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Role of irisin in improving glucose levels, lipid metabolism, and obesity
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Abstract As a metabolic disease, obesity increases the risk of many chronic metabolic diseases;in fact, it is an epidemic in the 21st cen-
tury. Exercise is an important means of controlling and treating obesity. Irisin,a myocyte cytokine ,was discovered and reported in 2012;
it is regulated by exercise and involved in the browning of adipose tissue. A recent discovery is irisin’s ability to improve obesity ,which
is embodied in its effect on glucose and lipid metabolism. Irisin can induce the browning of white fat; promote glucose homeostasis ; resist
the damage of fat cells caused by inflammation, oxidative stress,and other factors;inhibit insulin resistance;and improve glucose, lipid
metabolism, and obesity. This review addresses the role of irisin in improving glucose levels, lipid metabolism, and obesity , as well its role
in regulating exercise. Further, the prospect of future research is discussed.

Keywords exercise; irisin; glucose and lipid metabolism; browning of white fat; insulin resistance

JELJHE B R — P A BRI SR A T o tHE A T AR 4140
TR0224F S E H A, et A A 102428 /A
B, 356,510 AT N 3.4 F D AFE I3 90007 JLE
I HX A FOF IR AE RGN A o ] AE A Ry
(18 e T A T i 22— e D 0 19 B s il v 022020
AEMEE D TR, R E6S LT LI R 43.6%,
6% ~17% T DAFNERE R F7.9% B k25 Nk ok %2
P, SO MBI W PRI 8 e 02 PR
P e bE P i R B I  3E 2 — IR R L &
X M T B SRR, S R S AT

BEE£WE : BR AR FILE TS (31900847)
EZ RN 9K 23 (2001-), 2, AR L.

BIE1EE . HLUSE, E-mail : ylwei@cmu.edu.cn

75 B #5:2023-09-19

% £& HH R RS 18] - 2024-06-26 11:47:16

& 2 R AEBOSTROMSE > F20124F 1 VKAl ik 14
JULE B DR , AR 1B AR AR 2y 7 A e 7 1 2
AWEER, B Y5 B — KR I8 B2
VAT E B B9 AT BE, BEAE BT ) 2 A, 48 3 i i
AMPK/PGC-1a/FNDC5{5 538 A2 #FFNDCS %3k | i
AR 2F 55 2 22 14 430 LA I R JHE . 15 2 20T B i 4
LR RV LA B TR Y T R B
FHOCARI MR B AF HBTHE 21, iz shify 7 e B it
T
1 BEZEMKRE. S REYFEINEE

B 2 IR FRENDCS 7 T3k 48 Ak 1 il 4
FEJ AR S G A 3 A 258 3R R TR T A B
MY HEAN T, FNDCSHI{E 5 IR 41 3% 25 11 T 4540 5
FNCAK IS5 F A B, AL 452091 2 FE R R 5 L ZENAK



ST ARG SRERTEMIAR I SR AR

- 647 -

Ui S H 29 2 FE R 20 WA 15 5 17 91 L B s KU 2 Hh
4N FE IR IR S I £F 14 25 1 T2 S5 RSk B 25 12
B A5 Fp 28 S SR R L A A B K L PR 19
AN G TR B3 R 2L 1) 955 B 25 4 S5l R P 394> B2 Bk TR
BRI IR M RS F R L 3 R R HFNDCS K 4
30FNSE 142 E L IR A i J5 2ol Ak . R Ak &
s

FNDCS53 A1 32, 48 N AR IR i | JFF A A
LSS T B B IR L R P i B s
FNDCS53 B 22 3k AT 955 /)N BRUig 177 4L 41 5% 22 41KL
AMPKANHFGE VAR 70057 A, I X il 4
PR A EEEH SR EW 20T
NARA UGB, 22 N FE R 03
B R R Y e SRR
TE B WL 22 1K P v A AF e O 3 T, M4
(8 AL A v R A 0 3 25 S8 3R 2 10 ok i 7 A LT
WAVAE R

