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Potential effect of Irisin on sarcopenia: S
a systematic review
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Abstract

Objective Sarcopenia, a progressive musculoskeletal disorder associated with aging, is characterized by the
deterioration of muscle mass, strength, and physical performance. This condition significantly increases the risk of
debilitating consequences including functional impairment, diminished life quality, and increased mortality. With the
progress of aging, it will affect a large number of people in the world and bring many problems. Despite its clinical
significance, there are no medicine used to treatment sarcopenia by FDA approval in clinical. This systematic review
synthesizes current evidence on the diagnostic and therapeutic potential of irisin—a myokine induced by exercise—
in sarcopenia, aiming to address two key questions: (1) Can irisin serve as a reliable biomarker for sarcopenia
diagnosis? (2) Does irisin hold promise as a therapeutic agent for sarcopenia management?

Methods A comprehensive literature search was conducted across multiple databases (Web of Science, PubMed,
Cochrane Library, and Embase) to examine the relationship between irisin and sarcopenia. Eligible studies meeting
our inclusion criteria underwent rigorous quality assessment.

Result 364 studies were identified, of which only 21 met the inclusion criteria—12 involving human studies and

9 involving animal and cell experiments. In human studies, irisin may serve as a potential diagnostic marker for
sarcopenia in the elderly and postmenopausal women. In addition, as a myokine of exercise induced, increased
circulating levels of irisin may enhanced skeletal muscle mass. Moreover, animal and cellular experiments suggest that
increased levels of irisin help improve muscle mass.

Conclusion In conclusion, this review indicates that irisin has potential therapeutic effects for sarcopenia and may
become a promising treatment for sarcopenia in the future. However, there is currently a lack of high-quality studies
on the use of irisin in treating sarcopenia, and the relevant mechanisms of action are not yet clear. Therefore, more
studies are needed to clarify the relationship between irisin and sarcopenia in the future.
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Introduction

Sarcopenia, first described by Rosenberg in 1989, is an
age-related progressing disorder characterized by the loss
of muscle mass and strength, and poor physical perfor-
mance [1, 2]. Epidemiological studies reveal its preva-
lence increases substantially with age, affecting up to
29% of community-dwelling older adults and 11-50% of
octogenarians [3]. It is projected that approximately 25%
of Asia’s population will be aged 60 years or older, with
individuals aged 80 years and above comprising one-fifth
of this demographic group [4]. These trends underscore
sarcopenia as a critical public health challenge requiring
urgent strategies for early detection and prevention. To
standardize clinical management, the European Work-
ing Group on Sarcopenia in Older People (EWGSOP)
established d consensus criteria in 2010 (EWGSOP1)
and revised them in 2019 (EWGSOP2), emphasizing the
integration of muscle mass, strength, and physical per-
formance metrics [5, 6]. Pathophysiologically, sarcopenia
arises from multifactorial mechanisms, including mito-
chondrial dysfunction, neuromuscular junction degen-
eration, age-related endocrine alterations and chronic
low-grade inflammation. These mechanisms collectively
contribute to detrimental clinical consequences including
increased fall risk, functional disability, frailty progres-
sion, and elevated mortality [2]. Notably, no pharmaco-
logical treatments have yet received FDA approval for
sarcopenia management, highlighting the need for effec-
tive interventions to support healthy aging [7]. Research-
ers are exploring exerkines like IL-6, TNF-a, FGF21land
irisin for their potential to prevent muscle loss and boost
physical performance [8]. Among these, Among these,
irisin, a myokine derived from the cleavage of fibronec-
tin type III domain-containing protein 5 (FNDCS5), has
emerged as a promising candidate [1]. A study revealed
that aging is associated with reduced mRNA and pro-
tein expression levels of irisin and its precursor FNDC5
in skeletal muscle. Administration of recombinant iri-
sin protein to aged or senescent mice demonstrated
therapeutic efficacy against sarcopenia, as evidenced by
improvements in grip strength, muscle mass, fiber size,
and molecular phenotypes. These findings highlight the
critical role of irisin in preserving muscle physiology and
systemic energy homeostasis during aging, positioning it
as a promising strategy for treating age-related metabolic
disorders [9].

