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Abstract

Background and Purpose: Metabolic syndrome is a commgn disorder caused by increased obesity .Meteorin-

like hormone, one of the new myokines, helps reduce body fatand inflammation by increasing metabolism and
heat production in beige adipose tissue ano‘i ng anti
present study was to investigate the effect O&Neeks of
like hormone, IL-4 and metabolic indices in men wi

Materials and Methods:
and its statistical population tacluded middle-aged mew with metabolic syndrome. Accordingly, 20 men with
metabolic syndrome with 74.90 cm, 5 kg, age: 53.60 years, BMI: 65.30 kg/m2 were
selected as the researc two control groups (n=10) and aerobic exercise
(n=10). The exerciseprotocol ¢ of 12 we ntinuous aerobic exercise on a treadmill with intensity
(60-75% HRmﬁQ which was perfgkmed three sessions per week and each session lasted 60 minutes per
session. Blood swles were d in pre- and post-test conditions to measure serum levels of I1L-4,

mone, er variables. Statistical analysis of data was performed using paired t-tests,
correlation coefficient using SPSS version 22 software at a significance level

Results: The owed that aerobic exercise significantly increased serum levels of meteoric-like hormone
and HDL and ificantly decreased insulin resistance, body composition indices and some lipid indices
compared to the control group (p<0.05). However, changes in I1L-4 (p=0.32), blood sugar (p=0.25) and body
weight (p=0.89) werenot significant between the two groups. Also, no significant relationship was found
between serum level meteoric-like hormone and IL-4 with insulin resistance, waist circumference, and body
fat percentage in the post-test (P<0.05).

Conclusion: Aerobic exercise, by increasing the levels of meteoric-like hormone and positive effects on
metabolic risk factors, can be suggested as an effective non-pharmacological method for activating the conversion
of white fat to brown and improving metabolic indices in men with metabolic syndrome.

Keywords: Aerobic exercise, METRNL, IL-4, metabolic syndrome


https://orcid.org/0009-0002-4337-6158
https://orcid.org/0000-0003-3477-8286
https://orcid.org/0000-0002-5159-5310

Sdgilie pgyaimw 4 Mo (o0 0 IL-4 5 ()93 4l 30,50 1 (Sle0 (a3 i

How to cite this article: Ghorbanian B, Niknam M, Behroozi L. The effect of 12 weeks of continuous
moderate-intensity aerobic training on serum concentrations of meteorin-like hormone (METRNL), IL-
4, and metabolic indices in men with metabolic syndrome. J Sport Exerc Physiol. 2026;19(3):?-?.

*Corresponding Author's E-mail: b.ghorbanian@azaaruniv.ac.ir

https://doi.org/10.48308/joeppa.2026.242980.1423

Received: 00/00/2025 Revised: 00/00/2025 Accepted: 00/00/2025

Copyright: © 2026 by the authors. Submitted for possible open access publication un&r the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

\



https://creativecommons.org/licenses/by/4.0/

SIglie pgyaiw a Mo o0 0 IL-4 5 (520 s (50,90 1 (55190 (0 yo3 ]

S Salled g (5559 (S5els 8 Ay
§-¢ ‘slbw Ay S)Lo.:s AL 5)30 AL SN

gy Ul

togie e (90598 (gayw ChalE p lawgle Cad b (o9l (5leRecn o3 AXin VY 5L
Selgiin pgyiies 4y Mipo foye 10 Selain slo 5Lt  1L-4 (NETRNL)

STNTR WRLETIE R PUEI KT BN
5359 pole 09,5

00 S>

0% 2kl g oz (Rl 4 dl-A wile Sl @SL%J P 5 Snggtr7 3k o Sl S5 g el e (IS
‘o B 'Y J,!l::‘_.a)ﬁfbb adlas 5l Bus 0S o S

g STBES 5,00 4 Mo 350 45 Sgilie sla as s
Jlilen oo Jolis * Lr 5 005 O3ailim sNsasloter 2ol b o2 ol Ghesiy 0l s, by 9 Olge
228 b Co S gali\e gy fn Dy Vo wulwlﬁ.mp@@ymmmqm

