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A B S T R A C T

Irisin, amyokine generated through the proteolytic cleavage of fibronectin type III domain-containing protein

5 (FNDC5), has been increasingly recognized as a critical mediator of the salutary effects of physical exercise

on metabolic homeostasis, energy metabolism, and the regulation of inflammatory, oxidative, and fibrotic

pathways. Recent investigations have delineated a significant association between irisin levels and renal

pathophysiology, particularly within the context of chronic kidney disease. Emerging evidence suggests that

irisin may play a modulatory role in renal function, with particular relevance to diabetic nephropathy and

acute kidney injury. Therefore, this mini-review consolidates current findings on the mechanistic

underpinnings of irisin’s involvement in renal pathophysiology, elucidating its intricate interplay with

kidney disease. Additionally, we highlight the potential of irisin as a promising biomarker and therapeutic

target in nephrology.
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R E S U M E N

La irisina, una mioquina generada mediante escisioń proteolítica de la proteína fibronectina de tipo III que

contiene el dominio 5 (FNDC5), ha sido cada vez más reconocida como mediador esencial de los efectos

saludables del ejercicio físico en la homeostasis metaboĺica, el metabolismo energet́ico y la regulacioń de las

vías inflamatoria, oxidativa y fibrot́ica. Las investigaciones recientes han delineado una asociacioń

significativa entre los niveles de irisina y la patofisiología renal, en particular dentro del contexto de la

enfermedad renal crońica. La evidencia emergente sugiere que la irisina puede jugar un papelmodulador en la

funcioń renal, con relevancia particular para la nefropatía diabet́ica y el daño renal agudo. Por tanto, esta

mini-revisioń consolida los hallazgos actuales sobre los fundamentos mecánicos de la implicacioń de la irisina

en la patofisiología renal, esclareciendo su interaccioń intricada con la enfermedad renal. Además,

subrayamos el potencial de la irisina como biomarcador prometedor y objetivo terapeútico en nefrología.

Introduction

Q2 Chronic kidney disease (CKD) is a global health burden, affecting

approximately 10% of the world’s population and contributing

significantly to morbidity and mortality. The CKD is characterized by

a gradual decline in renal function and an increased risk of

cardiovascular complications. Despite advances in treatment, the

progression of CKD remains a major clinical challenge, necessitating

the exploration of novel therapeutic targets.1

Irisin, a myokine predominantly secreted by skeletal muscles

during physical activity, was first identified in 2012 and has garnered

attention for its pleiotropic effects on metabolism, inflammation, and

tissue repair.2 Emerging evidence suggests that irisin may play a

protective role in kidney disease, offering new insights into the

interplay between muscle and kidney health.3 Hence, Irisin could

contribute to the identification of novel biomarkers and therapeutic

agents for early detection and intervention in CKD. Here we will

clarify some aspects involved with Irisin and renal diseases and

highlight its potential contribution as biomarker or therapeutic target

in renal pathophysiology.
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Irisin: biosynthesis and physiological functions

