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Study name

Bernnan et al, 2021
Bret et al 2008
Cadenas et al, 2022
Gacesa et al, 2014
Jashua et al, 2010
Konopka et al, 2018 a
Konopka et al, 2018 b
Konopka et al, 2018 ¢
Kuetal, 2010 a
Kuetal, 2010 b

Lee at al, 2019 a

Lee at al, 2019 b

Lee at al, 2019 ¢

Lili et al, 2007
Masahiro et al, 2016
Durhim et al, 2008 a
Durhim et al, 2008 b
Nicklas et al, 2015
Ogawa et al, 2020
Ogawa et al, 2023 a
Ogawa et al, 2023 b
Bruseghini et al, 2019 a
Bruseghini et al, 2019 b
Ryan et al, 2014
Santanasto et al, 2015
Seo et al, 2021

Sigwe et al, 2020
Vochner et al, 2020

Std diff ~ Standard

In means

-0.729
0.000
-0.144
0.014
-4.126
-0.140
-0.212
-0.189
-0.086
-0.205
-8.000
-2.200
-2.200
0.057
-0.114
-0.320
-0.960
-0.043
0.058
-0.021
0.033
-0.098
0.044
0.000
-0.267
0.020
0.082
0.109
-0.504

error

0.323
0.309
0.186
0.243
0.682
0.380
0.413
0.336
0.450
0.439
0.932
0.292
0.292
0.101
0.372
0.178
0.191
0.134
0.469
0.250
0.218
0.289
0.289
0.262
0.272
0.428
0.360
0.405
0.146

Statistics for each study

Variance

0.104
0.095
0.035
0.059
0.465
0.144
0.170
0.113
0.202
0.193
0.868
0.086
0.086
0.010
0.138
0.032
0.037
0.018
0.220
0.063
0.048
0.084
0.083
0.069
0.074
0.183
0.129
0.164
0.021

Meta Analysis
Std diff in means and 95%Cl
Lower Upper
limit limit Z-Value p-Value
-1.362 -0.097 2261  0.024 ———
0606 0606 0000  1.000
0509 0220 0775 0.438
0461 0490 0058  0.953
5462 -2.789 -6.049  0.000
0.885 0604 -0370 0.712 L
-1.021 0597 -0513  0.608 .
0.848 0470 0562 0.574 L
0967 0795 0192 0.848 i
-1.065 0.655 -0.466  0.641 L
982 -6174 8585  0.000
2773 -1627 -7.524  0.000
2773 -1.627 -7.524  0.000
0141 0255 0565 0.572 —i—
0843 0615 -0.308 0.758 .
0670 0030 -1793  0.073 ——
-1.335 -0.585 -5.023  0.000 -—
0306 0219 0325 0745
0862 0977 0123 0.902
0511 0469 -0.085 0.933
0395 0461 0152  0.879
0.666 0469 -0.340 0.734 .
0522 0610 0152 0.879
0514 0514 0000 1.000
0.800 0266 -0.980 0.327 —_—
0820 0859 0046 0.963
0623 078 0227 0.820 L
0684 0903 0270 0.787 L
0790 -0.218 -3452  0.001 i
-1.00 050 0.00 0.50 1.00
Favours A Favours B

Meta Analysis

0% 039 2 8308 GRS A 4 b g 5o (FOTEST PIOT) ekl o gt - Yot

s lamine 5 YU 5 58aals (e iaan [WMD:-Y /Y%
L LUyl jo(p=+/+ ) d%=A/T0) codls usay olallas
satiasg s oy s (s Jalad Lamil (5 58 s
35S anli 1 o S el S s Ha 0 HLaml (58 s
(p=-/Yo)

S e S oo dalae VE lasd L oy w0

3ol La s o3 (a0 SlomadS 5 (55 (s
Sl i s,lael b (¢ JSa)wad pals Llasl s
om0 ol e halS 4 sade Ll (el
(CE=AMA (=2 JAE) P=+/+ V] 3o o La S0 5—a3]

Meta Analysis

Study name
Std diff
In means
Lee atal, 2019 a -11.500
Lee atal, 2019 b -10.526
Lee atal, 2019 ¢ -8.500
Lili etal, 2007 -0.429
Masabhiro etal, 2016 -0.086
Nicklas et al, 2015 -0.500
Ogawa et al, 2023 a -0.075
Ogawa et al, 2023 b -0.031
Bruseghini etal, 2019 a -0.182
Bruseghini etal, 2019 b  0.000
Ryan et al, 2014 -1.709
Santanasto etal, 2015  -0.500
Seo etal, 2021 0.026
Vochner et al, 2020 0.021
-1.487

Statistics for each study

Standard

error

1.329

Std diff in means and 95% CI

Lower Upper
Variance  limit limit  Z-Value p-Value
1.766 -14.105 -8.895 -8.653 0.000
1.410-12.854 -8.199 -8.865 0.000
0.928 -10.388 -6.612 -8.823  0.000
0.011 -0.635 -0.222 -4.060 0.000 —I.—
0.138 -0.815 0.643 -0.231 0.817 L 3
0.020 -0.778 -0.222 -3.528 0.000 —i—
0.063 -0.566 0.416 -0.300 0.764 -1
0.048 -0459 0.397 -0.141 0.888
0.085 -0.752 0.389 -0.624 0.532 -
0.083 -0.566 0.566 0.000 1.000
0.091 -2.300 -1.117 -5.659  0.000
0.080 -1.056 0.056 -1.764 0.078
0.183 -0.813 0.865 0.060 0.952
0.164 -0.772 0.814 0.052 0.959
0.100 -2.106 -0.868 -4.707  0.000
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Meta Analysis
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Meta Analysis