558 e sl VYE/A ;
15 e siogn)] oy Tt Mg i 4 o) L ,SslS Y150 IBMI (Lo OY/5+ s o5 5k AF/20

u)}*aj JAA‘A‘A 6L®uya)])‘ oolazw! L: ools 6)LQT J“l"-’ Qo 6)91&7- Lbjmji:bg u))j-i.duﬁ M 0909
Al bl P<T0 D (6,10 pre grlan )0 VY aseui SPSS 1381 o5 dlwsy (g e (Sa
osina Gl s HOL 5 0 j55te i (190,92 (o pm polia jlo sime Gl crga 5l cn yed 0o (Lt @l sl
CA‘)H.:.» Lol (p<~/~0) LJI“‘S og)fbmb.o)o ‘5..\...»...1 (_gLQk)a}Lm (.?)"9 UJJ u..S)J (_gl&oa}Lw ‘u.».jj.u.\)‘ Le w5L{LA
030338 (50 Toha G iired 90 o sime 09,5 93 (rm (P=2TAR) o (39 5 (P=+1Y0) (93 w3 (P=+/YY) IL-4
8l g,lo cme bLS I yge5l s 50 (s ()3 Ao 0 S 50 o3kl ¢ gl Caglie polie b IL-4 4 oy jeiie a4
P> 1) ais

S plgieds Wl oo « SIgplie Yoz Jalge p o SISl g 0 jetieads gey90 haw (B L (s5lgn (o3 16 S ARt
P 2 Wio 0loy0 50 Sglie sloatls 35 9 Slostd 4 i (22 hows 3lodld ln S5 (29008 b,
Sl pgyoins F-nS ol 2ol in joie dnd (30,98 55190 poT islS sloesly

-

«


https://orcid.org/0009-0002-4337-6158
https://orcid.org/0000-0003-3477-8286
https://orcid.org/0000-0002-5159-5310

Sdgilie pgyaimw 4 Mo (o0 0 IL-4 5 ()93 4l 30,50 1 (Sle0 (a3 i

Chle j bgie Gal b aght (g5l ped e VY LU i «p pU S e LS sallie ol 4y Sliul B9

b.ghorbanian@azaaruniv.ac.ir : gt suis o5 dobll, #

VEE/e e il G VEF/e e e g VARE/ /e il s b

w

n
w u
n
o
w
»
n
N

(o358 (Bl wiile (Fgpemold 51 Sy (paiz 2929 b &S Col @l (S plte PSS (S plie 00
aw lls 4 gol 3l o9 o Lasuine YU o5 jLid g HDL og (ol e judS 6 5 ial38 S 6lS Sliwgean S
o )8 ) as ol el pjais () (VoY) Wigd oo 00l s S gslie pjaiw 45 Miice lgie 4 il yidon b cwdle
w255 5 SIS e ORI L T Esed (V) 392 00 5 £55 oo 5 (B slacs Lo Jh3 (l38l 5 pos Jsb 2alS

3

dodlo



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

Slsiio pyiios 53555 (0) WS o sl (5 BB (T35 Sk 2lS 5 (ol 5 atily il kil i
s oo Jelge o mten 5l (S else g pdlal ) ( Slar oS 2508 (S S Lol s (o809, oS o0

(F) o9 oo aiB il Sloz oz i S Gloe & oy (ol (S 205 9 (09 WL (B S @ az g L
S ol (Beyem B S lom H5S 1 Sy (oiz 3979 Lawgs a5 Sl ( Sglie P S (Slie pg 0
s HDL (o5: mly L3l (55008 0950 Vb 095 oy pmdS 65 Gal8l (95 033 Lwﬁb » s @&w sl
po i 4 Ml 0,8 e 4y il pio b codle aw glylo a5 g0l Bl 0gd oo ools el 9> Lad il
s il g see ob LialS danlS )l & cal el Slie pjain (Y 1)) digd e o3 25 Sgilin
g 00ls Gl o o il 2138 0235 5 (520505 o GBI (FF) 0500 90 £55

oMol @ Az b e 3 5ilem (nl jop )0 &S wies ; 5 aSbil slo el e

(F) 09h o0 3k (o 58 o9 St S Glgie 40 S plie pg
Sollad g adgs S e B S 1B Az g5 3 90 ()39 SS9 Pl Sl e Gl B ol o a5 ala s, 5l (S
902 9 039 S 4«3l Bpan g padpilio U5 5 b PNEl ool (il el (BAT) (sloged o2 il
L")—“ e 0 RS 1B 5 g (SR 6N&9 I ANSgRPeole plis walsd asS oo S8 Sgbe Cadls

