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Abstract

Aim: Liver haptokines are influential factors in diseases related to obesity. Exercise and
nutrition are two basic interventions in controlling obesity. The aim of this study was the effect
of aerobic and resistance training during ketogenic diet on serum fetoin A levels, blood lipid
profile and liver enzymes in overweight and obese boys. Methodology: 36 overweight and obese
inactive male students who had a body mass index above 25 kg/m2 were selected voluntarily
and available sample. Then they were randomly divided into three groups: aerobic training
during ketogenic diet (12 people), resistance training during ketogenic diet (12 people) and .
ketogenic diet alone (12 people). Aerobic exercises consisted of moderate intensity running for ﬁ

6 weeks and three sessions per week. Resistance training consisted of circuit strength training i

for six weeks and three sessions each week. The ketogenic diet consisted of restricting

carbohydrate intake to less than or equal to 10% of total daily energy intake. Fasting blood

sample was taken in pre-test and post-test. A two-way mixed analysis of variance test wasused Scan this QR code to see the
for statistical analysis. Findings: According to the results of the interaction of time in the group, ~accompanying video, or visit

no significant difference was found between the groups in the amount of fetoin A (p>0.05), but jahssp.azaruniv.ac.ir

the time factor showed a significant difference (p=0.001) and also every The three groups had a

significant decrease in fetoin A compared to the pre-test state. The interaction of time in the 1. Department of sport physiology
group did not show any significant difference between the groups in the lipid profile and liver and corrective exercises, Sport
enzymes (ALT and AST) (p>0.05). However, the results within the group showed a significant sciences faculty, Urmia
decrease in low-density lipoprotein, total cholesterol, ALT and AST, while a significant increase
in high-density lipoprotein in all three groups (p<0.05). Conclusion: According to the results, it
seems that both types of aerobic and resistance exercises during the ketogenic diet can be a useful
intervention to improve fetoin A, liver enzymes and lipid profile in overweight and obese people
compared to the pre-test. be made But no difference was observed between the two types of
exercise. Also, both aerobic and resistance exercises during the ketogenic diet were not superior
to the ketogenic diet alone in the measured heptokine factors and lipid profile.
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Extended abstract

The rise in non-communicable diseases such as heart diseases, diabetes, and obesity in recent years has been attributed to
lifestyle changes, particularly in dietary and behavioral patterns. This trend is a significant public health issue globally
and has reached a critical level. Recently, it has been demonstrated that several hepatokines are linked to markers of
obesity and insulin resistance and play a significant role in the metabolism of both central and peripheral tissues. These
hepatokines are primarily synthesized by the liver and include fetuin-A and -B, FGF21, and SHBG. Fetuin A is one of
the important hepatokines in obesity .Fetuin-A is related to insulin resistance in muscle and fat tissue. Its serum
concentration is directly related to insulin resistance and dyslipidemia. A review study and meta-analysis that investigated
the effect of exercise training on fetuin-A levels in obese, diabetic, and cardiovascular patients concluded that exercise
generally reduces circulating levels of fetuin-A. Considering the interventions related to obesity, it can be argued that diet
is a contentious topic in this area. The ketogenic diet, which involves limiting carbohydrates and incorporating exercise,
has been identified as a significant method for managing weight and obesity. This program is particularly beneficial for
individuals struggling with obesity and athletes aiming to shed excess weight. Research has indicated that solely following
the ketogenic diet may lead to a decline in lean body mass alongside fat reduction. Therefore, combining this diet with
physical activity can enhance lean body mass and optimize weight loss outcomes. The impact of aerobic and resistance
exercises combined with a ketogenic diet on hepatokines and liver enzymes has not been studied yet. It remains uncertain
if the mechanism behind the effectiveness of exercise and the ketogenic diet in combating obesity and related illnesses
involves a change in hepatokines.

Materials and Methods

36 overweight and obese inactive male students who had a body mass index above 25 kg/m2 were selected voluntarily and available
sample. Then they were randomly divided into three groups: aerobic training during ketogenic diet (12 people), resistance training
during ketogenic diet (12 people) and ketogenic diet alone (12 people).

Ketogenic diet

The ketogenic diet was recommended and monitored using the research conducted by Green et al. (2018) and Vargas et al. (2018).
the prescribed diets were determined by the amount of carbohydrates consumed, which constituted the total calorie intake. During the
ketogenic phase of the diet, participants were advised to consume specific levels of nutrients (70% fat, 20% protein, and less than or
equal to 50 grams or 10% carbohydrates) and received guidance on nutritional sources to assist with adherence to the ketogenic diet.
Exercise training programs

The research involved a six-week protocol of continuous aerobic exercises with moderate intensity, consisting of three running
training sessions per week. The intensity of the training was set at 60-70% of HRmax. Initially, the first two weeks of training began
at 60% intensity, with 5% being added every two weeks thereafter. A heart rate monitor was used to control the exercise intensity.
Each session included a 10-minute warm-up and cool-down involving light jogging and stretching. The main training session, in
addition to warm-up and cool-down, lasted 40-60 minutes. Initially, the first two weeks started with a 40-minute duration, with 10
minutes being added every two weeks to each training session.

The resistance training program lasted for 6 weeks with three sessions each week. During each session, participants completed two
short circuits. The first circuit consisted of exercises such as knee bends, chest presses, and leg extensions. The second circuit included
underarm rows, squats, and barbell forearm curls. Both circuits were completed for 3-5 sets. Initially, participants started with 3 sets
in the first two weeks and added one set every two weeks. There was a 35-second rest period between each exercise. Each movement
was performed at 100% intensity, based on the individual's 6-repetition maximum (6RM) weight. The 6RM weight used was typically
85-90% of the individual's 1-repetition maximum (1RM). Each circuit was preceded by a 5-minute active rest period to warm up using
movements similar to those in the circuit. The warm-up for the first circuit included 5 minutes of warm-up sets of leg curls, chest
presses, and leg raises with 10 repetitions at 50% intensity and 8 repetitions at 75% intensity of their 6RM weight. The warm-up for
the second circuit involved 5 minutes of exercises like cable rows, half squats, and barbell curls, similar to those in the circuit.
Biochemical analysis
Blood samples (5 ml) were taken at two different times - two day before the first training session (pre-test) and 48 hours after the last
training session in fasting status. Serum levels of Fetuin-A were measured using the ELISA method, with a kit from Elabscience, USA.
Levels of total cholesterol, low-density lipoprotein, and high-density lipoprotein were measured using enzymatic staining kits from
Bayerpaul Company, manufactured in Iran.

