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Irisin and diabetic microvascular complications

REN Yifan', SI Qingin®*
(‘Changzhi Medical College, Changzhi 046000, China; “Department of Endocrinnoligy,
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Abstract: Diabetic microvascular complications refer to different degrees of microcirculation abnormalities

in diabetic patients, mainly in the kidney, retina, nerve tissue and so on. Irisin is a newly discovered exercise-

regulated muscle factor, which can antagonize hyperglycemia by controlling the proliferation and apoptosis of

islet beta cells, increasing glucose uptake in skeletal muscle, and improving insulin resistance. More and more

evidence shows that Irisin delays the progression of diabetic microvascular complications in terms of

inflammation, oxidative stress and autophagy. This review mainly discusses the possible mechanism of Irisin

in the occurrence and development of diabetic microvascular complications, in order to find new monitoring

methods and therapeutic targets for diabetic complications.

Key Words: Irisin; diabetic microangiopathy; diabetic nephropathy; diabetic retinopathy; diabetic peripheral

neuropathy
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LN —ANERPIAIL T AR #2021
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Jif: (diabetic microvascular complication, DMC)fLFF
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LA Zr W R —— 5 R FR (Irisin),  RIE T RE
AR AN BT 2 07 TH AR R 32 32 k3E . Trisin
S b1 I Y 2 2 2 42 £ 11 45 #4455 (fibronectin type 1l
domain containing 5, FNDCS5)3E K A )&
FEABIRE T HIRHL ™. Irisind@ i i
G2 AME T, R RIE . HH] A RO
PR B WSS T R A A AR, oA T
AT DMCHITEEIRIE > 1o R, IrisinfE
DMCH (I E FHAL I S AR Dy W ATV 7 3
PR — 0. Tk, AL RS
T IrisinfEDMCKAE . R EFHERLE, LUHA
I PR SE e DM C - TR 0 . - FUMUE 792 1 T
KA IDARTE o

1 IrisiniE5R

Irisin & Bostrom2527E 201245 % B — Fh 1 L
W E BB 1. WHFURIL, Irisin £ 27 A
FEF BRI A2, FE /N R P & IA 72% 1)
IrisinoK FULPIZLZL, T8 4% (1028 % AT K H Mg 41
B, Trisin 2 g1 E B UL I FND C5 A8 J5 B il
PR . HFFCUERE, Trisind: B2t A EE A
MG AR B0 2 ARy L B0E B - 1a(peroxisome
proliferator-activated receptoy coactivator-la, PGC-
L) A5 2 B kb F iz s iR AER, PGC-la
#IE B, MR FNDCS BRI RIL, 10k
BRI 9 A 1) T A4 2 9 22 BT D)5 B8 Irisin. BEJS
Irisinf A\ MLV 30 IF A LA 2L, i & 6 0
HE, SRrEMRKRE G, Mk —RIVENRPL,
Ho A FE I B AR 1E B2 1 1 (uncoupling protein 1,
UCP1)JZEIE. UCPIH ERfEsE 1 B ()l iy 4141
PR C RN AL, XA AN T Sohi A
HEANEE, ik A UHERM R EANE
K, AT R AR T Trisin MY
2R, HAEH KL & EA SR . PLik
LARB A AR A R AE AR ). Trisin ] BAIE S
ZME Sl AR, Wp38 2 R R iE L
¥ (mitogen-activated protein kinase, MAPK)/Ji#
HBL V% 1L 25 [ V¥ (adenosine monophosphate-
activated protein kinase, AMPK). Wnt(wingless/
integrated)f5 TPk . %K1 2L 40 R 2AH SCH 12
(nuclear factor erythroid 2-related factor 2, Nrf2)/fii