SRRV == . 1‘!5‘5.“,, JsSJge S lsicas METRNLY
d‘sﬂ 9 Py IR U S 9aye0 nl Wy ams e Gl B oz
RS o daly 50 S plgieas (METRNL) (yjp0ats
2l B I sessn ol & Wlesls i Slollae S o byl tas!
sl olyan Lol (2ol g 5505 (ralidl L g ouis M2 g4 (slasley Sl
e g 035 Sllie py w4y die (loye 40 (3l el A 3050 (ul by
sl Boile Cozoly o baidl juds (plply wlad S5 )13 (oo b JuS 5590

() 3,5 o0 Sy (npe5 5l (AL
oat o0l Lt el lgillas ustle 5 itiey JsSse 5 a5 LAY S8 5L
Lol 8 Sl (n)oitednd (90,98 Ol Gtz 05 e Slell GRalS el g WS (oo oy 38
A g Sle e (6l Jleb Al e 0aisS walits daS sl pl Sedse oz <l o IL-13% 1L-4
292 basg 3ol llés Sl s5leJled o IL-13 5 L4 Ly Gl o5 amo o (Lt w5

3972 OgmldenST B (55 sloan] B g 5 Isloged (o2 Figer b oS lag) ol eelats g b ¥ oSO adgs )|
LL3 ) gl clale o axien oy cdb bug oadmd s slogaSgule 51 TL-4 5 0 stieass 50,9 () ¢) ol
2l o gl cble a5 jsboas s Sledllad sla Shg IL-4 5 (njstioars (30,52 )00 (0 (27 0955 b (qwsSne

OV &S ool S (Bg,0- (o8 slags lon 5 SIglis pgoims 90 53 Cubis ((Sla 59 23L2

\Brown Adipose Tissue
Meteorin-Like Protein
vinterleukin-4
finterleukin-13



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

09»:‘59 QL) &J}JL»A ﬁj)..)u.w LS’L" d&uj))é M}mpfs W“-"Jﬁ* ‘9;&4)@[&&.} J).?u 9 LS"» Mon H).o.’>|
2 S5 an3e Sl A (n pde e gt g Bl axtle il Lefw A e G Callad Caal (Ses rizen
G35 ol p ol gy Sl o baygeyon (35,9 JBT addllae B 51 (S5 oy oo laiay > 0 sl bag L]
sl Sy olyad 4y (555 e 45T 50 ol & el iy Sl (o55,95lab b (5551 Jolas 59,8 ke (V) sl

AT wlige o (207 R8I 4 bgrye ()9 (1815 (pl Bdee 45 058 0 ()59 (8 Secly 339 a5
Cowt 04l 029 ylied ipgh e iz «Sdgle gl msli o slp s5len ‘]« 03 yiwS dogi 3g>9 b
LS5 50 ol (ot Sl o i g 00l (5,135 Sgamme (59 (RalS p 8 sate alslae G lyieas s5l9a o ped STaS ]
oyl S il lesan jebdy 45 Sl o3ilSe Slallas a5 5T pgs (10 V) 35 o oanl iy claydis oMl

) el dgazms il 00,5 ol lad o S glie slaawly 4 ..x;JLo‘)}&;;c sbai ooy
Sdalin pyunw Hhs gals g ool S codled LSl paas 0 59290 anlginsl )
lalzlae Slalllas plxil oqycpl 51OY) 08 o dgame |y Je alal, zl A raio Slallas 5 i
ey B )9

)l Sglie slagwl 90 s METRNL iol53l 5 cose 56
Lyl as aoly oy39a8lal U5 o oy el @‘.‘ s ME el 45T w08 S cnsline ), SKen P;Asl.» o
ETR¢GLM oS Wlools lis Olllas (& ¢yizmen
Bt S s G2l leal] raie slos Loy 5o b ol
Lo ol 5o 5YLMETRNL o 3l 8 ol b,lS
50 o el S g el oz Sgilie SYMS 4
(YY) o5 1,8

S35l Srae GRIBIL Gloged 4 wuds 1 (252 COb e et Sl 4 4z g L
e (53l9 (203 &5 Camd (aSedes Soi oilo (1B al B ol o T4 g oy sxteacs
azgi B Ol o oloul (gl o ped dige Loy Do o0l pogde Lo lo Ll jo Lo JoSdge

Q) aies oS 1) (90,90 (pl Fewly ailes oo Sodle

Mo g 0t plol IL-4 5 o poioas o Cle (6590 (ol 4in VY 55l ) S
WS (oo B

ORB9R M)

Jols T glel analz 5550 (y503lm 5 o35G £k b (200 5 (5305 £98 51 ool anlllae : iy sladiged
A0/AF 10y59 ey gl ANV 08 b SCgolin gy 4 dcs 050 Vo 09y S gulie pg i 45 Me Jlusls loye
o ysd 55 Sl 0903T D jg0 4y Ghghy wiged lsie 4 mpe e oS oS Y I80  BMI g Jlo #410% s i SleS

