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Fetuin-A is a glycoprotein that is mainly secreted by the liver and
adipose tissue, and its role in the promotion of adipose tissue
inflammation has been shown. Epidemiological studies have
shown a significant increase in circulating Fetuin-A in obesity
and its related complications such as type 2 diabetes mellitus
(T2DM), metabolic syndrome (MetS) and non-alcoholic fatty liver
disease (NAFLD); and it has been proven that the reduction of
Fetuin-A reduces the occurrence of obesity-related disorders. On
the other hand, exercise activity and lifestyle modification is one = Corrispondig author:

of the effective strategies for obesity prevention and treatment, ,arisakhabiri2269@yahoo.com
and several studies have reported the reduction of obesity-

related complications following exercise activity. However, there

are conflicting results regarding the effect of aerobic exercise on

Fetuin-A. In this review, the current knowledge about the origin

and physiology of Fetuin-A is presented, the effect of aerobic

exercise on the regulation of Fetuin-A in obesity is summarized,

and the mechanism of the effect of aerobic exercise on Fetuin-A

is discussed. Overall, aerobic exercise can be one of the effective

strategies for controlling and treating obesity and related

disorders through different mechanisms that ultimately leads to

the reduction of Fetuin-A.

Key words: Fetuin-A, Aerobic exercise, Obesity.

ISSN:2980-8960

All rights of this article are
reserved for authors.

Citation:
Khabiri P. The Impact of Aerobic Exercise on Fetuin-A: Revealing the Connection between Obesity and

Associated  Metabolic  Issues. Research in  Exercise Nutrition, 2023. 2(2): p.47 -60.
https://doi.org/10.22034/ren.2024.140325.1047 .



https://doi.org/10.22034/ren.2024.140325.1047
mailto:parisakhabiri2269@yahoo.com

search in Exercise lutrition

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

A 039..5 &S Cawl ol odld uL“*’ 9 c..\:}a.au.o L53L> L,%:uog
(V) ol olisgy ol Jole Wacuwgndl g acawgila 5| s
st G 1 o b ol A(FFAS) ol oy (sl
4 e & WS e Kupv V(TLRA) FJs ad ox,S
a3 e Gl dalpd Jl ool b (A) 39800 (pdgul 4 Cenglie
@ A s 5 Ngd e Jhate TLRA & logiiies FFAS &5
S WSe Jes TLRA (ol shipgy S8 K olye
@y 1y TLRA il Sjloie 16 1, oy sloiun
oS sole Glo oo Q) WS Jd douws] 4 Cwoglis
ks o ladsle o3l oz (lasel 5l 230 ol i
o] j S op Bl 5 amd 0 25 A (598 5 TLRA j55 >
o xSl ol Oy elaswl 5l b pdgwil 4 Cuglie |
) a8

(B b by saglen 5 (Sl G95lg) E9ed @ 29 L
Sl ohlew cnl lp Sloy laylSaly @l ol
3929 B S lp ol sbag)ls A8L Conl Bl b
4 i Caol (See (Bl a5 slag )b Gae Jb pl Loyl
s alas b Eliainl )3 odxe )0 dlos 3l bl (5)lse
SN SH) S ol g (o859 llsd gy cul 51(V1) 29
@)l 5 Mdbie (Sl 0loyd 5 spSdny Sln Sse )l )
S5 iy ol Cuto BT aej > 35> Lale salyd
e oS amd &)l 1) Sl Slg e o] Jein] slapumslSe
D e (5559 Sedld sl ly Gl 31 555 &
o3y L (ooaxie Slilllas )3 (len (B5yg Cpyed Cuto U]
859 Cellad U g e S8 (cwyp dj90 ) A (g8
e o )l Con dy90 (Bl Canidg 3 b A (568 silga
2 S8l g A5 A gt il

Iy 295 pb g ai caiS” alweS 0 VAFY Jlo o )b ol (18428
u;)_»\/l; 69l> JETC &S \)% Cl 4».9/5 \\"O:‘:;?" 5l
o @i b Veer Jlo o opdgd Gl uBgp ol clale
PU s " A g " 4 B g ol & aile (g8 JoSlse
ol olS FY 19,88 S Sladl A 3438 (V) o
Voor¥or) ppw 0 oYL b el p o cul
@ A G (V) dgde O (e p p)S9ySe
Y ool oS conl a9 psSdS o)l Bl b piems ool
e 48 Abloe 1S lugSll 3-0 g 2-N 4y uaio o003

9 Free fatty acids
10 Toll-like receptor 4
1 Fetus

https://researchinexercisenutrition.com

EPRTSY

S cul (Bpan 5 (Bl G55 pn P pas aoms 'Sy
P S g Dedee TS (poje Sl gl 4 i
Sl (V) ool ond ply dw Loyd NAVD Jlo jl gl peol peo
DS e e b o (Sl slodSlae plos i
Sl)lon 4 Ml jlad g Conl poges CMlo Bae5 S g
oM D s g SMae Sl oYMl glacgoone
(S CarsS g e Gl Sew S wmd o iuliel ]y il
V) 3yl slagy slacddlys sladise o )5 55 (5590 00
Bl egy opl 51abl o iz slacsl | Calise slge guid
mhS g Bl Sl TenSsle mip L Slge 4S8
adlis I (S (V) WS eShlie b it o
YA 598 3l e85 lie Bly @l )0 a8 S gila oy osds
P A BSgs arg LB LRl Sjgdsein] Gllas il e
cobd ale ol b by (B)le 5 B ), o G005
Slas 5 (MELS) Syl p3yts (T2DM) Yo osile
w A s (F) Sl L YINAFLD) Sl e o oS
My (f) WS W) gl & Caoglie aiitane b
5 (0) Wi oS ) r sladsle by Mgl
odls L& (5) dsde LSl sl sla sk Coanw el
mn A 5 G crge (555 e ol ol 0
Jbd 4 A g S (85 palie > (Bl g (V) 290
OSole SO A 58 sl ol aol  Sgle oYM
b gy opl b wad oo iy AS l sdes job 4y a5
088 iy sl glie (riee I (S Cwl (See 5 a2
s g2 M3 ol OSn A g ol IS (V) 22k A
A3k A8 g 2 <8l bl glaySile plo g geje Sl
5 sy SOb 09 @ il Sl Cpple iy ol
09525 o & (M2) oleedll 85 09,505 o 5l Ggml o)
Jliol cel o ssn ope dlysy (ML) okl ig
» orpe i Sl obel g bl Gl claosSsule

