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CONTEMPORARY REVIEW

The Emerging Role of Irisin in 
Cardiovascular Diseases
Jinjuan Fu, MD; Fangtang Li, MS; Yuanjuan Tang, MS; Lin Cai, MS; Chunyu Zeng, MD, PhD; Yongjian Yang , MD, PhD; 
Jian Yang, MD, PhD

ABSTRACT: Irisin, a novel hormone like polypeptide, is cleaved and secreted by an unknown protease from a membrane- 
spanning protein, FNDC5 (fibronectin type III domain- containing protein 5). The current knowledge on the biological functions 
of irisin includes browning white adipose tissue, regulating insulin use, and anti- inflammatory and antioxidative properties. 
Dysfunction of irisin has shown to be involved in cardiovascular diseases such as hypertension, coronary artery disease, 
myocardial infarction, and myocardial ischemia– reperfusion injury. Moreover, irisin gene variants are also associated with 
cardiovascular diseases. In this review, we discuss the current knowledge on irisin- mediated regulatory mechanisms and their 
roles in the pathogenesis of cardiovascular diseases.
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Cardiovascular diseases (CVDs), including coro-
nary heart disease, hypertension, heart failure, 
and stroke, are the leading causes of morbidity 

and mortality in the world, accounting for nearly 30% 
of the total deaths worldwide.1 According to the 2018 
report on CVDs in China, it was estimated that about 
290 million patients suffer from CVDs and CVD- related 
deaths.2 Thus, increasing the efficacy in preventing 
and controlling CVDs is expected to have huge po-
tential in decreasing healthcare costs and improving 
global health.

Exercise is an effective method to improve CVDs.3,4 
Regular exercise affects not only the metabolism of 
skeletal muscle, but also other organs such as the 
heart, liver, and visceral adipose tissue.5 One of poten-
tial mechanisms underlying this crosstalk is the secre-
tion of some peptides classified as myokines, which 
mediate communication between muscle and other 
tissues through endocrine mechanisms.6,7 In the past 
few decades, studies have found that exercise exerts 
beneficial effects on CVDs via secreting several myok-
ines such as myostatin,8 FGF21 (fibroblast growth fac-
tor 21),9 and BDNF (brain- derived neurotrophic factor).10

In 2012, Bostrom and colleagues first proposed 
that irisin was a muscle- derived energy expenditure 
signal by promotion of browning white adipose tissue 
through increasing the expression of UCP- 1 (uncou-
pling protein 1).11 Further studies have shown that irisin 
exerts beneficial effects such as anti- inflammation12 
and antioxidation,13 regulating insulin synthesis and 
use,14,15 and improving glucose and lipid metabolism.16 
The perturbation of those processes and/or deficiency 
of irisin causes impaired metabolic responses, which 
then lead to CVDs. In this review, we discuss our evolv-
ing understanding of the role of irisin in CVDs, summa-
rize the current knowledge of irisin- mediated regulatory 
mechanisms, and highlight the therapeutic potential of 
irisin against CVDs.

BASIC CHARACTERISTICS OF IRISIN
Origination and Distribution
Irisin, a peptide of 112 amino acids, is a PGC- 1α 
(proliferator- activated receptor- γ coactivator- 1α)- 
dependent myokine, and is cleaved from FNDC5 
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(fibronectin type III domain- containing protein 5), a 
membrane- spanning protein.17 The FNDC5 protein 
is composed of an N- terminal signal sequence, a 
fibronectin type III domain, an unidentified region, a 
transmembrane domain, and a C- terminal part.18 The 
C- terminal fragment of FNDC5 is located in the cy-
toplasm, whereas the extracellular N- terminal portion 
is proteolytically cleaved to produce irisin.19 Irisin has 
a 100% similarity between mice and humans.20 One 
study reported that FNDC5 is cleaved into irisin, at 
least partially, in an ADAM (disintegrin and metallopro-
teinase) family- dependent manner.21

The Fndc5 gene is highly expressed in organs con-
taining muscles such as skeletal muscle, heart, vascular, 
and rectum. In mice, muscle- derived irisin represents 
~72% of the total circulating levels of this protein; the re-
maining 28% probably derives from adipose tissue and 
other organs such as the liver, kidney, brain, and pan-
creas.17,22 Strikingly, cardiac muscle expresses a high 
level of FNDC5, and exercise produces more irisin in 
cardiac muscle than skeletal muscle.23 These suggest 
its potential roles in cardiac function and performance.

