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Abstract: Irisin is a novel hormone that provides a possible solution for the treatment of metabolic
disorders. Discovered in 2012 by Boström et al., irisin very quickly became an interesting subject
in medical research. Irisin has been found in cerebrospinal fluid, the cerebellum, thyroid, pineal
gland, liver, pancreas, testis, spleen, adult stomach, and human fetuses. Regarding the actions of
irisin, both in animals and humans, the results are contradictory but interesting. Its capability to
influence adipose tissue and glycemic homeostasis may be utilized in order to treat hypothyroidism,
polycystic ovary syndrome, Prader–Willi syndrome, and other endocrine and metabolic disorders.
Considering its osteogenic potential, irisin might be a therapeutic choice in diseases caused by a
sedentary lifestyle. New data indicate that irisin treatment may serve in the treatment of severe acute
respiratory syndrome coronavirus 2 (SARSCoV-2) infection. Furthermore, several therapeutic agents,
such as insulin, metformin, fenofibrate, exenatide, and melatonin, influence the concentrations of
irisin in animal models or in humans. Nutritional factors including polyunsaturated fatty acids may
also have an effect on irisin concentrations. While it may be “too good to be true,” irisin offers many
opportunities for future research that would aim to find its optimal therapeutical role in endocrine
and metabolic diseases.
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1. Introduction

Irisin was discovered by Boström et al. in 2012. During physical exercise, the ex-
pression of fibronectin type III domain-containing protein 5 (FDNC5) encoded by FNDC5
gene, increases and undergoes cleavage, resulting in irisin secretion. It is possible that the
positive effects of exercise could be mediated by this hormone [1–5].

In recent years, research has brought to attention a multitude of metabolic and non-
metabolic effects of irisin; for example, it has been shown to improve muscle–bone con-
nectivity [6], the browning of white adipose tissue (WAT) [7], and the reduction in insulin
resistance and body mass index (BMI) [8–12].

Despite available treatments, there are serious questions related to various diseases
which are yet to be answered. Obesity and diabetes, which affect millions of people, as
well as polycystic ovary syndrome (PCOS), metabolic syndrome, cardiovascular disease,
osteoporosis, and hypothalamic disorders, do not yet benefit from curative treatment.

Taking into account the existing data about the actions of irisin, could this myokine
become a novel therapy for all of these diseases? The capability of irisin to regulate adipose
tissue, glycemic homeostasis, and the musculoskeletal system may be used in clinical
practice in order to manage important chronic morbidities.
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The negative association with BMI and percentage of fat mass might suggest an impor-
tant role of irisin in the control of obesity [8–12]. Furthermore, the metabolic syndrome and
some PCOS phenotypes can be considered as pathologies in which irisin might represent a
therapeutic option. Even if the results are somewhat contradictory, regarding the role of
irisin in regulating fat tissue and BMI, research in progress is expected to improve upon
current knowledge.

Thyroid dysfunctions and hypothalamic disorders may also benefit from the action of
irisin, due to its important involvement in weight control. Osteoporosis and sarcopenia
could also become new targets for the therapeutic use of irisin [6].

In this narrative review, we present the profile of irisin in several endocrine and
metabolic disorders, along with its potential pharmacological uses.

2. General Data

Irisin is an approximately 12 kDa hormone-like polypeptide which is produced by
proteolytic cleavage of its precursor, FNDC5. The crystal structure of irisin comprises an
N-terminal fibronectin 3 (FNIII)-like domain (residues 30–123) and a flexible C-terminal tail
(residues 124–140) [13]. Irisine is a myokine, which is secreted following physical activity.
Even though skeletal muscle is the source of 72% of the total amount of circulating irisin, sev-
eral studies have also suggested other sources, such as pancreatic islets or white adipocyte
cells [14]. Recent studies have indicated that irisin acts mostly through mitogen-activated
protein kinase (MAPK) signaling pathways, which are involved in neural differentiation,
browning of white adipocytes, and osteoblast proliferation, among others. Other essential
functions of irisin are mediated through additional pathways, including the 5′ adenosine
monophosphate-activated protein kinase (AMPK), phosphatidylinositol 3-kinase/protein
kinase B (PI3K/AKT), and signal transducer and activator of transcription 3 (STAT3)/Snail
pathways [15]. Irisin may exert its effects through αV integrin receptors [14].