Results
According to the results of the interaction of time in the group, no significant difference was found between the groups in the amount
of fetuin-A (p>0.05), but the time factor showed a significant difference (p=0.001) and also every The three groups had a significant
decrease in fetuin-A compared to the pre-test state. The interaction of time in the group did not show any significant difference between
the groups in the lipid profile and liver enzymes (ALT and AST) (p>0.05). However, the results within the group showed a significant
decrease in low-density lipoprotein, total cholesterol, ALT and AST, while a significant increase in high-density lipoprotein in all three
groups (p<0.05).

Discussion
According to the results, it seems that both types of aerobic and resistance exercises during the ketogenic diet can be a useful
intervention to improve fetuin-A, liver enzymes and lipid profile in overweight and obese people compared to the pre-test. Be made
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But no difference was observed between the two types of exercise. Also, both aerobic and resistance exercises during the ketogenic
diet were not superior to the ketogenic diet alone in the measured hepatokines factors and lipid profile.

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://doi.org/10.22049/jahssp.2024.29601.1643

JAH Ss P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

0338 83999 38 50 (S (88 pilf Wl
¢ Jol osled (e 3l98 Jlw
oot oh Sbomio V68 3kl 9 5le

Open Access g o

o Jlg g A (pogid oo Zobaw g SRS 218 ) (b (oglio 9 (53lgB oy po Jil
B2 9 (139 WLSI G1y1s ol juany 10 S G w2 35T 5 (y95

' S ldllgd Ls yaemme M Slas Wb (! g pmane Sl
VELY /20T Ly iy g, \E 23 FRR VR I AN

S
2 olol Sl 93 0335 5 (3555 il e (B b ladye slagylen 3 18,50 Jalse Sl suS slanszn 1dad
ApSgS oy Tolw 2 K598 QI ) (b (seslie § lgr yed U Sl addllae jl Ban sl Bl S
Jibye 350 o5mtils Y7 1 ol (59 352 3l 5 g 8Ll (sl ol 5 535 sloml 9 095 S R
Wb Ol o pied ) diges g aldbgly jglay siiily kg/m2 YA sYL Su 0355 (aslis a5 sl g 59 a8lsl gl
(BVY) S35 w3y o steglie (el 585 VV) S5sS 023) o ilon (a8 09,5 A 3 (Bolal yobo &y s
g an 5 ke & gl Gab b (pgd ol (53lan (859 Sliz o5 A0S e (15 V) (2o & S55955 25 9
SIS 023y gt el Ao dlin y0 g e (LD ke 4y (Slold (535 Sl jeT Jols gteglie gy yeT gy dunl> dw atin
5 0903 Ll ) 3L S8 Lges dg gy (8L (6551 JS LV e (ola b yieS (8L ,3 Slydumgy S Cusgae ol
Jolss ol B AUl 5 odlinal anl) 93 (oS 5 ibly el (igejl 51 ool el (sl b 438,890l g
i o sine slis oloj Jole Lol op>+/+0) 25 CELA. g lien )3 WoogsS o I (ine 3lis 09,5 53 Lo
oo Jolss uizdls A (3353 i 3 ()l stme SIS (90l Gy Sl 4y Sl 09,5 s o (yizzen g (p=+/ <)) ol

]

u
'}
Pl pob dlie s Mg 0 358 QR Sl b
S adaliio www jahssp.azaruniv.ac.ir/. colw

s s Sidmm e S )
oMLls (3 pske 2aSLs (SOl

.f)‘;_l\ EWTSIRTWES

s I bp>e/+0) 3l Lis (AST 5 ALT) a8 slaws il g otad gy y3 1y loog,S w61 size glis 09,35 4
khodaci@uminne e GRS s 3 AST AT 5 s JynlS IS o ouipsnd st S oS 090 s o
Slig el 95 93y dusy 50 51 4 S g 1§ oS AZR (p<e/+0) 31> (L 09,5 A o )3 1y S 5y (T 00

e Blg s 5 08 sl BT A (1558 390 el dudo Al lsie 4 Kl 0 S55S 0255 (b (Seglie 5 (5lsn

9 0 e A e ((5)9 e E55 90 Om FIW Jy 935 sl Dt 4 Ced Gl 5 g LTS3
S5 0jlul (Ll gim (glaygiS )0 Ll 4 SjeS w)) 4 Cumd (5 SIS my (b (steglie g (gilsm (3

Bl snS lam sl (ornd bligy A (1358 (S50 025 e toglie Gl peS «(5lgn Sl pes 35S (G Dg

il A (358 o goba p S35 e mfy (b eglie g (gilsm (ryed 0 " LS jmaome ¢S Jlaillgd (GBS SLS ol (g 1Ele ] 0920
Vo=V A(V) Y VL5550 (5l )3 (i )a 52,8 Sldllas " Gl g 59 BLST Gl (lpm 2 538 o il g o sd