Regulation of Irisin
Role of Exercise

The synthesis and the release of irisin are mainly reg-
ulated by exercise19 and cold- induced shivering.24 
However, it should be noted that the existence of circu-
lating irisin in humans and whether this hormone can be 
secreted after exercise were once controversial because 
of doubts surrounding the adenine thymine adenine 
translation start codon in human FDNC5, the reliability 
of irisin antibodies, and commercial irisin ELISA kits.25– 27 
However, a study by Jedrychowski et al has put this 
controversy to rest by confirming the presence of irisin 
in human plasma and its elevation after exercise using 
quantitative mass spectrometry.28 The levels of circulat-
ing irisin in healthy humans are in the 3 to 5 ng/mL range, 
which are increased after exercise.29– 31 Moreover, the 
duration of exercise is important for changes in circulat-
ing levels of irisin. Investigators have found that levels of 
irisin peak after 3 to 60 minutes of exercise and return 
to baseline 6 hours later, but chronic exercise (ranging 
from 6 weeks to 1 year) did not alter circulating levels of 
irisin, indicating that acute, but not chronic exercise trig-
gers irisin release from muscle.32,33 Moreover, the type of 
acute exercise also affects irisin. Studies suggested that 
resistance exercises as well as heavy strength training, 
but not endurance exercises, stimulated the increase in 
irisin serum levels.33,34 Mechanically, exercise stimulates 
FNDC5 expression and increases serum irisin through 
activating AMPK (adenosine monophosphate- activated 
protein kinase) or MAPK (p38 mitogen- activated protein 
kinase)– PGC- 1α pathway.35– 37 In addition, the depriva-
tion of muscle intracellular ATP after exercise might trig-
ger the synthesis of FNDC5 and the release of irisin.38 
In addition, Lee et al found that cold exposure through 
shivering- related muscle contraction could lead to in-
creased circulating levels of irisin. Their work showed 
an induction of irisin secretion proportional to shivering 
intensity, in magnitude similar to exercise- stimulated 
secretion.39

Other Factors

Studies have shown that synthesis of FNDC5 and 
release of irisin are negatively regulated by fatty 
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acids and high glucose. In vitro studies showed that 
saturated fatty acid palmitate40 or high glucose41 
inhibited FNDC5 mRNA and protein expression in 
a concentration- dependent manner. In addition, 
FNDC5 expression was moderated by inflamma-
tory factors. For example, incubation of myotubes 
with IL- 1β (interleukin- 1β) or TNF- α (tumor necrosis 
factor- α), or both, reduces FNDC5 protein synthe-
sis42 (Figure 1).

IRISIN AND CARDIOVASCULAR RISK 
FACTORS
The effects of irisin on lipid accumulation and glucose 
homeostasis in skeletal muscle, the liver, and adipose 
tissue have been well discussed by other research-
ers.43,44 In our present article, we will focus on the rela-
tionship between irisin and cardiovascular risk factors 
from the following 4 aspects.

Browning of White Fat
Mammals have 2 types of adipose tissue: white 
and brown. Brown adipose tissue has numerous 

mitochondria and is specialized to uncouple mito-
chondrial respiration, allowing for the generation of 
heat.45 Böstrom et al first found that irisin activated 
oxygen consumption and thermogenesis in cultured 
white adipocytes, and injection of an adenoviral vec-
tor expressing irisin into mice resulted in browning of 
subcutaneous white fat.17 Similarly, Xiong et al found 
that Fndc5 mutation attenuated exercise- induced 
browning of white adipose tissue in mice.46 In vitro 
studies also showed that irisin could robustly induce 
a brown fat gene program, such as Ucp1, in cultured 
white adipose cells.47

The underlying mechanisms of irisin- induced white 
fat browning are complex. Boström et al found that 
irisin- mediated increased UCP1 expression could 
be abolished by inhibition of the PPARα (peroxisome 
proliferation- activated receptor α), and they proposed 
that PPARα may act downstream of irisin to promote 
the fat browning program.17 A study also showed that 
an irisin- induced browning effect was probably trig-
gered by irisin- mediated activation of the ERK (extra-
cellular regulated protein kinase)– p38MAPK signaling 
pathway because the upregulated UCP- 1 expression 
was abolished by inhibition of the p38MAPK and 

Figure 1. Exercise and cold- induced shivering induce PGC- 1α expression in skeletal muscle 
through stimulating AMPK and p38MAPK signaling pathways.
Upregulated PGC- 1α expression in turn drives the production of membrane protein FNDC5. However, 
inflammatory factors, high glucose, and saturated fatty acid suppress FNDC5 expression. The FNDC5 
is cleaved by ADAM and then secretes irisin into the blood circulation. ADAM indicates disintegrin and 
metalloproteinase; AMPK, adenosine monophosphate- activated protein kinase; FNDC5, fibronectin 
type III domain containing protein 5; MAPK, mitogen- activated protein kinase; and PGC- 1α, proliferator- 
activated receptor- γ coactivator- 1α.
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ERK.48 Moreover, a recent study demonstrated that 
irisin induced the upregulation of brown fat- specific 
proteins, such as HO- 1 (heme- oxygenase 1), cytoso-
lic p62, and Nrf2 (nuclear factor E2- related factor 2) 
in adipocytes, and the browning effects of irisin were 
attenuated by treatment with HO- 1inhibitor SnPP or 
p62 siRNA, suggesting that the irisin- induced brown-
ing effect may be via the p62/Nrf2/HO- 1 signaling 
pathway.49