As an exercise-induced molecule, irisin has been pro-
posed as a potential biomarker for sarcopenia and muscle
damage due to its strong positive correlation with skeletal
muscle mass and strength [10, 11]. Beyond its diagnostic
potential, irisin enhances muscular energy metabolism,
thereby improving contractile function and endurance
[10]. It also exerts antioxidative effects, safeguarding
skeletal muscle against oxidative damage—a critical
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mechanism for preserving muscle homeostasis and coun-
teracting atrophy [10]. Experimental studies demonstrate
irisin’s regenerative capacity: In murine models of muscle
injury, irisin activates satellite cells and regulates protein
synthesis/degradation balance, facilitating tissue repair
and hypertrophy [12]. Base on the relation between sar-
copenia and irisin, these results indicate that irisin has
a certain effect on the treatment of sarcopenia. How-
ever, the mechanism of action of irisin in the treatment
of sarcopenia has not been fully elucidated. This review
systematically evaluates current evidence from preclini-
cal and clinical studies on the irisin-sarcopenia relation-
ship, aiming to to address two key questions: (1) Whether
irisin can be used as a reliable diagnostic biomarker for
sarcopenia; (2) the potential role of irisin in the preven-
tion or treatment of sarcopenia.

Materials and methods

This systematic review adhered to the 2020 PRISMA
guidelines [11] to evaluate irisin’s role in sarcopenia [13].
The study protocol was registered on the INPLASY plat-
form (ID: CRD42025646670; accessible at: https://www.c
rd.york.ac.uk/prospero/display_record.php?ID=CRD420
25646670). No clinical trial number was applicable.

Literature search strategy

A comprehensive search was performed conducted
across four databases (Web of Science, PubMed,
Cochrane, Embase) from inception through November
2024. The search strategy combined Medical Subject
Headings (MeSH) and keywords using Boolean opera-
tors, “OR” or “AND”. The Mesh term and key words were
follows: Sarcopenia, sarcopenia, FNDC5 protein, fibro-
nectin type III domain-containing protein 5 and Irisin.
Search details information in four databases are provided
in supplementary 1.

Eligibility criteria

Inclusion criteria were (1) study involve irisin on sarco-
penia (2) containing human or animal study in sarco-
penia (3) aging-related sarcopenia(4)English literature.
Exclusion criteria include (1) duplicate, review, letters,
commentaries, editorials, conference abstracts, meta-
analyses. (2) non-aging related sarcopenia, such as CKD,
COPD et al. (3) full text that was inaccessible.

Study selection and evaluation

All records by search were imported into the software
Endnote X9 to organize the related literature and removal
duplicates reference. Two authors (YXC and YFQG) inde-
pendently evaluated the title and abstract, and those that
met the inclusion criteria were eventually included in this
analysis. Disagreements will be reached through discus-
sion with a third author.
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Risk of bias evaluation

The Agency for Healthcare Research and Quality
(AHRQ) scale was used to assess the quality of human
studies, focusing on five key aspects: selection bias, per-
formance bias, attrition bias, detection bias, and report-
ing bias [14]. For animal studies, the risk of bias was
evaluated using the Systematic Review Centre for Labo-
ratory Animal Experimentation’s (SYRCLE) tool [15].

Data collection and extraction

A standardized information form was used to collect
and report all data from in vitro and in vivo studies. Key
details such as author, year, subject, sample, groups, and
main outcomes were extracted. One researcher extracted
the record data (YXC), another researcher (YFG)
checked the records quality according the inclusion crite-
ria. Discrepancies were solved by discussion with a third
researcher (XBW).
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Results

Study selection

All records search results in 364 articles from PubMed
(n=48), Cochrane (n=11), Embase=215, Web of sci-
ence (n=90). (Fig. 1). There are 122 duplicated records
were removal, 163 of records excluded (e.g. review, letters
Editorial, conference abstract). Next, 79 full-text articles
were screened, of which 58 were excluded for not meet-
ing the inclusion criteria. Ultimately, 21 studies qualified
for inclusion in the systematic review.