1t Jamrasi
2 Saghebjoo



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

CR95 A 39)5 S jlene (D el (G5 1 0) (3l5 (nped 5 GV ) U5 09,8 90 y0 (Bolal &5 4y 5 S
ool Ml pas (Sl Sz Jalge 510 00 aw J8las fyog Lls (Jlw #o-F e Ll oo 00gase Julis
SBEl S by e 50 09 Sl 5 B Bran pae 5 (S lacusgize g (hate 5 (cndi ((Bgyem (ol
oS5 b ogal Jamsgi (05559 (S asbidinyy g Ghghy o alalST 8,5 asbicalo) o) ol sly o goges]

VK Y
19550 5 g 5l ooliinl b i 5 &1 ()39 5 o5 590 o3l e aloz 51 (S 2ags9 5T sloas L gl 12l s
039 Jaeyd 5l eslaiwl b oy o098 amlis ol (6, So5lail o856l /Y s L o laski] Li‘ll,:; 5 yo sbbw +/V CEs L

Y CBo b ol HeiS cle ( elBh) S lawg 5 o 23 de)d )T Awle e 4y a3 jodone e

o 38 ) Cawdds Cp Craizmad (YY) 8,5 18 romin 9,90 (5 ko 0 ol g el jo blo VI
Selsilio gy Z jliel (Selsibio gy Sl Sibled) SlsibioBgpacs LI 5l la SogesT conds 5l IS SO
V) 30,5 )51 05 Jsos8 Billae alyo 0 15 09,5 12 slaosl Sl 5 95051 58 ol slaesls 5
Zmets= [(f-- HDL)/o/AQ] + [(oupucdS 65 = V0 )/FNNN] + [(Leal o553 03 - 1V )NVOAY] + [( 90
F5= N/ AUEE] + [( S5 Sl )w -\ )/EI80]

u .
b LIPS AR VY ol (1 a5 40l 5ot a5 4ol
Al Lg“b.p.st.mé)J S99y (kj)}.} wl,.o.n)e\\—\\”

oy Fr lie 45 s5lsn P 09,5 o (sl o el SR (Ul and VY ) Jgl athe Sl 0 (YY) 050 (0,5 0w g0 )5

5 ol o 0 Bl o

Sy ooy M 5992 52

2 2o, Y Ngliaddl s 05 ol (Y2 U YO Gluds) pow aian Lo jo Solys

Glrdiges ol 48,5 0 yed dsly 3l w9 8 celu VY als 1o g0 0 (aielu 005le0 U oo) ailols
oo JUesl olfzalosl 4y g laz () pyes (s 5 9005 o0 55l als 0335l e 4 akds o Jlie
A (6,05 ol 5 il 4z o slie
METRNL ELTSA skl Liovw cuS 5l oslinal b (METRNL) (950 4 (90,98 0y cdile
NG/ML &+ -+ VA = jaseis gmamsls NQ/ML « Y =l ) I 4] 55 Elabscience «s s coL. Kit
S FY mcales ) G 1 ,eu5 Elabscience s o el 1L-4 ELISA Kit oS 5l soliul b 55 IL-4
iJols Sdgbie [l slamjasls omes -0l sagziw (NG/ML O« -+ YA = aseis amsls Ng/mL
Kits ) &l 5 « (Kits HDL and LDL Pars Azmuny;,.b 4 Yo J&> b slissy g
S5 ojlil) oyg3 35915 ¢ (Kits Cholesterol Pars Azmun)ebs g s« (Triglycerides Pars Azmun
b o (T I MAgIC 7 v ous



Sdgilie pg )yt Mo (o0 0 IL-4 5 ()93 4l (30550 1 (S5le0 (a3 i

Siles & ygeods ool ol sy Shigmg i 903l 5l eslatul b lassls Jlo 5 &5 sl cpl (o 25 bl Julow
Cunis ogeil 3l eolinal b gl Lalys )3 098 90 Slowz sla Shg (Slaed (o) p s (5155 lne Sl ool &
Jite (5 03031 5l (B9 S om dumlin sl 5 dnon (S 505] | (2950900 (o Slp D oy p Jine
Sglie logazls ¥ o) fial (0 ygieded (oo pm (1o yaite o Lily) (o) 2 S pizme 1300,5 o0linul