Irisin and Inflammation
Irisin expression has been shown to be positively cor-
related with anti- inflammatory factor IL- 10 and nega-
tively correlated with TNF- α levels.50 Treatment with 
irisin suppresses the expression of proinflammatory 
cytokines such as NF- κB (nuclear factor- κB), ICAM- 1 
(intercellular adhesion molecule- 1), VCAM- 1 (vascular 
cell adhesion molecule- 1), TNF- α, IL- 6,51,52 and re-
duces MCP- 1 (macrophage chemotactic protein- 1) 
expression, which subsequently attenuates migration 
of macrophages.53In addition, irisin could induce the 
phenotypic switching of adipose tissue macrophages 
from M1 (proinflammatory) to M2 (anti- inflammatory) 
type.54 Moreover, irisin also exerted its anti- 
inflammatory effects via inhibiting nucleotide- binding 
domain and NLRP3 (leucine- rich repeat containing 
family pyrin domain containing 3) inflammasome.55– 58

Irisin and Oxidative Stress
Irisin could mitigate the severity of the oxygen res-
piratory burst generated by macrophages59 and 
ameliorate reactive oxygen species (ROS)- induced 
endothelial dysfunction in obese mice.60 Irisin also 
could reduce inducible NO synthase and NADPH (nic-
otinamide adenine dinucleotide phosphate) oxidase 
level and elevate SOD (superoxide dismutase), GPX- 1 
(glutathione peroxidase 1), Cat (catalase), Nrf2, and 
HO- 1 in lipopolysaccharide- stimulated murine mac-
rophages61 and in an ischemia- reperfusion model.62 In 
addition, irisin could decrease some metabolic factors, 
such as high fat–  or high glucose– induced oxidative 
stress in human umbilical vein endothelial cells through 
inhibiting the activation of PKC- β (protein kinase C- β)/
NADPH oxidase pathways.13

Irisin and Insulin Resistance
Irisin could regulate the function of pancreatic islets. 
Irisin was demonstrated to stimulate insulin biosynthe-
sis and accelerate glucose- stimulated insulin secre-
tion in a PKA (protein kinase A)- dependent manner 
in pancreatic β cells.14 Under a high- glucose or high- 
fat environment, irisin could augment the β- cell area 
and reduce the α- cell area within pancreatic islets,63 
decrease apoptosis of β- cell and stimulate β- cell 

proliferation, and improve insulin biosynthesis and 
secretion.15 In addition, irisin could modulate insulin 
signaling. For example, irisin overexpression enhanced 
glucose uptake, glycogen accumulation, and phospho-
rylation of AMPKα/insulin receptor β- subunit/ERK1/2 
in response to insulin treatment in mouse C2C12 myo-
blasts.64 A recent study also showed that irisin attenu-
ated palmitic acid- induced inhibition of insulin signaling 
in rat cardiomyocytes. They found that irisin increased 
insulin- stimulated glucose consumption through acti-
vation of the phosphatidylinositol- 3- kinase- Akt (protein 
kinase B) pathway.65

EPIDEMIOLOGICAL STUDIES ON 
IRISIN IN CVDS
Studies have shown the alteration of circulating iri-
sin concentration in different disease conditions in 
humans (Table). The results of Lin and colleagues 
demonstrated that the levels of circulating irisin were 
positively associated with flow- mediated dilation lev-
els in newly diagnosed Chinese patients with type 
2 diabetes mellitus without clinical angiopathy.66 
Similarly, the serum irisin concentrations of patients 
with diabetes mellitus with atherosclerosis are lower 
than that of patients with diabetes mellitus without 
atherosclerosis, indicating that circulating irisin has 
the potential to act as a diagnostic biomarker for mon-
itoring the progression of CVD in patients with diabe-
tes mellitus.67,68 Several studies also discovered that 
serum irisin levels were lower in patients with stable 
coronary artery disease than healthy controls.69– 71 
In addition, it has been shown that different level of 
severity of coronary artery disease corresponded 
to different serum irisin levels in patients with stable 
angina, suggesting that serum irisin can be used 
to predict the severity of coronary artery disease.70 
Notably, the irisin concentrations in patients with 
chronic CVD are stable,72 whereas the irisin concen-
trations decrease gradually in serum within 48 hours 
after acute myocardial infarction (MI), suggesting that 
serum irisin concentration may have an important 
clinical value used as a diagnostic indicator for the 
development of acute MI.73 Furthermore, a clinical 
study aimed to assess serum irisin level in myocardial 
infarction MI with or without heart failure, and found 
that patients with MI and heart failure had reduced 
serum irisin levels. The authors proposed that serum 
irisin level could serve as a marker for MI with accu-
racy similar to creatine kinase- myocardial band, and 
it is not inferior to creatine kinase- myocardial band in 
predicting MI.74

Irisin levels may also influence the development 
of hypertension, but the epidemiological data are 
somewhat complex. A study recruited 98 patients 
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with hypertension and 24 normotensive controls and 
found that increased irisin levels were associated 
with hypertension.75 Another study also showed that 
irisin levels were significantly correlated with systolic 
and diastolic blood pressure in overweight children.76 
However, there are some inconsistent reports. For 
example, Zhang et al found that the serum levels of 
irisin were negatively associated with systolic and dia-
stolic blood pressure in patients with preeclampsia.77 
A cross- sectional study including 532 patients with 
chronic kidney disease provided evidence in favor of 
the opposite effect of irisin on diastolic blood pres-
sure.78 Because there is a study reporting a negative 
correlation between irisin levels and the levels of in-
flammatory factors,42 we inferred that irisin reduction 
in those secondary patients with hypertension might 
be a response to high levels of inflammation in those 
individuals. In addition, irisin levels in adults depend 
on age, sex, obesity, and particularly muscle mass.79 
The different findings across studies may be explained 
by differences in study populations. Patient selection 
and differences in dietary components, compliance, 
and study duration may be critical in determining the 
different findings.