Potential effect of Irisin involve human studies

Of the 21 screened articles, 12 were about human stud-
ies (Table 1), including Chang et al. 2017 [11]; Park et
al. 2019 [16]; Park et al. 2021 [17]; Alsaawi et al. 2022
[18]; Baek et al. 2022 [19]; Wang et al. 2022 [20]; Yen et
al. 2022 [21]; Liang et al. 2023 [22]; Dawson-Hughes et
al. 2024 [23]; Luis et al. 2024 [24]; Liu et al. 2024 [25];
Mendez et al. 2024 [26]. Furthermore, in Table 2, we
show the change values of irisin under different interven-
tions. Although no statistically significant changes in iri-
sin before and after the intervention were seen in these
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Fig. 1 The PRISMA flow chat describes the search process and literature screening process
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Table 1 Overview of the literature involving human studies
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Author/Year Subject/Sample Detection  Groups Main outcome

method

Chang 2017 [11]  Community dwelling ~ ELISA Sarcopenia group/nor-  The patient with sarcopenia exhibited lower circulating irisin
Koreans/715 mal group levels, suggesting its potential utility as a predictive biomarker

for this condition.

Park 2019 [16] Postmenopausal ELISA Postmenopausal In postmenopausal women, serum irisin could potentially func-
women/153 women/ young tion as a diagnostic biomarker for sarcopenia.

women

Park 2021 [17] Women aged > 60 ELISA No OA group/ OA Combined exercise has positive changes in physiological and
with sarcopenia/19 group morphological factors in elderly women with sarcopenia com-

bined with OA.

Alsaawi 2022 [18]  60-85 years ELISA Sarcopenia group/nor-  The prevalence of sarcopenia was high in elderly Arab women
with or without mal group (19.8%), and the level of irisin in sarcopenia patients was signifi-
sarcopenia/131 cantly lower.

Baek 2022 [19] Community-dwelling ~ ELISA Non-Sarcopenia/ There was no significant correlation between serum irisin level
Koreans/143 Sarcopenia and clinical muscle parameters.

Wang 2022 [20] Sarcopenia ELISA Men /Women Higher levels of serum vitamin D were independently associated
patiens/422 with increased irisin in women with sarcopenia but not in men.

Yen 2022 [21] > 40 years old/99 ELISA Non-Sarcopenia / Lower levels of skeletal muscle protein biomarkers - particularly

Sarcopenia creatine kinase and irisin - were found to be significantly associ-
ated with sarcopenia.

Liang 2023 [22] Postmenopausal ELISA T1/T2/T3 In postmenopausal women, reduced serum irisin levels were
women/128 associated with an increased risk of falls, diminished muscle

strength, and elevated cortical porosity.

Dawson-Hughes > 50 years old and ELISA Placebo/Anamorelin The levels of irisin, IL-6, or hsCRP were not changes in sarcopenia

2024 [23] older/26 patients treated with anamorelin.

Luis 2024 [24] Disease-related MILLIPLEX Non-Sarcopenia/ irisin concentrations were closely associated with sarcopenia in
malnutrition/108 Sarcopenia patients with DRM.

Liu 2024 [25] inpatients aged > 65 ELISA Frailty/Pre-frailty/Ro- Irisin concentrations were significantly lower in pre-frailty and
years/55 bust groups frailty groups than in healthy controls.

Mendez 2024 [26] Postmenopausal ELISA Control group/ Grape  Chair-to-standing speed, gait speed, and irisin levels were
women/14 group significantly improve in the grape group compared with the

control group.