! Obesity

2 Chronic low-grade inflammation
3 Hepatokines

4 Fetuin-A

5 Type 2 diabetes mellitus

& Metabolic syndrome

7 Non-alcholic fatty liver disease

8 Adiponectin



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15 g

OR2

esearch in Exercise lutrition O

G55 A s 3o et el sy 3 ) oS )5
b 35l s Gk 5l 90,5 3 A (598 S o g S hawys
S e 4 g0 sla Jolw Culia &S g8 0 AMPK Jlon
D)5 odes 1) 355 g0 oy yrulS (55 4 oxie &S e ogdlly
s 0 A o I S gens] i (1))
5 MetS T2DM asle o] b Lasye oles 5 Bl o
Ly s ol Bl b A (s e ls NAFLD
a8 Cawl 0dds 00> (L (V) Cunl ol yor (Bl> B)lee I (gyloms
O3 ol oRIB cue il 5 b > cute 55yl ol
(ool cuiS) 2,8 4SSl cogay (VY YY) 2 o0 A (y5510
5 05 Ol 590 4 Ay Sppe 4 Foliall b eyl
~ dhawly NFRB Ly o« 1) A (853 (1S9n gy Olise
elil Gy ladnl ;503 Gyl 51 L(YF) amd o iljél g
Il gl b 2 by oo Ol il cslipolly aiilo 00
A 0858 oiBan 5 0F ol ORIB! ol igesn 4 NFRB
) A70) sim3 e il ol 535 Jobo Y 3 1y (s
A 5358 ¢ 1l o Lials w&)}gal Sl Cumdg o aSu o]
0Sigdl Gl 4858 Sy (e (V) e 1381
3 e M5 & prie 85 390 28 ] Ty ol el
LA 058 ghaw pl 2 oodle (V) 29300 A (358 2>
Comlus plad ¢ Splio oMo b by gl el )y 51 (gl
e 5 o OIS 5 s o S e (e &
(00) cunl baspe Gl 22 5 Gl SaonSn (95
O b Ly SYMBT 5 Bl 5 A i B35 0 poa
b oy asls (V) Wb e Lilid T2DM 4 MetS sl
o o PSS ) Gl 5 Glis] e cdl, YBMI)
)JM;J]))OBML.MEQ)AA&WVHLLW
g oy S (b alis] o B st b A i g
S 5 o S 2 seen A g el bye dla
O3 gl 4 ol (Bl b duliio 3 dgun] 4 polic
g ol hals |y Pien) cunl See A g8 (V0) Wb e
5 Sk S ) 5 WS mpd 2 sbdse 2 1) e
B2l i ) Raimgdy (V) dad il 1) ydaudl 4y Cuoglio
Cuol San FFAS L olyar (53,5 0 A (p5g8 )0 @l puss oS
2w @ bagrpe (4 Gl ©8b g 4 Caoglie

4 palmitate

5 Stearate

6 Myristate

7 Body mass index

8 Insulin-resistant obesity
9 Insulin-sensitive obesity

Research in Exercise Nutrition, 2022; 2(2): 47-60.

S A g (V) WS Juate |) palS aiile (G555 sl
55 (AHSG) sadl — puilo m V=l (255,305 lsie 4,
—le by g i &S by Glold Gl 4 g o0 4Ll
mer Bl o gl )3 oo )b (sLaS 3 A (1558 05
ol Slaype 3 &5 Sl (apgdin (g Su g 290
Odgedl 4 Cungliio (gl 5 mandS pudplio dlen 5l Cilise
P A g gouiS S gy (M) )b s Sl
A s 55 s ol s> T2DM o MetS s o loss
Sly Comlua Jore oS 3)b 18 3027 pojges)S o) 2
(Y15) ohiSar o ¥ SIoadbsd 99 (18) sl MetS 4 T2DM
2 o2t Sloge oA (558 oS oy (L gy
Lo A (5988 g5 5> ol gie 157 g Cusl (g it
Ly Pl 5 084S 395 ol oliiel sl (sl L b (Y)
A g &S Wb flas () Ks clallles sl A e Lol
Sl S g (s 295 dy e Iaumgndl Wl
@ dlwly Oy & Slill b Ghge ()2 Sbadobe 35
ol Gl ) A (b9 by g (g MRNA Gl g
Copmogt) S LT S 00055 048 ol glatn )9S Lags
(00) B30 (5,5 2oke T(NFKB) 015 b B

S 9 A g

Lplul jl (pam (o Sl Gloion ) bt (253 €L o
355 ggoge cnl &S a3 00 )3 el lagomle 2 )2e 1,
2 398 (ol pnle g gl 4 Caoglio 13 (g9 piny g
SFr Sl ks oy & LBl (S be
ON e gplie @alaS ) (Sl (I A8 Cunl 483,50 )3
b leoSyls jl guiz g dnd S5 pudplio aSoyob 5>
ool A 39 opS el opl 5l (S s o 3 8t cou
st il Ygamo 48 whools s il lalllas 51 (5 loun
Al Rl oSS (Bl a Mo D3l )3 5 (53,5 0 A
@ Ceglio b (S5 bl (oS (Bl Sl 4 ey b
kol @M 1S plgis @ o) a5 gl
Sl 4 oy COL (b ed 0 43S e > MetS
dL-6) bl sanSgnle 5 by Sle wile bl e
ol ol S S oy il 4 b S e a8 (TNF-a
Odgedl 5 (U sidgnd 15 156 5 g 4 Cungliio @ ot
P A G8g o8 31 Gl 4 onie 39 a4 oS w9 e

! Alpha-2-Heremans-Schmid glycoprotein
2yon Loeffelholz

3 Nuclear factor kappa-light-chain-enhancer of
activated B cell



search in Exercise lutrition

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

SprelS (655 @0 gl G0 pS (23 US> M3
A8 oy sk 3Shee > JHBTy a8 ool )
oblen 03 2 Al Cp ladwl 5 S35 clile & olKia
1y NFKB sl 1l o ebbse Lial3s) MetS & Slie
MRNA Gl g 9 238 S0,008 (525 )0 A (15958 Yigag
OeSon @by g Fw yudm Cugl lp |y (535 0 A (5938
Sl Aol ol b Jb 53 (53,5 )0 Ay
sob 4y sl 4B S )15 drgi 3,90 13 Ul 8wl 53 (iSSggaal
P A e Gl wSSendl &l sud adply 0dyuS
AMPK yows G5k 5l 1) edsSUlS ST 1 (36 (525
MetS (iles ) ql) oriSigadlpmn culnly 45 o o
O Ol P A 598 Gl Y 5 s (S cul (Sea
SloailSa S5 (el it ligios oo ol b (YY) asl
slp b oS » A g chile clps & JiSdse
Wwidd o pusgi MetS hlen e jo calise uw (slaog )3

ol (5590

https://researchinexercisenutrition.com

(YA) &5 gt ) B9 Sle 4 barpe 0f ol 5 TLR4
oS (G Ul slaysSh e S So Sl nlple
A oo als b By il 5 s A gz
Ll al).o.ns