SB[ 456 8 H (thioredoxin  interacting  protein,
TXNIP). i HEEWLEE3-3 (phospha-tidylinositol 3
kinase, PI3K)/& [ B(protein kinase B, AKT)
%o WHURIL, Irisini@ I p38MAPKSE 5iE %25
R 4 B ) G E R AR 2R A B A Ak, 3 ATl it
AMPK. PI3K/AKT4 il % 2 5. JLst,
TENG T ZR, Trisin— /5 T8 d p38MAPK (5 5 i %
WINUCPIM L, S ACNEN®A: 5 —Jim
S Wt 53 40 1 g I 40 P o A R g I 26 B

2 Irisin 5#ERF

2.1 IrisinfHI R B pARAA T, (@ BEHR 2 B4R AR
prd 7|

iR & B2 L )y R 52 400 5 B 5 21 o WA AN R 22
AUKE JR 5 (type 2 diabetes mellitus, T2DM)FI4FIEZ
—o Irisin MY AT DL 508 TR A I LN R
E B 7K A ) ik & BAR M K T, 38 ] BAIE 2
55 mk e kSR 5w Ko,
Irisin ™) LA 2 5 08 T2 08 B 1 & A i R0L,
Trisin AJ {5 w8 1755 P JR 02 A4 0 1 R e PR i -3
(cysteinyl aspartate specific proteinase, caspase-3).
caspase-9 L I T2 8 HRIA /K F i, BNk
J84-2(B-cell lymphoma, Bcl-2)F1Bcl-x25 T -5 A
FIRKT LR, SRS T 005 pan i -
Irisin 7] DLIE 2 Nrf2 -7 42034 25 [ (thioredoxin, TrX)/
TXNIP. f{i/NRNA-133a-3p/ X 3KIRFEF K 1
(forkhead box ol, FOXO!1)4J42 = % B S 1)
B 5 B2 R T UM Trisin 8 AT T M0 40 B M
5 T BN (extracellular  signal-regulated kinases,
ERK)/p38MAPKGH i e 2 fife 5% BAH B I 5, {6 16k &
TN, DO BT Y T
2.2 Irisindg BRI BEHERN, LEREE
i

Irisin 7] L@ 4 p38MAPK/E 5 i % LA S AMPK
(B E A, 18I0 B LA 260 R £, PR ARG I B 7K
Fo WK, Trisin ] LLdE E p38MAPKAE 5 il
i, FEUCPIRIRIEAKT L, 55 A AR
oA, SEINReEWEFE, REVURAEER, Rk
BRI 2 pE 2, eAh, Trisin DA BEBG F5E 1 #5t
(177 AR i AMPK I BERR AL, 2E T hn 5 ] &) W 4 i
% (147 (glucose transporter 4, GLUT4) 5 iz, i
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B Z M Pi(insulin resistance, IR) &2 R 1) 55
—HHE, TrisinA] PLE T 2 MEESEEIR. B AR
B, IrisinA] LLiE T p38MAPK 5 /N fl.C2C 12140
MR, [FIEF, K I Irisin A AT DL 32 38 0 [
Frid 88 Hp62 M g, 01T LUl IT PGC- 1o 5 4 5%
KFEBRIFE AL, 540 E 1, M SEIR .
TR, Trisini@ i BUHPI3K/AKT/FOXO 15 5
I8 I AT $0 H1) Tol1BE 52 444 (Toll-like  receptor 4,
TLR-4)/NF-xB, kil 55175 10 )5 5 B4
IR,
2.3 IrisintgsBfERIENGE. RAORBRE
15

TR B, 1632 W7 1 B8 R 9 8 3 AR AE
JHE R PR3 7N BR AR A7 A 52 40 1 45 1 i 1 B B, X
T3 AT 19 5 S0 O B AF 8 1 K 1T AR OT. Sun
SEUMg P R 22 BB S 10 45 P R AL IE R T e 2 Bk
X T A i TrisingRIA < 43 AR BE 5% Th 6 1) 771 Ak
Ak, R AME M Irisind® 5 TS A E, HeR T
Re R VH#E, HILAEFALEI AT Ae 5 18 T AR M R 45
A K. WHRIE USR], £ 2 Irisinia 7 1/ R
W, Bacteroidaceae( 2. FIRETUIE 2 K B RAE W) ) 5L
w2 E N, TLimosilactobacillus(1E 2 JE 14 W%
R FERTE A YD B E . 45 bR,
Trisin B85 15 Wil B eSS M 38 o izl R B Th g
M S 2% 1 B0 0% R 96 ) 0, 3% 28 2 I A TrisinfE 1
RUBE R Ip o BT AE VR T VR SR A 18 ) LA o