Sl e g olKiily 1 pail g jlikel ol

YEVE-50-Y 1 (Sudg Sl gLl

STz ot yoantd £
DOI: 10.22049/JAHSSP.2024.29601.1643

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://doi.org/10.22049/jahssp.2024.29601.1643
https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

wWy o

2 (VN8) GhSen 5 Tilgmjpmal (1) wlioe GRIB B wS
A 855 i 559 el 550 48 3l g (950 asllla S
“n (pl 4 X392 038 (g2 (B (B e g (0L (Bl BB
A (g8 (D355 Olise (RIS Esl S 53 (Ghg (nyed &S N
2L @l eadi ) 45 392 ool Qg cpl 3 g BB S5 095 0
3 g 90,5 blod (o559 cullab glgil g ol 81 Bl L oo sslew 99
Oi,5 5k o L L(VY) cusly (g yie sad S Solad Glalllas o
K @ w)) &5 &5 Glgice (SBlo 59y 2 oad plodl Sl
Doy sl b )Saly 8Tl oo da ol > oy BB bl
Ll sl o5 (22 9 Vb ©lydeng S o b (2l38 3) 3)90 53 048
e s o5 22 gaw b (ol w2 0l plol Cllas 3k
s (s S0 5 Gl (S0 5 ol il 53T (g alS (oS
3l yo w5y ol 5l eolatul Cads ) (V) dgu (gl Mo Sl
st e b @i @) el 581 gy aile ML S Gl
31 &Sl ) iy ol S5 USiie (VF IY) simd o g | YL
BB &y o |y 03l slasid b osd (65908 clolis Ysane Gl
bl s o5 B8 mefy calply imd e ey o
Slgige & S 0l ()58 GacliapgS g WB ()55 4 by
(V0 IF) 335 (oot d s 9 01Jg e A0 5 o
05 M w3y 4 S B I3l Carge 0ad (o Jalse cnlnl
e w2y 3 oolil 53,5 0 SieS 2l ) b g S
S Gl (hiyg cudlad ol yon 4 jluungs S Codgaze b S5eS
5 3 S8 sl 0nd (s ol et S S Bl g 0
Sul 4 dog b iy pRals aab o cul SIS s
2 ogde N9 el 4 SjgS w45 wlosly i lallas
b ol S5 o )3 29 (2 g 0398 IRl el (o2 lalS
Ol 2D g 008 (22 (g 0395 dgmte el Wl oo (B9 Cullud
Oliz yo3 a8 g g9 3B J ol b dwd G381 (g 2l )3 ) w235
V) sl 05 gy pr JolS jskar S35 w5y s ae (b 53 (B9
oy ae A S (YOA) ohlen o Tl Luly cpl 0 (VA
99355 sy JKByg (e 3 1) (teglis (3305 olyen 4 S8
9 O Ojg Rl el dlaglio ( yed ol e 4y ) cnl 4 0> LS
(V8) 423 i ]y (32 g 0398 &Sl (g D9di e e (2 M)
S35 w23y oy (oglie 5 (ilgn Sliyyad glgil 80 Sl nl b
N5l & G pasuiio g Canl 02l oy p gin liee
b basye slags)lon 9 (Bl 390 1 S35 w5 9 (0)y9 b
Ol b Al leplSgin )3 s Bo)b | cul (See Ll

eyt SIS e 025 (b (eglie g jlga (05 25U

dodde
5 o slagslan Jold 1Sl Gboisjlon g8 231 sl
oSl )3 Olyuss o & g (555 oga > Ol cde 4 b
B o 53 (oo oo 53 S50 48083 S lgie 4 (5313 5 (2l
bl oy oximd Hlde e S 4y g Al ioliEl e
— o8 sl lon (s o 81 Lo g 4y 005 ploxl (sl simgy (23
el L) VM ol sl oot Y] ) 56 _Sgpe
o 3 i Gbglen Wy o (Splie ol (3,5 @2
(V) Bgdien (Bl oy 5 90U (Bgpe (A lags)len il
oMo 185 st b 4 St YMS! j 8b (gla g ylon
(Bl) 305 593 plaldl aiile (plapad L L ¢ (S8 abplas 3 Lol ecun]
dnwgi b e & (Blo )98 2980 4Bl YU 095 )L (jee
ol b 4l wxg olen b G 055 5 (22) ewdl <l
5 omb 2 bopege Sl e <l nl il sladSlee
A1 led & canl 043 (i g (V) Moo basye 58 (Samla
Wl 8 gl Yoo g0 4 VY0 Jlo B plea > (b & Mie
@ i Gy adld sy Sk wre p2)lse 1Y) A,
e Milgi oo ] .u'l)s Ol (0 F) 5905 o)Ll By ye— ol gl o
65 oS iuy 45 g (NAFLD) 1\ JISI 18 0 05 gilow &
Canglio al3dl g (155 )Lid Ll 38l ¢ oo 3 B9y (B s)low:

{F) col 3 £ b 5 dgml
Ll plSgun 5l golaw a8 wlodly i psl Gldllas Lusly opl 5o
2 ot Sl g win b pe (gl 4 Coglis 5 (Blo s asls
by Baos S glan 1) (Jame g (55550 ol punglio
5l o SHBG § FGF21 B 3 A" 355 ol abigd so As5 oS
Cosl (g p A g8 Sl A (595 (Blo )3 oo laplS g
4 OB ol d9dise o g Oy g 0ad Al 18 3 bsee oS
oered > g JUml & o)y 3l Jlal slaByn §l (S)5 098
WS o 5sle |y 053 Gl 03 39290 dlge Sl 3L S (9
oS Casl 01 lsie dgudl 03,5 B ol 58U 3590 3 (V)
e g o8y ol S (pjes cdlld e LA (g8
iz () 980 o) cullid ) Cailen el (ionodl psaudyl
4 Canglia ey oy bl g dlie 5 A (gt &S Canl 0k b yl5S
Ol & Canglio b ouditne jobo 4 (] oy e 095 o (]
A 0858 g3 0255 )3 ok () 28l LS 3 (o] 3
¥ e Cabd «Sdlio pyats sile (T L Laspo (slacs)los 5 Bl 0

3 Ramirez-Vélez

4 Vargas

Copyright ©The authors

! Non-alcoholic fatty liver
2 Fetuin A

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

¥ O AV AV WY ¥ L 5550 (S50 58 ) (o ydiS (63,8 Sladllas ), San g (¢ puare

g9 ooy slbdaliy clal 4 adn b Sde 4 beg,S sla Sdg0)]
oAl am el YA g et i oL )3 g why S5 )