CARDIOVASCULAR PROTECTION BY 
IRISIN: EVIDENCE FROM IN VITRO 
AND ANIMAL STUDIES
Effects of Irisin on Hypertension
Regulation of Central Nervous System

Paraventricular nuclei neurons stimulate the sympa-
thetic preganglionic neurons, participate in the regula-
tion of peripheral sympathetic nerve activity, and are 
closely related to the occurrence and development 
of hypertension.80 A study demonstrated that intrave-
nous injection of irisin once every 2 days for 2 weeks 
reduced blood pressure, plasma norepinephrine, and 
paraventricular nuclei neuronal activation in spontane-
ous hypertensive rates; knockdown of nuclear factor 
Nrf2 in paraventricular nuclei abolished the protective 
effects of irisin on hypertension.81 These indicate that 
irisin may reduce blood pressure by downregulation of 
paraventricular nuclei activity (Figure 2).

Vasorelaxation and Improvement of Vascular 
Dysfunction

Irisin could relax mouse mesenteric arteries through 
endothelium- dependent and endothelium- independent 
mechanisms.34,82,83 Mechanically, endothelium-  dependent 
relaxation of irisin was mediated by the NO- cGMP– 
dependent pathway and was related to the stimulation 
of extracellular Ca2+ influx via TRPV4 (transient receptor 

potential vanilloid 4) channels in Sprague- Dawley rats.83 
Endothelium- independent relaxation of irisin may be 
depended on inhibiting Ca2+ influx and on activating 
ATP- sensitive potassium channels.34 A study also 
demonstrated that irisin could facilitate endothelium- 
dependent vasorelaxation in diabetic aortic segments 
through increasing NO availability functionally and bio-
chemically.13 Similarly, Han et al found that chronical 
irisin treatment improved endothelium- dependent va-
sodilatation in obese mice through AMPK- endothelial 
NO synthase pathway.60 Our previous study also 
showed that acute administration of irisin lowered the 
blood pressure of spontaneous hypertensive rates by 
ameliorating endothelial dysfunction of the mesenteric 
artery through the AMPK- Akt- NO signaling pathway.84 
On the other hand, irisin also regulated the vascular 
functions via improving the function of perivascular ad-
ipose tissue, an endocrine organ that releases a panel 
of adipokines and cytokines that participate in the 
modulation of vascular tone.85 Hou et al demonstrated 
that irisin improved the dysfunction of perivascular adi-
pose tissue via regulation of the HO- 1/adiponectin axis 
in diet- induced obese mice.86

Improving Insulin Resistance

Both irisin- lacking mice and Fndc5 mutant mice have 
increased insulin resistance,46,87 which is an important 
mechanism causing hypertension. We have also sum-
marized the mechanisms that irisin alleviates insulin 
resistance by improving pancreatic islet function and 
insulin signaling in the fourth aspect of the section that 
entitled as “Irisin and Cardiovascular Risk Factors”. 
Therefore, irisin may reduce the development of hyper-
tension by improving insulin resistance.

Irisin and Coronary Artery Disease
Irisin and Atherosclerosis

Dysfunction of vascular endothelial cells is a vital path-
ogenic basis of atherosclerosis, in which the increased 
oxidative stress and apoptosis of endothelial cells are 
the main underling mechanisms. Oxidized low- density 
lipoprotein caused endothelium cell apoptosis, which 
could be effectively attenuated after pretreatment with 
irisin.51,52,88 A study showed that irisin improved en-
dothelial function in diabetic mice,13 promoted human 
umbilical vein endothelial cell proliferation and inhib-
ited endothelial cell oxidative stress and apoptosis in-
duced by high glucose89 or advanced glycation end 
products.57 In addition, chronical exogenous treatment 
with irisin also ameliorated endothelial dysfunction 
from obesity mice.90 Moreover, irisin also increased 
the number and improved the function of endothelial 
progenitor cells in diabetic mice, indicating that irisin 
may improve endothelial repair in diabetic mice that 
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received endothelial progenitor cell transplants after 
carotid artery injury.91

Another mechanism by which irisin affects the de-
velopment of atherosclerosis is via the regulation of in-
flammation. In vitro studies found that irisin reduced the 
formation of foam cells induced by oxidized low- density 
lipoprotein.92 An in vivo study by Lu et al using the apoli-
poprotein E– deficient hyperlipidemic and carotid partial 
ligation mouse model reported the antiatherosclerotic 
potential of irisin partly through improving inflamma-
tion.51 The authors observed that irisin inhibited the re-
cruitment of inflammatory cells like T lymphocytes and 
macrophages, leading to reduce the formation of aortic 
atherosclerotic lesion. The expression of inflammatory 

mediators such as VCAM- 1, ICAM- 1, MCP- 1, IL- 6, 
and NF- κB were reduced after irisin treatment, which 
was possibly mediated by suppression of the ROS– 
p38MAPK– NF- κB pathway.53 Irisin also alleviated ad-
vanced glycation end products– induced inflammation 
and protected endothelium cells through inhibiting 
the activation of NLRP3 inflammasome signaling.57 
Moreover, irisin also indirectly regulated the vascular in-
flammation. For example, irisin inhibited atherosclerosis 
via upregulation of microRNA126- 5p,93 which has been 
shown to suppress inflammation in endothelial cells 
under hyperglycemic conditions.94