J...L?u PS’/’Q ‘_Q)L)Lum Gla..u 9 YY FEw SPSS )bﬁ“n).s .'a...ua: Lmoolo W) o.)LQ...w‘ 09'“")"" ‘si.m.b w].o )‘
w s

ok calslae aie 035150 51 g L opges] @l wivgs )15 0 (sl @isi 5 ooy (i oazsly ulul 5
(izmen (P[0 0) S8l Bl s jlobine jbo 4 0y 095 50 @rairwf | sl 5 H A (9498
093958 5 elsmdl « LDL ¢ Jg 2l =21+ ¥) g judS (6 5 ol cy503T m 5 g s Mis 10 02y 095 )0
Sl gl sime sl 4y P=21+ V) (2 woy0 s BMI (oS 0 gl Caglia (P=+/ v V)
SIS ot o piite 51 S0 et o] S 09,5 50 (P=2 12 VT) w00 3 oS gl il 8590 023k
Soldsire Dalis o(F Jguz) Jaws T oyg03T @l ool 2 ogdle (D

Pefe0) ol plas Ty o Gj9 5 o9 w8 Fg

o

ol bgailom 9 seilobe O

w
Jrs \‘ 255
u \
INTARESTA (W) ¢y
w \
VA £ VAN AVOEY/PY (sl o3

ol (imgty sloog S oy L4 g o jemearss (Sgilis pg i izl sl yess Y Jsox

3, Jaitewl
p JrsS eg S p Cryed 095 e
9SO P90 O3elom o9l 09 O3l o3l
R3S
EXYRA R AR aQv/-YEY /YA QgAY /¥ oo oY VYYIVAEVY/RY AD/DAENYVA Oy gednls
(pg/ml)
AR AR YAY/AYEYY/AQ YAy -EVYIFY oYY VM /OFEYVIAY VA /FAEYYIYY 1L-4
(pg/ml)




Sdgilie pg )yt Mo (o0 0 IL-4 5 ()93 4l (30550 1 (S5le0 (a3 i

AR </aYY VYY/A-E/0) VYY/Y -EO/AD DERAES AAEVARE =\ AAAZARE=NAS! OB
mg/dl)
el e <IFYA \RNARE=Y/2 IRARE=Y /S DERRES INAZERVATA ARNARE=Y/4 O g
uIU/ml)
el e AR Y/ E¥V/YY Y/-Eva/va ofe - Qs Y/-xVEIvY A\ RS AN 04 HOMA-IR
gl e \ VAR IR IN4 DIOY £ V/YY DERAES YAy £ - vy 0‘1\/” Za).oj

oo q QI AIYNARIESTAVARER YV VAREE V) & SEEERYCRR E A R A TERE S RYA /A YOV/V - £A LDL

mg/dl)
el < IYAY YO/A-EY/TE Yf/a-£f/-f ofe e Vs f./8-£Y/04 HDL

mg/dl)
#e/10 AL YOY/Y+EVV/AA  YOV/Ae VY8 DERAE A ATARESRTANS (mg/dl)TG

el ¥Y SVVE A RI/XE= JA SN £ SYLPE N Y PRR YYAf-EVV VY (mg/dHTC

«[+AQ < [AQY A= AR ay/a-£¥/40 o

o[- VY <IPYY ARARESVIE! \!‘\\/w

Qe /e o FIVY a8[- EBISY k)03

Ylﬁct\/\ . ARIAREATATA (kg/m*»BMI

Yi/\‘uln.\/VY AR IERE=ATL) (%)BF

seefee) MR Y/ -V /AY ISARESID .\;;e“

e foe) <IAYA IRRTARES Y] ofe e Ve AN -EYIVY Ve VA-EVAA oS 590
(e S5l

seefoe) ~/\“\°\“‘ \ARESY \ YPIR-£Y/. ofe e Ve ARIAREAVidd YA/ -E£Y/E- VO2max

(ml/kg/min)

(P10 (s olins glans®

75 5909 & gl Songlie (sloatls Dl by pieand Sl et (0 ¥ Jgoo j0 Jol> mls 3k
P> 0) cuslas S99 6)‘ol.:.v.a JoL,.?)l s 09; 59

20 R ed delip aida IV 5l o coxte (Sglie slo ezl b ¥ Sol ol g o jgitears zolaw Ol o bLS LY Jooo

O 095
IL-4 &l Cyygiie A &l puss JUEL
---------- Niad YYD IL-4




SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

B e /V5A “IFVA —+ /Y5 gl Ceaglie
JEeE “IYAA “IVAS —+/-23 75 59 o3l
Y0 vy ARE -+ /f¥Y ON (T ey