03)5 8L, pod 3L (sl (9B ladiges J (uped Al

39S 24 25,

5 Blly 5 (V) e 5 n)S adlas oluly (238 w5,
S B Slaey (V0 )4) 4 S8 g g (V4 IA) oS
i o ol (Bpae oI5 S oS g Sling S Bpas 4 225 L
390 (g0 g rokans 4 o 5390 ]] (S35 025 dlo> po )3 05 4B S
IV bpyS 00 gl b jioS g (uBp IV: (o IV:) s
4 KaS (ely i plio (gl opslio 5 AD sa5 (lydemes,S
235 bl S35 w3y & gl

oL > peritne bl g (siloe (sl )b 5l e g b S2gejl
K555 wfy 02,8 S 1y He gy o osesl b)55055
w5 3 Bodgeil dude o wim p ) 5 09 (slad o olisul 3)90

038 oy (Jgene g 3le glie

oglo 9 (55lgp (o pod Sladoliy

5 Jels gy cnl )3 lawgie ot b pglie (glon Sl yes JS5gy
TEeN o pyed Gl Dg g pped Awds ¥ dtin a g dtin
5 old E9)*3Z9’ b cpped Jgl dian 93 .0 4285 ,la3 ;> HRmax
T Sy 0dlaiwl b oy el Gl b o aBlS] Mo > O dtan 9> yb
Sylilinl (9,8 3pw 5 (0)S )5 4B Ve duds ja 3 S
03 P pogde (ol ped e b plonil (iS5 p 5 690 Jols
4283 ¥ b Jol dtin 93 50 090 4By ¥o—F v awls 30 0,8 3y g
00,5 Lol (g ped dud> e 4y 488 Ve aldn 93 o g 0dd £gpd
(VY ,VY)

P> Dy i > dule duo g diin 5 ke &y aglie pyed SS9

o> Ol ol Jol 00> .00l plol oligS 0,15 93 b 52903 dunls
s ol o35 sl b Gl (25 S i oz 5 0055
9 5 ol (5] 3,5 03) oY Ao ik sl 5 Sl (25
Jol ain 93 53 (630 ¥ 5 yed 98 Pl (0 T=0 olgS 01>
Colyiol 4B YO 35 BLII (g S tid 93 2 g 3980 £9yb
00 ORM 7V as L ols s b aid S Jlas 3 e8> 2 (0
Amd plnl oS e & silgn L a8 w8 Olsal 1y (glaijy (S3ge)]
£S5 ol Jlad col il 485 0 .cwl IRM ZAD—2+ 395> ,3 6RM
a8 las 1 opls ol 53 edlil 3,90 SIS b pgd ol (lp 3,8
Al bcw Y 0,8 5 aads b Joli opls 2 3 0,8 p,5 .05

Copyright ©The authors

B S8l sl S35 ) olyan d calio (uyed JSSgp coLS
Slop Sl izmen 5 Jlad Jalse ol cua 4 o3k Coenl
&b oo b ool 3 3 (Sdplie 3)lse 9 (Bl Il S5 5350
5 Silgp oyl kol SSgp 93 4 5ol gl sl de oS le
o @ 698 g pIY S59S (HE w)) 090 o (b (teglie
5 Sl el 5 93 B ooy pl adlllan ) Bia (plpls )
o Ty S 2wy sl £ o0y93 S (b (ieglie
Bl b gl oy 0 1S Slomil g i Loy A g

el g
R H 9

o= 095 Dl Cose ol ok 5 035 (%8 €99 31yl adllae
g ol Jold (g)lel asale a3l g S35 09,5 L 9o
Wiges (wlalys a5 29y duog)l ol8isly (5 a8lisl gl 5 l> Jladyue
bty Gty (g 5l lloghy ©j90 a5 (Bolai (555
o3l dad s Ol (2 Y8 olass Jluo Yo =V 54 d8lisl g 5l
D |y asllas ol 395 slene dals (g L5l 8 gl
Jloxiul pas ¥0 (Vb (S 0395 pas L s Jold 39)9 (slo)lne
(el (i Sl lon 4 Ml pas (S B pae pas s
A riarer 00 slamloos b 5 (g5l gy lE
So g WS (o0 o2liiwsl 0ad iy (B ) 9 (2l sl JoSe
05 )b o anl b 5l wlanily e Las LialS 4usiS ole
JroSS (35 slahg) cBlaal cpgudge JolS 25 5 gt Sl
5 89 Al 5 Codlow sl o5 g aolinlis) p )8 351
by g 0nd S5 balys il 5l g b S3ge3] «Sis 5y Ay dlae
1S L oSy 3B 5 Limedy aiiaS j) MBI A8
Sy 4 255 g )b U5 ;> IRRURMIA.REC.1399.011
b olyen S35 5 09,5 (181Y) SGjgS ) A & (Soloas
staglie (3305 s olpon S50 w3 09)5 « (55 \V) slo (el
WD ety (,251Y)

ol yod S5GS 25 sSlgn e b oo S5958 w2) slog S
s doliy Sy > SjeS we)) Cale) oM aglie (peT L
438y Fe U ¥ auls yo g duds aw Jolid aton o a8 glatan ids
w3y b Gimgg e )3 S3eS m)) 09,5 &5 Jlsyd b plox]
s pod ol gy 5l b celw FA 60,8 JUis g baas |y 05
O ooy gl 2l yobte 4 (£ Sgn S5eS 2liE w3