MetS g A (yigsd

Jilbgys s MetS L A 1y oS casl o] 5 Sb ol
o A g 05 (T V) casl bagpe Sge il s
5 T2DM (lpy Colus Joxo & 3515 51,8 3 Q27 pgj909,S
b s Uil 3 dlie Sy bl et 3 (V) Casl MetS
MetS 5 53,5 )5 A odsi o dlaly Ky Casl Sen S
P 0 a5 D A e cbale (Lx bl adl deg
d9 J5S 035 5 5Vl aeg B s 4 MEES e
Casl (Sas 33,5 0 A s Yl clale b sl by
oy Ui dalllae oyl gDy wid ]38l 1) MetS &y Ml jlas
Sl b MetS s )5 il33l o &) Cinis K5, Sy &S
Slpgtiy Cawl fSen S D)1 dg3g 83,5 A pgs clale
SsS5e Slapuio b (isS 3 A s clld o 90
o M @l ghlew 3 G335 0 A o8y )
WA 5553 9301 G slaswl (YY) Cul oas i MetS
535 On Splo sloanld g Jols )3 age i (53,5
Sl AMPK ke L 1, NF-KB cullé wilsi e ol oyn
boodd bt 5LS il (gaom g5 Ay 4y aS i
iy owed 4 Casl TERKL2) YN Jshs g5 JUSpus
Oblsliey > ppmalebly Ban a4
o pic & oy a5 3)IS, 536 T(MTOR)
osde (V) () JS5) &8 <, 56 |, F(SREBP-1c) 1¢ g,z
Clampl wdat & aad e Gl dgmge slaodld (ol g
Lo L pelS (o5 zesd slp SREBP-1C lawg Sjgud
ok S b (33,5 5 A g oS Byl
Syiisn (gl & Canglia & a5 55 o o Iy (ol
39 s0 plol AKE 5 PIBK SxliSws ppumo 1)k 51 lgl o)
Canl 03> s Slas Slislejl 1 sl cuwnd 4 salgs (YY)
IM] 4 i Milg5 o 53,5 ;0 A g clale (iliel oS
dajlgSle (b Jb g ©pplee s 4 S5 JpuS

! Bioconversion

2 Extracellular signal-regulated kinase 1/2

3 Mammalian target of rapamycine

4 Sterol regulatory element-binding protein-1c



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15 g

OR2

esearch in Exercise lutrition dY

(V) a8 leal 1> A\ (8 (i (ool Ja ) S

APN

Cell membrane

_—

T —

oA |
AN
e AN
~ N \ \ |
> ~ ™ \® \ 1
Triacylglycerol ~ ~ \ ".I l
accumulation ~NG \ \
Nswewrac | @ I
(o] & 7 o - 7
N\ 7
N L
~ -

o S
—_—

o —

gl & pglio 331 5 Lol 53 FFA 5 A (g3 (oYL
oo,S DA Sed el relaw aSJl cwl ol sdalin
a5 jglailen ((VA) 45 sanlie Tl sl b floyd 51 o 95
Cuoglie jS6l5 Joos pae b 53,5 0 A (15538 o A ataS
aly ol o &S wal bgpe sl ) T2DM g pdgus! &
—e ol Gl g ere sl sl S oles S5 s
LA g Sloohy slis Olllas Liwl)y cpod (Y8 Y) a2
5 ame blo)l WS > oy meod g dewd] 4 Cwglis
.)9) 04U ua‘ St lmu] Jel A u‘jy& oS @Lmuo’o 9 (‘VV ,Yi)
ol & Cand g (YA Q) ol LS 1) cdgad]l 4 Cawlas
Cuoglin ) A (4568 a5 oy ylid oyl a5 widgy polde 59
2 Cobd 4 Mal s (YA YA) Caol (B0es 5 daudl 4
labwly bas 5l g g YL A (868 e b ol
ApjsSS oglsen g B3l S5 gl oy
9 xS glwgwdl Zolaw A(CRP) ¢ Sy opiSgy F(HDALC)
38l )3 55 gl s 5 (V) Conl 5L S clags 5T 2 glaw
DA 395 maw b (IGT)® 545 Jasu y3 N3] 4 Mire
iy S s 15 A g (5] Cul iy oS
& 5 55 o Ko fliySle 5 L sl 1 oo
il a5 WS o Jos TLRA (gly 155550 SIKS § lais

3 Statins

4 Glycosylated hemoglobin

5 Creactive protein

5 Impaired glucose tolerance

Research in Exercise Nutrition, 2022; 2(2): 47-60.

T2DM g A pigid

e o8 Gl la pul s 1 Sglie (glon (il ol
92 S9dioo (dguil ply 5> Canglio b (gl LAd 39008 4
5 (TIDM) ) g5 oo cabys ol Cabs oas JS3
Slj ) g9 Cabd )l 3929 (TZDM) Y g5 ogile b
3 oasalligh )3 Glgudl oS g Ty (gla sk 4 dmd 0 )
Ol Wb oo Mg (S ol 4 (dgusl dxis )3 g 43 (g
Odgus] zolw Canl (Ses ¥ g cubd o & cwl Jb
Odamidl Bgo 10 Cuoglio 299 Jud &y Lol Al atisld 2425 (8K
sals dgus! camles o lame sl > o] 0xyS
& Conglie Slgi oo & Cawl olyon Bls b Ysare T2DM .l
3o y3 Gl @ 53 5 i G b ams I3 1, g
el s T2DM wile Sglie YS! oy s
5 LS @bl b laiies o Wb I3
(1Y) ool a5y (L) oS nlln 5

55 T2DM sl g8 Sy Ko lgis &0 A (idgd
YL ol aSGyebs 4 (VY YY) ool onis aslis oole
Jor lp 58 oS G Ul St Sl Lewdl A (g
LA o853 & cul ond ool oL L(YO-YY) wsl, T2DM
4 Conglio csly A (4555 5V sl g Cusl ol yan T2DM
@id 4 T2DM oy Mol slaszal (V) 59 0 oyludl jd ygandl
clale (V) 2900 barpe A (38 oS IS (] Cusdge 4

! Type 1 diabetes mellitus
2 Beta cells



search in Exercise lutrition

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

st (15) 1 saalio 1S ;5 A Lydgd MRNA ol il
& Cagin 5 THTGC) (528 syl (55 Slyims b A
e Sl LA (593 sl 13 (V) Cunl lasipo (il gud
s (yo30 Mol 5 gyl 55 < (NEFAS) audy ol 58
st 5 (F) 3,1 Cuto bl (IL-6 s TNF-a CRP _133)
NAFLD b 5 casl baiyo 35 oy 48 b 48 5 003 320 A
oy ol b saled wgMe (V) o)l byl oLl
oS B b sl A i e il oS
2 (YY) 595 09,5 > NAFLD olbo) 4 oo cawl (Ko
OUS gy 53 (VoVF) hiSen 5 Jorddsd ()95 Ll (e
55 35 > erliid Sl S A i oS s
(Vo) Ml A o598 by p ol qie 4S5 cul
5 aoy ¥e b ¥ 4 ol 08 OS] oy 5l NAFLD
cos |y Bl 4 Mie lilen 5l 0o 0 U g JS )5 Cazes
298 3 o e e b Slow nl Amae )1 45T
gl 5 s (st e s b S0 5 BB hpme ol
sl 5l pel oYM 5 4l & NAFLD 058 0 (asuiv
wsilly okigpty ey b slid il s b 2(SS) o3k
Sl e 4 3> o)ldl F(NASH) LIS i cuslngilinl 1ol
lgd 298 Joas S poiew)lS g Soyew byl joymd 4
ol 5 3, MetS L S35 bls,l NAFLD & sind o olis
@ Cengliie duy oo )5 &) 0gMuy Cunl digx 93 9 blite L)
b5 (1Y) 55 ol NAFLD 555t 53 (62 5 ol
G e sbanl B g a8 4 bad e e oVl
S5 e S ln bl (608 (22 b 5 gl
Fipl » BosSgla (el jsiud g gudy > Sl 9d e
olis &S )b demg slosilid saled oyl i NAFLD
2B g g A gl atle oS gl Cunl (Sen amd 0
() 555 66 o1 b Lasye ol 5 NAFLD i
5 S okl )0 A (5e8 paw oS Col ol e L
(1) olSam 5ol ) e il Sl SN
P A g cdale a5 Wb i o ool dlde
NAFL ohlew 5l 5YL (e B j5b & NASH il
P ke i A 8e8 oS aad Ll Gl Sew aST g
(FY) w80 Wl NASH & NAFL o5l sdgly sl

