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Comparison of the effects of rest intervals between sets of
resistance exercise on insulin-like growth factor-1 and myostatin
levels in male amateur bodybuilders

Abstract

Background and Purpose: the purpose of present study was comparison of the effects of rest intervals
between sets of resistance exercise on insulin-like growth factor-1 and myostatin levels in male amateur
bodybuilders.

Materials and Methods: Twelve young male amateur bodybuilders aged 20 to 35 were selected.
The training protocol was implemented as a counterbalance, so that in the third week, the
subjects performed the above movements with a one-minute rest interval between sets (RI1).
In the fourth week, the subjects performed the above movements with a three-minute rest
interval between sets (R13). Blood was collected from the subjects' arm veins in three groups
before (pre-test), after the resistance training session with a one-minute rest interval between
sets (first post-test), and after the resistance training session with a three-minute rest interval
between sets (second post-test). One-way analysis of variance (ANOVA) and Tukey's post-test
were used to determine the difference between groups at a significance level of p<0.05.

Results: there was a significant difference between the levels of IGF-1 in the pre-test, the first
and second post-test (P=0.036). In addition, there was no significant difference between the
pre-test, the first and second post-test (P>0.05). Also, there was a significant difference
between the levels of MSTN in the pre-test, the first and second post-test (P=0.013). In
addition, the difference between the pre-test and the first post-test was significant (P=0.020),
the difference between the pre-test and the second post-test was significant, and the difference
between the first and second post-test was not significant (P>0.05).

Conclusion: According to the findings of the present study, this resting domain may be
considered the point of differentiation of activated proteins in the processes of strength
development and bulking at the cellular level.

Key words: Resistance training; Rest intervals; Myostatin; Insulin-like growth factor-1



&l s bpnsle wiia b ale Jelse cnl 5l S o)l (Ko silisee Jolse ay Sl Sblas pee i 5 oy auld
el )0 sage GRE 5 Wigd oo S5 (Dlae (SLEI (b )0 5 ead i blpugee bawg o ain” olaS sl
dlas 0, 00 s K wsd e a3lis 55 GDF8 L MSTN (slagl b a5 ¥ipuilinges (1) &yl &ilae o,Sloe
(TGF-Bily oains IS s oy 555518 oolsils pl 51 s g ol S so ciBgie |, oSl 3Lae 0, S ol
arg BB bl el MSTN sga8 s oo aliil @llss 50 MSTN Ly s (Dl 55T die; o .
Dlac 5l b slows (2l L el Gl 0s8 oyl g ool cothssS o Sge alaz 5l Joe (sladis o Sl Sdlas osgs
Tl 50 5 ol ol dl 003lenBl YVE Jolis (a5 (ol (V) sl 00 00l (4L (B35 ) Lyl 0310l 9 (5D ys)
Jols MSTN (g ,lilo (gla S5 g o Jed Ssdsiop Soy Gosbo 5145 01 0529 Jled e jlosiy S plsie 4,
oo Slos gzl 5 000 eS & Jlail Jyins a5 Cod @l Jligo 3-C ankad Sy 5 5lo i 4ol S oSS sy S
5l ool slaplasl o Shae S alS 1o bge alawly o 50 IGF-1PV- sl s o) 51 (V) conl  So5edowm
ek g Dya8 g (Dlae g anwg b (oo bl IGF-1 () 5y ogdle ool Johos 5les g 2555 g b sslone
(oo Lo 50 ootn G5 5 sl b (3glegu O g siage IGF-1.(F) ol Sl oblie (55luils 5 pand plie
Oered 5 eiigee (ol pelais Bayb ) g ead adgi (Sl alae 5 w8 s (ge9e (nl )l Sl g jle 5 g
Gy 45 Wlesls las L Sladllas (B) 35,5 oo (5,Ledl sl sk Lo 5 ;355 53l Jled e P21 _tals olas
iy Sue ) O 9,8kes 5 (Dlae o055 5 ams (Ll Siglgily bulyd cow Sl ellas o |, IGF-1 oLy Wil e
¥ Jssenl osilind Kol oS mi 3 S5 IGF-1 wiilgs so wllo olil a8 canl ool olis o5 anlllae 5
ole 2alS (s o Jde j0 S SG e SMae By s Cogi slp |, (AKDYB s s/ (PISKY 5Lus
slo zalS | gy siw IGF-L/PIBK/AKE Sl ponns o Jlad e 9 o osalive Sl alae ;o IGF-1
ki plosl ol (59,2 e (Sl (Sl (sl T (Slsilie 5 25 slaanl 5] ke sl (Sl alae ()
RT o jsb 4 wiise o 050 |y cMae cdls § ()15 Syl pl s 0 lae olail (RT) cteglie il o3
g i (53 g Gl anple) (05 o) S ) (G 9 yShes 5 D08 ((BgFpen () (Sl (s ey
Jolsh (il o b il goasie syl slo i Jols RT ses o (al3811) (058 5 (Joio 5l ils
Alols woel oud T & ooS Lo a3 95 a5 iy pod (sl piitn 51 S (F) Conl Sapu g aliae Jos g5 (Rl
a8 ST drwgd (Bas 4 ool 059 Ay il (69,0 i (B ol ] HailS el bows o col il
Slga 5 Wi 3w 0 )ligd (e (590 (el shed 5 Dland (65 (255901 b 09 o0l (5,5l55 5 090 Sy EDLae 4y il e
5 (el D Baa (gl a5 0I5 e ol B 1) g5 0y b3l GGl anTd nl aigd ST a5l (s atsS ol