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

Nno o

Wadl
21 BMI g s g 055 38 dlox Sl la ogesl &) bgspo oy L]
bl Jgas (gl ol 513 o0l (L ) Jpoo 3 oy S 51 Sypm
A 50)5 oolatwl Shg—gumli yaejl 5l bodly x5e5 09 Jboy jl
$Rod (poyn Sly emes il (b odly @ ol Gl
— sl ol s gl 4 0 eoliel yg) s 1 lbog S s el
by i gl 5y 1y b iyl Ko (5,8 (555 03l 350 sl
VEASYFAD P = [+ o0\ ) A 595 sl o (9,5 9y Jols
P = +/AYY) Cass o bxe 09,5 5 oy Jolss Jg cawl > sz (F
0993 Gl b 4 Cand 0,5 dw pa Gwizmen (FISN=4/0VY
s yasli ol LS gl Wl A (158 l5ae )0 (gl gime il
L5 & gloj 235 g Jole 3 LDL 3 HDL el
5 (FASA=F0AY P = o[+ ) ) ((FSN=OF/FA P=+/++2))
ALT & Lbgyo gl ol S5 gine (FVFA=YY/+5 P = +/v0))
=l V) bowiy 4 gloj (295 (950 Jele 3 3 (L AST
ol 5 ize (FVFA=YAED P = +/++21 ) 4 (F \SA=\Y/FY P
Celis gl sloysie Jl S g 3 09)5 5 ploj Jel izmen
G5 (25,5 97> @l (Jlo ¢l b (P +1+) Bl 392 5 bl
> > AST g ALT 5 pb Jopuuls’ (J o5 (g n00) 3 sine

b ol 05w o 3 1y S 2 gl o il &5
(p<-1-0)

eyt SIS e 025 (b (eglie g jlga (05 25U

Voo e bl gle 008 wh ¢S p e o d 05 03
2,5 3,5 plosl (GRM) ZV0 s b ,1,S5 A 4 (6RM) /8- b ,1,S5
(S o S S b iy 0 Jold op pgd 00b (gl 0,8

S Vb ey wilan (5 5l 9l sl 5 dei lgSul

cstloadgnr 5IUT (109,
P g Al Camdg 3 i Cawd Syl S () (e 0) 35 09>
o) e dule (gl 1 ) o eals ye 93 53 colyil s
om 9F i 3 opyed sty BT 5 G ol ¥A 5 (905
1Y) oy b T (5988 (goer ol b plo] Ll celio VY b )+
Wb (650}l 1S, o] Elabscience 8 5 cuS 3,k 5l (ELISA)
o3l A/¥A=F+ + ng/mL 4 &/ ng/mL awbs § Cawlus s &5
52 Ol & 98 2 iy e ] (o 0358 (a3LS (e gl b aB S
2 OSaned 9 J& o5 (Saned U Jopds polie ad oalil
8 b sl oS b or3l gl ) torias g 5l 0ol b S
A5 6ySois) oyl il sl
olol il g 455
092 Jloy «Shgmgymld ooil b bl pb (slaodlsy (690 oz 5l
5 Sl By el Sl Sl D gy sy e
5ol anly 93 uilyly oo (ygesl 51 S35938 023 9 (stoglie
09031 3| (o295 o gl duglie (sl omizeen b o3l S
5 03zl (295 t seil 3l (2955 (900 Anlie 5 Sgsisy (oS
SPSS 24 58l p 5 5l (g )lel sloygesl plol g il 5 4529 (ol
i odlaiwl /o0 (g)ld gize plaw jd

Ujfa\.wkgud}zjﬂﬂ«.zlaﬁf o s Olasie N Jgde

SN 03y as b (pS9S) 039 | (e (Hlw) 28 | (Jlw) oo 09,5
(&250 y0 2 055 5kS)
AIARE= =AY I VoYV £ Y/¥¥ VAY/SY £ O/FY Y/AY £ V00 &ﬁ;,,:s

VoY £ Y/¥. Vo ¥/0F £ YA

VAY/YY £ o/vy

YoIY0 £ V/¥A S35 0255 P S3l9% Crtyed

YAIVY £ <Jay VYIAS £ YA

VAVYY £ YIYA

VAo VY SS9 w3y P T8

<Y Vs AR 100 29,5 o P ol
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

W o

G sl w2l g Apmigd gl adl) 93 uilyly JoS (ige3l (5ol gl T Jgue

.\Y'—\'/\((\) VY :VF.¥ L)"))? ‘5)9J9J)J 2 (ST d)x)l; Oladllas ‘O\)K.o.h 9 L pam

03031 09031 iy
P 2ol Jalie 31 1 400! % 1K ko) N JE EENCH WY W 0,5 W i
(515 bno! (5wt
o[ ob; # SRV £ VY - AAEY £ \Y/5Y S
I£3) 5 IR EI N Av/ay £ 1)/ S5 waly b sl A ooy
: ) ®57l AN 5555 w3y b Silse Gyel
mg/mL)
-/a¥y 09,5%)loj # VV/EY £ YA /o VoF/aY £ VYR S35 waly b (5B ped
ofeen olej RAVATERLVA A ERYIR § Sje8
/ ¢ * e . . ALT
-IvY 09,5 YYES £ Y0 DAIAY £ YY/-¥ S35 waly b slen e (U/L)
<IN 09,5% ko *yLiov £ Y- Jov falvs £14/) S35958 w1y b (58 cpaye
e olej #VVFY £V /00 S¥IVA £ YY/YVA Sies
. AST
QINYA 055 # \F/¥ £ 2/¥Y OV/YA £ ¥Y/¥A 595 waly b Giler e (U/L)
TAE 09,5% )l *\o/s¥ £ 7.5 05O £ YA/Y S35 way b (595 ey
0925] L 4 Comd )bline cglis odimd L # cdle
O S JoBgy g1y adly 93 il lg Jalod 9031 (55 lol gl Y Jgua
YIS RYS{E
P23l Jile 51 Bl 21 (S5 o) I ERCY) B 09,5 b yazio
(5,15 tus! (35!
e ol #1100 /L £ TY/0Q YRV £ £0/) Se598 L
P Jg ks’
YV o5 S #4V/09 & 09/Y1 Va0/VE £ ¥/ S50 25y b Silor oy (mg/dl)
ya\% o5 Sx0b ERRVNATEE-FAVAC YYo/Ye £ 0A/YA S35 w05y b (598 s
/e Ol #Y0/rV £\ /v V/eq1 £ Y/ Y S5eiS
V/84Y 03 S # Y8V E /T RVIRERVAT K555 widy b Slsp e HDL
(mg/dl)
YN E 05 Sx0k 2= YO/VL £ Y/VY \AANE R VAN S35 w25y b (58 iyl
YIRS Ol # AO/YE £ YV/YA Y10/+ 0 & YTUAY S8
oYY 035 s Ao £ Y00 VOVNV £V o/r K555 w2y b Slsp e LDL
(mg/dl)
YA’ 05 SXOb3 # AV/E YAt/ WY/EE £ ¥E/49 SIS w3y b (S8 e
0905) Ui 4 Comd Hblixe cglds odimd )l # cudle
Z .
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