2 BEEXHERERIENSEER

BERE AR AR B SE Al Qi o &5 2 22 n] a2
VR 3 IORE TR A B A0 B 2R A5 O =Ry
AP A S R, 2 AR R A A A
KUCERR
2.1 BREZEXEEY
2,11 5 FR A R AR OB B A R AR
S WA R R R S R E Wl i b
PHGLUTASEHE [ 1) 2R 35 5% M A - ) 2 W e
A N AMP/ATP LY 1] (4 7 i BE G AMPK, 75 2 K il
i T HATPIK V-, fith % AMPK#E R Ak 0 4 C A i
B2 ik b, (2 HEREBE MY BRI > Ah, SR &
W 1] DA o e AR (30 Gk, PR m b AR 1 AR
WL R, I AL IR OB RS IR (glycogen
synthetase , GS) JEME L5 0114 1 8 BRI MO B il , o5
J& 2 Al 3 3 PI3K/AKY/GSK 338 4 il 8 GS Y 38 77 e {12
HEPA A B SR B (glycogen synthase
kinase-3,GSK3) AJ LLid o Fl L GSBERR 1L , M1 417 il
Bl R il 7 2 B (glucosamine, GleN) # FH Ti5%
SN 20 A RN 40 Lt 5 RO AR 7
GleNHIHN S 240 1) 5255 v, GleN W] LLIE i F 9]
GSK3WEMR Ak . b 18 G STl 12 Ak >F ok 20> 240 i o Jit 1%
i, 15 R R AL AN 24 W BT LU Gle N 4 i

FIVE FH o TR, 25 2 38 38 W AT 20058 7 GLeNAE /N B
JEAR T2 0 75 (R M DA s S5V D 385 i
AR R TN B BT R G6Pase R AT IE
S A 3% A 1) 2 3 A PR S B R [
S CRAE SR FHO1 (forkhead box transcription factor
01,FOXO01) AT ZHIIEN " BFoe !> R, SR
A LASE 2 T P13K/AKYFOXO 113 53 J& fd s 2 475
i X T T R 2 YRl Al G6Pase mRNAZE IR IS/, M
MR
2.1.2 SREESAFEREENT AR GRS E
5 R 8 MRS A A AR AR O I RB W I
LV A 2 A ) e — B 43.89~6.11 mmol/L, iX B
R BFR N A HERA S . BOSTROMA: W5t %
B, FRIA K FNDCS 1 B 2 7T 757 PR A v IR TR
JINERUAR P I 55 2K ST 14 i, B BAAES T /N LAY
PR, I 2 R AR T AT AN R 5 2 K7, ULEA B
R FE X AR S A — e R R L R A A
18 1 # A 32 35 1 (glucose transporter, GLUT) T
WGHE AL, PAGLUTAR &, 24776 T WL FES i 2l
ZUh AENLA T, SRR UM Ip38 MAPK/PGC-10ui %
EHEAT B LA GLUTAS A 38 i, A1 -1 8 JU L 4 i
S AENG DT AN P, 15 R AT L L A G I 4
HIGLUT4HE (234K ", A B 48 287 8 A4 B
i

Jige 2 ZEHEH U H 7E R 7 o K E oL T &4,
"B JR 5 3R 2 AR JBCRT R FH P 8803 e e
BN AR Ml Wi ok 22 R 02 32, 5 R AR
ZEAE, UE— 25 i ATkt . 5 R 3R R AR
FHBTRY RV 5 R 2 A0 353 WA &% 22 1Y INS-1
YA, % BL 5 R 2 ] il i ERKFIp38 MAPK 15 518
B AR DEINS- 140 B 3G 8, 30 AT 38 oy 42 0 T 2 [
caspases , Bad , Bax, I 4 Pt 8 - K [KIBel-2., Bel-x145
ik P02 SR B I INS- 1 2 L F 00 3 i k3 M
BANA T REMVE F o PRI I, 25 2 28 mT Al ok 15 TR B
200 14 R A X S A Y T, B S
55 E AT
2.2 HREEXIGCIH AR

WF5E 2 Fe 1, 15 2 2 REASAI ) N Iy A B AR 3
JE Wi 43 1 o 76 REBRFNDCSHE R B /N B, 35 2 &K
S D, AT R R A R o LA e R AR
[& 5 (low-density lipoprotein cholesterol, LDL-C) 7K~



- 648 -

HREERRESR H53%E

T 5 i %% 3 8 2 (1 IR & B (high-density lipoprotein
cholesterol, HDL-C) 7K-F-F& Ik , 2 W] %5 R & AT LA i)
BEIMHDL-C A5 585 ML o 1 4 FNDCS 3L 3RIA 0, =
PR B AR /DN BRLAA B 0 A AR /N, I LN BURF
IR v 54 1 107 3 RO /D B XL B IS N R B,
JE 2t kLA 7 I = s 07 AR 9 i 0 7R
A AN HI I AR