Irisin is predominantly synthesized by skeletal muscle in response

to physical activity, with its expression regulated by peroxisome

proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α),

a key transcriptional coactivator that modulates multiple nuclear

receptors and transcription factors.4 Identified as a proteolytic

derivative of fibronectin type III domain-containing protein 5

(FNDC5), irisin is secreted into the circulation, where it exerts

systemic metabolic effects.4

Initially characterized for its role in inducing the browning of

white adipose tissue and enhancing thermogenesis, irisin has since

been implicated in a broad spectrum of physiological processes,

including the enhancement of insulin sensitivity, the regulation of

glucose metabolism, the maintenance of energy homeostasis, and the

modulation of lipid profiles.4,5 Beyond its metabolic functions, irisin

exhibits potent anti-inflammatory and antioxidant properties, which

are of particular relevance to renal pathophysiology. Its expression is

dynamically influenced by various factors, including physical activity,

metabolic status, and inflammatory conditions.3,5

Irisin and chronic kidney disease

Recent investigation has established a significant association

between circulating irisin levels and chronic kidney disease

(CKD).6,7 A comprehensive systematic review and meta-analysis

of multiple observational studies demonstrated that patients with

CKD exhibit significantly reduced serum irisin concentrations

compared to non-CKD individuals. This decline in irisin levels

correlates with the severity of renal dysfunction, as evidenced by an

inverse relationship between irisin and key renal function

biomarkers, such as urea and creatinine, thereby suggesting its

potential utility as a biomarker for CKD progression.7 Moreover,

clinical data have further corroborated these findings, indicating

that irisin concentrations are particularly diminished in CKD

patients undergoing dialysis.7,8

The mechanisms contributing to the decreased irisin levels in CKD

appear to be multifactorial. One prevailing hypothesis suggests that

uremic toxins, such as indoxyl sulfate, may exert direct inhibitory

effects on FNDC5 expression in myocytes, thereby attenuating irisin

secretion. Experimental evidence supports this proposition, as studies

involving human immortalized myoblast cells exposed to indoxyl

sulfate have demonstrated a dose-dependent reduction in FNDC5

protein levels, implicating that uremicmilieu acts as a key factor in the

dysregulation of irisin production.8

Irisin’s protective effects on renal pathophysiology

Therapeutic potential of irisin

Irisin has exhibited significant therapeutic potential in experimen-

tal models of renal injury. In a murine model of renal ischemia–

reperfusion injury (IRI), the administration of recombinant irisin

markedly mitigated kidney dysfunction, tissue damage, tubular cell

apoptosis, and inflammation, highlighting its protective effects in

acute renal injury.9 Additional evidence supports the renoprotective

role of irisin in acute kidney injury (AKI), as demonstrated in murine

sepsis models, where irisin administration alleviated sepsis-associated

AKI by modulating the SIRT1/Nrf2 pathway and reducing ferropto-

sis.10 Moreover, irisin has been implicated in the restoration of

autophagic processes in podocytes, a critical mechanism for safe-

guarding against diabetic nephropathy.11

These findings collectively suggest that irisin represents a

promising candidate for the development of novel therapeutic

strategies targeting kidney diseases. However, the precise molecular

mechanisms underlying its nephroprotective effects remain to be

fully elucidated. Thus, review aims to synthesize current evidence

on the potential mechanisms through which irisin exerts its

renoprotective actions while also highlighting key clinical observa-

tions.

Mechanisms of Irisin protection in kidney disease

i. Anti-inflammatory effects

Inflammation is a fundamental pathological feature of chronic

kidney disease (CKD) and plays a pivotal role in its progression toward

renal failure. Irisin has been shown to exert anti-inflammatory effects

by suppressing the production of pro-inflammatory cytokines,

including tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6),

and interleukin-1 beta (IL-1β), through the downregulation of nuclear

factor kappa B (NF-κB) signaling. A study demonstrated that

lipopolysaccharide (LPS) stimulation significantly increased the

expression levels of TNF-α, IL-1β, Bax, p65, and IκKα while

concomitantly inhibited Bcl-2 and IκB-α expression in renal tubular

cells. Notably, irisin administration to renal cells cultures effectively

reversed these inflammatory alterations.12

Furthermore, in an in vivomodel of diabetic nephropathy, it was

observed that FNDC5/irisin expression was upregulated in renal

tissue following exercise training. Compared to sedentary controls,

exercise-induced irisin enhanced an anti-inflammatory cytokine

profile and promoted M2 macrophage polarization (CD206

expression) within kidney tissue via activation of the AMP-

activated protein kinase (AMPK).13 Other study reported that

Irisin alleviates inflammation in IRI mice model via modulating the

PI3K/Akt/eNOS and TLR4-NFkB pathways. Relative to control, the

gene expressions of PI3K, AKT and TLR-4 were elevated in IRI

group, however, Irisin treatments restored renal function and

inhibited all these inflammatory markers in renal tissues.14 These

findings suggest that irisin may mitigate renal inflammation

through modulation of the NF-κB/TLR-4/PI3K/AKT/AMPK signal-

ing pathways, highlighting its potential as a therapeutic agent in

CKD-associated inflammation.