) csl 559,50 XS oo p2l,8 1) )08 5Slas dangd Sl 4 losgase o o, S
Ay miy g dw oS Colpul ol gned sleoyes o celil ley Sae 8Ly cad sl Slalas
5 Wad S eie dlie gl glealols ol 5l Jols ol mlbs Ll cdél Ll owse,s anlie |,

Sgh 50 (VWA Llen g S )5 (A) wisls 18 o) p 0590 yieS 1) Olposd (pl (Js890 9 (Jsho sla)l59500

'Myokines

‘Cytokines

"Myostatin

“Transforming growth factor-
*Insulin-like growth factor-1
“Phosphatidylinositol 3-kinase
‘Protein kinase B

*Rest intervals



o0, ipyed oAl Dya8 g sl &5 woew, e ] a4 eyl 0 9 s
S Solel cde a NI 03,55 cpyed a3y Lol wcwl g3 colul aads g0 3l o Sley slealold
"ok lo,Bgile a5 wis S RV P R EA UV R SO D o gladds S g Sl slealols
2385 oamlive (V- VY) (qwade 5 (owlie igod s1p (1) Conl 03 (60 Sla gy § S (oo @l (ol (J58ge
b Goglio (2 yed) (ghyed 090l 99 58 5l ey Oy a4l Sae IS g ol uslez oS yies OMae ghaits gl a5
rtye 5| o 5 AGF-1 gl Lol oo, o (s,loicine Liall wllos olsz 063 o (b 1Y+ 5 ¥+ (gla ol
Ol Olyee a5 wisls (Las (V1) ) en g (65,5 Jolae 0 .(V ) cudls gyl gme (iul38l a il VY- Col il b seglie
o508 0Ly 3l 95m0) (Soslie (yryed Al Sy Jold oS (i yad (sloog)S 5 S5 slros,S o 4o abae IGF-1 o5
591 o ot ol VA 510 1Yo A B T sl il b olpan 55t 5 cap ez b (el YF L 50,
Slo e a8 a8l 0 (Y- VY) LS 90,8 son )5 dalsl jo (M) cuilas (gl cre gles Ly 5 olixo o ige 4o
Sl sae yobds mu 85 03 S oy a3 Glope ;0 1, MSTN zola (TRTY st § (RP) Sl sl oS5 oglie
ool e o colil adBs g0 b Seglie e a5 wis,S L (Vo7 0) ol 5 jganl LILOVY) sl Lrals
Al glmo logbse 10 S5 05,54 i (2503 09,5 ;0 MSTIN (s (slgiome y0 (slostxe Gl 4 yzeie
2 Fhe slapgeyee w9 (lae (B9 red sbml sl colial ploy (n 5 Collae (Dglite gl 4y azgs L .(VY) w3
Sl ol glaces o wsllae Coliinl Gloj oo e o g anlllas iz 4z ST S Bkl e (s ()]
3550 S5 1) o 5o 3o Salil 5 SIS (slo (15098 5 (B9 (lie o ;0 o5 laalllas Lol Wil aiisls  aglie
Iy soglin Ol yoi slacuws oo ol il Glacgls 1 pols adlas jo 13 () ) el oais ploul ail ool J13 w)