Vascular smooth muscle cells phenotype modu-
lation is one of the main mechanisms responsible for 

Figure 2. Molecular mechanisms for the protection effects of irisin on decreasing blood pressure, ameliorating left 
ventricular hypertrophy, and atherosclerosis.
AMPK indicates adenosine monophosphate- activated protein kinase; ARE, antioxidant response element; BAX, BCL2- associated 
X; BCL2, B- cell lymphoma- 2; EC, endothelium cell; ECM, extracellular matrix; eNOS, endothelial NO synthase; ER, endoplasmic 
reticulum; HO- 1, heme oxygenase 1; NLRP3, nucleotide- binding domain and leucine- rich repeat containing family pyrin domain 
containing 3; Nrf2, nuclear factor E2- related factor 2; PDGF, platelet derived growth factor; PI3K, phosphatidylinositol 3 kinase; PVAT, 
perivascular adipose tissue; STAT3, signal transducer and activator of transcription; TRPV4, transient receptor potential vanilloid 4; 
and VSMCs, vascular smooth muscle cells.
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atherosclerotic plaque formation.95 An in vitro study 
found that irisin inhibited PDGF (platelet derived growth 
factor)- induced vascular smooth muscle cells pheno-
type dedifferentiation into synthetic phenotype and 
proliferative phenotype.96 Therefore, irisin may exert its 
antiatherosclerosis effects via modulating the vascular 
smooth muscle cells phenotype but needed to be fur-
ther verified (Figure 2).

Irisin and Myocardial Infarction/
Myocardial Ischemia– Reperfusion Injury
Myocardium secretes irisin and contributes to circu-
lating irisin levels.23 Therefore, it was initially thought 
that MI might directly increase irisin secretion through 
damaged cardiomyocytes. However, consistent with 
those findings in patients, it has been reported that an 
isoproterenol- induced MI rat model showed the nega-
tive relationship between irisin and troponin and cre-
atine phosphokinase- myocardial band isoenzyme, 2 
established markers of cardiac damage.97 These find-
ings imply that irisin is not passively released as a result 
of cardiomyocyte injury, as does troponin, but is rather 
energetically secreted, which reflects the sufficiency of 
blood supply.

Mitochondria serves as the major site for ROS pro-
duction following myocardial ischemia– reperfusion 
(MI/R) injury.98 Studies have shown that irisin protected 
against MI/R and hypoxia/reoxygenation injury, in as-
sociation with improved mitochondrial function. For in-
stance, Wang et al found that irisin protected against 
MI/R through increasing SOD1 expression and p38 
phosphorylation, inhibiting the mitochondrial permea-
bility transition pore opening to alleviate mitochondrial 
dysfunction.99 Irisin also interacted with SOD2, and re-
stored the mitochondrial localization of SOD2 to ame-
liorate oxidative stress in response to MI/R injury.100 A 
major finding from a recent study revealed that irisin 
pretreatment protected the heart against MI/R injury, 
mitochondrial damage, and ROS generation through 
MITOL (mitochondrial ubiquitin ligase) activation.101 
Moreover, irisin also activated dynamin- like GTPase 
optic atrophy 1- induced mitophagy, a mechanism to 
remove damaged mitochondria by autophagy to main-
tain mitochondrial structure and function,102 and pro-
tected against cardiomyocyte injury following MI.103

In addition to the effect on mitochondria, irisin also 
exerts its effects of anti- MI/R injury via regulating car-
diomyocyte apoptosis. Treatment with irisin mark-
edly suppressed the expression of active caspase- 3 
in cultured cardiomyocytes exposing to hypoxia and 
subsequent reoxygenation.104 Furthermore, overex-
pression of HDAC4 (histone deacetylase 4) has been 
shown to promote cell death. Irisin reduced HDAC4- 
induced apoptosis of cardiomyocytes through pro-
moting HDAC4 degradation.105 Similarly, a study used 

a Langendorff perfused rat model and showed the 
protective effect of irisin on MI/R injury, which was as-
cribed to the increased p38 phosphorylation, conse-
quently resulting in the suppression of cardiomyocytes 
apoptosis.99 In addition, a recent study by Zhao et al 
delineated the potential therapeutic benefit of irisin in 
cardiac progenitor cell– transplantation for MI because 
of preconditioning cardiac progenitor cells with irisin- 
enhanced cardiac repair, improved cardiac function, 
and reduced cardiac fibrosis.106

Angiogenesis is critical for reestablishing blood 
supply to the ischemic myocardium after MI. An in vitro 
study found that irisin promoted human umbilical vein 
endothelial cells proliferation and angiogenesis through 
the ERK signaling pathway,89,107 and attenuated oxi-
dized low- density lipoprotein– induced impairment on 
angiogenesis by activating the Akt/mTOR (mammalian 
target of the rapamycin)/Nrf2 pathway in endothelium 
cells.88 Similarly, Liao et al found that irisin improved 
cardiac function and reduced infarct size in the post- MI 
mouse heart, which was associated with its proangio-
genic function through activating ERK signaling.108 In 
addition, studies have also shown that irisin increased 
the angiogenesis of transplanted bone marrow mes-
enchymal stem cells and improved its therapeutic effi-
cacy for MI109 (Figure 3).