Note: OA, osteoarthritis. DRM, disease-related malnutrition

Table 2 Changes of Irisin parameters before and after intervention

Study Group Exercise Type Duration Irisin change Irisin change
Pre-Intervention Pre-Intervention
Park [17] OSEG Complex exercise 15 weeks 1.69+0.18 238+0.38
SEG 1.86+0.40 2.64+0.79
Mendez [26] Group Postmenopausal 6 weeks 3800pmol/L 3700pmol/L
Grape 3600pmol/L 3900pmol/L

SEG, sarcopenia group. OESG, osteoarthritis with sarcopenia group

two studies, circulating levels of irisin increased after
the intervention. In addition, the values are approximate
because no specific values were given in Mendez’s study.
Chang conducted a cross-sectional study involving
715 Korean participants, revealing that the study popu-
lation exhibited aging-related muscle atrophy and weak-
ness. The results demonstrated that irisin concentrations
were associated with appendicular lean mass/height?
and handgrip strength in both men and women. Nota-
bly, individuals with sarcopenia had significantly lower
irisin levels compared to those in the normal group.
These findings suggest that reduced circulating irisin may
serve as a sensitive biomarker for muscle weakness and

atrophy, potentially aiding in the prediction of sarcope-
nia [11]. Similarly, the study by Park examined 153 post-
menopausal women and confirmed lower irisin levels
in sarcopenia patients. This association This association
remained significant even after adjusting for confound-
ing variables, supporting the potential utility of irisin
as a biomarker for early detection and staging of sarco-
penia [16]. Consistent with these findings, both Alsaawi
[18] and Yen [21] similarly identified irisin as a promis-
ing diagnostic indicator for sarcopenia. Additionally,
Luis reported that diminished serum irisin concentra-
tions were correlated with sarcopenia in patients suffer-
ing from disease-related malnutrition, further reinforcing
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this biomarker’s clinical relevance [24]. Beyond its diag-
nostic potential, irisin plays a significant role in muscle-
bone crosstalk. For instance, Liang’s work highlighted
that postmenopausal woman with decreased irisin lev-
els faced a greater likelihood of falls and muscle impair-
ment. Moreover, higher serum irisin concentrations were
associated to improved cortical volumetric bone mineral
density (Ct. vBMD) while lower levels correlated with
elevated cortical porosity—a possible contributor to frac-
ture susceptibility [22]. Skeletal muscle derived myokines
are closely related to frailty and sarcopenia. Bioinfor-
matics analyses identified leptin, AMPK, irisin, decorin,
and myostatin as candidate biomarkers for frailty [25].
A longitudinal study further revealed that pre-frail and
frail individuals exhibited markedly reduced irisin lev-
els, alongside elevated leptin, AMPK, and myostatin
levels compared to their robust counterparts [25]. How-
ever. conflicting evidence exists. Beak’s analysis failed to
establish a definitive connection between irisin and sar-
copenia, suggesting that irisin may not accurately predict
sarcopenia in the elderly [19]. The authors proposed that
the negative results observed between irisin and sarco-
penia may stem from the lack of precise definitions and
standardized assessment methods for sarcopenia, and the
variability in how sarcopenia is defined could be the fun-
damental reason for this unclear association [19]. Addi-
tionally, Wang et al. investigated the relationship between
serum vitamin D levels and irisin concentrations in older
adults with sarcopenia. Higher serum vitamin D levels
were independently associated with increased irisin lev-
els in females with sarcopenia, but this correlation was
absent in males [20].

Although no FDA-approved medications currently
exist for sarcopenia treatment, several therapeutic
approaches show promise in boosting irisin levels among
affected individuals. Resistance training has emerged as
a particularly effective intervention, with studies demon-
strating its ability to reverse significant muscle function
loss and slow age-related structural decline [27]. This
exercise modality not only elevates circulating IGF-1,
irisin, and the anti-inflammatory cytokine IL-10 but also
suppresses myostatin expression. Notably, such training
can increase thigh muscle cross-sectional area, poten-
tially improving biochemical markers, anabolic pro-
cesses, and functional capacity in elderly women with
sarcopenia [17]. Nutritional interventions may also play
a role, as evidenced by Mendez et al's double-blind pilot
study. Postmenopausal women receiving grape powder
supplements showed enhanced physical performance
(measured by chair stand and gait speed tests) and ele-
vated irisin levels after six weeks compared to controls
[26]. However, not all interventions demonstrate consis-
tent effects. For instance, research examining the growth
hormone secretagogue anamorelin in osteosarcopenic
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patients found no significant alterations in irisin, IL-6, or
hsCRP levels [23].