55 R 20 W] LUVE FH T 35S 2L 52 e i JU7 48 i)
5, AR RRAC . Wts T 7L 37 4 1A P9 436 1
— Pl R 1S AR R AR S R R
AT LS Wnt LA 380 328 0155 Wnef5 5300 410 ol
AR, AT IE AR S A0, A FSE 2 R B/
SR A0 AR AT N s 2 FFF A0 L 555 e 2 30 o o
JI A 1R 24 SR B R X2 AR oA T 37
TITHLE A 1 SREBP 1c) KB ILAEMRRIA S 00T
AN BB R  BAh, B g Y B R K T 5 A
DR AR 1 i — A R AR S 2 R AL [R5 UCPL
o AR 7 240 B ) R I ek D B R R

3 SREXMEHAEANEER

3.1 FREMEHIRNIHE S5 T el T e

B ZE AT LRk g7 (white adipose tissue,
WAT) Ak kA iE T (brown adipose tissue, BAT)
WATHIBATSZ A A P9 A7 7E (2780 g 1 20 21, WATH]
TRER AL, BATH TRER AL NI, SR HEWAT
FEAZ IUBAT , AR AT RAC G 3 IR 3 ek
JERERTH . p62, WA HE A R-1, B FRYT
I e F) 7 40 2 S R R B, 5 R 3 T DA ok
p62/Nrf2/HO- 13 % 2 5 i 5 40 B i 48 722 53 Ab, B
TiESIRN AR, FENR T 20h, SR E B nT L2
BHRA RaVZIK, 8GR -FAK(E 5 38 % B %
SR T A
3.2 SR EMEIE AT JRAE SN T AT
JHE

SEU AL I R A AR 7 A 5 e AR A B A 2 Al
(8 — IR, B I oA ST 8K P 7 A I e 1) B 2
HORHLE AT A 15 R 2 T LA ik A py 8 A
N AE A, 35 8 3R gliE B AT LAY S Ak
IO I, 2 AR T A, IR0 R I A R i BT AR
L St i @R N | AW B L il S i
J& . 15 R 2 REAE AT R A IS Jre 55 A A P 4 R

BIFE > 5 2 3R TR T LA A A2 9 A O A
T, ¥ P F—«B (nuclear factor kappa-B,NF-«B), [ifJg
IR AE Kl F—a (tumour necrosis factor, TNF-o) 1 [ 4
Ha A% -6 (interleukin-6, 1L-6) {4 F ik o WA, B i
g0 R, 8 R 2 AT LU HEROX O 1A B IR Ak I T4 )
Fori 2% By 5r, BETT A5 PI3K/AKTIHE £ 324753
S 410 T TLR4/NF-< B A AE 5 5 368 Bt LI 17 240 i ¢
SN o H AT, 5 FE 3R © BB B 175 L A2 7
PRIEAE N A AR PEB 100 G 7 77125, B 25 A
BRI AR

4 EETEMEAERERSEETIEH

BEFEfF ST > W, s sl LU IR R 5 R R &
i BRI A3z S s AMPKGE B , J#EPGC-10k
Ik, T IR 95 T 4 FENDCSER Ik, #E 1117 52 i 55
B Z A o AN )iz g2 A 5 R R A2 iR A ]
WFgE ™ M, I35 5 R K A TEfB AT 6 h A F
WA, FF7E24 hIN PRI BB MRHT /K- iR T 18
iz g, REATE A KIS sh Ul 2R T 3R 5
Fe R AR, T2 KM o EE YN 2R Bl
WA S 3 S A o B Ak (R A TS
KWz shilll 25 630 &5 FE 3 % PR AR, JX b4l R ml
AE2 K12 Bl 5 1A T R i 7 2H 2080 A5 TR R
Yo
TEIz SRR P #E I, A A0 S BEA S i 1
PR vk DY L v 0 3 6] BRI 2% (high-intensity
interval training , HIIT) J& [B] BRI 2R —Fh , GBS i 3%
HOMARER R R AR 7 & 8, o
JHE R B, 2 v 45 58 B 11l 25 (continuous moderate in-
tensity training, CMIT) SHIIT 281 25 7 sCHAR 42
RIS e 2R KF- (B HITH 5 A 3038 Sl i
R 2SI S R R AR A il T s g2
KR SRET Y, A &N T B RIET SR
F W R ABEAI T R R SR E
EZ P,
KT G IR EER SRR &, 2
AW ICER . 1E E RN vkikia s i pT g
T i 105 25 780 S R 32 /K P8 A e 2 T A ) )
T HhZAH A, RS S5 E3R S R R & Bl RETHs
B AR T RE i 32U AR IR R AR RS
BT HUS RAE ] RS 2R N R B R ik