3 Hepatic triglyceride content
4 Non-esterified fatty acids

5 Simple steatosis

5 Nonalcoholic steatohepatitis
7 Pan

https://researchinexercisenutrition.com

Cl ey 1) TLRE Sl djls oo 0B 1y Sl oy
Sl 8 S oy (3) 955 b g & eogl
& Cuoglie ¢ Sl (cladige jo A 15558 o AI)‘] ol
T2DM el osilly oy (s3lyisl Sy TLRA o A st
Gl 3l daudl a4 Cuoglas dlool o A 5e8 ids (FY) Cowl
g bl (2 ladshe g acuwsise > Skl Gl O
» okl i ladgle 3 0iSigedl oly (I Grien
3 iwly e 53 (0) conl odd ool i aKislejl bylys
LA 858 sl o slodalin 5 (shis Cldllas 3l goluws
S A e (FY) Cal ke cobd g daws] 4 Cuoglis
4 C~o51.iin sl d‘).g TLR4 d)'L..;JLé d‘).g l)“_’,”) s
Sl g e ) 2l (8) ol g ) 8 el
b osd S0 (GLUTA) £ jSol5 b Jlasl A opis
SIS oo d9ame 1) B LS (9 (a8 JUb 5 (g
oszzen (Y F) w3 oo Lt |y (3689 cnl Sdglie 5 (Bl
i > Cand il pmedlgind solivgy b A s
ST NN By I U RN JNTAE gy
I Odemdl SIS A (13538 (VD) S o S35 005 )5
GLUTA sl )5 gy9p sl po 95 AS160 o Akt b
o &S i GLUT4 u.:l?ul> uM.mlf Cow g w3l uM.aalf
A ogd Jlasl ile 4 (FY) 29800 365 Cla > B
S Mas s ol el (clbeni,S 4
Oyl (23 JUSw g 3o RIS ]) 01 )S (gl giund
A 55 &S cul o 5 (Sl Claalie (FF) wad o alS |,
M) WS (oo Sl gl 00335 LS gy il ]
Ut s > 5 el 0355 4 A g JLsl (50
el b b (gl 0x)S ST jgy (il
035 S (noxs Hle 9 sl (gl b osd osalie
ol ) Gl SMae 5 gaS Gl sk ) sl
UiblS g dausl 3, Slee dape L A 558 ialS ¢ yulwl oy
Lol olyors gl &) Ceoglio

NAFLD g A cpigid

Vilwsiogn Cusl Sen AS &S dad e ol il Sldllas
buwg b 5 S ol pudglie ol 3o)b 5L o U G55
B S Jio 59 Jlie plsie 4 05 155 A g e
ool olyor (o0 jeilil b Yoame o5 ( olié a3, b o

! Glucose transporter 4
2 Homeostasis



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15 g

OR2

esearch in Exercise lutrition NY

Tohw (Rl (plplh A8 (o Jie |y S5 Jeod (pizeen
S aYMB! ple 5 ouS el Wlg o A e
4 e Caled 3 58 il 5 008 apSsle A gl b b
Spiin 15 ) A g g S

Bl Candg )3 Sjlgd (n e g A (g

iy Called ain oy Gl (Yo)+) oylSen o ) el
JEe A b e g Jeedy atin d awbl) gilee
kg/m?) ubs me sle b, (488 £+ ae & VOomax
Sl A (s oy sk 5> i (BMI = ¥5/0 2 V/0
oyes Jlo S sl Gl (YoeA) Tely g smly (FA) 5,5
I am &8 (Blo (355 3 I Cadgie 5 Silon ()
5% 355 535 IS Jlo Kol am o8 By 6055
5303 s (YOF) olSem 5 odllo (FR) bl Lialil pys A
Jeo355 59y (58 ol 4B £+ ) 0 )l (Slgn (3205 oy ¥
2 (Ader B8 bpd 30> AD ©ad b g 0 pesS)l €52 9
kg/m?) JISI e Gy 08 olow & M 3k VLS5
oiblS Ao VY e 4 A e ((BMI =YYV £ L/
win VY 5o ol (YOF) oSes 5 oo L(FY) cly
o35 59y g Ain )3 g, 0) oad oyl (o) culled
(At B by 1o pd AD il b gy 40 4ddy £ e &
A5 lewdly A 3458 5 pxe JialS caw Gl e 31481
sle £ Jlony Lol ol (Y4IY) ohlen ¢ T lesly L(0¢)
@ o ed gg) g € D awl> ¥) (gilor (oD clled
UMAK 9 (VOZmax M)‘) YeomOe Ol L: 4.9.»5.) \°a—\"' [WERVY
g Teanlo (FY) <ol Ll o YV e 4 A y5e
Gilsn Byl auls Sy Loy ol (YIA) o, Kan
O].))a » (VOZmax o yd Fe O l) d..o.d.} ;') Jm.))) <9
M6 Gl bouwdly A 398 (lie )3 ) )b dme s <3l
wan ) dwds ¥) (MICT) bwgio s b 09ls (s5lsn
Sy @dds £ Sde 4 VOomax Juopd 00 il b g0
e S 3l S8l ) (awls e > (UGS ¥er Gy
P Sl s (OF) 3,55 slu) lawdly A (g8 lime yd (s

! Schultes

2 Reinehr & Roth
3 Blumenthal

4 Sargeant

5 Winn

5 Habibi maleki

Research in Exercise Nutrition, 2022; 2(2): 47-60.