“Wv o

Oy sl IS0 (VF) canl 0 laie i 3131 53 (B yae (s
Al g (pl )3 yid ClaES Majls 38> b &
g ALT oy pobus oline Linls ol allas (S5 (slaasily
Sl yed g ()8 Ol ye olyen 4 K358 ) aldlie 5l axy AST
@ By Cold Ol 3j50 3 4S50 Cliiod g siler
oS ol andly (5 olne 136 08 sam 3l (59, 32 (2M3E 05 ol o
4 e Sliins oyl das 5 sl o swed 3 pobs adllas b
3)5 o)W (VoY) oSen g (olgls oV +V) () S0n g gilus Guios
4 Gilod oy yped 4y Ve oS wob i o) Ken g gl (e VF)
Uibls el Gy S 0Ll s SIS Codgasne ol je 4y ol dus e
Sl pes aS” Wl lis (YY) oh)en g (aiwlgls” g5 0 ALT
b 3l 298 o0 ALT jhline (ials el (13 @3 olyen 4 (jlsn
3 Sm 3l g (i) Cllad b ol 4 485 &) g0 Sliios
A as ol lis (Yo30) L)oo (ol e 0yl ize 45U
il e g (HRmax 7 Yo b 5+ ) bawgio s b (¢5lon Sl po dién
ALT (log 51 olins (ials cel IRMZY. B0 coad b oglio
Cunl 028 (S o2 2 1S L (50 ) J 58 09)5 4 Cuns AST
4 0 ol Sl 3 S Jbo gloysisls l laiome (M)
SS9 @b o ilod)S o)Ll iy e @o g DS (o o8 Canle
Sy N9y ¢ Awily S3eS w)) olyen 4 pol addlas el
S col 0ad (55 Gizmen (1Y) 355 @ly Jise g0 slaws]
Skl pdass 9 BMI alos 5| S 2090951 (gla ja3ls L ALT ialS
9 padiane alaly BMIL oS g6k 4 adb oo bL3)l 5 (Bgpe g B
Cuod & gladidly a5 (YY) o)b yosSao alayly il o (8 ufaLoT b
Al o Egige opl 0aiiS Aol 5 pols ddlllas I osal
oo gl JBline (ials ol ddllas o> (slaaidly I pieen
S JBe p S need BRIl g pU Jg el s JSo 05 g pged
Dy silm Clyed g (G538 iyl olyen & SSGS w25, Al
o slagr (il b i w25) & Casl o3 plis Slalllas
JB 3 0B n0ed G2l 9 S o5 (x990 e pendlS 65 aAboa
il 08T SaS jlann (3l 5 (b oy AS 4 i ol 3l > Wlgs e
w25y F38 g gt NS U lapule 4 ey sl (TF)
Al oo disej oyl )3y Cliisg 4 jlS (559 Cllad 9SG
Mige 31,31 )5 Slgice JB 2 g poedd Gl 38l 9 S o5 9 2900
5 pols adllas &S .05 0058 SS Hluus Bl 5 ubd oy A5
ol 5l (ob5yy Clld (Bbojl sl ggose pl aaiSagl
9)p9 Clled a5 a5 00ly L )l i8e 436 gd L 2 (AL
23S cdlld (ials g (y90)9m 4 el L b alialL
ol Gl Bl el copioman 3l i S8 0 (nSgneed (A58

Copyright ©The authors

eyt SIS e 025 (b (eglie g jlga (05 25U

alllas glaws ol ) (05 42 VY 456 (g B b ol gy
w3y b seglie (335 9 Silon (nyed i (bl am ol (L5 Sl
LI 3L A (1598 (o gl (2l & SEFS ) 9 SS9
oglis ol iels 90 ey 41 s (5 oline 2018 gl by 55 Sl
b (aglie g (Sla (nped £ 93 o M CBL Wnog S o () (e
Sladllae 5185 (Ll & SEIES w25y 4 S G SEIFS w))
A 08 Olie e b1 SE5eS w9 Uhiyg w8 &S Al cdl
oS Lowdly GlaSy | slasgeone I (38 odlgls adl 03,5 ()
50 &y pigid 0dlgils D) 29y HELe 5 g (St cidwsS yludl p
Pl (Son A (1598 (il sl oad S 0 g A (5598 095
by ol dly 18 LS gol ala el (0 <L b bls)l o)) 55
eossie s )3 (YF) A5 (S S5 jlrusgad wilais &) gl il
o plyie 4 & ord (Bl Slglie piiin 1 A (g8 (VL bl
ol 55l 3y90 53 (VF) dgine 43,5 i )3 pytiw opl (sl Jlas Jele
Culld jloe b A (358 o 00 lyte (gl gty p2 (659 29SS
Cullad ) cuilae el gl ghudoil slaw g 5t (ol 3US (23905
e dguadl )5ty (ool gindsil oo o 4y rizman 13,5 o
claasly 1.(Y0) col bls)l p3 cosd ud b pakiens yob 4 5l (oo
OB 5 e adllle 4y Gl oyl dalllan b (0559 Cllad L guan
Cllab ol yon 4y liE ) ol yon &y adlllae (B 51(B) 3, 0, Lal (V1Y)
@ Olgie guen Ollllae |l guan Sl adlhae b 35 (23559
g o 5 4o (Vo VV) )l g Jliiaghy g (V0 A) (g 9 )i aslllas
2P @) olyen 4 (G Clld g g paie) (VFLIY) 4l oo gl
O35 3 M Ne (pl jl s A 45538 zolaw a8  W0ly J )8 w090 |,
ok I3l Jliogl (izmen g 4Bl (ialS Sgulie pg i 4 Mie
2 Eilop Slajed olyen a4y (23S @) S8 Jlan ) A (598 (e
oo o &S Widitns e ] e 53,5 il o YO B V- e
Bl 81 )3 a5 sk 3,15 3929 L)) (SBlo 5 (19 4Ll g A (b
b Shlow owmen 5 Jloy 0y s 381 L awalio ) 9 g5 b
@ Mo 3> (YWS)5 5 (VA) Gl (Uls> 5 (YY) Jloys 595 Joos
A o593 Gl (V) Jloy g L pllo 3181 L anslie )5 5 58 el
A (159 jboliae (ialS LY I (S ilgs ce pel (ol 395 a8 canl YL
sl okl (o859 culld g SjeS @5, 5l b gl adllae
Ol A (595 (59 » (o5 y9 Cllad IS 51 So5lsn 58 (glapunsilSo
Cunl (Ko A (3398 (e 3> 5 (g b (G clld Sledl s ST 4,
PSS ppd o ool 23 1y send 9 038 amdi | Sisd
ORRgR by 9,50 0l Ml g9dge nl ilSen 5 Jliesh (g}
s g1 Lo il ol oY (YY) A5l o suadl 35 ol
A1 90 b lojen A (1598 (hie Sl B ign b (S el