Apart from the muscle and adipose tissue, irisin is also well-distributed in other
organs and tissues, including the cerebrospinal fluid, cerebellum, thyroid, pineal gland,
liver, pancreas, testis, spleen, and stomach of adults and fetuses [1].

Regarding the actions of irisin, numerous studies in animal (mice and rat) models and
humans have been carried out, with similar or contradictory results.

The main actions of irisin, at the level of the brain, bone, muscle, adipose tissue, liver,
pancreas, and heart, are presented in Figure 1.

Irisin acts at the central nervous system level by increasing the multiplication of
hippocampal neurons [16] and the expression of brain-derived neurotrophic factor (BDNF);
it also plays an important role in neurogenesis and controls feeding behavior through the
regulation of peptides/neurotransmitters [1,17,18].

In the skeletal muscle, irisin induces mitochondrial biogenesis [19], stimulates myoge-
nesis by amplifying positive regulators in skeletal muscles [20], and acts as a protection
factor against bone loss and muscle atrophy [1].

Cardiovascular and endothelial functions are influenced by irisin, in terms of vasore-
laxation and decreased oxidative stress [1,21,22].

The most important and promising actions of irisin involve glucose and lipid home-
ostasis. The reduction in hepatic insulin resistance, weight and blood glucose levels,
inhibition of gluconeogenesis, and stimulation of glycogenesis are the main metabolic
effects attributable to irisin [1,23,24].
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Figure 1. Existing data about the actions of irisin.

There is some debate regarding the measurement of irisin, with uncertain “normal”
values of irisin in humans as a consequence. The currently available irisin antibodies still
bind to unspecific serum proteins, thus limiting irisin measurement by ELISA. The measure-
ment of irisin with labeled peptides by mass spectrometry is a more accurate method, but
requires a complex methodology [25]. Finding a reliable method for irisin determination is
mandatory for future studies of this protein, both in humans and experimental animals.

3. Thyroid Dysfunction

Current data regarding the connection between serum irisin variations and thyroid
function are limited. There is a wide resemblance between the functions of irisin and
thyroid hormones, in terms of the homeostatic control of energy balance. The potential
impacts of thyroid hormones and thyroid-stimulating hormone (TSH) on irisin levels
should be considered [26].

Variations in the serum concentrations of irisin have been observed in several thyroid
pathological circumstances characterized by chronic inflammation and hypothyroidism.
In primary thyroid insufficiency, an increased level of TSH induces adipogenesis, while
hormones such as leptin, ghrelin, and irisin are secreted, in order to balance the fat distri-
bution. Therefore, irisin levels have been found to be high in hypothyroidism, according to
the TSH levels. Furthermore, the release of the irisin precursor FNDC5, which is found in
the thyroid tissue, into the blood stream provides another explanation for the high level of
irisin associated with thyroid chronic inflammation [27,28].

However, irisin values have been shown to negatively correlate with TSH concentra-
tions and positively with fT4 levels in clinical trials enrolling a limited number of patients
with thyroid dysfunctions. Hence, irisin concentrations may vary, according to the profile
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of thyroid function [29]. Other non-inflammatory causes of hypothyroidism, as well the
limited number of patients, may explain these differences.

Serum irisin levels of males are higher, compared to females, and irisin levels decrease
with age [30]. Irisin levels seem to vary with the duration of hypothyroidism: patients
with long-lasting hypothyroidism have lower irisin levels than those with recent thyroid
insufficiency [26].

In experimental studies, short-term drug-induced hyper- and hypothyroidism were
not consistent with previous clinical studies: the up-regulation of serum irisin in male rats
with hyper- or hypothyroidism was associated with oxidative damage and/or myopathy
observed in both conditions [31].

4. Small for Gestational Age (SGA)

SGA children are a well-known group at risk of developing metabolic syndromes and
obesity. This condition has been linked to dyslipidemia, hypertension, and hyperglycemia,
which are cardio-metabolic risk factors. These complications often carry on into adulthood,
resulting in increased morbidity and mortality. The association between SGA infants
who have lower muscle mass and brown adipose tissue and decreased glucose tolerance
still remains unsolved. Due to the fact that irisin is considered a potential biomarker for
metabolic syndrome and overweightness/obesity, one may speculate on the possible role
of this myokine in the pathophysiological profile of SGA individuals [32].