Potential effect of Irisin involve animal and cellular

Table 3 summary data from 12 studies concentrating on
animal and cellular research. Research by Iemura et al.
revealed that orchiectomy-induced androgen deficiency
(ORX) results in diminished muscle mass, impaired grip
strength, and reduced muscle fiber diameter, accom-
panied by lower irisin expression in both soleus and
gastrocnemius muscles. Interestingly, while these es
occurred, ORX mice showed no alterations in the expres-
sion of genes associated with muscle differentiation or
protein degradation. Notably, irisin appears to protect
against the reduction in trabecular bone mineral den-
sity (BMD) but does not influence muscle mass [28].
The researchers concluded that while sarcopenia and
osteoporosis can be induced in ORX mice, the decline
in irisin production by skeletal muscle is not linked to
muscle wasting in these mice. Zhou’s findings corrobo-
rate these observations, indicating that androgen defi-
ciency adversely affects bone and muscle microstructure
and function, contributing to the development of both
osteoporosis and sarcopenia. While the exact interplay
between sclerostin and irisin in musculoskeletal patho-
physiology requires further clarification, current evidence
suggests their potential involvement in these degenera-
tive conditions [29]. Experimental studies have identified
Benzo[a]pyrene (BaP) as a detrimental factor for muscle
integrity, as it can decrease irisin levels and increase
myostatin levels both in vivo and in vitro, leading to con-
ditions characteristic of sarcopenia [30]. Furthermore,
aging causes muscle fiber atrophy and decreases AMPK
phosphorylation, subsequently diminishing PGC-1a and
ENDCS5 expression in gastrocnemius tissue. Therapeu-
tic interventions such as wheel running exercise appear
to counteract these effects by stimulating the PGC-1a/
ENDC5/AMPK cascade, which promotes VEGF upregu-
lation and ultimately enhances muscle mass, functional
strength, and motor coordination [31]. Complementary
findings indicate that static resistance training similarly
improves muscular endurance in sarcopenic models
through activation of the PGC-1a/FNDC5/UCP1 signal-
ing axis. Furthermore, static strength training elevates
ENDC5 expression, which enhances circulating irisin
levels and upregulates UCP1 expression, thereby pre-
venting skeletal muscle atrophy and improving muscle
mass [32]. Contradicting some previous findings, Han’s
et al. research observed that exercise intervention failed
to significantly modify irisin levels in aged rats, despite
the well-documented age-related decline in this myokine
[33]. In contrast, the research by Guo demonstrated that
intraperitoneal administration of recombinant irisin pro-
tein produced measurable improvements in sarcopenic
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Table 3 Overview of the literature involving cellular and animal studies

Author/Years  Species/Cells Sample Group Main outcome

lemura 2020 C57BL/6 49 Control/sham, Control/ORX, Irisin/sham, Irisin protects against androgen deficience-induced reduc-

[28] Irisin/ORX tion in trabecular bone mineral density but not muscle

mass in mice.

Young 2021 [31] Rats 32 Young-age group, Young-age and Voluntary wheel-running exercise enhances the expres-
wheel running exercise group, Old-age  sion of VEGF through the activation of the PGC-1a/FNDC5/
group, Old-age and wheel running AMPK signaling pathway, which subsequently leads to
exercise group. increases in muscle mass, strength, and coordination.

Liu 2021 [32] SD rat 40 PGC-1a siRNA, negative control se- Static resistance exercise enhances FNDC5 production, in-

quence of PGC-1a (NC), static strength
training, PGC-1asiRNA + static strength

training

Han 2021 [33] Female SDrat 48

creasing circulating irisin which stimulates UCP1-mediated
fat browning while protecting against muscle wasting,
thus preserving lean mass.