‘ =

«.gﬁ, doxS g Coy

S C}L:‘u sg.i..lﬁ.'l...o (:5);.\....» Le )L...n u‘b).a )o (5)‘9.6 U")'AJ a0 00)"9\) )l o 45 .)L) ul.m.) ).al} d.rJUa.a ‘_ngﬁlJ
o g 8 G xe pi &S Jl= 8 sl iolEl gl pxe gba (METMWM 090,98
i oaslie (IL-4) F- 1S9l o]

-

s nlS 3y S 55 eyl 35 455 Joline G2 5351 ol BRI B S5t b et (53150
o™ J.».J )05)50 o)ld.‘l 9 QJJ <= M).b ‘BMI J.AL...J Gub u..SJS' S U"")‘)f HDL U’“"‘J‘s‘ 9 LDLaruL»
o 8 oline Sianand gt o Jb ol Lol i (g loline ial3l e ienST ,iShas 5 cly ials alslas ;)
s oddlive U‘b@ M)blifos)jéo i su.Jsm‘dauABLo.a ‘sLﬁbuA}LmBMETRNL

RO 2 ()9 Selled Sl ade (o) p
3flw)|}§ L yol> aslllas ,o METRNL
o gob Gl cage (59 ABLAL Sl (i 5o (slesian
p g Yh ool b Q.\.ao‘f Ly Ol yod a8 wisls (WS (Y2 VY) o 5 5l copmizman (VF) 0l S oS 5
331 Wl o, ,0 |, MRNA METRNL Tobaw b

OB L SN oS 5 sl atli 5 ] bl n S5t 2 e SOl S
5 las o S, L2al5 45 (YA YY) TC s TG LDL _zals , HDL

|
w\)slw*wlhw
N( SOIRVCIPIN l!uw-’ R

Al Aol Gae by yed Dl g £45 (S gele
o Ll (VA A) wlosls ylis (3559 5 e 1y o) Gl lalllas (S ax 510 TL-4 5550 5o
(\YA9) o) an 5 olisy; ailes Sl Sglate bl Oldllas (S (Jl 0l b 0gs o e (55l5 o o3 5
S 0153 T oo o 0I5 4 e il Sl 3] S olite sy iyl o5 05,5 155
039 ALl slls (U5 slandllae ;5 (V- VA) GSKen 5 92 b (pizmon (F)) 05000 3l 5 (339 8Ll syl ool 4
ol 3l 0sdo0 sl Slasbe mem 5 Sy crge Juime g 0y Ol S )5 O o (559 a5 Wil (las

() 5,5 solal gloged o> Cugis g IL-4 3 METRNL sl slayge 90 adgs o um0 sl o)lg5 oo S

10



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

LAl e il by po (6 S Aiges (gaiyle) g alSloe o (ol (0 pod £ ,0 Dl Ay Sl (Sae WS
ATGL o1 § STATO yoos 325k 511, (02 slasbo aled 5 edond Wil oo [L-4 o5 w0 Lt Sl
oS 595 o3lal o dgadl Caoglio L METRNL (1 (5 loliae LS, gen a5 ols (ylis 55 pol> danlllas sloaidl
&5 B pan e (50,5 ;0 METRNL [il3381 a5 aeo co lis o (g - bl 0929 (s (2,2 S0 ,0 g BMI
(A) widu o0 S | (Sledlad SlogrsS s 5 30 (252 Fige 5 b b re Sla0); Gl g SIS Jeod 9 00,5 So 20 |,
Pl 5 s |y o pedgilio o o)z ladshe jles b METRNL o5 wisls (LS (izeen o) S02 5

35 (o0 (adgedl 4 Zopla s AMPK36 clad als <
9 7 2l Gkl cwl S Sl g paie 4

7 Jols s oS eniS ke PPARY 1,5 st &6 oﬂll\%ﬂm » sy S PPARY e
ﬁ‘\;uum (FATY) Conl gl 0 Sl

Fisey Wl cge IL-4ML- 7S 59,5k (s3lwJled b o joxiodds 90,98 Cizmen (F4)

) wS @\‘1‘ F oo b b 5 T euadlSe ol g 958 00 32 22
LU aS ol ol s pole laatil ol by Sl pad Dol s Slis 4y Ylazs|
5 53T Slallian b ults (ol 2l RIS a5 Sl g oS 53 eI 5 (o oy
50,90 ial38l b Ol D3 Sladllas 0gd o (9 a8lsl slyls 5365 10 BMI zalS o oo ya3 alslae aisls
Sl ol adlaoNp bl aly oo 2uldl AMPK (gl j9ind g5 BB ok 4 (METRNL) o 5500 4t