ST ARG SRERTEMIAR I SR AR

- 649 -

FEBA LR G A 1) B VR REAS B 2 B R B 5
SR BA USSR IR AT RE 2 R S R R IK
P, s B il ok B RCR B ] BE IR SRR
R AR AR AR A I AT
WA, 12 Bl RERS I NG R 5 R A i, B i
R TR0 P05 e 7 555 & AE B AT I 9 D R B 3R
BT AR A o

5 REg5REE

g bk, SRR S R, W X b
P2 it M B W S AR AR o R P ATPAN g DL K
p38MAPK/PGC-1oc55 AH G % 14 3 55 52 i i A X
E S VT 0 U o = A RS A DG LA B Wt
A B, TR U5 A U R T A o R, SR
I T LAE 5 AR 28 R 48 2 R R s A S
R ZRTLSFEHIBGE LR
B RIS R 2R AW I, HR UK IR (#32 3l
e R TR S B R AR 7 SR RTEE
T AT AT A AR B 5 AT A
B i AL LA KB Bl R R R S R R AW
Rl 2 — S A AR T 2 — PR TR
FAER N BT AR h 7 A T
A6 i AT A AR A B 1, LI NE TR 7
PRALHT S

SE Lk

[1] PAN XF,WANG LM, PAN A. Epidemiology and determinants of obe-
sity in China [J1. Lancet Diabetes Endocrinol,2021,9 (6) :373-392.
DOI:10.1016/52213-8587 (21) 00045-0.

[2] BOSTROM P,WU J,JEDRYCHOWSKI MP, et al. A PGC1-a-de-
pendent myokine that drives brown-fat-like development of white fat
and thermogenesis [J]. Nature,2012,481 (7382) :463-468. DOI:
10.1038/nature10777.

(3] BETaL. 5 R Z5 S Hela Ui 1) A9 F 4 FH AL SE [D 1.
8T R, 2022,

[4] KIM HK,JEONG YJ,SONG IS, et al. Glucocorticoid receptor posi-
tively regulates transcription of FNDCS in the liver [J] Sci Rep,
2017,7:43296. DOI:10.1038/srep43296.

[5] XIONG XQ,GENG Z,ZHOU B, et al. FNDC5 attenuates adipose
tissue inflammation and insulin resistance via AMPK-mediated mac-
rophage polarization in obesity [J]. Metabolism,2018,83:31-41.
DOI:10.1016/j.metabol.2018.01.013.

[6] ELLEFSEN S, VIKMOEN O,SLETTALBKKEN G, et al. Irisin and
FNDCS5 : effects of 12-week strength training, and relations to muscle
phenotype and body mass composition in untrained women [J]. Eur J
Appl Physiol ,2014, 114 (9) : 1875-1888. DOI: 10.1007/s00421-014-
2922-x.

[7]1 ZHONG XT,SUN X,SHAN MH, et al. The production, detection, and
origin of irisin and its effect on bone cells [J1 Int J Biol Macromol,
2021,178:316-324. DOI: 10.1016/}.ijbiomac.2021.02.181.

[8] BAKAL U,AYDIN S,SARAC M, et al. Serum, saliva, and urine irisin
with and without acute appendicitis and abdominal pain [T]. Biochem
Insights,2016,9:11-17. DOI:10.4137/BC1.S39671.

[9] KULOGLU T,CELIK O,AYDIN S, et al. Irisin immunostaining charac-
teristics of breast and ovarian cancer cells [J ]. Cell Mol Biol,2016,62
(8) :40-44.

[10] MA EB,SAHAR NE,JEONG M, et al. Irisin exerts inhibitory effect
on adipogenesis through regulation of Wnt signaling [T]. Front Physiol ,
2019,10:1085. DOI:10.3389/fphys.2019.01085.

[11]KIM H,WRANN CD,JEDRYCHOWSKI M, et al. Irisin mediates
effects on bone and fat via aV integrin receptors [J]. Cell,2018,175
(7) :1756-1768.17. DOI: 10.1016/j.cell.2018.10.025.