Young sedentary, old sedentary, moder- Exercise did not significantly alter serum irisin levels in
ate intensity continuous training, and

aged rats, despite an age-related decline.

high - intensity interval training

Wu 2022 [30] 344/NNarl /

ratsC2C12

None Control, exposure

Zhou 2022 [29] Rat 20 Sham, orchiectomy

Guo 2023 [9] C578BL/6 None
control His-tag

G1: Control

G2: D-gal 30 g/L
G3:irisin 5 nM+D-gal
G4:irisin 10 nM+D-gal
G5:irisin 20 nM+D-gal
G5: irisin 40 nM +D-gal
G1: Control
G2:D-gal+Iv-NC
G3:D-gal

G4: D-gal + LV-FNDC5

Wu 2023 [34] Fibroblasts None

Wu 2024 [35] 212 None

young and aged mice/ Wild-type and
FNDC5/irisin knockout mice/ Irisin or

BaP attenuated differentiation of myoblasts, triggered a
series of responses. Ultimately, decrease irisin level and
increase myostatin levels.

Androgen deficiency adversely affects bone and muscle
microstructure and function, resulting in osteoporosis and
sarcopenia.

Administration irisin can improves sarcopenia and muscle
function in aging mice.

Irisin demonstrates anti-fibrotic and anti-senescence
effects in D-galactose-induced models by restoring redox
balance through PI3K/Akt signaling, suggesting therapeu-
tic potential for sarcopenia.

Through caveolin-1-dependent Fas signaling, irisin modu-
lates apoptosis in D-galactose-exposed muscle fibroblasts
and C2C12 myoblasts.

parameters in aging mouse models, including enhanced
grip strength, increased muscle mass, and improved
molecular profiles. These results supporting the hypoth-
esis that FNDC5/irisin signaling plays a crucial modula-
tory role in age-related muscle wasting and metabolic
impairment [9]. Additional mechanistic studies reveal
that irisin administration can mitigate D-galactose-
induced skeletal muscle fibrosis and prevent apoptosis
in C2C12 myoblasts. This protective effect is mediated
through modulation of the PI3K/Akt signaling cascade
and caveolin-1 expression. Collectively, these findings
underscore irisin’s potential as a promising therapeutic
candidate for combating age-associated muscle atrophy
and fibrotic degeneration [34, 35].

The risk of bias of the included studies

Human Study Bias Assessment can be seen in Fig. 2A
and B. Of the 12 human studies analyzed, only one study
exhibited low risk of selection, performance bias, and
detection bias while the majority demonstrated high or
unclear risks. Three studies showed high attrition bias

from incomplete data collection. Notably, all studies
demonstrated low reporting bias risk.

All seven animal studies presented unclear risk across
multiple domains including selection bias, randomiza-
tion outcome assessment, and blinding protocols. While
all studies implemented random housing, and only one
achieved low-risk status through proper blinding pro-
cedures. Importantly, no studies exhibited elevated risk
for incomplete outcomes, selective reporting, or other
potential biases.

Discussion

To our knowledge, this is the first systematic review inte-
grating evidence from both human and animal studies to
evaluate irisin’s dual role in sarcopenia—as a diagnostic
biomarker and a therapeutic target. Our analysis reveals
that circulating irisin levels inversely correlate with sar-
copenia severity, particularly in aging populations such
as postmenopausal women (Table 1). For instance,
cross-sectional studies demonstrated lower serum irisin
concentrations in sarcopenic individuals compared to
healthy controls [16, 36]. This association is supported by
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preclinical studies demonstrating that irisin administra-
tion improves muscle mass, strength, and mitochondrial
function in aged models [9]. These findings collectively
position irisin as a promising candidate for sarcopenia
management, bridging molecular insights with clinical
potential.