ool Laye cqile NAFLD L A s oS sl ois o )l5S
lgie 4 oSl S gla o A g cul ol I Sl oS
Oblew A 558 (V17) (e g Jsalisd (99 aslllas
Hom oJb ol bl Gl aeg JB b 4 NASH
Oil J2DM  des 3l 0asS suS Jiseo JA}G PR
2 5l b A (g8 5l Jitwe dlaly S Bans oS,
A s pdaw (il o shilen (olply 53,5 ssalis |y
2o b byl > 4 b sdalie NASH & Miw ol @l j»
0liiS wSwie Wlg o Ol Wl wlibcdl sla S
o9 sl @dly 5 (Vo) wil A8 el YL sl
Gillas 18 linal 9 A (558 b daily )3 () 5 Jselésd
ols GlRimgy cnl glaadl cwl (LS bl L
155 o8 o5 el e Sl o el sed e
Sl 5 5385 oMol 4 oyl Sl 4 e
A G858 (mdse (b WP 93 1 &S 3950 NFRB
T oy slotsl dgudl (S5glsnsed baalyd > imd l3dl
o> o3b5 s Bl O deel & b (o il &
NAFLD 5 A 0598 o dal) 3)50 3 (0858 (lapuslSo
R gy & 58 slprdy adlas o] cusl s o3l ol
g 3 olpen w1y el i Sl Gy lasl oy
oS WS o ybly A g iy a ]y (22 g o0 sladsle
1y 5lg,Sle 5 dyles Jlsy) sliasss o3l (el JiSpms 2155 o
b (sloglog Slo dily ) 53 55 e il & 3585 &y bl
il 1y IL-6 5 TNF-0 asibe bl laylSsule iy
(FY) 8" 05 ity |y Comgilin joilisnal Ll oo oS Wind 0
<> Lg[mJ.,,.wl &S ABD oo uL\MJ d9>g90 Lg[mabb ‘Qi‘ » oa)ﬂ.c
o x> il AMPK les L |, NFKB ol asl oo ol
ERK1/2 (5,8 Jub L |, NFRB el Wlgie oppimen
Ole malal ) oo i NF-KB aSul & dogr b amy i34
~ie Wl A (1598 MRNA zaw jui (il 9 A 058 0]
&S dgd o ol o s 5l i A pgid dbul el WS
LS ysb 4 S (S5 |y SREBP-1C logiions cawl (ySan
L Siond clror 3l al3dl waais 45 sl 00 ath
(FV) 39800 Jg el Sl (55 go28 & 2o SREBP-1C
On daly g2y a2p b a9y (Wb Cldlas My
615 sy s> 4 g cudh Clae A g o NAFLD
lodsks ol 3 aeg LB b 4 A 5g S ol
355 55 2lin |y (gl & Cunglio 5 Moo Gl 65



search in Exercise lutrition

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

sl oS Wit S 35S 85 (LB0)jg w9 (o 2 Oblien
A o5 5 VOIMEX (3 s (Siusad 2 opdle &
clale cul (Koo YU S (Solel ams o oLis a5 00> s34
Caunl 04 Dy addllas piin )3 (FY) WS pudois [) A 5428
iy S 3l o gl 2 5 oS 5 A g il oS
s oSisdl ol I G 5| ol (S mie sBing
Joo b SMie 5 15 5 el slagSsle il
J 8 iy b 5 NFKB ials daly 40 A 555
Limls il cel SAMPK) Glindgise sl b otd
il adlllae oty (V) 298 Sglie J5S 290 9 039
5ips Callsd (IS oS sl sle (S5 S Mo
o &5 Wlod,S Gbj)l A (598 g9y 2 |y (S 5 OBl b
Glos jl Sy cwl (SKee a0 sl 1y aaslie
@ Cawles 1) (hjyg cllad (able Il & (SOglan
9 08 Ok P A G5 ) Sl b iad e )] (g
J PR P 58 g5 odl> o9 .)‘}] e sl
P TLRA o a8 Sl 5 e il clnjlés Sl
Sl oy9e 3 guls oIS sk 4 S Slutdy (o2 8L
05 fusl 039 whee liod A (3395 (b 2 (09 Culled
e bjyg cadlad > OMle e 5 G 2 g4 Cal
sasl (V) wd s |y e B cuglate jluw zuls 3554
4 9 gadlas S (Vo) hen 57 ) el (Lol
Lol cov by Culld oMdlie () icwl 5 2
(@) sl olyor 5 pune 3,81 o YLS )50 )0 A y5g8 ials
b Yb oud b (gaglie 5 (sl o8y cullad g4 93 o
YUY ol Jilhs o duds o 50 aady £+ o b dawgis
A3l )3 1y A g daw (aag JB jobo 4 cain > dud>
ol (g) 5 wae Rl Gl e Ll 5 cubs (sl
Loyl cov biy9 ddlie Jlel 51w BMI o i
@ Wl oo Ll pl o badpe A (558 ) i halS
Sylia s Jole J5 (sl oty (siizg slbasgs <)
Sl s & Jl o) b a8 S8 JLS)s el 5
blasl b b ol SKangh ol laaidh (55w 5 Coner
el o) bwg & Jis! GlapuslKe (V) Lgd youds
))lyo JAL» D9 0 A ijﬁ uu.mlf el odds U)uga 39
wha b S BBy lgme pralS (W) el g
03,5 ol aw il a5 5 SREBP-lc als

5 Adenosine monophosphate-activated protein
kinase
6 Ramirez-Velez

https://researchinexercisenutrition.com

b (ooslis (s3lgn (oBhpg cnped 200l Qi (V1) ollSen
b ey sy oy i > auds 0) (HICT) YLy oo
W & dacsy g G Sl dopd YOV cud
sl p lisl op A 58 Glie Il o (win
bugio Gul b (ooli5 il (Biy9 oy Lol b le
Fo=br b b Jwodp (59) gd ditn 40 dwls 0) (MICT)
Caw (amad VY Gde 4 dac)y hgd G yw Sl do)d
Lsad gl o) o plisl op A obgd (e pials
ohKen 4 VO) OY) L5988 b gme Sl ol Jb oyl
el Al ¥) (sjlom (g cllad Jliny wiol> (L5 (YY)
adn > Gyllas yedy sl duds Y-V 4wt > oylly cod
Oldye yd (axen > s JElS e =Fre Gpne a4y Sl glp
9 0 0F) b ol Jbgne (il e A g8 (Bl
d-f L;fli‘.""“") b 3 VOZmaX M).) V'_F' L'_JJWJ L:) JA:A.))‘J‘ d?)
o5 ) o Aol o3l Sl > (IS B Gy
(Yo7 ) ohlSan 5 7S e (B0) bbioo 2ol pyw A (538
2 dd V) ilor (o35 clled wian A sy b ol
Gde 0,3 Cld bps Joyd YO-F+ Cud b g0 dten
(BMI > ¥Y) Gl g ()59 adlal (glyls 55 5> (agds Vo-Y
5 T (0F) Bl el (g )bdne sl 4 pys A (5t
Culled azan A oy o8 oy lis (Y+YY) 5 (Y-YY) oK
05 ole g lewdl golaw Jeed5 59y 9> Sl ()9
ol Bl 5 lac 48Ty alisl o <8l o A g
AJWd & A 13638 gy e pEals bl ol Glis jbb sxe
390 e Bl o) 4S50 b lan (o859 Colld wiin
Poisinn il oz <8l A 5555 Sy ol SIS 5
P Golite bl wasio Cldllae wyy ;5 (DA ,0V) 245
~ie Sl (Bipg S A Bl 0 A (38 b Sl
Sde (S (Sl Cumdg i (o bdiges g b Wlgs
28l basye cpyed M 9 o

A ogid g oy Cllad 51 punnilSeo

b by il Sdplie bt Jolss 5 (355 slaclls
L dwglio )3 Ll LS Slower Jlas 5l a8 VLS5 0 A (g

! High-intensity continuous training
2 Ren

3 Shahraki

4 Khabiri



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15

search in Exercise lutrition g

YL zokaw o5 s o lis 00 laeshy &8 b >
oo Sl o)l ) G0 A g o Ll SIS
b gl b oamsie LialEl 48 ERK1Z (SilliSew
9 Sl Clld oy bl jogad )3 dbgye slapuslSe
(YA) cwl oxle 8L adlisl o5 (53,5 0 A peid Folow
OSee Odgudl & Colue (23555 Cllid dde I (S
gy FEAS 5 (53 (9355 )0 A (898 > Clpss b
cilb » TLRA Kl b S cel oS g ool
S s 8l slajbySlo haw o 5l Yloisl o
golaw ) e | a8l @l o Sdngly Jl ool b (VA)
iJold a8 disly LS (o9 Cllad 0,90 Gl g A (13928
939 Calld 0)9d Sl A 598 pSediy i pis
D)y Callsd 095 Sl A g il (YY) oS 5
F o A 088 gy pas (VA) @ae SYsb S5
I glaod ¥ S g (FA) (il (h)y9 culled aiin
ey calld s A g el Jlinl ol

Aadee ol |y (s5lgm

Research in Exercise Nutrition, 2022; 2(2): 47-60.