[12] LIU TY,SHI CX,GAO R, et al. Irisin inhibits hepatic gluconeogene-
sis and increases glycogen synthesis via the PI3K/Akt pathway in
type 2 diabetic mice and hepatocytes [J]. Clin Sci,2015,129 (10) :
839-850. DOI: 10.1042/CS20150009.

[13] SITENESKI A,CUNHA MP,LIEBERKNECHT Vet al. Central
irisin administration affords antidepressant-like effect and modulates
neuroplasticity-related genes in the hippocampus and prefrontal cor-
tex of mice [J 1. Prog Neuropsychopharmacol Biol Psychiatry,2018,
84 (Pt A) :294-303. DOI: 10.1016/j.pnpbp.2018.03.004.

[14] HUH JY,MOUGIOS V,KABASAKALIS A, et al. Exercise-induced
irisin secretion is independent of age or fitness level and increased
irisin may directly modulate muscle metabolism through AMPK ac-
tivation [J|. J Clin Endocrinol Metab,2014,99 (11) :E2154-E2161.
DOI:10.1210/jc.2014-1437.

[15] VAUGHAN RA,GANNON NP,BARBERENA MA et al. Charac-
terization of the metabolic effects of irisin on skeletal muscle in vitro
[J]. Diabetes Obes Metab,2014,16 (8) :711-718. DOI:10.1111/
dom.12268.

[16] XUAR . FNDCS/Irisintic 2 JHRERE AR U AL AR A L]
[D] mat: st ERRA:, 2017.

[17] WANG Q,WANG N,DONG M, et al. GdCI3 reduces hyperglycae-
mia through Akt/FoxOl-induced suppression of hepatic gluconeo-
genesis in type 2 diabetic mice [J1. Clin Sci,2014,127 (2) :91-100.
DOI: 10.1042/CS20130670.

[18] LEE HJ,LEE JO,KIM N, et al. Irisin,a novel myokine, regulates
glucose uptake in skeletal muscle cells via AMPK [J]. Mol Endo-
crinol ,2015,29 (6) :873-881. DOI: 10.1210/me.2014-1353.

[19] HUH JY,DINCER F,MESFUM E,et al. Irisin stimulates muscle
growth-related genes and regulates adipocyte differentiation and
metabolism in humans [J]. Int J Obes (Lond),2014,38 (12) : 1538-
1544.DO1:10.1038/ij0.2014.42.

[20] LIU SW,DU F,LI X, et al. Effects and underlying mechanisms
of irisin on the proliferation and apoptosis of pancreatic B cells
[J]. PLoS One,2017,12 (4) :e0175498. DOI:10.1371/journal.
pone.0175498.

[21] NATALICCHIO A,MARRANO N,BIONDI G,et al. The myokine
irisin is released in response to saturated fatty acids and promotes
pancreatic B-cell survival and insulin secretion [J]. Diabetes,2017,
66 (11) :2849-2856. DOI: 10.2337/db17-0002.

[22]LUO YY,QIAO XY,MA YX,et al. Disordered metaholism in mice
lacking irisin [J]. Sei Rep,2020,10 (1) :17368. DOI:10.1038/
541598-020-74588-7.

[23] PARK MJ,KIM DI,CHOI JH,et al. New role of irisin in hepato-

cytes:the protective effect of hepatic steatosis in vitro [J1. cell Sig-



* 650 -

HREERRESR H53%E

nal,2015,27(9) : 1831-1839. DOI: 10.1016/j.cellsig.2015.04.010.

[24] DE OLIVEIRA M,MATHIAS LS,RODRIGUES BM,et al. The
roles of triiodothyronine and irisin in improving the lipid profile
and directing the browning of human adipose subcutaneous cells
[J]. Mol Cell Endocrinol,2020,506:110744. DOI:10.1016/
J-mce.2020.110744.

[25] ARHIRE LI, MIHALACHE L,COVASA M. Irisin:a hope in under-
standing and managing obesity and metabolic syndrome [J]. Front
Endocrinol ,2019, 10:524. DOI: 10.3389/fend0.2019.00524.

[26] TSAI YC,WANG CW,WEN BY,et al. Involvement of the p62/
Nif2/HO-1 pathway in the browning effect of irisin in 3T3-L1 adipo-
cytes [J]. Mol Cell Endocrinol,2020,514:110915. DOI:10.1016/
J-mce.2020.110915.