Association of Irisin With Cardiac 
Hypertrophy and Diabetic 
Cardiomyopathy
Angiotensin II (Ang- II) contributes to cardiac hyper-
trophy in response to pressure overload.110,111 Matsuo 
and colleagues infused mice with Ang- II for 4 weeks 
and found that Ang- II reduced FNDC5 protein expres-
sion by 45%.42 In Ang- II– treated cardiomyocytes, iri-
sin expression was also reduced.112 Moreover, Fndc5 
deficiency aggravated cardiac hypertrophy, but Fndc5 
overexpression attenuated cardiac hypertrophy.113 
Further studies showed the protective effects of irisin on 
Ang- II– induced cardiomyocyte damage. Irisin induced 
protective autophagy and reduced cardiomyocyte hy-
pertrophy after Ang- II– induced injury,112 attenuated 
Ang- II– mediated cardiac fibrosis via Nrf2 mediated in-
hibition of ROS/TGF- β1 (transforming growth factor β1) 
signaling axis,114 and ameliorated cardiac hypertrophy 
and fibrosis in a pressure overload murine model56,115 
(Figure 2).

Irisin also has protective effects on diabetic car-
diomyopathy. Deng et al found that irisin suppressed 
the inflammatory responses and oxidative stress in 
high glucose- injured cardiomyocytes via the AMPK/
mTOR signaling pathway.41 However, another study 
reported that irisin exerts a dose- dependent bidirec-
tional effect on diabetic cardiomyopathy.116 The in-
vestigators found that at low dosage (0.5 μg/g body 
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weight per day), irisin treatment attenuated cardiac 
fibrosis and protected left ventricular function in di-
abetic mice via inhibition of high glucose- induced 
endothelial- to- mesenchymal transition. In contrast, 
high- dose irisin (1.5 μg/g body weight per day) in-
duced cardiac fibroblast proliferation and migration, 
which resulted in excess collagen deposition. The 
mechanism underlying the different effects involved 
that high dosage irisin enhanced high glucose- 
induced matrix metalloproteinase expression by in-
ducing MAPK signaling.

Irisin and Other Cardiovascular Diseases
Irisin has also been reported to have beneficial effects 
on other cardiovascular diseases. Zhang et al recently 
found that treatment with the chemotherapy drug 
doxorubicin decreased myocardial level of FNDC5; 
cardiac- specific overexpression of irisin supplementa-
tion alleviates oxidative stress and cardiomyocyte ap-
optosis in doxorubicin- induced cardiotoxicity in mice. 
Consistent with the data in vivo, irisin treatment exerted 

similar protective effects on doxorubicin- induced oxi-
dative damage and cardiomyocyte apoptosis in H9C2 
cells.117 These suggest that FNDC5/irisin may be a po-
tential therapeutic agent against doxorubicin- induced 
cardiotoxicity. In addition, Tang et al reported that iri-
sin treatment ameliorated sepsis- mediated myocar-
dial depression and cardiomyocyte death by inhibiting 
DRP1 (dynamin- related protein)- related mitochondrial 
fission.118

IRISIN- TARGETED STRATEGIES TO 
COMBAT CVDS
Irisin and Lifestyle Modifications
Regular exercise is an important nonmedicine 
treatment to reduce CVDs. The American College 
of Sports Medicine suggests performing endur-
ance training, flexibility and neuromotor exercise, 
and regular resistance exercise to improve physi-
cal fitness and health.119 However, irisin has been 

Figure 3. Molecular mechanisms for the protection effects of irisin on myocardial infarction/
myocardial ischemia– reperfusion injury.
AKT indicates protein kinase B; BCL- 2, B- cell lymphoma- 2; BAX, BCL2- associated X; ERK, extracellular 
regulated protein kinases; HDAC4, histone deacetylases 4; MI, myocardial infarction; MI/R, myocardial 
ischemia– reperfusion; MITOL, mitochondrial ubiquitin ligase; mPTP, mitochondrial permeability transition 
pore; mTOR, mammalian target of the rapamycin; Opa1, optic atrophy 1; and SOD, superoxide dismutase.
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Table. Alteration of Circulating Irisin Concentration in Different Disease Conditions in Humans

Disease condition Method to diagnose disease Conclusion Method to detect irisin Reference

T2DM patients without 
clinical angiopathy

Patients with clinical angiopathy 
including micro and macro angiopathy 
as well as hypertension were excluded 
from this study.

Higher serum irisin levels were 
associated with higher FMD levels.

ELISA kits (Aviscera 
Biosciences)

[66]

T2DM female patients 
with and without 
atherosclerosis

Patients were treated by oral 
hypoglycemic agents and/or insulin.