SRR 99,

s ol )0 digel ez disls JSas JLu YO B Y o atelo b Steglie 00,5 1 ped o ye 1) gt (6 le] drel>
25 llogls &g 4 Lo giges] il | 55l (slaled plosl 4l JL S Losgie oo & o5 08 (s 5 Y
WS aibo (I Gl loye o HI3550 dadageil Ll e s )S eS8 e 50 09> hled e
al B 0g JoSo 5 5)l0 5 JSUl g S Bras pos 5 syl 5 el w5l o Fsps o lon wiile (55l
sl )3 peie §)5a> o5 Wsh sgate b (45 053 (o0 03l meogi b (ol sl 655 05> Jle 5 LI I
SleMbl aS 05 o 00l ylcebl (o Soge;l dnyizmen.aisS Cole, 1) 050 o alwlys o o] 51 a5 (60,150 ¢ atils
SrSolail Gl gh 5 JSSg, szl 5l sy se 0iS o, wlesl &S Slej ,o g il (SU aile e o ]
e 2 539 S STBMD (S 0055 (a3l oy 3 ool Jlzms 5515 5 )l 7 5l Gs 9 98 sl (b el
9 ) =y eelBus lo il Jogel oy oy o0 et (gl el G 4 e o 308 j9dze 0 p SelS
Cewddy dlael e (VYY) 0l (6 ,=Sojlsl I sl eola il L ool 39 9 oyl cgil s ds (o050 Alads lgm o
@oae i by 1B L .(VF) wo S 6056l sz I 50 G B> and sl SV g 5 emS dolas 4o sl

O0) wl asle 0y 0y 30,0 (6w dolas H0 00l duls

O% ez ey = (A0 + o JBs) -Fo-

'Rest—pause
Traditional resistance training
"Body Mass Index



OF) o ool _oglio by i 5o OO0 g 1S5 Sy Cpwsd (6lys Sty alles |

(pF oS ool > & > g
i S5 S s J
WaTYA - (e 5 155 Slaai = +1 - TYA)