In a cross-sectional study of 34 appropriate gestational age (AGA)- and 34 SGA-term
newborns, the cord blood irisin levels were found to be decreased in SGA compared to
AGA infants, and was positively correlated with birth weight in term infants [32].

A positive correlation between plasma irisin, gestational age, and birth weight was
found by Joung et al. [32], providing another argument in the favor of the role of irisin as a
pathophysiological factor in impaired carbohydrate metabolism, which is more frequently
encountered in SGA infants [32].

5. Diabetes Mellitus Type 2

Current research indicates that irisin stimulates the transformation of white adipocytes
to brown adipocytes and increases thermogenesis, thus improving glucose tolerance,
insulin sensitivity, body weight, and body composition in mice. Studies have shown that
irisin promotes glucose uptake in skeletal muscle while improving hepatic glucose and
lipid metabolism [11]. Irisin may play an important role in a variety of disorders, including
obesity, insulin sensitivity, and diabetes mellitus type 2 (T2DM) [9].

The role of irisin in T2DM remains unclear. Some studies have reported decreased
circulating irisin levels in T2DM patients, compared to healthy individuals, whereas
studies performed in obese individuals (some of whom had T2DM) have reported elevated
levels [8,10]. Significantly lower circulating irisin levels have been found in gestational
diabetes [12].

In obese T2DM patients, the elevation of circulating irisin may represent a compen-
satory response to decreased energy expenditure. It is also plausible that excessive adipose
tissue in these patients could provide an extra source of irisin. Recent studies in obese
subjects have shown that plasma irisin decreases markedly in response to a hypocaloric
diet and weight loss, together with significant improvements in hyperglycemia and hyper-
insulinemia [10].

It is possible that irisin plays an important role in T2DM-relevant organs, such as
the liver and pancreas, but the proposed mechanism(s) of action by which irisin regulates
hepatic metabolism and islet function are yet to be solved [11].

6. Osteoporosis

Irisin displays anabolic actions on the skeleton. In athletes, the irisin level has been
positively correlated with bone mineral density (BMD) and bone strength. Compared
to adipose tissue, bone tissue is more sensitive to the action of irisin, where the effect of
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irisin depends on the administered dose. Recombinant irisin (r-irisin), given at a low dose
(100 µg kg/week) in young mice increased cortical bone mineral density and positively
modified bone geometry [2].

Irisin exerts its effect on osteoblasts by enhancing the differentiation and activity of
bone-forming cells, through increasing activity of transcription factor 4 expression. Low-
dose r-irisin also increased osteopontin and decreased sclerostin synthesis. These findings
offer an explanation for the positive outcome on the skeleton by skeletal muscle during
physical activity [33].

In cultured osteoblasts, irisin enhanced proliferation, differentiation, alkaline phos-
phatase activity, and mineralization through the activation of p38 mitogen-activated protein
kinase and extracellular signal-regulated kinase [34]. Irisin also suppressed osteoclast for-
mation through the inhibition of receptor activator of NF-κB ligand (RANKL)/nuclear
factor of activated T-cells, cytoplasmic 1 (NFATc1) in RAW264.7 cells [7].

Significant increases in cortical bone mass and strength have been observed after the
administration of r-irisin in mice; in particular, in cortical mineral density and periosteal
circumference. This anabolic action was possible through the stimulation of bone formation
and reduction in osteoclast number. The trabecular compartments of the same bones were
spared [33].

Except for the direct effect of irisin on osteoblasts [34,35], this myokine can also
downregulate the expression of the parathormone (PTH) receptor in osteoblast. In a recent
study, an inverse association between PTH and irisin concentration was observed after
12 weeks of orthodox fasting among overweight metabolic healthy individuals, indicating
a reverse musculoskeletal biological interaction. It could be postulated that additional
parameters—including dietary ones—might be implicated in the association between irisin
and bone metabolism [36].

Irisin might be a useful biomarker for the assessment of muscle and bone health, due
to the fact that, in humans, its synthesis is increased by physical activity [7].

Due to the fact that irisin is diminished in patients with previous osteoporotic fractures
and in post-menopausal women [37], it has been speculated that irisin plays a protective
role in bone health. It is not known whether this association is independent or whether it is
due to low muscle mass [38].