[27] VILLANUEVA CJ. Finding a needle in a haystack :identification
of a beige fat progenitor [J]. Cell,2020,182 (3) :537-539. DOI:
10.1016/j.cell.2020.07.014.

[28] BI JB,ZHANG J,REN YF,et al. Irisin alleviates liver ischemia-reper-
fusion injury by inhibiting excessive mitochondrial fission, promoting
mitochondrial biogenesis and decreasing oxidative stress [T] Redox
Biol,2019,20:296-306. DOI:10.1016/j.redox.2018.10.019.

[29] ASKARI H,RAJANI SF,POOREBRAHIM M, et al. A glance at the
therapeutic potential of irisin against diseases involving inflamma-
tion, oxidative stress, and apoptosis: an introductory review [T]. Phar-
macol Res,2018,129:44-55. DOI:10.1016/j.phrs.2018.01.012.

[30] ZHENG S,CHEN NX,KANG XJ,et al. Irisin alleviates FFA in-
duced B-cell insulin resistance and inflammatory response through
activating PI3K/AKT/FOXO1 signaling pathway [J]. Endocrine,
2022,75(3) :740-751. DOI:10.1007/512020-021-02875-y.

[31] YUKSEL OZGOR B,DEMIRAL I,ZEYBEK U, et al. Effects of
irisin compared with exercise on specific metabolic and obesity pa-
rameters in female mice with obesity [J1] Metab Syndr Relat Disord,
2020,18(3) :141-145. DOI: 10.1089/met.2019.0083.

[32] PANG MH,YANG JW,RAO JM, et al. Time-dependent changes in
increased levels of plasma irisin and muscle PGC-1a and FNDCS af-
ter exercise in mice [J]. Tohoku J Exp Med,2018,244 (2) :93-103.
DOI: 10.1620/tjem.244.93.

[33] HAN C,LU P, YAN SZ. Effects of high-intensity interval training on

mitochondrial super complex assembly and biogenesis, mitophagy,
and the AMP-activated protein kinase pathway in the soleus muscle
of aged female rats [Jl Exp Gerontol,2022,158:111648. DOI:
10.1016/j.exger.2021.1116438.

[34] KAZEMINASAB F,SADEGHI E, AFSHARI-SAFAVI A. Compara-
tive impact of various exercises on circulating irisin in healthy sub-
jects:a systematic review and network meta-analysis [J1]. Oxid Med
Cell Longev,2022,2022:8235809. DOI: 10.1155/2022/8235809.

[35] BILEK F,CETISLI-KORKMAZ N,ERCAN Z,et al. Aerobic ex-
ercise increases irisin serum levels and improves depression and
fatigue in patients with relapsing remitting multiple sclerosis:a
randomized controlled trial [J]. Mult Scler Relat Disord,2022,61:
103742. DOI:10.1016/j.msard.2022.103742.

[36] MURAWSKA-CIALOWICZ E, WOLANSKI P,ZUWALA-JAGIELLO
J, et al. Effect of HIIT with tabata protocol on serum irisin, physical
performance ,and body composition in men [J1. Int J Environ Res
Public Health,2020, 17 (10) :3589. DOI: 10.3390/ijerph17103589.

[37] KARTINAH NT,SIANIPAR IR,NAFI AH,et al. The effects of
exercise regimens on irisin levels in obese rats model : comparing
high-intensity intermittent with continuous moderate-intensity trai-
ning[J]. Biomed Res Int,2018,2018:4708287. DOI: 10.1155/2018/
4708287.

[38] MCCORMICK JJ,KING KE,NOTLEY SR,et al. Exercise in
the heat induces similar elevations in serum irisin in young and
older men despite lower resting irisin concentrations in older
adults [J]. J Therm Biol,2022,104:103189. DOI:10.1016/j.jther-
bi0.2022.103189.

[39] MU S,DING D,JI C,et al. Relationships between circulating irisin
response to ice swimming and body composition in people with regu-
lar exercise experience [J] Front Physiol, 2020, 11:596896. DOI :
10.3389/fphys.2020.596896.

[40] MAKIEL K,SUDER A,TARGOSZ A, et al. Effect of exercise inter-
ventions on irisin and interleukin-6 concentrations and indicators
of carbohydrate metabolism in males with metabolic syndrome (311
Clin Med,2023,12 (1) :369. DOI: 10.3390/jem12010369.

(w"E T #)