ot e b s oy Jols 12l i 4y o8 4Vl (oglie Colled JSUg 5 e (sl b Sogasl OOD oy 51 g
VLIS & 50 4 353 S5 3ol ol 83 45t 0 b g3 sl 5 4kt o b 55 ety it il Ll
50 .030,5 Ll (RI1) e s ol pnl aido G alag b 1) 598 OlS > Lo Soge;] pous atin ;0 a5 5,9k 4 o | >
Sl i 0 ols sl e o (RIB) (glaids aw liwl Gl b 1) 558 olS o Lo Sogesl ol atan
VY G g0 Jolis a8 5 jlailinl (0,5 0,5 SO o Soge;l cuds jo 5l L3 ais S 1l |, sl il Gglis 90 4o la Soges]
25 Glp sl ! Colis aads 90 .(VY) wsls alol 1) 09y oads (paad B a5 aies oo ! VOO oy F0 L (61,85
L V00 ao, 0 AO L (6 ),S5 Ve e s sl &S > 52 Sl g £9,8 STy dads 50 5l am ol ool plais! o8
sl 5 4t Al L gty it e bl o lla b i oy S5 o o Sl Ao (V) 0
D) 0 Jled g ey Cooliwl £45 (V) (G Sl iinl log 4 az g5 L) 090 8o a9 SO s 4l il b 50
B 090 W ogail cugi o )0 1S5 iSTas plowl (gl rizmen 5 139y 5 1,3950 Sl (s 4By 5l S5l s
sl solei B ol oold @&y}Ti{‘)iSB)ub)'Lé)&‘so.f;MhM}; Bl SS Sl Dyge )0 (uisrer 03,5 18
Sl o g ploml S dials i jo 1) (Gloads S Gl a5 ol atwlgs o Sogesl 51V +) i LL 4 1>
Sl oty JBlas 4y 6l (YY) s |yl sl &G 1,555,094l a 1,55 0 58 .(VY) 0,50 O jao &80 1,5059,0 91,559
ooly dado Ve Sae ) 0,5 0w L:a‘_s_;oﬁmﬂlﬂlag.a.sm >l 59, 5l ol celu jo O > oo (559, 4l a5 >

Wl pie SS9y szl Sloy o3l 40 cB3,9 et 9 Sudlad 4565 o sl 5l ol,8laisls plil niS OS> g (s,

laids Sy sl sl b (staglie et a5l ey ((Ogasliten) S gl 3k s 5l 05 sl O
S (g o9e3lm) s (r (s1aa8S v (ol gl b (aglive (a3 a5l 5 () 0505l0m) Lo O
Gl ;o gaa8o 0 ;90 ¥ v e bgaddo Ve Sow a4 Jo lbdiged b a8 S Jais gy, colpulaada Y.
s 10 Glacss Son 55 o (Ol holage <8 8T Lo jsiisy Joe) 05 Mz p s g S50ty il SIS il az o
295 3 MDA (olordg (23] sl 03 (6,105 (alordin Lol Olej b oS (il azjo A (oles Ll o

o oolial (5 yagiy Sl

«SLigg i (5031 b oools xs355 (05 srmbo KW SRR AR § JPEW: SPSS 5 LT 5816 5 S 4 Lacols
g3 rad b Llod 452 5 gy sl 5 bl Lol o s plomil gl (a5l ags Wosls (j0gs (San (sus e
Pl PO 5 lobins grlas L oaed b (g3l ol ool (S5 (el 5031 5 (51) 4, by (bl el (5031 5

o

sl 00 00l uLmJ \ o)Lo.Z:J J9~.\.> B alslos )‘ o= 9 U’“‘“’ A_i.v).uoya).ui 6LQ)M b)‘..\JL‘.w‘ J‘JJU‘ 9 u,«ivl...a

'One-repetition maximum
"Universal model
"Behdad corporation



(8 Jstint Bl otk 1 Kilw) b G590l (6 yiogg ol polie .\ Jgo

oeSile £ 5 il glas

9031 Gl T

YONY £ YVE (Jlo) iy
AY/+A £ 4/A) (05555 (138
VWAINE £ 0/ ) (o gil) 03

YI-Y £ YV/YY

(1) O oz 2oy

YYIAA £ F/FE

(Byere yt PS5 5kS) O 0058 a>Ls

)13 0929 o gine (S9lis pg3 5 Jol aeilm orgeilin 0 IOF-1 molaw a8 bSy il jly Jodos (903l @l plo

5929 p93 5 Jol Gseslim copeiliinn om0 sine Dolis a5 ol LS (Se5 omiind ge3l @l dalsl yo (P=+/-YF)

Yo

035 G

(V) P>/-0) ol

Y osel o

IGF-) sla e (oSilo jloges N IS
s 59l pgs g Jol geilm corgeilie 13 MSTN zolaws (o a2, by il g Jubow 903l gl ol izren

Sgr sl cme Jgl 05l e 5 503 i cm gl a5 oo lis (S oshin (03] gl aslsl jo (P=+/VY) 5ls 5524

3955 Jlosine p99 303l e 5 sl g3l Gt o D9l 5 50 ixe 50 (3905] 9 0905] s o gl (P20 )

(Y Js) P>-7-0)



O35 Ll Y osesl o Y osesl o

MSTN Glo prie (o Silos Hloges .Y S

£ ’
.