2z (65 03l AMPK 5o 55550 slo Cudgame
9 Oy5ednd (y50y90 gl ol L Gilg e (s5lsa )5 a5 ols las adlllas (pl mlS cggazme )0 1S Azl
By 05 b 51 1 cnl S S8 Sdglin pgpaias d i (lo 0 50 (radgusdl ) Canglin 2alS oy IL-4 als
ol anlllas (Jl> opl Lo 8T So coS 5 sloasli 040 s HDL 201581 TC § TG LDL als ((goud
G digad g add J a8 GBanS eSS b olae m; alex laied a8 )5 i ol a5 cul glacusgase glls
bazdl ol sl onlpln wis 6 2:503lul AMPK zslaws s ge sbacusgaoms s 4 eopiomon 9 SrgS Lo

11



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

63972 oSS (Sslom Sl yerie 6 S o3Il 5 1155 Slaaisel b i Sldllas ( J5SUs0 38 sloppilSe (o) 5

Sloyud g ,Sas

Ded o S0,a8 ¢ ;LT WS S Lh gl ol plail jo oS &beayﬂ Ao ;|

w S cules>
ol 05,55 2l yo ool sl 1 b coles G577 Jol> gl

o g9 S Lo

o)l A5zt Lipgh G g

aleo

ysfurietign in the pathogenesis of obesity-

National Com“ittee

3. Bousher BJ. |
docrinalogy. 201 :212-24,

Li NF, Yan ZT, Wang HM, Guo YY, Ling Z. Association of genetic
variations of PRDM16 with metabolic syndrome in a general Xinjiang Uygur population.
Endocrine. 2012;41(3):539-41.

6. Robinson LE, Graham TE. Metabolic syndrome, a cardiovascular disease risk factor:
role of adipocytokines and impact of diet and physical activity. Canadian Journal of
Applied Physiology. 2004;29(6):808-29.

12



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

7. Baynard T, Vieira-Potter VJ, Valentine RJ, Woods JA. Exercise training effects on
inflammatory gene expression in white adipose tissue of young mice. Mediators of
inflammation. 2012;2012.

8. Rao RR, Long JZ, White JP, Svensson KJ, Lou J, Lokurkar 1, et al. Meteorin-like is
a hormone that regulates immune-adipose interactions to increase beige fat
thermogenesis. Cell. 2014;157(6):1279-91.

9. Karstoft K, Pedersen BK. Exercise and type 2 diabetes: focus on metabolism and
inflammation. Immunology and cell biology. 2016;94(2):146-50. W&

10. Rodriguez A, Catalan V, Ramirez B, Unamuno X, Portincasa P, GBmez-Ambrosi J,

biochemistry. 2020;76(2):227-40. w

macrophages: an

11. Martinez FO, Helming L, Gordon S. Alternativega
: . 2009;27:451-83.

novel roles of neuropeptide Y in the retina: from nearomodulation to neuroprotection.
Progress in neurobiology. 2014;112:70-9.

13. Kleiner S, Douris N, Fox E@, Mepani eguer F, Wu J, et al. FGF21 regulates
PGC-1a and browning of whit8adipose tj
development. 2012;26(3):271-81.

|
L)
14. Buemann B, remblay A. Effe f exercise training on abdominal obesity and
related metaboliggcomplications. Sports Medicine. 1996;21(3):191-212.

15. Kim J-W,%im . ic exercise training on serum sex hormone
binding,, globulin, bo t index, and metabolic syndrome factors in obese
etabolic syndrome and related disorders. 2012;10(6):452-7.

Y, Jeon JY. Association between physical activity and the prevalence of
metabolic “syndrome: from the Korean National Health and Nutrition Examination
Survey, 199%.2012. Springerplus. 2016;5(1):1-12.

18. Jamrasi P, Bae JH, Song W. Effects of 12-week exercise on Meteorin-like levels,
inflammation, and functional capacity in older adults: Korean national aging project
randomized controlled study. European Geriatric Medicine. 2025:1-12.

19. Saghebjoo M, Einaloo A, Mogharnasi M, Ahmadabadi F. The response of meteorin-
like hormone and interleukin-4 in overweight women during exercise in temperate, warm
and cold water. Hormone molecular biology and clinical investigation. 2018;36(3).