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

“WA DO AV AV WY ¥ L 5550 (S50 58 ) (o ydiS (63,8 Sladllas ), San g (¢ puare

Olipe 9 s bline (10l S50 025 9 Sl i aldlie dw o ) ey
g9 o Jo ol bob olis ) bxe Gl I8 (90
4 S3eS mi) 4 Camd ol 5 S35 m) (b el

sl ol

u.?‘b).ﬁ 9 ’Sw.‘&“

ogyl oINS (b5y9 (5920 (658D Al B S p ol gl
OlmgR 0 018 &S b sla g3l ] B Mg dwginly Sl e

gl Jos & 1y 10,08 ¢ St ol
&8l 2,5

B (8le SLAT &S g Bty pol> (g addlas plosl >

to long-term exercise. Physiological reports.
2017;5(5):e13183.

.0 Malin SK, Del Rincon JP, Huang H,
Kirwan JP. Exercise-induced lowering of fetuin-
A may increase hepatic insulin sensitivity.
Medicine and science in sports and exercise.
2014;46(11):2085.

.7 Tofighi A. The effects of a selected
aerobic exercise along with a controlled diet on
weight loss in obese men. Iranian Journal of
Nutrition Sciences & Food Technology.
2014;9(2):85-94.

Y Kiiciikali GK, Cetinkaya S, Kurnaz E,
Bayramoglu E, Ozalkak S, Demirci G, et al.,
editors. Evaluation of Fetuin-A level and related
factors in obese adolescents. HORMONE
RESEARCH IN PAEDIATRICS :Y:)4
KARGER ALLSCHWILERSTRASSE 10, CH-
4009 BASEL, SWITZERLAND.

A Ren G, Kim T, Papizan JB, Okerberg
CK, Kothari VM, Zaid H, et al. Phosphorylation
status of fetuin-A is critical for inhibition of
insulin action and is correlated with obesity and

Copyright ©The authors

JoelS’ (3 iyl G2al38l el sl 3 ol Jg S (i
Ol (Y0)gd e S8 OeBgnsed Wles 9 0ad ] Bpas g
ok el Moo Gl (nped Sl 53 & 58 elas Sl el
S5y 39250 Josiels a3 0ad TRL ) 5l (28 (39 p00)
ol J2lS” (sstpnd by 4y JgydS el g 00 olj1 TRL s
oxd Jithe dd 5| S 30 (1S9 090 (1955 4 9 00D syl ksl s
SlopuslSa ()bl dpde S gnsd GRIFN ol o
D3l B9 e 3l o B 05 (nS9 0ed (ERE (slp Jles]
9 35 Sld bS53 Rl g (geyem 4 elas Sl sk
38,150 sl ) ey (sl (VF) ool 0 sleiiiy APOB

g Olaniod a5l ()9 Cllad g G358 a3y 380 9y

ol digej opl )

S S

hiyg Oyl A (BD &S CdS e Glagh @l 4 g b
A g oo Tolaw Sy p S35 w3y (b (eglie g (sjlen
5 by e 4 s 3l b 59 46U syl 331 53 yholiee tals

w25y b €9 93y g alde (pyed £55 93 o (Sl b ol L
A3l ol 4 S59S mafy A Cund ()5 g (el SH5S

AST § ALT (JBs o5 (05950 9 o6 JoyadS (s copizmen
Reference

R Koutnikova H, Genser B, Monteiro-
Sepulveda M, Faurie J-M, Rizkalla S,
Schrezenmeir J, et al. Impact of bacterial
probiotics on obesity, diabetes and non-alcoholic
fatty liver disease related variables: a systematic
review and meta-analysis of randomised
controlled trials. BMJ open. 2019;9(3):¢017995.
Al Wadey RM, Connolly KD, Mathew D,
Walters G, Rees DA, James PE. Inflammatory
adipocyte-derived extracellular vesicles promote
leukocyte attachment to vascular endothelial
cells. Atherosclerosis. 2019;283.YV-14:

¥ Jaacks LM, Vandevijvere S, Pan A,
McGowan CJ, Wallace C, Imamura F, et al. The
obesity transition: stages of the global epidemic.
The lancet Diabetes &  endocrinology.
2019;7(3):231-40.

¥ 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

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

na o

NA Huang T-Y, Goldsmith FR, Fuller SE,
Simon J, Batdorf HM, Scott MC, et al. Response
of liver metabolic pathways to ketogenic diet and
exercise are not additive. Medicine and science in
sports and exercise. 2020;52(1):37.

AR Vargas S, Romance R, Petro JL, Bonilla
DA, Galancho I, Espinar S, et al. Efficacy of
ketogenic diet on body composition during
resistance training in trained men: a randomized
controlled trial. Journal of the International
Society of Sports Nutrition. 2018;15(1):31.

AR Greene DA, Varley BJ, Hartwig TB,
Chapman P, Rigney M. A low-carbohydrate
ketogenic diet reduces body mass without
compromising performance in powerlifting and
olympic weightlifting athletes. The Journal of
Strength & Conditioning Research.
2018;32(12):3373-82.