The global aging trend is expected to drive a significant
increase in sarcopenia prevalence. Aging disrupts the cat-
abolic balance of muscles, thereby compromising muscle
health [37]. Muscle growth results from an imbalance
between anabolic and catabolic processes, where protein
synthesis exceeds breakdown. Mechanical stimuli like
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resistance training initiate the PI3K/Akt/mTOR cascade,
stimulating myocyte growth pathways that ultimately
increase muscle fiber size and mass [38]. For example,
overexpression of irisin alleviated D-Gal-induced senes-
cence, redox imbalance and fibrosis by regulating PI3K/
Akt signaling pathway [34]. Another, Irisin prevents
mitochondrial fission and increases mitochondrial fusion
to reduce apoptosis, and reduces oxidative stress by
activating the PI3K/AKT/mTOR axis [39]. These stud-
ies suggest that irisin can regulate the PI3K/Akt/mTOR
signaling pathway. However, the relationship between iri-
sin regulation and PI3K/Akt/mTOR signaling pathway in
sarcopenia is still unclear, and further studies are needed
to clarify in the future. Physical activity induces peroxi-
some proliferator-activated receptor y coactivator-la
(PGC-1a) upregulation, which in turn stimulates FNDC5
gene expression and subsequent irisin production [37].
This PGC-1la-dependent myokine, proteolytically cleaved
from skeletal muscle, enters circulation where it modu-
lates brown adipose tissue morphology and promotes
vascularization, thereby supporting myocyte prolifera-
tion [40]. However, age-dependent disparity may reflect
declining mitochondrial biogenesis capacity, as aging
impairs PGC-la-mediated activation of NRF1/NRF2/
TFAM, thereby reducing mitochondrial DNA replica-
tion and muscle resilience. These alterations contribute
to the decline in muscle strength and function, which are
characteristic features of sarcopenia [41]. In this review,
Young found that wheel running exercise enhance old rat
the expression of VEGF by activating PGC-1a/FNDC5/
AMPK which improving muscle mass and coordination
in aged rodents. Consequently, PGC-1a may serve as a
target for preventing aging-related muscle atrophy [31].
Similarly, high-intensity interval static training has been
shown to regulate the PGC-1a/FNDC5/UCP1 cascade
which prevents skeletal muscle atrophy and improve the
motor function [32]. Furthermore, irisin is implicated in
the regulation of sarcopenia through various signaling
pathways. Murine studies indicate that recombinant iri-
sin mitigates oxidative stress and fibrosis via PI3K/Akt
signaling [12] while suppressing myostatin through ERK/
IGF-1 crosstalk [42]. These dual mechanisms create an
anabolic milieu conducive to muscle hypertrophy, high-
lighting irisin’s pleiotropic potential.

Sarcopenia development involves both controllable and
inherent risk factors. Lifestyle-related elements including
sedentary behavior, poor nutrition, and vitamin D insuf-
ficiency can be modified, whereas age-related biological
changes, genetic predisposition, and endocrine altera-
tions constitute inherent risk parameters [43]. Current
research suggests an important relationship between
irisin and muscle homeostasis, with declining irisin lev-
els potentially contributing to sarcopenic progression
[37]. While one study reported no correlation between
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serum irisin and standard sarcopenia measures [19], mul-
tiple investigations have consistently observed reduced
irisin concentrations in aging populations, particularly
postmenopausal women [16, 18, 21]. The study by park
suggested that each 1.0 ng/mL decrease of irisin was
associated with 95% higher risk of having sarcopenia [16].
Another research demonstrated that low circulation level
of irisin (<118.0 ng/mL may increase the risk for sarco-
penia [44]. These findings position irisin as a promising
diagnostic indicator. However, there is no unified diag-
nostic criterion for circulating irisin at present, and fur-
ther determination is needed in the future. Because the
accuracy of detecting the circulation level of irisin also
varies among different ELISA kits, this may lead to dif-
ferences in the detection of irisin. Therapeutic inter-
ventions targeting irisin show considerable potential.
Experimental studies demonstrate that recombinant iri-
sin administration improves multiple sarcopenia param-
eters, including muscle morphology and strength [9].
Nutritional intervention,, such as grape powder supple-
mentation, elevates circulating irisin in sarcopenic post-
menopausal women whlie improving lower-extremity
functional measures including chair sit-to-stand speed
and gait speed [26]. Therefore, these studies illustrated
that enhancing irisin expression levels may have thera-
peutic effects for sarcopenia.