ii. Antioxidant properties

Oxidative stress is a key pathological driver in the progression of

kidney disease and has been a primary target for various pharmaco-

logical interventions. Irisin has been shown to enhance mitochondrial

function and mitigate the production of reactive oxygen species

(ROS).15 Experimental evidence demonstrates that irisin administra-

tion alleviates renal injury by attenuating inflammatory responses,

improving mitochondrial function, specifically through the upregula-

tion of uncoupling protein (UCP) and mitochondrial transcription

factor A (Tfam) and reducing endoplasmic reticulum stress markers,

including GRP78, phosphorylated inositol-requiring enzyme 1-alpha

(p-IRE1α), phosphorylated eukaryotic initiation factor 2-alpha (p-eIF-

2α), C/EBP homologous protein (CHOP), and endoplasmic reticulum

oxidoreductin 1-like protein alpha (Ero1-Lα) following IRI induc-

tion.15

Additionally, it was reported that irisin administration preserves

renal superoxide dismutase (SOD) and glutathione peroxidase (GSH-

Px) levels and effectively suppressed ROS accumulation (DHE

staining) after IRI.16 Mechanistically, irisin is proposed to attenuate

AKI-associated oxidative stress by upregulating phospholipid peroxi-

dase glutathione peroxidase 4 (GPX4), a critical regulator of lipid ROS

homeostasis and ferroptosis, thereby exerting renoprotective

effects.16
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iii. Antifibrotic actions

Renal fibrosis is an irreversible common endpoint in progressive

kidney diseases and has been considered the bet biomarker for bad

prognosis. In unilateral ureteral obstruction (UUO) mice, it was

identified that irisin ameliorated renal function decreasing the

expression of periostin and MMP-2, attenuated epithelial-mesenchy-

mal transition (EMT) and extracellular matrix deposition in renal

tissues.17 In HK-2 cells, irisin treatment markedly attenuated TGF-β1-

induced expression of periostin and MMP-2.17 Irisin treatment also

inhibited TGF-β1-induced EMT, extracellular matrix formation, and

inflammatory responses.17 In vitro also was showed that Irisin

inhibited TGFβ-induced COL1 in renal cells, which was not affected

by conditioned medium of muscle cells transfected with FNDC5

siRNA.18 Summary, irisin treatment can improve renal interstitial

fibrosis through the TGF-β1/MMP-2 signaling pathway modulation,

suggesting that irisin may has an important role in the context of

kidney fibrosis.

iv. Modulation of apoptosis

Apoptosis is a hallmark of acute kidney injury (AKI), contributing

to the loss of renal tubular epithelial cells, which are highly

susceptible to damage in both AKI and CKD. Emerging evidence

suggests that irisin exerts potent anti-apoptotic effects in renal tubular

cells. In kidney tissues subjected to IRI, irisin was shown to activate

the phosphoinositide 3-kinase (PI3K)/Akt signaling pathway, thereby

promoting cell survival and attenuating apoptosis by downregulating

caspase-3 expression while upregulating B-cell lymphoma 2 (BCL2)

levels.14

Additionally, irisin overexpression has been demonstrated to

mitigate apoptosis in lipopolysaccharide (LPS)-induced renal injury,

as evidenced by reduced annexin V staining in tubular cells.19 In an

animal model of IRI, irisin pretreatment was found to upregulate the

expression of uncoupling protein 2 (UCP2), conferring protection

against renal cell apoptosis characterized by decreased TUNEL and

caspase-3 staining and oxidative stress as indicated by reduced

myeloperoxidase (MPO) and malondialdehyde (MDA) levels which

were both mediated by AMP-activated protein kinase (AMPK)

activation. In vitro, hypoxia/reoxygenation (H/R) treatment was

employed to induce apoptosis in tubular cells, and irisin pretreatment

significantly attenuated the apoptotic response.15Moreover, the irisin

overexpression or supplementation with recombinant irisin was

shown to alleviate ATP depletion-induced apoptosis.15,19 Thus,

mechanistically, irisin was found to suppress the activation of p53

and PI3K/AKT/AMPK signaling pathways, using both in vivo and in

vitro models of kidney injury, highlighting its role as a critical

modulator of renal cell survival and a potential therapeutic target in

nephroprotection.