AR Jabekk PT, Moe 1A, Meen HD, Tomten
SE, Hestmark AT. Resistance training in
overweight women on a ketogenic diet conserved
lean body mass while reducing body fat.
Nutrition & metabolism. 2010;7:1-10.

A Ahmadizad S, Avansar AS, Ebrahim K,
Avandi M, Ghasemikaram M. The effects of
short-term high-intensity interval training vs.
moderate-intensity continuous training on plasma
levels of nesfatin-1 and inflammatory markers.
Hormone molecular biology and clinical
investigation. 2015;21(3):165-73.

VY 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.

¥ 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.

Yo Jung C-H, Kim B-Y, Kim C-H, Kang S-
K, Jung S-H, Mok J-O. Association of serum
adipocytokine levels with cardiac autonomic
neuropathy in type 2 diabetic patients.
Cardiovascular Diabetology.3-Y):V;Y+ VY |

N7 Kawanishi N, Yano H, Mizokami T,
Takahashi M, Oyanagi E, Suzuki K. Exercise
training attenuates hepatic inflammation, fibrosis

Copyright ©The authors

eyt SIS e 025 (b (eglie g jlga (05 25U

insulin  resistance. American Journal of
Physiology-Endocrinology and Metabolism.
2019;317(2):E250-E60.

A Kirk E, Reeds DN, Finck BN,
Mayurranjan MS, Patterson BW, Klein S. Dietary
fat and carbohydrates differentially alter insulin
sensitivity during caloric restriction.
Gastroenterology. 2009;136(5):1552-60.

e Laughlin GA, Barrett-Connor E,
Cummins KM, Daniels LB, Wassel CL, Ix JH.
Sex-specific association of fetuin-A with type 2
diabetes in older community-dwelling adults: the
Rancho Bernardo study. Diabetes care.
2013;36(7):1994-2000.

AR Ramirez-Vélez R, Garcia-Hermoso A,
Hackney AC, Izquierdo 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.

MY Ting R, Allen GM, Lindblad A. A
Ketogenic Diet May Improve Weight Loss. 2019.
AY Asrih M, Jornayvaz FR. Diets and
nonalcoholic fatty liver disease: the good and the
bad. Clinical Nutrition. 2014;33(2):186-90.

Y Volek JS, Fernandez ML, Feinman RD,
Phinney SD. Dietary carbohydrate restriction
induces a unique metabolic state positively
affecting atherogenic dyslipidemia, fatty acid
partitioning, and metabolic syndrome. Progress
in lipid research. 2008;47(5):307.)A-

Ao Volek JS, Feinman RD. Carbohydrate
restriction improves the features of Metabolic
Syndrome. Metabolic Syndrome may be defined
by the response to carbohydrate restriction.
Nutrition & metabolism. 2005;2:1-17.

N7 Luukkonen PK, Dufour S, Lyu K, Zhang
X-M, Hakkarainen A, Lehtiméki TE, et al. Effect
of a ketogenic diet on hepatic steatosis and
hepatic mitochondrial metabolism in
nonalcoholic fatty liver disease. Proceedings of
the  National = Academy of  Sciences.
2020;117(13):7347-54.

MY Pinckaers PJ ,Churchward-Venne TA,
Bailey D, van Loon LJ. Ketone bodies and
exercise performance: the next magic bullet or
merely hype? Sports Medicine. 2017;47:383-91.

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/ 10.22049/jahssp.2024.29601.1643

Y. O AV AV WY ¥ L 5550 (S50 58 ) (o ydiS (63,8 Sladllas ), San g (¢ puare

skeletal muscle. Journal of applied physiology.
1995;79(6):1936-8.

Copyright ©The authors

and macrophage infiltration during diet induced-
obesity in mice. Brain, behavior, and immunity.
2012;26(6):931.%) -

YV Rezaee Shirazi R. Effects of 12 weeks
high intensity interval training on plasma
Adiponectin, Leptin and insulin resistance in
obese males with non-alcoholic fatty liver.
Metabolism and Exercise. 2015;5(1):23-34.

YA Kantartzis K, Rettig I, Staiger H,
Machann J, Schick F, Scheja L, et al. An extended
fatty liver index to predict non-alcoholic fatty
liver disease. Diabetes &  Metabolism.
2017;43(3):229-39.

YA Yuan X, Wang J, Yang S, Gao M, Cao L,
Li X, et al. Effect of the ketogenic diet on
glycemic control, insulin resistance, and lipid
metabolism in patients with T2DM: a systematic
review and meta-analysis. Nutrition & diabetes.
2020;10(1):38.

A de Piano A, Prado WL, Caranti DA,
Siqueira KO, Stella SG, Lofrano M, et al.
Metabolic and nutritional profile of obese
adolescents with nonalcoholic fatty liver disease.
Journal of pediatric gastroenterology and
nutrition. 2007;44(4):446-52.

AR Shamsoddini A, Sobhani V, Ghamar
Chehreh ME, Alavian SM, Zaree A. Effect of
Aerobic and Resistance Exercise Training on
Liver Enzymes and Hepatic Fat in Iranian Men
With Nonalcoholic Fatty Liver Disease. Hepat
Mon. 2015 Oct 10;15(10):e31434 .

AN Henriksen EJ. Invited review: Effects of
acute exercise and exercise training on insulin
resistance. Journal of applied physiology.
2002;93(2):788-96.

Y Hickey MS, Calsbeek DJ .Plasma leptin
and exercise: recent findings. Sports Medicine.
2001;31:583-9.

Y¥ Holland WL, Miller RA, Wang ZV, Sun
K, Barth BM, Bui HH, et al. Receptor-mediated
activation of ceramidase activity initiates the
pleiotropic actions of adiponectin. Nature
medicine. 2011;17(1):55-63.

Yo Houmard JA, Hickey M, Tyndall GL,
Gavigan KE, Dohm GL. Seven days of exercise
increase GLUT-4 protein content in human

Publisher: Azarbaijan Shahid Madani University


https://doi.org/10.22049/jahssp.2024.29601.1643