03,5 oy yed oy IGF_1 chw p gwglie cdled slacas jo solul b gl ol Cowdds =l 4 asg b
Jol o3e3 ot 5 09051 Gie om0 MSTN zshans (1 a5 0ls (Lt s dzras 2005 0925 (5l stme Doglis aglie
2 Sedg et Gly Jlee po platd s 4 (pnle (paiz osias JiSew sladsSIge 059> 50 g o s Sglis
$oulS oS plas lgie 4 a5 Casl (MSTN) (yslisgas e (ol )0 axg5 BB plgle SO ailoas sl wdlac
ypao g 09....)‘5@ J.M L;Jiw‘ SHae B éﬁ‘s “ &5.: k}.’}u:‘ LQLQO.\J)..E ey MSTN 05....4640 aslls GJ&.A‘ ‘5!){.»4& 0O95
o5 b asu 5 slabge 59, a5 Slalllae jo .axS oo Jlad el SDlae 0 Sl Joims a5 |, SMAD 2/3 Jslos g0
sanlice oy b o ,blis Gialidl es Gl p Y B Y) (Sdlac sogh 10 g5 B ial38l b plosil oo Jiswe MSTN
SIS oS as Jb> ooyl rals 4 Jiles (GF-1)» Ol a0l ) 5eiS pdans ¢ iy g Ll e o 0l
i a5 el slolgmle sla Jgho codlad 5l o8 ,Silas G IGF-1 () 5 ogdle ol oo (iol38l el MSTN ales
oubas zals g MSTN oo o133l L IGF-1 a5 coul sus sols olis 098 oo slo,lgnle (sla ok slows iol58l &
ol o IGF-1 oLy (aolidl coplply aas co iol38l 1) (glojlsale slaJoho ples g iS5 wilise bl 0 P21
oals jo S50 adawly SO IGF-1 815 10 (YY) 09 0 (A mio sl ¢ Sl (6,135 ,b oo 039 0 wMae By 5 yun
anwg b (oo bLIIGF-1 (pl 5 ogdle .l Jsho nled 9 285 zug s b (6 low 5l (o slaplasl o Shoe DS
Ol Slg o 359 a5 wleols lis 3 Sldllas oo Sl SMae (65l 5 g golin pudiid 5 & j08 5 SDlac ooy
o (YY) sidu ogepe |y o) 0,Shes g (SDlac 005 g ams il So35leil bl s cou Sl odlae yo 1, IGF-1
2 V) biw o col izl Job il Ll assg alie (L x )l )5 x leew) L[5 S e Ll 5l as’ el wssls alodl
Sl cdl oll wze BB ek a4 o yed 5l e Sl SO Job o IGF-1 oy Sdale wog wglate (ad o ¥ ilas
9 ULMJLMJ—Q-Q‘ ] Foa )..al.‘> u&j).: l) ‘_g\)l.s) Sgd> by Q“"bﬁ)" w‘ LT o8 (Yf) ALS 0w ‘5;9La_v v&‘).».w‘ Js.‘o ).L:u
9 VOO v yo 7)) ieglie codled 5l ams el 50 5 aloldl (L3 JGF-1 ol a5 Wols lis 55 (Y+10) o ,Ken