3 Irisin5DMC

HHATIA N, DMCHIRAES RAEWOE . AR
W W HPE L AL 2 Y (advanced glycation end
products, AGEs). 4l HW&5EJ7 M AHK . Irisin H
BT SR SE ] LUl id 2 5 iR B DMC™ 4 52
Wi o Irisin—7J7 [ 7] LA IS AP HIMAPK B R AL, T
TTLR-4/1 88 70 (L ) B 1 88l i, AT 4
HINF-«BRIBERR AL, BB RORE DR 785 5%, b 7
W, MR B TR H US55, AT AR
AGEsiE S A KA s e 53 oh, BRI,
NODFE 52 14 #4851 25 14 38MH 5% 8 H3(NOD-like
receptor thermal protein domain associated protein 3,
NLRP3) % E/ME S 506 JOE B S, T Irisin
A DL 3E b B N f2-TrX/ TXNIPAE 5 38 B 310 1 S 1k

MNEAINLRP3ERIA, MNLRP3FRIAKTH R FEa]
DAIRER ML N R 40 B (R 45495, % B Trisin o] BE XS
DMC A I R4 Rt 4 15 1,
3.1 Irisin5HERFBFBEHERE
DPNET2DM & WAS M H KGE, BIREL N
71.2%, & FEORIR R . Y INHERE
M FE R R R . DPNGZ H T i 4818 47 14 5 48 2
WRIRSE R 48, M B M iR AE, e I
PiE R RR A A &, I H SRR RS
X PR SR o 3 SR 1) 3 3 W R 18 B B A
ZARPER, T IrisindE HT KI5 12 2 AH S
WA ¥, S5DPNZAFEEYI K R . shY)Lin
R, I BE R K BT 8 2 B SE R, iE
AR R AEE 3 4 K R 1 TrisinAKF T &
PRI B T R, 1X P 0% R B Trisin /&1 1T B XY
T BAAEP AP, B 5 40 i e W
X O BE IR B AR LR A AL .
WangZE B B, Trisin il LA 15 52 5 40 i
XA TCRAFMZRIFAER] . AR, Irisin®]
DAjd i Ifn i 57 B e N A 22, IR i AKT/ERK
S EB R e, DB, DPN&
H S IrisinZK TR LI T2DM B TR . E—254%
DPN 43 A 9 1 i £ 45 S0 28 A AR 9 1 b 28005 45 0
A, RIMIE risin/K P 5 PR E R A, $#
NI R R A, SR, ME Irisin/K PR
fi%, R Irisin5 DPN 5 ¥ 7 5 F2 B A0 175 34F e
K, BEWEIrisin vl fE{E N DPN & #7515 2 L1
—MBERNRA . B2, Irisin 5 DPNAEAEM %
Y, ATRESE TR ENRERE. HEH
BT % T Irisin 5 DPNALH] 0 i, AR —2
WS . MilrisinfE RS R ER, TEAR R
F9YETT DPNI — o] Be 161 771
3.2 Irisin5DKD
DKDZ&ZLRMERM T EFER . —, FHHE
RIFAE ARG EN 2 ETH &% . DKDRR AR,
FARBERFI S . B /REL., 2HRER. B
N NI BT SRR IR R /N (]
Ji 41 44k (tubulointerstitial fibrosis, TIF). H i,
WECINA, DKD) 3 E B AL B 222 TIFP®) . TIF
MIRAEFEZRAE. mIE. mIpE. %R
ALz, HoA Ul R RN E . Yang
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TV PR /IS B S i IR FFNDCS FRL, K
I A5 AT LLdE ik #0 Smad4/B-catenin{s 5 JH #%
KSGETIFIIREE, AT BRI
AFE. HAETHW SO, AEEEBEN T
DKD B A R 1E /. FormigariZE PRI, fEXTE
) BRE R K B 3 Trisin #7715, dg 3=k
() DR BV F 230055, $ R Trisinsf DK D &
PEREAGHEEZ . FR, &&xKMRIrsinf] fe< 55
JIFE 2 THD S 6 52 AR &5 5 AT IE0OE AMPK ISR, T
AMPK i K 305 BN A2 16 77 DK D T8 £ S
X A IrisiniG Y DKD#EME 7o gk . 55 —J71, &
A1 T 1 AR A A A 2 DKD ) £ 4 1R 31
Lai 25 O0 3o 43 550 06 B S5 /I BRI X F 20 /S B3
IrisinFlJC T 05 BR SR 2 ML, X B AT 1 R Joit 2H 24
FEAREAT M1 J5 KB, Trisinm] LYK & 1AL & 100 1M
AN E IR A B s . F, B R
B KB, Trisinm] DAFEAR 240/ HPI3K . AKT
I L 3% W 10 %5 2 L85 1 (mammalian target of
rapamycin, mTOR)HIBERR K, HIHIPI3K/
AKT/mTORAE 5 it i LA B e A 400 W — To I
IRZEZ M hdon, DKD I [ MiH IrisinZKF B 2
& TAEDKDHEE P, MiMagrswarirZPEH T
DKD B 1ML IrisinZK 1 T L AET2DM (3 1) &5
Wo —IXT176 4 T2DMEH M LRI, 1EH
1 R R B L IrisinZK P ANFEAE 22 7
MAREEHRAT2DM & M risin/K 2 E T
B&DY. {HShelbayaZ: P 7T HoR, (i & FURATR
w=H HRNDKDEH MiGrisindf LHE %R . 1]
W, Irisin o] GEI8 IS 2 Fh{E 5 38 ok S 0 OR3P
ER . 25 ERriR, Trisinn] U@ 2 AN J7 1K 4E 5%
DKDIH#EfE, =ALEDKDRAH M UL 5 A
T B 2 H JRDKD S & (A AR AEE U, (HA
AT AN 2, TrisinEDKD I T A1 YA I7 404 e 2
R EF I J7 . 4k BHR N B 9 Trisin 145 F AL B¢
VFR] LUK HAE AR BT ¥ DKD A RIS 2 — .
3.3 Irisin5DR