Decreased serum irisin (32.91±2.545 
pg/mL) vs T2DM without atherosclerosis 
(58.55±13.19 pg/mL).

ELISA kits (Glory 
Science, cat. no. 95512)

[67]

T2DM patients with CAD Angiographic evidence of stenosis 
≥50% in at least 1 major coronary 
artery.

Decreased serum irisin (5.4±5.0 ng/mL) 
vs T2DM without CAD (8.0±6.6 ng/mL).

ELISA kits (Crystal Day 
Biotechnology)

[68]

Stable patients with CAD Angiographic evidence of stenosis 
≥65% in at least 1 major coronary 
artery.

Decreased serum irisin (161.24±52.43 
ng/mL vs control (217.25±82.55 ng/mL).

ELISA kits (Phoenix 
Pharmaceuticals)

[69]

Patients with MI Angiographic evidence of stenosis 
≥65% in at least 1 major coronary 
artery; STEMI and non- STEMI.

Decreased serum irisin (143.54±47.58 
ng/mL) vs control (217.25±82.55 ng/mL).

ELISA kits (Phoenix 
Pharmaceuticals)

[69]

Patients with CAD Subjects who had angiographic 
evidence of stenosis ≥50% in at 
least 1 major coronary artery were 
considered as patients with CAD. 
The severity of CAD was assessed by 
coronary atherosclerosis index.

Higher serum irisin was associated with 
less burden of coronary atherosclerosis.

ELISA kits (Phoenix 
Pharmaceuticals)

[70]

Adults at higher 
cardiovascular risk

Aged 55 y and older with either 
diabetes mellitus or 2 other 
cardiovascular risk factors.

Irisin was negatively associated with 
HDL and was positively associated with 
large VLDL particles.

ELISA kits (Aviscera 
Biosciences)

[72]

Patients with acute MI Requires the following characteristics 
to be satisfied: (1) typical symptoms, 
(2) characteristic rise- and- fall pattern 
of a cardiac marker, and/or (3) a 
typical ECG pattern involving the 
development of Q waves.

Saliva and serum irisin concentrations 
in the acute MI group significantly 
decreased from 12 h up to 48 h 
compared with the control group.

ELISA kits (Phoenix 
Pharmaceuticals, 
EK- 067- 16)

73

Patients with MI with and 
without HF

Myocardial infarction diagnosis 
requires the following characteristics 
to be satisfied: (1) typical symptoms, 
(2) characteristic rise- and- fall pattern 
of a cardiac marker, and/or (3) a 
typical ECG pattern involving the 
development of Q waves. Patients 
with EF ≤40% (confirmed by 
echocardiography) were included in 
HF group.

Decreased serum irisin in MI patients 
(48.69±2.50 ng/mL) and HF patients 
(54.31±3.11 ng/mL) compared with 
control (73.12±5.55 ng/mL).

ELISA kits (Sino Gene 
Cion Biotech)

[74]

Patients with hypertension SBP ≥140 mm Hg and/or DBP 
≥90 mm Hg were diagnosed with 
hypertension.

Increased irisin levels were associated 
with hypertension and hypertension- 
related stroke.

An adipokine-  and 
myokine- specific 
Luminex bead- based 
multiplex detection 
system (Merck Millipore)

[75]

Overweight or obese 
children

Nutritional status established for 
BMI for age, expressed by z- score: 
overweight: >z- score +1 and <z- score 
+2 or obesity: >z- score +2 and <z- 
score +3.

Increased serum irisin (143.1 vs control 
75.2 ng/mL); irisin was positively 
correlated with metabolic profile and 
blood pressure.

ELISA kits (Cusabio 
Life Science, 
CSB- EQ02793HU)

[76]

Patients with preeclampsia SBP ≥140 mm Hg or DBP ≥90 mm Hg 
after 20 wks of gestation in a woman 
whose blood pressure was previously 
normal. Proteinuria, with excretion of 
0.3 g or more in a 24- h period.

Circulating irisin was negatively 
correlated with blood pressure.

ELISA kits (Phoenix 
Pharmaceuticals)

[77]

Patients with CKD CKD stages 1– 5 according to the 
National Kidney Foundation– Kidney 
Disease Outcomes Quality Initiative 
guidelines.

Serum irisin levels were positively 
correlated with DBP, eGFR, IR, and LDL 
cholesterol.

ELISA kits (Phoenix 
Pharmaceuticals)

[78]

BMI indicates body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; DBP, diastolic blood pressure; EF, ejection fraction; FMD, flow- 
mediated dilation; eGFR, estimated glomerular filtration rate; HDL, high- density lipoprotein; HF, heart failure; IR, insulin resistance; LDL, low- density lipoprotein; 
MI, myocardial infarction; non- STEMI, non– ST- segment– elevation myocardial infarction; SBP, systolic blood pressure; STEMI, ST- segment– elevation myocardial 
infarction; T2DM, type 2 diabetes mellitus; and VLDL, very- low- density lipoprotein.
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reported to be augmented in subjects following 
high- intensity exercise and after resistance training, 
but not after endurance exercise.33,120 Therefore, it 
may be more beneficial through resistance training. 
Lifestyle interventions are not limited to physical 
activity but may include dietary supplementations 
such as omega- 3 fatty acids and other natural 
substances, which have anti- inflammatory proper-
ties and protective cardiovascular effects. A cohort 
study enrolled 45 men with cardiovascular disease 
and found that the supplementation of omega- 3 
for 8  weeks caused a significant increase in irisin 
serum levels with a consequent reduction of high- 
sensitivity C- reactive protein inflammatory, a pre-
dictor of CVDs.121