(VVF) o Len 5 Gl pol> (iogh b guanl (YO) cudilas (g o gme B (lacaw (m adBo SO ol il gl
Sy o 6l MO woyo YO o b L GlSl g iy oy &5 12 dus Jolds 457 gl codled il G aS™ wiols las
o ire ol o 30,8 ol laciw o (slaill A ol il 5 1SS VY b o dw jo 1, &S > ,o o Soge;l g 09
S b ctoglie oy yod ad S glyal S akae IGF-1 5 Lo 55 (Ve o)) o) Se 5 0ol (VF) 08 5 IGF-1 150

(YV) S| c\b; U’“")‘)f |) ew O u}‘)...w‘ 4.9.»3.) 90 iy

5 o0l il 1) (BAT) (losgs oz <l 1339 ACHRIIB 0aisS e S 5l oolitasl b pilimgre SiadiSaw o> g
88 @b hse ;0 o ilivges Gl Bl nl oo aidu co Sgne |y Loy Jo2t 5 (5551 B (5 S gie 3 Ses
e (Sl alae s o 15 4 el o amline cul 4Bl alS LT ()9 Syl g wilaid S 15 YL sles o yne
5015 o pms cyriliasgie gelans ;5 oo ki (glosed (2yz il a5 el 0 03l Lt b ol b ] psilingee Lo
G539 o5 3583 oe S Sgzge wlia WIS g 0gF oo o & duly o 1) tises Sl stz BB olie Wlioe
(233 (el 0gdse BAT o s WAT) st (07 <l )0 aloardisn 5 (Siislsdyse Olimss sl el
L 3558 o 5> (NEY 6yi alhs siloslil s SNS) Sislions (e wimms Sopm5 b L | WAT (s (sloged
oS izl 5 (VoY) ol g 5 cablS il imghs b guad (TA) ad_co inl33l cipmilinsne oz 31 oS pale yeais
281 g 45 Cenglio s MSTN (6,55 5 ol gely 1 cgzs b5 31 il cad cglols oglio culad ducl 0
o oo b o b e LYL Sl 05 S s ] S5 Cn B 50 4 (glols (iaslie Colled Al iy
Yo LobSo N0 b 0 a0 VOO w0 00 s L [55h sl 5 (5315 50,5 03 0y iy (55 00,5 50) 0y sl il
olas (Y- V) alose 5 652 leodiel (YA) i85 slxil s o o colinl adBs g0 9 &S 1> 0 o ol sl a gl
Tobam sl sine falS o (308 Slacew (4l A0 BT (ol Jolgd b SGa¥ (2SL (steglie ( ped oS w0l
OLSen 5 (oohs asllhae 4 (g5 g0 pol> gk b sl (V) s ,5 (9 a8LSL (sl ls wiedls 015 5o eibivsee (oo
Oilimgae 035 Ole Galidl a4 yoee VOO so o 80 B AD ol b (Seglie oy ped a5 03,5 Ly LT 0,5 oLl (Y- + F)
ol atuie (iliwgre ABlS (5:33 mailie S5 45 000 il oo Sl 4 4z L (V) 3500 ()0 TT)
Ol il o gl ye 5l i (U5 50 ohg 4 g lacelle jo slinge Ol pess A Gl 0ul (asein Jl ol b oscll
(g dhoz 5lady Jstes (Sl lagise s Slds (rize 5 4 U s ) eilisgs Gl lS 4]y Ol s

(\Y) Silosls S IGF'l 9 \.\.w) O90)9R

=

FESNE ARV FASCHRCIE SESIPSE S OIS, JOI-SOC TS SO R (NP VIR IRCURPYL B B
b ool sy ool (55550 Sl o ol e JISHI J3Sgn ~ sk (slo S yils CLE conl Cpasl o e
355 aiie il e 4 bgye sla sl (s Solail 5 ol (sTUsT Jolsh b aslie Colled a5 o2
B Vb Sligai F1 55 s St 4 wallad ale 50 sl Sl oty ook Sl oSl 53 L S
GranTs o owigd Jbb cloreiisy 3l ahis aids aw U G e ool amls ol Jleisl el

b lejlwa.la.w)b Gl ez 9 D08 dnwgd

'‘Brown adipose tissue
"White adipose tissue
"Sympathetic nervous system
‘Norepinephrine



)

A Yousefvand Z, Rahmati M, Mirnasuri R. The Effect of 12 Weeks of Resistance Training on
Serum Levels of Myonectin and FGF-21 in Inactive Middle-aged Men. Journal of Arak University of
Medical Sciences. 2024;27(3):164-70.