Irisin participation in clinical perspectives

The pleiotropic effects of irisin make it a promising candidate for

the treatment of kidney disease. Preclinical studies have already

demonstrated that irisin administration improves renal function,

reduces proteinuria, and attenuates histopathological damage in

animal models of CKD and AKI.9–19 Furthermore, irisin levels have

been proposed as a potential biomarker for early detection of kidney

injury, as lower circulating irisin levels are associated with worse

renal outcomes in patients with CKD.20

Beyond its role as a biomarker, irisin may exert renoprotective

effects through its anti-inflammatory, antioxidative, and anti-

apoptotic properties. These actions are particularly pertinent in

mitigating the pathogenesis of AKI/CKD and its associated complica-

tions, such as protein-energywasting, cardiovascular disease, diabetes

and mineral bone disorders.21 In addition, considering exercise and

metabolic context, irisin administration could potentially improve

kidney function and prevent disease progression by modulating

inflammation, fibrosis, cell death and oxidative stress.22

Moreover, osteoporosis and reduced bone mineral density are

prevalent among CKD patients, contributing to increased fracture risk

and morbidity.7 Recent investigations have explored the relationship

between serum irisin levels and bone health in this population. Cross-

sectional study involving hemodialysis patients and renal transplant

recipients found a positive correlation between serum irisin

concentrations and femoral T-scores (values of bone mineral density),

suggesting a potential role for irisin in bone metabolism and its

possible utility as a therapeutic target for CKD-related bone

disorders.23

Finally, in patients with type 2 diabetes, impaired renal function is

associated with a reduction in irisin levels. The authors have shown

that irisin correlates with estimated glomerular filtration rate (eGFR)

and body composition, suggesting that irisin be associated with renal

function in diabetes.24

Given these findings, a multicenter prospective observational

cohort study focused on biomarker validation is warranted. The

primary aim of this investigation would be to ascertain whether

baseline and serial measurements of circulating irisin predict the

trajectory of renal function decline and the incidence of definitive

renal endpoints (e.g., a ≥30% reduction in eGFR or the initiation of

renal replacement therapy). Specifically, this study would: (i)

determine whether low baseline irisin concentrations, or a progressive

decline over time, serve as independent predictors of accelerated CKD

progression; (ii) define the optimal irisin threshold values for

stratifying patient risk; and (iii) generate the foundational data

required to integrate irisin into clinical risk-prediction algorithms.

In parallel, an embedded, randomized, biomarker-guided man-

agement trial should also be considered to evaluate whether

therapeutic modifications informed by irisin measurements (for

instance, intensification of antihypertensive, glycemic or mineral

bone management in individuals exhibiting “high-risk” irisin profiles)

translate into improved renal outcomes. Additionally, given that

physical activity is a potent endogenous stimulus for irisin release, and

has been associated with favorable effects on inflammation, oxidative

stress, and muscle wasting in CKD, a physical exercise intervention

arm could be incorporated to explore whether moderate, structured

exercise increases circulating irisin levels and subsequently mitigates

renal function decline. This trial would compare eGFR slopes between

intervention and control arms via mixed effects modeling, assess the

effect of biomarker-driven strategies on hard clinical endpoints, and

concomitantly evaluate the safety and feasibility of implementing

irisin-based clinical algorithms.

Together, these two-stage clinical approaches would meet the

essential criteria for biomarker qualification, demonstrating that irisin

adds prognostic value beyond established risk factors, and it would

subsequently establish clinical utility by confirming that irisin-guided

interventions, including lifestyle-based approaches, can meaningfully

alter patient trajectories. Such evidence would underpin regulatory

approval and facilitate the incorporation of irisin as a novel biomarker

in the management of chronic kidney diseases.

Challenges and future directions

Despite promising outcomes, several challenges related to irisin’s

biodistribution and biosafety remain unresolved. Although not

specifically investigated in the context of kidney disease, one study

reported that excessive irisin exposure induced oxidative stress and

apoptosis in murine cardiac tissue, raising concerns about its potential

deleterious effects under certain conditions.25 This highlights the

complexity of irisin’s pleiotropic systemic effects, which may vary

depending on the physiological and pathological context, necessitat-

ing further in-depth investigation particularly in conditions where
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multiple signaling pathways with distinct and potentially opposing

roles are involved.