7. Prader–Willi Syndrome (PW)

Irisin has both peripheral and central functions, and is suspected to be a molecular link
between muscles and the brain. A neural pathway participating in the signal transduction
of irisin from the cerebellum to adipocytes through intermediary synapses in the medulla
and spinal cord might be involved. Irisin also influences hippocampal neurogenesis
(i.e., high concentrations of irisin 50–100 nmol/L increase neuronal proliferation) [2].

In the hypothalamus, irisin appears to be localized together with neuropeptide Y (NPY)
in the neuronal cells of the paraventricular nucleus, while FNDC5mRNA is expressed in
the neuroendocrine reproductive axis. Hypothalamic FNDC5 expression is not dependent
on nutrition but increases after leptin and insulin infusion [39].

Patients with PW have a specific metabolic profile, compared with BMI-matched
controls: insulin sensitivity is increased, and fasting insulin levels are lower. Furthermore,
resting energy expenditure is markedly decreased as a consequence of decreased physical
activity and decreased lean body mass. In individuals with PW, the visceral adipose tissue
is reduced, compared with obese controls [39]. These metabolic particularities of PW
support the study of irisin in such patients.

The first study on irisin in PW adults showed increased salivary insulin levels, al-
though plasma irisin was similar to control volunteers. Furthermore, plasma irisin was
correlated with salivary insulin in normal controls, but not in PW patients. Salivary irisin
significantly correlated with plasma lipids, negatively with HDL cholesterol, and positively
with LDL cholesterol and triglycerides. These data suggest that irisin might play a com-
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pensatory role in this hypothalamic syndrome, in order to improve total cholesterol, LDL
cholesterol, and HDL cholesterol serum concentrations in obese individuals with PW.

Irisin deregulation may be an answer for the nutritional phase in children with PW
aged between 2 and 4 years. In this nutritional phase, they excessively gain weight without
an increase in appetite or caloric intake. In contrast, food craving decreased along with
irisin normalization in adults with PW [40].

8. Polycystic Ovary Syndrome

According to the anticipated function of irisin in reducing insulin resistance, the study
of its role in the pathogenesis of PCOS is very promising. PCOS represents a complex
endocrine disorder affecting 6–10% of reproductive women. The clinical manifestations are
heterogenous with possible severe metabolic complications; nevertheless, the pathogenesis
of PCOS has not yet been fully elucidated.

Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1α), which
is a transcription factor upstream of FNDC5, plays an important role in ovarian function
regulating cellular metabolism and the production of sex hormones. Assessment of the
expression of these genes in granulosa cells of a PCOS mouse model showed that the
expression of FNDC5 was significantly reduced in granulosa cells of PCOS mice, compared
with the control group, while there were no significant differences in PGC1α expression
among different groups. The authors concluded that the downregulation of FNDC5 tran-
script level may contribute to the metabolic disturbance of granulosa cells derived from
ovaries suffering from PCOS, apart from PGC1α levels, which remained unchanged [41].

Several studies have indicated elevated insulin in PCOS women and have also related
it to insulin sensitivity [42]. The mean serum concentrations of irisin before and after
insulin infusion are higher in PCOS women, in comparison to the control group. Insulin
infusion resulted in a decrease in serum irisin concentration only in the PCOS group. These
results lead to the following question: is there an “irisin resistance” in PCOS women similar
to “insulin resistance” or “leptin resistance”? [42].

It is possible that increased irisin levels predict insulin resistance, metabolic syn-
dromes, and hyperandrogenemia [43]. Follicular fluid irisin has been correlated with
serum irisin in PCOS women. In contrast, there was no significant correlation between
serum and follicular fluid irisin levels in poor responders undergoing in vitro fertiliza-
tion/intracytoplasmic sperm injection (IVF/ICSI) [44]. The elevated serum irisin level can
be considered as a protection factor in the pre-diabetic state of PCOS (i.e., before diabetes
mellitus develops) [45].

All these data support the assumption that metabolic imbalance triggers a “vicious
circle” in PCOS women. As such, the relationship between the adipose tissue, hyperinsu-
linemia, and hyperandrogenism in PCOS may include a new player; namely, irisin.

9. Obesity

Irisin serves as a mediator for the beneficial metabolic effects of physical exercises, by
regulating thermogenesis and inhibiting adipogenesis in the adipose tissue [2].