Y Yang H, Zheng Y, Yu T, Wu B ,Liu Z, Liu S, et al. A functional role for myostatin in muscle
hyperplasia and hypertrophy revealed by comparative transcriptomics in Yesso scallop Patinopecten
yessoensis. International Journal of Biological Macromolecules. 2025;307:142308.

Al Zhong C, Zeng X, Yi X, Yang Y, Hu J, Yin R, et al. The Function of Myostatin in Ameliorating
Bone Metabolism Abnormalities in Individuals with Type 2 Diabetes Mellitus by Exercise. Current
Issues in Molecular Biology. 2025;47(3):158.

¢ Li B, Feng L, Wu X, Cai M, Yu JJ, Tian Z. Effects of different modes of exercise on skeletal
muscle mass and function and IGF-1 signaling during early aging in mice. Journal of Experimental
Biology. 2022;225(21):jeb244650.

.0 Rezaeimanesh D. The Effect of Selected Aquatic Training on Serum Levels of Insulin-like
Growth Factor-1 and Mmyostatin in Middle-aged Male Swimmers. Jundishapur Scientific Medical
Journal. 2024;23(2):103-13.

A Mcleod JC, Currier BS, Lowisz CV, Phillips SM. The influence of resistance exercise training
prescription variables on skeletal muscle mass, strength, and physical function in healthy adults: An
umbrella review. Journal of sport and health science. 2024;13(1):47-60.

v Willardson JM, Burkett LN. The effect of different rest intervals between sets on volume
components and strength gains. The Journal of Strength & Conditioning Research. 2008;22(1):146-52.
A Gorzi A, Jazaei R, Rahmani A, Bahari A. The effects of different rest interval durations between

resistance exercise sets on gene expression of CGRP and IGF-1 of muscle in male wistar rats. Research
in Sport Medicine and Technology. 2019;17(18):23-33.

A Grgic J, Schoenfeld BJ, Skrepnik M, Davies TB, Mikulic P. Effects of rest interval duration in
resistance training on measures of muscular strength: a systematic review. Sports Medicine.
YO A EANYY.0)

N Abbasi T, Moghadasi M. Comparison the effect of very short vs. short rest period between the
sets in resistance training on hormonal adaptations and thigh muscles hypertrophy. Sport Physiology &
Management Investigations. 2023;15(3):57-70.

AR Karimifard M, Arazi H, Mehrabani J. Twelve weeks rest—pause and traditional resistance
training: effects on myokines and performance adaptations among recreationally trained men. Stresses.
YOV Y():YeYae,

MY Asadpour SM, Daryanoosh F, Salesi M, Nemati J. Effect of Eight Weeks of Resistance Training
on Myostatin and Folistatin Proteins Content in Gastrocnemius Muscle Tissue of Elderly Rats. The
Journal of Shahid Sadoughi University of Medical Sciences. 2020.7)Y£-£Y:() +)YA;

AY Kraemer WJ, Fleck SJ. Optimizing strength training: designing nonlinear periodization
workouts: Human Kinetics; 2007.

N Jackson AS, Pollock ML, Ward A. Generalized equations for predicting body density of
women. Medicine and science in sports and exercise. 1980;12(3):175-81.

Ne Siri WE. Body composition from fluid spaces and density: analysis of methods. 1956.