(o) PPAR-Y) LIS osisS iS5 psj (puslyy b saiJld
SdisS i bl 08 TS oS slS tals
3 el iy (sla s e b olyen F(ROS) Jlsb (5005
sls 35 AR oJsie b o) B gy csibels (0)
(ASL60) (5 S 15+ (sl rpmudlgind 5 (250
5 568 Joot dgum el &S cul auds ol lis 5T Akt
ol 2 @l sz (VF) 29die odgudl 4 Cunglie ials
35 A g o Gl Syl & Cad 2Blite o
o3y Ui )y LS 5 Silon (b)yg Cullid 0)9d S I
LA 38 &S b ol Invitro olalejl (FY) cul ons
GLUT-4 sl zals o] Cilse s PASLE0 5 pAKt ials
—o 0Bl ) Sl dlae So5 Cla alewdl lis 4
oA s L (YY) hlSen 5 Fodle cloasl ms
Ol 5 S ey Sl CMas (gudl 4 Cunglia
2 0By 8B IS Jed dgme ) iSe oS 3 e
A g inlS > & Caul S NAFLD 4 Siso oy
oS awd e i ol SKimeh cpl gleodly Jb pl bbb
0888 Fomb A e Sl ) Jitee (o355 clld
23 gl (FoWV) ohKan 520 (FY) aaoe ialS 1) A
23U 53, 2 S1ss 5b & A 555 o LS| K, o8
U5 465 0358 3 JiSw 5 Sl alds g 05,5
aS 10,8 os8 o Simes cpl b 0939 oy b (TLR)
& ul oyiwd 3 (Gbiye Sl Sl 658 A (i
S TLRA & dily ol & Cuglio pdaw cusl San
FRAS L a8 Jolii g A (598 58 plawdly clile )b
ol sl See ol cpl amd ialS o cdl
ol b 2gd (St (28555 Cllad Iy ] 4 sl
FFAS GliS 5 (o8))g Colld & 0050 00000 ol ood ¢ J>
L FFAS jl il glgl 4 A (95 w3 o yueid |y LoDl
& S5 e 255 oS Oge St Olite 1S 5 e
Ol ol plo ol Saolly sl wile gludl G (slasgw!
Cunl (S0 (5859 b 5|y basdly slo FFA oS 5
(YA) 3)i% 56 TLRA JuSw sl 0 A (3 Uy
lowsdly FFAS o il o5 amd e ol baosls 5 3
—io ol NF-KB cld (il b 1) ous A o858 ol

! peroxisome proliferator-activated receptor y
2 Glucolipotoxicity

3 Reactive oxygen species

4 Malin

5 Lee



.. @R

search in Exercise lutrition

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(S3lgp (o359 Cllad JWn A (558 (Bl (Jleis] (L mansSe I slmands Y IS

SREBP-1c 4
PPAR-y T

Intrahepatic fat content |

N

Aerobic exercise

Adiponectin T

reactive oxygen species J
proinflammatory mediators |-

FFAs AMPK T Hepatic glucolipotoxicity J

l/

Fetuin-A

Chooi YC, Ding C, Magkos F. The
epidemiology of obesity. Metabolism.
2019;92:6-10.

Bourebaba L, Marycz K.
Pathophysiological Implication of Fetuin-
A Glycoprotein in the Development of
Metabolic Disorders: A Concise Review.
Journal of Clinical Medicine.
2019;8(12):2033.

Goustin AS, Derar N, Abou-Samra AB.
Ahsg-fetuin blocks the metabolic arm of
insulin action through its interaction with

the 95-kD B-subunit of the insulin
receptor. Cellular signalling.
2013;25(4):981-8.

Hennige AM, Staiger H, Wicke C,

Machicao F, Fritsche A, Haring H-U, et
al. Fetuin-A Induces Cytokine Expression
and Suppresses Adiponectin Production.
PLoS ONE. 2008;3(3):e1765.

Shen X, Yang L, Yan S, Zheng H, Liang
L, Cai X, et al. Fetuin A promotes
lipotoxicity in B cells through the TLR4
signaling pathway and the role of
pioglitazone in anti-lipotoxicity.
Molecular and Cellular Endocrinology.
2015;412:1-11.

Trepanowski JF, Mey J, Varady KA.
Fetuin-A: a novel link between obesity
and related complications. International
Journal of Obesity. 2015;39(5):734-41.
Lackey DE, Lazaro RG, Li P, Johnson A,
Hernandez-Carretero A, Weber N, et al.
The role of dietary fat in obesity-induced
insulin resistance. American Journal of
Physiology-Endocrinology and
Metabolism. 2016;311(6):E989-E97.

https://researchinexercisenutrition.com

& 5 4o
Cenglio by 4 pie by SYMS] 5 (Sl (S 5k 4
Ol 2 2gdie (Sl slagsslon jhad il g dgedl 4
ly (Pl G Canl (Ko 4S5l i e (S S Bl
088 oolel pl S Bl (Sl b b je Sl ol
@ Splie SYMBI (gl Lol jlad Lle S
4 9 TLRA & FFA Jlasl Jupews dlawly 4 a5 395 0 Lo
it orizen 5 o) Gty soosSsale @iy ol JWd
L3y )Slo 09,5 05y 9 (202 b oI 4 Wajlog Sle Soi
bl esl (M) Ll i g5 4 (M2) ool 05 65
(Jlie ) 39800 Bla 33l 3 (Sglie (Slacsilon 205 L
oley 9 S ulp e Sl Slge ilan Slypes
o 5 s Sl & sl o b Lagye oYBS! 5 L3l
Ciges Bl o a1 A g ialS ams p Glyuss
oS e ol ilen (hjyg Clld b basye Sl

oy 4 A

il gy S8 3 A y5gd LialS (gl (g se g cslsm
DOl S5 & L) pMel Bty s@8le (5l
D)6 35 dlie oyl ogad > adle

&lo

[1] Boutari C, Mantzoros CS. A 2022 update
on the epidemiology of obesity and a call
to action: as its twin COVID-19 pandemic
appears to be receding, the obesity and
dysmetabolism pandemic continues to
rage on. Elsevier; 2022. p. 155217.



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15 g

OR2

esearch in Exercise lutrition OA

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Dogru T, Kirik A, Gurel H, Rizvi AA,
Rizzo M, Sonmez A. The Evolving Role
of Fetuin-A in Nonalcoholic Fatty Liver
Disease: An Overview from Liver to the
Heart. International Journal of Molecular
Sciences. 2021;22(12):6627.