DR B R I3 R 7 M P M AR 5 3 ) o L 3 I
fiE, FERICNIRRR RS H i, Bes
FOR W E W E B . DR 5 o 16 E B 9 AR
(proliferative diabetic retinopathy, PDR) 315 1t
J93 4% (nonproliferative diabetic retinopathy, NPDR).

HAaE7eIA N, DREVKIR S RAEE AT 7y Wang
LBV, ROED T A4/ K 17A(interleukin
17A, IL-17A)ZNPDREJMSZIGR K ZR, 1 IrisinA]
I B TE I BUIL-17 AR /R H SR FB NPDR ) &
. G 2 HI 9% TIL-17A M Irisin 5 PDR [ AH 5% 1
WA, $R T isin@id i RIEA S5 TDRIIKAE
AR PSS, ek B85 i %2404 T2DM H 3 3
1TDRAF 5 KB, Irisin 5 DR & I g 7K F K pEAk
AT F K PAFLE UG, $eRTrisinZKF (1 B A
SEE AU REL, InEME N ARG, A
1M F DRI JE, DRAKE X — 5 risin/KF
PIBEAR . ML N R A K BRI (vascular  endothelial
growth factor, VEGF)H Fi#iA /2 DRI H Z 5
fabr, PUVEGFZHZIRITDRIN—IHELZY).
— 1% FVEGF. IrisinfIDRIHF IR, i
VEGF/K - 5TrisinZK PAAE FARSEEY, SR At
M FEIrisin 7] BE NV TTDRIHT M F B . B2,
Irisin MY 5 DRI HORE IS FE A O¢, 38 ] G id it i 5
B A A VEGEF i 1k 52 m DRI 2E#E, DRI
TR AR TT S AL 1 B A A LE BIE T R