The data regarding the relationship between irisin and adiposity are conflicting, with
some authors reporting positive outcomes and others showing negative correlations [2].

Irisin concentrations in obesity are influenced by caloric restriction diets, with high
levels of irisin after early intervention. This fact may be associated with greater reductions
in blood glucose levels and insulin concentrations. Irisin also increases energy expenditure
and, as a result, high levels of triglycerides start providing energy substrates for the
organism. When the irisin levels are increased by metabolic abnormalities, weight loss
leads to low levels of irisin; thus, the result will be an improved metabolic profile [38].

There are doubts whether higher or lower FNDC5/irisin levels are related to metabolic
homeostasis—mainly in patients with metabolic risk—due to excessive body adipose tissue.
The results of a cluster study have shown that obese middle-aged men with higher irisin
levels exhibit a better metabolic profile, along with a lower risk of T2DM development.
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Some anthropometric/body composition variables, as well as the risk of T2DM, have been
inversely related to FNDC5/irisin levels [46].

In obese children, the levels of irisin are higher than in underweight and normal
weight children. Irisin has also been positively correlated with adiposity markers (BMI)
and negatively correlated with body muscle mass and physical activity. There is no proof
of any association between irisin and cardio-metabolic markers in children [47].

In obese patients, irisin has been significantly correlated with the Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) index. Subjects with initial high levels of
irisin showed significant improvements in body composition, lipid profile, and fasting
glucose after weight loss. These findings suggest that increased irisin exerts beneficial
regulatory effects on fat, glycemic control, and insulin resistance [48]. Due to the fact that
body weight reduction and exercise influence the kinetics of irisin [48], it may represent a
new therapeutic approach for the treatment of obesity [48].

The irisin profile in several endocrine and metabolic disorders are summarized in
Table 1.

Table 1. Irisin profiles with respect to various endocrine and metabolic disorders.

Endocrine and Metabolic Disorders Irisin Profile References

THYROID
DYSFUNCTIONS

Variation according to the thyroid
function (hypothyroidism or

hyperthyroidism)
Correlation with TSH and fT4

A. Zybek-Kocik et al., 2016 [26]
J. Y. Huh et al., 2012 [27]

M. Ruchala et al., 2014 [29]

SGA
Decreased in SGA

Positive correlation with gestational age
and birth weight

E. Keles et al., 2016 [32]

PRADER–WILLI SD.
Increased in saliva

Compensatory role for the amelioration
of lipid profile

H. J. Hirsh et al., 2015 [40]

OSTEOPOROSIS Positive correlation with BMD and
bone strength

B. Grygiel-Goriak et al., 2017 [2]
G. Colaianni et al., 2014 [33]

X. Qiao et al., 2016 [35]

OBESITY
Negative/positive (?) correlation

with adiposity
Positive correlation with BMI in children

B. Grygiel-Goriak et al., 2017 [2]
L. Elizondo-Montemayor et al., 2017 [47]

PCOS Increased in serum
Irisin resistance (?)

A. Adamska et al., 2017 [42]
K. Polak et al., 2017 [43]
M. Acet et al., 2016 [44]

DIABETES MELLITUS Decreased in T2DM
Increased in obese T2DM

A. Shoukry et al., 2016 [8]
K. S. Rana et al., 2017 [10]

L. Zhao et al., 2015 [10]

10. Irisin: New Therapeutical Agent?

Irisin supports the relationships between skeletal muscle, adipocytes, bones, and
neurons. This specific crosstalk between fat, bone, muscle, and neurons indicates the
significant role of this molecule in human metabolic processes [2]. Therefore, irisin can be
seen as a possible treatment for diabetes, obesity, Alzheimer’s, Parkinson’s, and some other
neurodegenerative diseases [49].

Considering its metabolic and osteogenic potential, irisin might provide a therapeutic
choice for treating diseases caused by sedentary lifestyles. The use of irisin as a new
anabolic therapy in osteoporosis, sarcopenia, and tumor-associated cachexia has also
shown promise [2].



Appl. Sci. 2021, 11, 5579 8 of 11

The useful role of irisin in metabolic and osteogenic processes confirms that physical
exercise is necessary for the development of the skeleton, the browning process in white
adipose tissue, and normal functioning of neurons [2].