13



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

20. Moradi N, Fadaei R, Roozbehkia M, Nourbakhsh M, Nourbakhsh M, Razzaghy-Azar
M, Larijani B. Meteorin-like protein and asprosin levels in children and adolescents with
obesity and their relationship with insulin resistance and metabolic syndrome. Laboratory
medicine. 2023;54(5):457-63.

21. AlKhairi I, Cherian P, Abu-Farha M, Madhoun AA, Nizam R, Melhem M, et al.
Increased expression of meteorin-like hormone in type 2 diabetes and obesity and its
association with irisin. Cells. 2019;8(10):1283.

22. Riebe D, Ehrman JK, Liguori G, Magal M, Medicine ACoS. ACSM's guidelines for
exercise testing and prescription: Wolters Kluwer; 2018.

23, Ol gl 4 Craglie 5 8o i85 40 02 9k Jaalle (i 3y g (50 98 (el S ST golnle

M_w.a;mo;v.w_G.z)ﬂagm,)uqu,u,@ﬁmwmqmd'-

24. Bayles MP. ACSM's exercise testing and prescriptiogi illiams & wilkins;

2023.

25. Eaton M, Granata C, Barry J, Safdar A, Bishop P. Impact of a single bout
of high-intensity interval exercise and short-term rval training on interleukin-6,
FNDC5, and METRNL mRNA expression ¥ human skeletal muscle. Journal of sport
and health science. 2018;7(2): ng -6.

J—*—“—\E—"SJS b e 0l e =l e

26. (nosiie 4nd (e sﬂwuﬂl}'w’ L ¢
' “a TN s s s Ol my 3 (i)

Py

27. Nicholls  Siy Nelson AJ
2019;51(2):14&7.

28. Rei ME, Rohatgi

HDLY, and cardiovascular disease. Pathology.

30. Lee JH, Kang YE, Kim JM, Choung S, Joung KH, Kim HJ, Ku BJ. Serum Meteorin-
like protein Igvels decreased in patients newly diagnosed with type 2 diabetes. Diabetes
research and clinical practice. 2018;135:7-10.

31. Zarneshan A, Zolfaghari M, Gholamnejad M, Yousefi M. Effect of Regular Aerobic
Exercise on Serum Levels of IL-4 and IgE in Overweight and Obese Asthmatic Women.
Journal of Arak University of Medical Sciences. 2017;20(8):73-82.

32.Chang Y, Ho K, Lu S, Huang C, Shiau M. Regulation of glucose/lipid metabolism
and insulin sensitivity by interleukin-4. International journal of obesity. 2012;36(7):993-
8.

14



SIglie pgyaiw & Mo o0 0 IL-4 5 (520 s (50,92 1 (55190 (0 o3 ]

33. Tsao C-H, Shiau M-Y, Chuang P-H, Chang Y-H, Hwang J. Interleukin-4 regulates
lipid metabolism by inhibiting adipogenesis and promoting lipolysis. Journal of lipid
research. 2014;55(3):385-97.

34. Ruderman NB, Carling D, Prentki M, Cacicedo JM. AMPK, insulin resistance, and
the metabolic syndrome. The Journal of clinical investigation. 2013;123(7):2764-72.

35. Boden G. Effects of free fatty acids (FFA) on glucose metabolism: significance for
insulin resistance and type 2 diabetes. Experimental and clinical endocrinology &
diabetes. 2003;111(03):121-4. w

36. Boden G. Free fatty acids, insulin resistance, and type 2 etes mellitus.
Proceedings of the Association of American Physicians. 1999;111(3):24

37. Zheng S-I, Li Z-y, Song J, Liu J-m, Miao C-y. aetrnl:
emerging functions. Acta pharmacologica sinica. 2016;

otein with new

38. Semple RK, Chatterjee VKK, O’Rahilly S.
The Journal of clinical investigation. 2006;116(3):

Ry and human metabolic disease.

39. Siersbek R, Nielsen R, Mandrup S. PPARy in adipocyte differentiation and
metabolism—novel  insights from  gen®ge-wide  studies. FEBS letters.
2010;584(15):3242-9. | w

40. Saeidi A, Tayebi SM, Khos%vi A,
Effects of exeraise training on type 2-
promotion perspeetives. 2019;9(2):

)
ian F,‘Kﬂodamoradi A, Sellami M, et al.
tes: @role of Meteorin-like protein. Health

41. Silva DAS,!etro i EL, Palegrini A. Effects of aerobic exercise on the body
composition lipi I ight adolescents. Revista Brasileira de Ciéncias

15