4 s

1IM=H

R PRI A AT A AR I EE K I,
i SR [ Bl L 357 5 DR Bk W DR A BT Bk
MEZERNE. EAHEIKETF, IrisinZz 51
p38MAPKIE . Wntili 6. PI3K/AKTIE K AF Kbk
FEAR M 2G40V T s S s, TE
DMCH K5 AEH . A L3R T Irisin 5 DMC
RERBMIRZR, RIT T Irisin 5DMCZ (A7 7EAH
Jebk, AR A KA TDMCHE UL E R . 2
Aiilrisin 5 DMC LR BTE 7 #405,  BL B RF T 45 RAE
SE, Irisin) 225 T DMCHIAEHHE LR, HEA)
AEAAEAT . 2T 5 5@ T HDMCHIHL
AR, I H H TSk D IrisiniG 7T DMC B I R
B, = SRR R A SRR 2 (R (R AT, X L
HHRES— SRR

S 3CH

[11 Sun H, Saeedi P, Karuranga S, et al. IDF diabetes atlas:
global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes Res


https://doi.org/10.1016/j.diabres.2021.109119

RN, 5. 5 R R SRR UL I A

<2271 -

(2]

(3]

(9]

[10]

[11]

[12]

[13]

[14]

[13]

Clin Pract, 2022, 183: 109119

Bostrom P, Wu J, Jedrychowski MP, et al. A PGCl-o-
dependent myokine that drives brown-fat-like develop-
ment of white fat and thermogenesis. Nature, 2012, 481
(7382): 463-468

Roca-Rivada A, Castelao C, Senin LL, et al. FNDC5/Irisin
is not only a myokine but also an adipokine. PLoS One,
2013, 8(4): 60563

Li H, Zhang Y, Wang F, et al. Effects of Irisin on the
differentiation and browning of human visceral white
adipocytes. Am J Transl Res, 2019, 11(12): 7410-7421
Anastasilakis AD, Polyzos SA, Saridakis ZG, et al.
Circulating irisin in healthy, young individuals: day-night
rhythm, effects of food intake and exercise, and associa-
tions with gender, physical activity, diet, and body composi-
tion. J Clin Endocrinol Metab, 2014, 99(9): 3247-3255
Hankir MK, Klingenspor M. Brown adipocyte glucose
metabolism: a heated subject. EMBO Rep, 2018, 19(9): 46404
Xin C, Liu J, Zhang J, et al. Irisin improves fatty acid
oxidation and glucose utilization in type 2 diabetes by
regulating the AMPK signaling pathway. Int J Obes, 2016,
40(3): 443-451

Ma EB, Sahar NE, Jeong M, et al. Irisin exerts inhibitory
effect on adipogenesis through regulation of Wnt signal-
ing. Front Physiol, 2019, 10: 1085

Liu S, Du F, Li X, et al. Effects and underlying
mechanisms of irisin on the proliferation and apoptosis
of pancreatic B cells. PLoS One, 2017, 12(4): e0175498
Li T, Yang J, Tan A, et al. Irisin suppresses pancreatic 3
cell pyroptosis in T2DM by inhibiting the NLRP3-
GSDMD pathway and activating the Nrf2-TrX/TXNIP
signaling axis. Diabetol Metab Syndr, 2023, 15(1): 239
Tan A, Li T, Yang J, et al. Irisin attenuates pyroptosis in
high glucose-induced pancreatic beta cells via the miR-
133a-3p/FOXO1 axis. Endokrynol Pol, 2023, 74(3): 277-
284

Rabiee F, Lachinani L, Ghaedi S, et al. New insights into
the cellular activities of FndcS5/Irisin and its signaling
pathways. Cell Biosci, 2020, 10(1): 51