Skeletal muscle is the largest organ responsible for the
production and secretion of irisin. The synthesis and
secretion of irisin also showed different results under dif-
ferent exercise [37]. Clinical trials reveal that acute exer-
cise transiently increases circulating irisin levels, peaking
at 24 h post-exercise (baseline: 9.0+2.0 ng/mL; 24 h:
13.5+2.5 ng/mL, P<0.001). Young adults consistently
exhibit higher irisin levels than middle-aged individuals
across all time points (YA: 9.7+ 1.7 to 14.5+ 2.2 ng/mL vs.
MA: 7.6+1.6 to 11.8+2.2 ng/mL, P<0.05). These results
highlight the critical role of acute exercise in counteract-
ing age-related skeletal muscle mass loss and functional
decline in both YA and MA populations [45]. A parallel
study confirmed exercise-induced irisin elevation in both
serum and saliva, with levels returning to baseline after
48 h of rest (P<0.05) [46]. Notably, progressive resis-
tance training has demonstrated efficacy in promoting
muscle protein anabolism while improving muscle mass,
strength and physical function in sarcopenic older adults
[27]. Furthermore, the 2018 International Conference on
Sarcopenia and Frailty Research strongly recommended
progressive resistance exercise as a first-line therapeutic
approach for sarcopenia, supported by a moderate level
of evidence [43]. Beyond muscle benefits, resistance
training enhances growth hormone secretion, myocyte
development, and bone mineral density [47, 48]. Clini-
cal investigations reveal consistent irisin upregulation
following structured resistance programs, including an
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8-week intervention in sarcopenic obese women [49] and
a 15-week regimen in sarcopenia patient(with or without
osteoarthritis), which also reduced myostatin expres-
sion [17]. However, exercise-induced irisin modulation
appears context-dependent. Han et al. reported no signif-
icant serum irisin changes in aged rodents post-exercise,
potentially reflecting interspecies differences, subject
fitness levels, or protocol variations in training intensity
and duration [33].

The strength of our conclusion depends on the meth-
odological rigor of the included studies. As mentioned
in Sect. 3.4, some studies in human research have shown
unclear risk of selection bias, performance bias and
detection bias. These limitations may weaken the reliabil-
ity of irisin as a diagnostic biomarker. In animal studies,
although some studies have demonstrated the therapeu-
tic potential of irisin, in the selection bias, random out-
come assessment and blinding is unclear which may have
an impact on the therapeutic effect. Therefore, standard-
ized schemes are urgently needed in future experiments
to ensure repeatability.

There are some limitations in our review. Firstly, this
review did not determine the mechanisms of irisin on
sarcopenia which require more research to explanation.
Secondly, although relevant searches were conducted in
four databases, there may still be missing articles that
were not included in this study. Thirdly, using the risk of
bias tool to process quality assessment found that impor-
tant information relates to design and conduct of the
include research were missing. The detection standard of
irisin has not been unified, and the detection standard of
irisin is not summarized in this review. In the future, it is
necessary to further clarify the detection standard of iri-
sin to improve the detection reliability of irisin.

Conclusion

In this systematic review, we summarize the poten-
tial effect of irisin on sarcopenia in human and animal.
While the role of irisin in sarcopenia remains ambiguous
according to some studies, evidence suggests that irisin,
whether induced by exercise or administered in vitro,
exhibits promising therapeutic effects on sarcopenia.
This positions irisin as a potential candidate for future
pharmacological interventions targeting sarcopenia.
Nevertheless, the current body of research is constrained
by the limited number and quality of studies, leaving the
mechanisms and therapeutic efficacy of irisin in sarcope-
nia insufficiently elucidated. Therefore, in order to fur-
ther study the role of irisin in the human body and verify
it as a potential therapeutic drug in the future, large-scale
RCT trials need to be conducted further.
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