However, new studies have started to question the initial expectations. Might the
capacity of irisin to promote the “browning” of white adipocytes in mice be transposed to
humans? The gene encoding irisin (FNDC5) is expressed robustly not only in muscle but
also in various white adipose tissues cells in humans, raising the possibility for increased
thermogenesis [3]. No effect of recombinant FNDC5 and irisin on the brightening of
primary human adipocytes has been observed, and, thus, the authors concluded that the
function of irisin proposed for mice is lost in humans [5,49]. The thermogenic effect of irisin
in humans remains controversial, and it is not yet clear whether exercise has an impact on
irisin levels.

In human subcutaneous adipocyte cell cultures, irisin had a beneficial effect on the ex-
pression of multiple genes related to the SARSCoV-2 viral infection, by causing a reduction
in genes implicated in elevated viral infection and an increase in genes that block virus
cell cleavage; these results raise hope for the beneficial effects of irisin in the treatment of
SARSCoV-2 infection [50].

11. Irisin and Pharmacological Agents

Some medications can influence the concentration of irisin. The expression of FNDC5
can also be induced by nutritional factors, including polyunsaturated fatty acids. The
supplementation of omega 3 fatty acids significantly induced irisin expression in human
rhabdomyosarcoma cells [2].

Recently, statins have been reported to influence the irisin profile, where simvastatin
has been shown to increase irisin concentration [2]. Insulin, leptin, metformin, fenofibrate,
exenatide, and melatonin have been shown to influence the concentrations of irisin, in
animal models or in humans (Table 2).

Table 2. The effects of pharmacological agents on irisin.

Therapeutical Agent Study Type Action References

INSULIN humans with T2DM ↑ serum irisin L. Li et al., 2016 [51]

LEPTIN obese mice

Up-regulation of FNDC5 in
skeletal muscle → ↑ irisin

↓ irisin expression in
subcutaneous fat

A. Rodriguez et al., 2015 [52]

METFORMIN diabetic obese mice Up-regulation of FNDC5 in
skeletal muscle → ↑ irisin D. J. Li et al., 2015 [53]

METFORMIN obese mice Up-regulation of FNDC5 in
skeletal muscle → ↑ irisin Z. Yang et al., 2015 [54]

FENOFIBRATE male C57BL/6 mice irisin induction T. L. Rachid et al., 2015 [55]

FENOFIBRATE humans with T2DM ↓ irisin in serum X. Feng et al., 2015 [56]

SIMVASTATIN humans with
hypercholesterolemia ↑ irisin I. Gouni-Berthold et al., 2013 [57]

EXENATIDE humans with T2DM ↑ irisin J. Liu et al., 2016 [58]

DIHYDROMYRICETIN humans
rats ↑ irisin Q. Zhou et al., 2015 [59]

MELATONIN Diabetic fatty rats ↑ irisin A. Jimenez-Aranda et al., 2013 [60]

12. Conclusions

Since the discovery of irisin, much attention has been drawn to its potential therapeutic
implications in the treatment of a variety of endocrine and metabolic diseases.
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Taking into account that both irisin and thyroid hormones are associated with
metabolism, muscle physiology, and body energy expenditure, as well as the fact that
serum irisin concentrations vary, depending on TSH and fT4 in thyroid dysfunction, it
can be postulated that irisin and thyroid function are interconnected. The role of irisin in
thyroid disorders needs additional research, in terms of animal-based studies, in order to
clarify its therapeutic potential in thyroid dysfunctions.

Proving the potential roles of irisin in regulating hepatic and pancreatic islet functions
would provide evidence supporting irisin as a mediator for protection against obesity, dia-
betes, and metabolic syndrome. This will pave the way for irisin to be used as a preventative
and therapeutic agent, as well as for PCOS, SGA and hypothalamic syndromic obesity.

The influence of irisin on bone health is still under debate. Clinical (inverse correla-
tion between the number of vertebral menopausal osteoporotic fracture and irisin) and
experimental (infusion of r-irisin in mice caused a reduction in osteoclasts and exerted an
anabolic effect on the bone) data have suggested that irisin may be an important target
for the therapy of decreased bone density. Further studies are necessary, in order to prove
irisin’s therapeutic potential in osteoporosis.

While it may seem “too good to be true”, irisin offers ample opportunities for fu-
ture research, in order to determine its optimal roles in the treatment of endocrine and
metabolic disorders.
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