Moreover, the precise molecular mechanisms underlying irisin’s

renal effects remain incompletely understood. Additional mechanistic

studies, along with well-designed, large-scale clinical trials, are

essential to substantiate its therapeutic potential in nephrology.

Furthermore, the development of irisin-based therapeutic strategies

requires careful optimization of dosage, targeted delivery methods,

and comprehensive safety evaluations to mitigate potential adverse

effects and maximize clinical efficacy.

Conclusion

Accumulating evidence indicates that irisin serves as a critical link

between skeletal muscle activity and renal health. Consequently,

irisin has emerged as a pivotal modulator in the pathophysiology of

kidney disease, with significant implications for both the prevention

and treatment of renal disorders. Its potent anti-inflammatory,

antioxidant, and antifibrotic properties highlight its potential as a

promising therapeutic agent. Furthermore, the observed inverse

correlation between circulating irisin levels and different stages of

kidney disease supports its candidacy as a potential biomarker for

renal dysfunction.

However, despite these promising findings, further investigations

are necessary to delineate the precise molecular and cellular

mechanisms underlying irisin’s renoprotective effects, assess potential

adverse effects, and bridge the gap between preclinical discoveries

and clinical applications. Rigorous translational research and well-

designed clinical trials will be essential to validate its therapeutic

utility in clinical nephrology.

Conflict of interest

The authors declareQ3 no conflict of interest.

References

1. Jager KJ, Kovesdy C, Langham R, Rosenberg M, Jha V, Zoccali C. A single number

for advocacy and communication-worldwide more than 850 million individuals

have kidney diseases. Kidney Int. 2019;96:1048–50, http://dx.doi.org/10.1016/j.

kint.2019.07.012

2. Boström P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGC1-α-
dependent myokine that drives brown-fat-like development of white fat and

thermogenesis. Nature. 2012;481:463–8, http://dx.doi.org/10.1038/nature10777

3. Li X, Lindholm B. The role of irisin in kidney diseases. Clin Chim Acta.

2024;554:117756, http://dx.doi.org/10.1016/j.cca.2023.117756

4. Perakakis N, Triantafyllou GA, Fernández-Real JM, Huh JY, Park KH, Seufert J,

et al. Physiology and role of irisin in glucose homeostasis. Nat Rev Endocrinol.

2017;13:324–37, http://dx.doi.org/10.1038/nrendo.2016.221

5. Bi J, Zhang J, Ren Y, Du Z, Li Q,Wang Y, et al. Corrigendum to “Irisin alleviates liver

ischemia-reperfusion injury by inhibiting excessive mitochondrial fission,

promoting mitochondrial biogenesis and decreasing oxidative stress” [Redox Biol

20 (2019) 296–306]. Redox Biol. 2019;26, http://dx.doi.org/10.1016/j.

redox.2019.101193

6. Wen MS, Wang CY, Lin SL, Hung KC. Decrease in irisin in patients with chronic

kidney disease. PLOS ONE. 2013;8:e64025, http://dx.doi.org/10.1371/journal.

pone.0064025

7. Gan W, Chen W, Li T, Shao D, Xu F, Huo S, et al. Circulating irisin level in chronic

kidney disease patients: a systematic review and meta-analysis. Int Urol Nephrol.

2022;54:1295–302, http://dx.doi.org/10.1007/s11255-021-03000-8

8. Hou YC, Liao MT, Tsai KW, Zheng CM, Chiu HW, Lu KC. Indoxyl sulfate induced

frailty in patients with end-stage renal disease by disrupting the PGC-1α-FNDC5
axis. Aging (Albany NY). 2023;15:11532–45, http://dx.doi.org/10.18632/

aging.205141

9. Liu Y, Fu Y, Liu Z, Shu S, Wang Y, Cai J, et al. Irisin is induced in renal ischemia-

reperfusion to protect against tubular cell injury via suppressing p53. Biochim

Biophys Acta Mol Basis Dis. 2020;1866, http://dx.doi.org/10.1016/j.