Mathews ST, Singh GP, Ranalletta M,
Cintron VJ, Qiang X, Goustin AS, et al.
Improved  insulin  sensitivity  and
resistance to weight gain in mice null for
the Ahsg gene. Diabetes.
2002;51(8):2450-8.

Von Loeffelholz C, Horn P, Birkenfeld A,
Claus R, Metzing B, Dodcke S, et al.
Fetuin A is a predictor of liver fat in
preoperative patients with nonalcoholic
fatty liver disease. Journal of Investigative
Surgery. 2016;29(5):266-74.

Yang SJ, Hong HC, Choi HY, Yoo HJ,
Cho GJ, Hwang TG, et al. Effects of a
three-month combined exercise
programme on fibroblast growth factor 21
and fetuin-A levels and arterial stiffness in
obese women. Clinical Endocrinology.
2011;75(4):464-9.

Lin X, Braymer H, Bray G, York D.
Differential expression of insulin receptor
tyrosine kinase inhibitor (fetuin) gene in a
model of diet-induced obesity. Life
sciences. 1998;63(2):145-53.
Samocha-Bonet D, Tam CS, Campbell
LV, Heilbronn LK. Raised circulating
fetuin-a after 28-day overfeeding in
healthy ~ humans.  Diabetes  Care.
2014;37(1):e15-€6.

Chatterjee P, Seal S, Mukherjee S, Kundu
R, Mukherjee S, Ray S, et al. Adipocyte
fetuin-A  contributes to macrophage
migration into adipose tissue and
polarization of macrophages. Journal of
Biological Chemistry.
2013;288(39):28324-30.

Dasgupta S, Bhattacharya S, Biswas A,
Majumdar SS, Mukhopadhyay S, Ray S,
et al. NF-xB mediates lipid-induced
fetuin-A expression in hepatocytes that
impairs adipocyte function effecting
insulin resistance. Biochemical journal.
2010;429(3):451-62.

Lee M-H, Klein RL, EI-Shewy HM,
Luttrell DK, Luttrell LM. The adiponectin
receptors AdipoR1 and AdipoR2 activate
ERK1/2 through a Src/Ras-dependent
pathway and stimulate cell growth.
Biochemistry. 2008;47(44):11682-92.

Research in Exercise Nutrition, 2022; 2(2): 47-60.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Pal D, Dasgupta S, Kundu R, Maitra S,
Das G, Mukhopadhyay S, et al. Fetuin-A
acts as an endogenous ligand of TLR4 to
promote lipid-induced insulin resistance.
Nature Medicine. 2012;18(8):1279-85.
Park YS, Yoon Y, Ahn HS. Platycodon
grandiflorum  extract represses  up-
regulated adipocyte fatty acid binding
protein triggered by a high fat feeding in
obese rats. World  Journal  of
Gastroenterology: WJG.
2007;13(25):3493.

Azali Alamdari K, SatarZadeh R. Impact
of Aerobic Training and Vitamin D
Supplementation on Hunger Rate and
Serum Ghrelin and Insulin in Middle
Agead Females with Metablic Syndrome.
Research  in  Exercise  Nutrition.
2022;1(1):13-1.

Babaei S, Fattahpou marandi M. The
effect of 12 weeks of aerobic training and
zinc supplementation on interleukin 1 beta
and TNF alpha in women with type 2
diabetes. Research in Exercise Nutrition.
2022;1.-:(%)

Hadi S, ghasemnian A. The effect of
endurance training and supplementation
with L-arginine on the activity of
glutathione peroxidase enzyme and total
antioxidant capacity of skeletal muscle of
male wistar rats. Research in Exercise
Nutrition. 2022;1.-:(Y)

Naghizadeh H. The effect of eight weeks
of endurance training with alkaline water
consumption on antioxidant status and
lipid peroxidation in inactive obese men.
Research  in  Exercise  Nutrition.
2023;1(4):81-100.

Trepanowski J, Mey J, Varady K. Fetuin-
A: a novel link between obesity and
related  complications. International
journal of obesity. 2015;39(5):734-41.
Ramirez-Vélez R, Garcia-Hermoso A,
Hackney AC, lzquierdo M. Effects of
exercise training on Fetuin-a in obese,
type 2 diabetes and cardiovascular disease
in adults and elderly: a systematic review
and Meta-analysis. Lipids in Health and
Disease. 2019;18(1):23.

Denecke B, Graber S, Schafer C, Heiss A,
Woltje M, Jahnen-Dechent W. Tissue
distribution and activity testing suggest a
similar but not identical function of
fetuin-B and fetuin-A. Biochemical
Journal. 2003;376(1):135-45.



search in Exercise lutrition

.. @R

1o 3le ¢F 0 loid cpgd Jlu/ (o) 39 MK 48 dg R

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

insulin resistance in type 2 diabetic and
nondiabetic  subjects. Diabetes care.
2006;29(2):468.-

Stefan N, Hennige AM, Staiger H,
Machann J, Schick F, Krober SM, et al.
a2-Heremans-Schmid Glycoprotein/
Fetuin-A Is Associated With Insulin
Resistance and Fat Accumulation in the
Liver in Humans. Diabetes Care.
2006;29(4):853-7.

Mathews ST, Rakhade S, Zhou X, Parker
GC, Coscina DV, Grunberger G. Fetuin-
null mice are protected against obesity
and insulin resistance associated with
aging. Biochemical and Biophysical
Research Communications.
2006;350(2):437-43.

Stefan N, Hennige AM, Staiger H,
Machann J, Schick F, Krober SM, et al. 2-
Heremans-Schmid Glycoprotein/ Fetuin-
A Is Associated With Insulin Resistance
and Fat Accumulation in the Liver in
Humans. Diabetes Care. 2006;29(4):853-
7.

Stefan N, Sun Q, Fritsche A, Machann J,
Schick F, Gerst F, et al. Impact of the
adipokine adiponectin and the hepatokine
fetuin-A on the development of type 2
diabetes: prospective cohort-and cross-
sectional phenotyping studies. PloS one.
2014;9(3):92238.

Meex RC, Watt MJ. Hepatokines: linking
nonalcoholic fatty liver disease and
insulin  resistance. Nature Reviews
Endocrinology. 2017;13(9):509-20.
Blumenthal JB, Gitterman A, Ryan AS,
Prior SJ. Effects of exercise training and
weight loss on plasma Fetuin-a levels and
insulin sensitivity in overweight older
men. Journal of diabetes research.
2017;2017.