AR Brzycki M. Strength testing—predicting a one-rep max from reps-to-fatigue. Journal of
physical education, recreation & dance. 1993;64(1):88-90.

Y Rodrigues BM, Dantas E, de Salles BF, Miranda H, Koch AJ, Willardson JM, et al. Creatine
kinase and lactate dehydrogenase responses after upper-body resistance exercise with different rest
intervals. The Journal of Strength & Conditioning Research. 2010;24(6):1657-62.

A Senna GW, Dantas EHM, Scudese E, Branddo PP, Lira VA, Baffi M, et al. Higher muscle
damage triggered by shorter inter-set rest periods in volume-equated resistance exercise. Frontiers in
physiology. 2022;13:82.VAtY

AR Eiras A, Reis R, Silva P, Monteiro A, Machado M. Comparison of two different rest intervals
on drop jump: effects on muscle damage markers. Biomedical Human Kinetics. 2009;1:76.



A Azizbeigi K, Atashak S, Stannard SR. Effect of different rest interval lengths of resistance
exercise on lipid peroxidation and creatine kinase responses. Kinesiology. 2015;47(2.):139-44.

AR Ghaderi M, Rahimi R, Ravasi A, Jaafari M. The effect of rest interval between sets on markers
of muscle damage in professional bodybuilders. Glob J Eng Technol. 2012;3:9-15.

Yy Barzegari Marvast H, Akbarnejad A, Norouzi J. Effect of 12 Weeks Incremental Resistance
Training on Serum Levels of Myostatin, Follistatin, and IGF-1 in Sedentary Elderly Men. Iranian
Journal of War and Public Health. 2024;16(1):1-8.

XY Li B-W, Feng L-L, Tian Z-J. Research progress of the role of IGF-1 in metabolic diseases and
the effect of exercise intervention. Sheng li xue bao:[Acta Physiologica Sinica]. 2021;73(2):342-52.
Y Boroujerdi SS, Rahimi R. Acute GH and IGF-I responses to short vs. long rest period between
sets during forced repetitions resistance training system. South African Journal for Research in Sport,
Physical Education and Recreation. 2008;30(2):31-8.

Yo Amirsasan R, Sari-Saraf V ,Pourgholi T, Armanfar M. Comparing the effects of combined
endurance-resistance training versus resistance-endurance on growth hormone and insulin-like growth
factor-I in non-athlete prepubertal girls. Feyz Medical Sciences Journal. 2015;19(3):214-22.

AR Shabani M, Hovanloo F, Ebrahim K, Hedayati M. The effect of acute resistance exercise on
BDNF, IGF-1 and IGFBP-3 in the elderly. Iranian Journal of Ageing. 2014;9(3):218-26.

Yy Bamman MM, Shipp JR, Jiang J, Gower BA, Hunter GR, Goodman A, et al. Mechanical load
increases muscle IGF-1 and androgen receptor mRNA concentrations in humans. American journal of
physiology-endocrinology and metabolism. 2001;280(3):E383-E90.

YA Rahmani N, Motamedi P, Amani-Shalamzari S, Escobar KA, Suzuki K. Swimming in cold
water increases the browning process by diminishing the Myostatin pathway. Molecular Biology
Reports. 2024;51(1):884.

Y4 Kazemi F, Nourshahi M. Acute and Delayed Response of Myostatin and Insulin Resistance to
Circuit Resistance Exercise. Journal of Sport Biosciences. 2013;4(14):129-43.

AR Azamian Jazi A, Abdellah E. The effects of elastic band resistance training on serum levels of
growth differentiation factor 11, myostatin, and insulin resistance in overweight elderly women. Journal
of Sport and Exercise Physiology. 2024;17(3):91-106.

. Willoughby DS. Effects of an alleged myostatin-binding supplement and heavy resistance
training on serum myostatin, muscle strength and mass, and body composition. International journal of
sport nutrition and exercise metabolism. 2004;14(4):461-72.