Tups A, Benzler J, Sergi D, et al. Central regulation of
glucose homeostasis. Compr Physiol, 2017, 7(2): 741-764
Ye X, Shen YM, Ni C, et al. Irisin reverses insulin
resistance in C2C12 cells via the p38-MAPK-PGC-la
pathway. Peptides, 2019, 119: 170120

Zheng S, Chen N, Kang X, et al. Irisin alleviates FFA
induced B-cell insulin resistance and inflammatory
response through activating PI3K/AKT/FOXO1 signaling
pathway. Endocrine, 2022, 75(3): 740-751

Neu J, Reverte CM, Mackey AD, et al. Changes in
intestinal morphology and permeability in the bioBreeding

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

[29]

rat before the onset of type 1 diabetes. J pediatr
gastroenterol nutr, 2005, 40(5): 589-595

Sun Y, Wang Y, Lin Z, et al. Irisin delays the onset of type
1 diabetes in NOD mice by enhancing intestinal barrier.
Int J Biol Macromol, 2024, 265: 130857

Mazur-Bialy Al, Poche¢ E, Zarawski M. Anti-inflamma-
tory properties of irisin, mediator of physical activity, are
connected with TLR4/MyDS88 signaling pathway activa-
tion. Int J Mol Sci, 2017, 18(4): 701

Deng X, Huang W, Peng J, et al. Irisin alleviates advanced
glycation end products-induced inflammation and en-
dothelial dysfunction via inhibiting ROS-NLRP3 inflam-
masome signaling. Inflammation, 2018, 41(1): 260-275
Zhu D, Zhang X, Wang F, et al. Irisin rescues diabetic
cardiac microvascular injury via ERK1/2/Nrf2/HO-1
mediated inhibition of oxidative stress. Diabetes Res Clin
Pract, 2022, 183: 109170

Xin C, Zhang J, Hao N, et al. Irisin inhibits NLRP3
inflammasome activation in HG/HF incubated cardiac
microvascular endothelial cells with H/R injury. Micro-
circulation, 2022, 29(8): €12786

Kalkan OF, Aktas O, Siirmeneli YE, et al. Does irisin has
neuroprotective effect against diabetes induced neuropa-
thy in male rats? Arch Physiol Biochem, 2023, 129(2):
439-448

Wang K, Li H, Wang H, et al. Irisin exerts neuroprotective
effects on cultured neurons by regulating astrocytes.
Mediators Inflamm, 2018, 2018: 1-7

Lourenco MV, Frozza RL, de Freitas GB, et al. Exercise-
linked FNDCS5/irisin rescues synaptic plasticity and
memory defects in Alzheimer’s models. Nat Med, 2019,
25(1): 165-175

Thafr, XUSREA, FEIEAN, 45, 5 &5 R 2 5 2 AU R G R
LR 2 A OGP ESE. TR R IR 2%, 2022, 30
(3): 208-213

Vallon V, Thomson SC. Renal function in diabetic disease
models: the tubular system in the pathophysiology of the
diabetic kidney. Annu Rev Physiol, 2012, 74(1): 351-375
Yang Z, Wei J, Wang Y, et al. Irisin ameliorates renal
tubulointerstitial fibrosis by regulating the Smad4/p-
catenin pathway in diabetic mice. Diabetes Metab Syndr
Obes, 2023, 16: 1577-1593

Formigari GP, Datilo MN, Vareda B, et al. Renal
protection induced by physical exercise may be mediated
by the irisin/AMPK axis in diabetic nephropathy. Sci Rep,
2022, 12(1): 9062