Malin SK, Mulya A, Fealy CE, Haus JM,
Pagadala MR, Scelsi AR, et al. Fetuin-A
is linked to improved glucose tolerance
after short-term exercise training in
nonalcoholic fatty liver disease. Journal of
Applied Physiology. 2013;115(7):988-94.
Rauth G, Pdschke O, Fink E, Eulitz M,
Tippmer S, Kellerer M, et al. The
nucleotide and partial amino acid
sequences of rat fetuin: identity with the
natural tyrosine kinase inhibitor of the rat
insulin receptor. European journal of
biochemistry. 1992;204(2):523-9.
Kalabay L, Chavin K, Lebreton J-P,
Robinson K, Buse M, Arnaud P. Human

https://researchinexercisenutrition.com

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sakr HF, Al-Hashem FH, EI-Naby WMH,
Alkhateeb MA, Zaki MSA, Refaey HME,
et al. Preventive roles of swimming
exercise and pioglitazone treatment on
hepatic dysfunction in a rat model of
metabolic syndrome. Canadian Journal of
Physiology and Pharmacology.
2014;92(2):162-70.

Lee S, Norheim F, Gulseth HL, Langleite
TM, Kolnes KJ, Tangen DS, et al.
Interaction between plasma fetuin-A and
free fatty acids predicts changes in insulin
sensitivity in response to long-term
exercise. Physiological reports.
2017;5(5):e13183.

Mori K, Emoto M, Araki T, Yokoyama H,
Lee E, Teramura M, et al. Effects of
pioglitazone on serum fetuin-A levels in
patients with type 2 diabetes mellitus.
Metabolism. 2008;57(9):1248-52.

Ix JH, Shlipak MG, Brandenburg VM, Ali
S, Ketteler M, Whooley MA. Association

Between Human Fetuin-A and the
Metabolic Syndrome: Data From the
Heart and Soul Study. Circulation.

2006;113(14):1760-7.

Samadi A, Abbassi Daloii A, Barari A,
Saeidi A. The effect of twelve weeks of
combined training with and without
canagliflozin consumption on fetuin A
and fetuin B in type 2 diabetic men.
Journal of Basic Research in Medical
Sciences. 2020;7(4):20-30.

Stefan N, Fritsche A, Weikert C, Boeing
H, Joost H-G, Haring H-U, et al. Plasma
Fetuin-A Levels and the Risk of Type 2
Diabetes. Diabetes. 2008;57(10):2762-7.
Sun Q, Cornelis MC, Manson JE, Hu FB.
Plasma levels of fetuin-A and hepatic
enzymes and risk of type 2 diabetes in

women in  the Us. Diabetes.
2013;62(1):49-55.
IXx JH, Wassel CL, Kanaya AM,

Vittinghoff E, Johnson KC, Koster A, et
al. Fetuin-A and incident diabetes mellitus
in older persons. Jama. 2008;300(2):182-
8.

Ix JH, Biggs ML, Mukamal KJ, Kizer JR,
Zieman SJ, Siscovick DS, et al.
Association of fetuin-a with incident
diabetes mellitus in community-living
older adults: the cardiovascular health
study. Circulation. 2012;125(19):2316-22.
Mori K, Emoto M, Yokoyama H, Araki T,
Teramura M, Koyama H, et al.
Association of serum fetuin-A  with



cer S (o B4 (905 JIGT 2A (i gid g 5 31ep b )39 sl 15

OR2

search in Exercise llutrition &

[53]

[54]

[55]

[56]

[57]

[58]

randomized trial. Metabolism.
2018;78:128-40.

habibi maleki a, Tofighi A, Ghaderi
Pakdel F, Tolouei Azar J, ehsani far m.
The Effect of Three Different Exercise
training on Blood Lipid Profile, Fetuin-A,
and Fibroblast Growth Factor 21 (FGF-

21) in Visceral Adipose Tissue of Obese

Rats. Jundishapur Scientific Medical
Journal. 2020;19(1):109-22.
Ren G, Bowers RL, Kim T,

Araya-Ramirez F, Mahurin AJ, Dean DM,
et al. Alterations of Serum
Ser312-Phosphorylated Fetuin-A  from
Exercise-Induced Moderate Body Weight
Loss in Individuals with Obesity. Obesity.
2020;28(3):544-51.

Ren G, Bowers RL, Kim T, Mahurin AJ,
Grandjean PW, Mathews ST. Serum
fetuin-A  and Ser312 phosphorylated
fetuin-A responses and markers of insulin
sensitivity after a single bout of moderate
intensity exercise. Physiological Reports.
2021;9(5):e14773.

Shahraki A, Vahidian-Rezazadeh M,
Nikoofar M. Impact of aerobic and
combined exercise training on serum
levels of Fetuin-A and some metabolic
syndrome indices of overweight and obese
women: A clinical trial study. KAUMS
Journal (FEYZ). 2020;24(3):322-31.
Khabiri P, Rahimi M, Rashidi I, Nedaei S.
The Effect of Aerobic Training and Aged
Garlic Extract Supplementation on Plasma
Fetuin-A Levels and Insulin Resistance in
Obese Male Rats. Iranian Journal of
Endocrinology and Metabolism.
2022;24(3):167-77.

Khabiri P, Rahimi MR, Rashidi I, Nedaei
SE. Impacts of an 8-week regimen of aged
garlic extract and aerobic exercise on the
levels of Fetuin-A and inflammatory
markers in the liver and visceral fat tissue
of obese male rats. Clinical Nutrition
ESPEN. 2023;58:79-88.

Research in Exercise Nutrition, 2022; 2(2): 47-60.

[46]

[47]

[48]

[49]

[50]

[51]

[52]

recombinant alpha2-HS glycoprotein is
produced in insect cells as a full length
inhibitor of the insulin receptor tyrosine
kinase. Hormone and metabolic research.
1998;30(01):1-6.

Srinivas P, Wagner AS, Reddy LV,
Deutsch D, Leon MA, Goustin AS, et al.
Serum alpha 2-HS-glycoprotein is an
inhibitor of the human insulin receptor at
the tyrosine Kkinase level. Molecular
endocrinology. 1993;7(11):1445-55.

Pan X, Wen SW, Bestman PL, Kaminga
AC, Acheampong K, Liu A. Fetuin-A in
Metabolic syndrome: A systematic review
and  meta-analysis. PLOS  ONE.
2020;15(3):€0229776.

Schultes B, Frick J, Ernst B, Stefan N,
Fritsche A. The effect of 6-weeks of
aerobic exercise training on serum fetuin-
A levels in non-diabetic obese women.
Experimental and clinical endocrinology
& diabetes. 2010;118(10):754-6.

Reinehr T, Roth CL. Fetuin-A and Its
Relation to Metabolic Syndrome and Fatty
Liver Disease in Obese Children Before
and After Weight Loss. The Journal of
Clinical Endocrinology & Metabolism.
2008;93(11):4479-85.

Malin SK, del Rincon JP, Huang H,
Kirwan JP. Exercise-Induced Lowering of
Fetuin-A May Increase Hepatic Insulin
Sensitivity. Medicine & Science in Sports
& Exercise. 2014;46(11):2085-90.
Sargeant JA, Aithal GP, Takamura T,
Misu H, Takayama H, Douglas JA, et al.
The influence of adiposity and acute
exercise on circulating hepatokines in
normal-weight and  overweight/obese
men. Applied Physiology, Nutrition, and
Metabolism. 2018;43(5):482-90.

Winn NC, Liu Y, Rector RS, Parks EJ,
Ibdah JA, Kanaley JA. Energy-matched
moderate and high intensity exercise
training improves nonalcoholic fatty liver
disease risk independent of changes in
body mass or abdominal adiposity — A