bbadis.2020.165792

10. Qiongyue Z, Xin Y, Meng P, Sulin M, Yanlin W, Xinyi L, et al. Post-treatment with

irisin attenuates acute kidney injury in sepsis mice through anti-ferroptosis via the

SIRT1/Nrf2 pathway. Front Pharmacol. 2022;13:857067, http://dx.doi.org/

10.3389/fphar.2022.857067

11. Lai W, Luo D, Li Y, Li Y, Wang Q, Hu Z, et al. Irisin ameliorates diabetic kidney

disease by restoring autophagy in podocytes. FASEB J. 2023;37, http://dx.doi.org/

10.1096/fj.202300420R

12. Jin YH, Li ZY, Jiang XQ, Wu F, Li ZT, Chen H, et al. Irisin alleviates renal injury

caused by sepsis via the NF-κB signaling pathway. Eur Rev Med Pharmacol Sci.

2020;24:6470–6, http://dx.doi.org/10.26355/eurrev_202006_21546

13. Pushpakumar S, Juin SK, Sen U. Exercise-linked FNDC5/Irisin attenuates

macrophage-mediated renal inflammation in type 1 diabetes in aged mice. FASEB

J. 2021;35, http://dx.doi.org/10.1096/fasebj.2021.35.S1.03859

14. Kolieb E, El-Shaer R, Maher S, Ali D, Hammada A, Awad M. Effect of xanthenone

versus irisin in alleviating renal ischemic reperfusion injury through modifying the

PI3K/AKT/eNOS and TLR-4/NFkB pathways. Bull Egypt Soc Physiol Sci. 2024,

http://dx.doi.org/10.21608/besps.2024.256207.1160

15. Zhang R, Ji J, Zhou X, Li R. Irisin pretreatment protects kidneys against acute

kidney injury induced by ischemia/reperfusion via upregulating the expression of

uncoupling protein 2. Biomed Res Int. 2020;2020:6537371, http://dx.doi.org/

10.1155/2020/6537371

16. Zhang J, Bi J, Ren Y, Du Z, Li T, Wang T, et al. Involvement of GPX4 in irisin’s

protection against ischemia reperfusion-induced acute kidney injury. J Cell

Physiol. 2021;236:931–45, http://dx.doi.org/10.1002/jcp.29903

17. Wang Y, Deng X, Wei J, Yang Z, Du Y, Song S, et al. Irisin ameliorates UUO-induced

renal interstitial fibrosis through TGF-β1/periostin/MMP-2 signaling pathway.

PLOS ONE. 2024;19, http://dx.doi.org/10.1371/journal.pone.0299389

18. Jiang S, Oh DS, Dorotea D, Son E, Kim DS, Ha H. Dojuksan ameliorates

tubulointerstitial fibrosis through irisin-mediated muscle-kidney crosstalk.

Phytomedicine. 2021;80:153393, http://dx.doi.org/10.1016/j.

phymed.2020.153393

19. Gui S, Zhu C, Lu Y. Fibronectin type III domain containing protein 5/irisin

alleviated sepsis-induced acute kidney injury by abating ferroptosis through the

adenosine 5′-monophosphate-activated protein kinase/nuclear factor erythroid-2-

related factor 2 signaling pathway. Cytojournal. 2024;21:54, http://dx.doi.org/

10.25259/Cytojournal_62_2024

20. Arcidiacono T, Magni G, Macrina L, Sirtori M, Belloni C, Premaschi S, et al. Serum

irisin may predict cardiovascular events in elderly patients with chronic kidney

disease stage 3–5. J Ren Nutr. 2022;32:282–91, http://dx.doi.org/10.1053/j.

jrn.2021.05.007

21. Zhou S, TangW,Wang X, Han Q, Bai Q, Zhang A. Relationship between serum irisin

level, all-cause mortality, and cardiovascular mortality in peritoneal dialysis

patients. Kidney Blood Press Res. 2024;49:38–47, http://dx.doi.org/10.1159/

000535582

22. Deus LA, Corrêa HL, Neves RVP, Reis AL, Honorato FS, Araújo TB, et al. Metabolic

and hormonal responses to chronic blood-flow restricted resistance training in

chronic kidney disease: a randomized trial. Appl Physiol Nutr Metab. 2022;47:183–

94, http://dx.doi.org/10.1139/apnm-2021-0409

23. Demir C, Dursun AD, Sarıyıldız GT, Arslan Aİ. Serum irisin levels and osteoporosis

in patients with advanced chronic kidney disease and renal transplant recipients.

