APPL1 after binding to adipoR. AMPK activation promotes the separation of Beclin1
from Bcl-2 to up-regulate the autophagy activity of cardiomyocytes. Adiponectin also improves cardiomyocyte autophagy by
inhibiting the AMPK/mTOR/ERK-dependent mechanism.
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caused by excessive ROS was ameliorated by adiponectin by
inhibiting the AMPK/mTOR/ERK-dependent mechanism.125

APPL1, an important upstream protein of AMPK in the adi-
ponectin pathway, may be involved in autophagy regulation
by activating AMPK (Fig. 5).

Conclusions

In summary, as the most abundant adipocytokine, adipo-
nectin plays a multi-potent role in metabolic cardiovascular
diseases. Hence, this review summarized the role of adi-
ponectin in cardiovascular disorders and the related
mechanisms. The role of adiponectin in cardiovascular
diseases is unclear, although new mechanisms are
constantly being reported; many issues remain to be clari-
fied regarding the concentration, function, and mechanism
of adiponectin. As adiponectin plays an important role in
anti-inflammation, anti-apoptosis, endothelial protection,
and angiogenesis, we believe that with the further contin-
uous study of its physiological function, adiponectin has the
potential to become a therapeutic agent for atheroscle-
rosis, type 2 diabetes mellitus, cardiomyopathy, and other
diseases. But human plasma adiponectin mostly exists in
the form of multimers, only a high level of circulating
adiponectin plays a cardiovascular protective role. The
secretion of endogenous adiponectin is tightly regulated by
various regulatory elements, and exogenous recombinant
adiponectin does not necessarily play a direct physiological
effect. Therefore, improving the concentration of endog-
enous adiponectin through drugs or lifestyle or discovering
agonists of related signaling pathways, are important
research directions and challenges to realize the thera-
peutic effect of adiponectin. Further research on adipo-
nectin and its anti-inflammatory, antioxidant, and
autophagy-inducing effects and treatment function is not
only of profound theoretical importance but also of
considerable practical value.

It is known that metabolic disorders caused by energy
imbalances maybe contribute to the occurrence and
development of metabolic cardiovascular diseases. How
exogenous metabolic factors and endogenous metabolic
pathways coordinate to regulate cardiovascular diseases,
the causal relationship between metabolic phenotype
changes and cardiovascular diseases, the mechanism of the
brain-gut axis regulating metabolism and cardiovascular
diseases, and how to accurately and quantitatively eval-
uate the body’s energy metabolism, are all issues worthy of
further exploration. To clarify these problems, some new
technical platforms should be included, such as the human
metabolism module, multiomics, molecular imaging, opto-
genetics, and multimodal imaging. Although facing great
challenges, it is worth exploring.
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