Drugging Strategy for Irisin in Treatment 
of CVDs
Modulating the serum levels of irisin may be a poten-
tial strategy for the treatment of CVDs. Studies have 
shown that some drugs directly upregulate the FNDC5 
expression or the serum levels of irisin. For instance, 
a clinical study recruited 85 newly diagnosed patients 
with untreated essential hypertension and found that 
both amlodipine and valsartan increased the plasma 
levels of irisin after 12  weeks of treatment.122 In ad-
dition, simvastatin, a lipid- lowering agent, was also 
found to elevate FNDC5 expression and irisin secre-
tion in humans.123 However, further studies are still 
needed to confirm that the effect is mediated by the 
drug- induced upregulation of irisin, and not the drugs 
themselves, because the drugs have various cellular 
effects. Furthermore, the drugging strategy may also 
include the development of molecules that increase 
irisin cleavage from the FNDC5 protein or the use of 
a receptor agonist, although it is still unknown which 
specific receptor binds to irisin.

CONCLUSIONS AND PERSPECTIVES
Increasing evidence have shown the crucial role of irisin 
in suppressing risk factors of CVDs and highlighted its 
emerging role in the prevention and treatment of CVDs 
(Figures 2 and 3). However, there are some discrep-
ancies in current reports, and the completed mecha-
nisms of irisin in protecting cardiovascular health under 
pathological conditions have not been fully clarified. 
The unsolved scientific problem with irisin needs to be 
studied in the future.

It is important to determine if a specific receptor for 
irisin on the cell surface of cardiomyocyte exists and 
to characterize its mode of action. In some tissues, 
such as vascular endothelial cells,124 osteocytes,125 ad-
ipocytes,126 and intestines,127 irisin exerts its functions 
via integrins, which are well- known widely expressed 

transmembrane receptors. In heart tissue, a binding 
study supported the existence of receptor on the cell 
surface of cardiomyoblast.128 Interestingly, irisin was 
also reported to exert its functions without receptor 
activation. For example, Chen et al found that irisin, 
via lipid raft- mediated endocytosis, enters alveolar 
cells and protects mitochondria function during pul-
monary ischemia– reperfusion injury.129 Therefore, it is 
worth noting that although the integrin complex has 
been shown to encapsulate the irisin receptors, this 
finding does not rule out the presence of irisin recep-
tors of cardiovascular tissue within or outside the inte-
grin family. Further research to find out which receptor 
binds to irisin on the cell surface of cardiovascular tis-
sue is warranted.

The half- life of irisin is still poorly investigated. A 
study used irisin radiolabeled with 125I and small- 
animal single photon emission computed tomogra-
phy/computed tomography imaging to investigate 
the metabolic elimination and distribution of irisin in 
vivo, showing that metabolic clearance of 125I- irisin 
was achieved primarily through the hepatobiliary and 
renal system.130 The 2 systems act together to deter-
mine the metabolic clearance rate of irisin in vivo. The 
authors found that radioactivity of the gallbladder, fol-
lowed by the liver and kidneys, decreased gradually 
from 30 to 120 minutes, and reduced to its concen-
tration almost by half at 60 minutes. However, they 
did not point out the exact half- life of irisin, which also 
needs further investigation.

Studies have shown that irisin could directly relax 
mouse mesenteric arteries.82,83 However, our previous 
study found that irisin could not induce direct dilation 
in small resistant vessels but only ameliorate endothe-
lial dysfunction of the mesenteric artery from sponta-
neous hypertensive rates.84 The reasons leading to the 
difference are not known. Thus, more well- designed 
studies to investigate the direct vasorelaxant effects 
of irisin in various vascular beds, including macro and 
micro vasculatures from various experimental animal 
models, are needed.

In addition, the kidney is the major organ involved in 
sodium homeostasis and plays a vital role in the long- 
term control of blood pressure. Studies have indicated 
an association between circulating levels of irisin and 
renal functions.131 However, it is still unknown about the 
regulation of irisin in renal sodium homeostasis, which 
also opens a window for scholars to conduct in- depth 
studies.

Further study to complete the description of the 
underling mechanisms involved in irisin synthesis and 
secretion by muscle tissue during exercise is also 
needed. Such information might help to explain the 
differences between acute and chronic training on cir-
culating levels of irisin and reveal additional stimulators 
for irisin secretion.
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Epidemiological studies have shown that irisin single- 
nucleotide polymorphisms, rs3480 and rs726344, in-
creased the risk of developing MI.132 However, whether 
irisin gene variants are also associated with other CVDs, 
such as atherosclerosis and hypertension, are still mys-
teries that also need to be elucidated.

In conclusion, with continued progress in understand-
ing the role and mechanisms of irisin in the CVDs, we be-
lieve that its use in the treatment of CVDs will be hopeful.
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