Int Urol Nephrol. 2023;55:1821–8, http://dx.doi.org/10.1007/s11255-023-

03475-7

24. Liu JJ, Liu S, WongMD, Tan CS, Tavintharan S, Sum CF, et al. Relationship between

circulating irisin, renal function and body composition in type 2 diabetes. J

Diabetes Complicat. 2014;28:208–13, http://dx.doi.org/10.1016/j.

jdiacomp.2013.09.011

25. Ho MY, Wen MS, Yeh JK, Hsieh IC, Chen CC, Hsieh MJ, et al. Excessive irisin

increases oxidative stress and apoptosis in murine heart. Biochem Biophys Res

Commun. 2018;503:2493–8, http://dx.doi.org/10.1016/j.bbrc.2018.07.005

4

NEFRO 501443 1–4 ARTICLE IN PRESS

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

http://dx.doi.org/10.1016/j.kint.2019.07.012
http://dx.doi.org/10.1016/j.kint.2019.07.012
http://dx.doi.org/10.1038/nature10777
http://dx.doi.org/10.1016/j.cca.2023.117756
http://dx.doi.org/10.1038/nrendo.2016.221
http://dx.doi.org/10.1016/j.redox.2019.101193
http://dx.doi.org/10.1016/j.redox.2019.101193
http://dx.doi.org/10.1371/journal.pone.0064025
http://dx.doi.org/10.1371/journal.pone.0064025
http://dx.doi.org/10.1007/s11255-021-03000-8
http://dx.doi.org/10.18632/aging.205141
http://dx.doi.org/10.18632/aging.205141
http://dx.doi.org/10.1016/j.bbadis.2020.165792
http://dx.doi.org/10.1016/j.bbadis.2020.165792
http://dx.doi.org/10.3389/fphar.2022.857067
http://dx.doi.org/10.3389/fphar.2022.857067
http://dx.doi.org/10.1096/fj.202300420R
http://dx.doi.org/10.1096/fj.202300420R
http://dx.doi.org/10.26355/eurrev_202006_21546
http://dx.doi.org/10.1096/fasebj.2021.35.S1.03859
http://dx.doi.org/10.21608/besps.2024.256207.1160
http://dx.doi.org/10.1155/2020/6537371
http://dx.doi.org/10.1155/2020/6537371
http://dx.doi.org/10.1002/jcp.29903
http://dx.doi.org/10.1371/journal.pone.0299389
http://dx.doi.org/10.1016/j.phymed.2020.153393
http://dx.doi.org/10.1016/j.phymed.2020.153393
http://dx.doi.org/10.25259/Cytojournal_62_2024
http://dx.doi.org/10.25259/Cytojournal_62_2024
http://dx.doi.org/10.1053/j.jrn.2021.05.007
http://dx.doi.org/10.1053/j.jrn.2021.05.007
http://dx.doi.org/10.1159/000535582
http://dx.doi.org/10.1159/000535582
http://dx.doi.org/10.1139/apnm-2021-0409
http://dx.doi.org/10.1007/s11255-023-03475-7
http://dx.doi.org/10.1007/s11255-023-03475-7
http://dx.doi.org/10.1016/j.jdiacomp.2013.09.011
http://dx.doi.org/10.1016/j.jdiacomp.2013.09.011
http://dx.doi.org/10.1016/j.bbrc.2018.07.005

	Irisin and the kidney: Key points to know?
	Introduction
	Irisin: biosynthesis and physiological functions
	Irisin and chronic kidney disease
	Irisin's protective effects on renal pathophysiology
	Therapeutic potential of irisin
	Mechanisms of Irisin protection in kidney disease
	Irisin participation in clinical perspectives
	Challenges and future directions

	Conclusion
	Conflict of interest
	References