Fang L, Zhou Y, Cao H, et al. Autophagy attenuates
diabetic glomerular damage through protection of hyper-
glycemia-induced podocyte injury. PLoS One, 2013, 8(4):
€60546


https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1038/nature10777
https://doi.org/10.1371/journal.pone.0060563
https://doi.org/10.1210/jc.2014-1367
https://doi.org/10.15252/embr.201846404
https://doi.org/10.1038/ijo.2015.199
https://doi.org/10.3389/fphys.2019.01085
https://doi.org/10.1371/journal.pone.0175498
https://doi.org/10.1186/s13098-023-01216-5
https://doi.org/10.5603/EP.a2023.0035
https://doi.org/10.1186/s13578-020-00413-3
https://doi.org/10.1016/j.peptides.2019.170120
https://doi.org/10.1007/s12020-021-02875-y
https://doi.org/10.1097/01.MPG.0000159636.19346.C1
https://doi.org/10.1097/01.MPG.0000159636.19346.C1
https://doi.org/10.1016/j.ijbiomac.2024.130857
https://doi.org/10.3390/ijms18040701
https://doi.org/10.1007/s10753-017-0685-3
https://doi.org/10.1016/j.diabres.2021.109170
https://doi.org/10.1016/j.diabres.2021.109170
https://doi.org/10.1111/micc.12786
https://doi.org/10.1111/micc.12786
https://doi.org/10.1080/13813455.2020.1835985
https://doi.org/10.1155/2018/9070341
https://doi.org/10.1038/s41591-018-0275-4
https://doi.org/10.1146/annurev-physiol-020911-153333
https://doi.org/10.2147/DMSO.S407734
https://doi.org/10.2147/DMSO.S407734
https://doi.org/10.1038/s41598-022-13054-y
https://doi.org/10.1371/journal.pone.0060546

- 2272 -

CHEMIALEEY 202444455123 Rk

(30]

(31]

(32]

[33]

Lai W, Luo D, Li Y, et al. Irisin ameliorates diabetic
kidney disease by restoring autophagy in podocytes.
FASEB J, 2023, 37(10): €23175

Gan W, Chen W, Li T, et al. Circulating irisin level in
chronic kidney disease patients: a systematic review and
meta-analysis. Int Urol Nephrol, 2022, 54(6): 1295-1302
Mageswari R, Sridhar MG, Nandeesha H, et al. Irisin and
visfatin predicts severity of diabetic nephropathy. Ind J
Clin Biochem, 2019, 34(3): 342-346

TRz, BEEA, IR, S5 BB B SR 1L L
TR SRERKFAR S R RS, ERE
JRIGZRE, 2023, 31(6): 409-412

Shelbaya S, Abu Shady MM, Nasr MS, et al. Study of
irisin hormone level in type 2 diabetic patients and
patients with diabetic nephropathy. Curr Diabetes Rev,
2018, 14(5): 481-486

Wang C, Wang L, Liu J, et al. Irisin modulates the

[36]

[37]

[38]

[39]

association of interleukin-17A with the presence of non-
proliferative diabetic retinopathy in patients with type 2
diabetes. Endocrine, 2016, 53(2): 459-464

Hu W, Wang R, Li J, et al. Association of irisin
concentrations with the presence of diabetic nephropathy
and retinopathy. Ann Clin Biochem, 2016, 53(1): 67-74
Chernykh VV, Varvarinsky EV, Smirnov EV, et al.
Proliferative and inflammatory factors in the vitreous of
patients with proliferative diabetic retinopathy. Ind J
Ophthalmol, 2015, 63(1): 33-36

Wetz, AR, 5K T45, 55, AR RLEE2 B DR & T F L
JEE AL J8 A I 25 R 4EAE R D . SR FE K IR
XA, 2020, 28(7): 521-524

Abu-Yaghi NE, Abu Tarboush NM, Abojaradeh AM, et al.
Relationship between serum vascular endothelial growth
factor levels and stages of diabetic retinopathy and other
biomarkers. J Ophthalmol, 2020, 2020: 1-7


https://doi.org/10.1096/fj.202300420R
https://doi.org/10.1007/s11255-021-03000-8
https://doi.org/10.1007/s12291-018-0749-7
https://doi.org/10.1007/s12291-018-0749-7
https://doi.org/10.2174/1573399813666170829163442
https://doi.org/10.1007/s12020-016-0905-x
https://doi.org/10.1177/0004563215582072
https://doi.org/10.4103/0301-4738.151464
https://doi.org/10.4103/0301-4738.151464
https://doi.org/10.1155/2020/8480193