Study name Statistics for each study

Std diff  Standard Lower Upper

in means error Variance limit limit
Bernnanetal, 2021  -0.500 0.317 0.101 -1.122 0.122
Bret et al 2008 -0.716 0.319 0.102 -1.341 -0.092
Cadenas et al, 2022 -0.086 0.186 0.035 -0.450 0.278
Lee atal, 2019 a -2.500 0.329 0.109 -3.146 -1.854
Lee atal, 2019 b -8.000 0.908 0.825 -9.780 -6.220
Lee atal, 2019 ¢ -4.500 0.527 0.278 -5.534 -3.466
Durhim etal, 2008 a  0.024 0.174 0.030 -0.317 0.365
Durhim etal, 2008 b  -0.035 0.158 0.025 -0.345 0.275
-1.753 0.477 0.228 -2.688 -0.818

Z-Value

-1.576
-2.248
-0.464
-7.588
-8.808
-8.533

0.137
-0.223
-3.675

Std diff in means and 95% ClI

p-Value

0.115
0.025
0.642
0.000
0.000
0.000
0.891
0.823
0.000

—a—

—-—

0.00

-1.00 -0.50 0.50 1.00

Favours A Favours B

Meta Analysis

085 5918 8 b9 03 a3 S 43 Lo g3 yo (FOTeSE PIOE) Ll jla gas -0 Jsut

Gy cllad obas @l Grun i peald S ol (Rae
a3 s o8l aal ARl e s cdS 5 Sulslie 4
bl (Pae o Slee PBAIL (Sde G0 (2on =8
Lol o g oo ouly nead S pal ane 5 (g0l aa B 5 ool
Shode Ho9 mon b ol LS pe 50 G Gl 381 b
Cias 4 e 45 s 5 llas o5u8 s GRS L
o e 50 dline o Shae 5 bS5 s (Sude
YL b b ciias Saae o Slae Tlgs oS )l
= Wi (YL, 5 Ho (Pt G908 (—or ol
o ollad Gl poln L b Gede 5 el slagslan
RANC BN UV
e Hou9 (or @8b sualie JRAK &Sl G,
wabga e sla)ls ) Jimn d g o Sduse sla,lE o
G309 o @8l O euliiaul s alSia (SHlde Hud g
Jads 40 YLaial 5l 5lussa s Sla el 3 SHe
9 b e ol B 5o 5d £ (5SS la S
ile | g ae slasms pala (Silglie palsa
I ool dial plosl g (K ol 0 s (sl
331 Sl ) A QAL o o o g33lasan] Gnal)
e (e S SG) X (L8 o 5 5 (2 5o
1580 S 0l e Lag T Ko e)S dallles S o 5k go

- -

= 08 (e S (@bl sala Jalasl 5l daa

bl B solicul Glae IS sk ail oo IMAT & juis
sbaie Gl sl G550 e o9 Pade 08 (202
GiLlnS wlallas A s il 5o HBICMWAS 5 G ) 50
Shealiid L aS Sae G0 o olade 4S wilsu S
D e il gl gt (aalS iy callas dag
Ve o9 (mor 28l pahss callad day S ) Gy
3@MQ3JJ@&MQM\%&AJQ3JW&
Ll 8 31 (ol S ) Lagsslan 5 G200
S5 S el L) (S (e sle
gl Al oLl LA oS s il 531 (rinad (S a5 o
G aie (osae Salpolie WL 5 (S LT 5000
G0l s 3L S glonay g oo SVute JalaT ya

wlae Gosu (sor obl S uan o gl Lasals o s



YOV Mhae 09,5 (or by (Bios Olused LIS 5 oobe SOL T

55 dla g5 gladid; ( Ho (Sae (a0 a8l )
ol il ssay gasyua g 11X
a5 soliical s sl Jala3li dalllas oyl

allad g 55) Ga S GaalS glasiie 5 (SAlae (559
BMI () (K551 50008 Lo S35 5 (Do 5 (2505
2315 (0 o a5 8085 5 SSE el s
8055 (e 3ald 0558 (5 5 wald 65 S L lalles
il d)se 8 uiie SO Jue S Hu 4SS oK Lasuly Ll
BMI (55 4o Lo s o (sloa saaie aiid S 513 Jolas
OBalS oo b L)) 50 s (oa dee 0 g a8 SSHK
mead sals (LS (B35 5 (o0 (Sae (550 oy b
Ohaul SIS Hobplas (2iae Gy (mor @il .l
ol A W ediae b (Ko [l bL ) dealay
e ot 38 (553 4 5L S lgen (pa55) callad (s
o DIk Ol S s e Sl (Blaie Sl Wb
a1 s 0l alT Coa slaar il sul ol piio o)) 5ie
0909 mor &bl (Sae LT cuaad g 5 ks ) sanlaseiS
i (o Bse Jlall b Jludls sae dlidas 5o (e
Glibie it a5 lad Sl gulie Blal 4 oS lacil @
L o puiens (oo S b pldal G500 (on cunds
0908 o @Bl (S5 l 4a S ol o8 ju s
Voo A GusSobe e o lite cuuda ull o (lae
e 5 i slaglan Hlas S gul 8 o ol gl
gl (3505 anllad Bl Gl o wiees cnbs Jie
coallad s (55 el Wb oo Il 1) XK 5 s 5L
Do Gamigeed aias o alls ol 8) g s 855
Ol 381 Ja 51 (Sl lse slas 5w L (2505
Ol o (Jsls udl 50 5850 (5,0 sl (slagi 5
i Gl 8l 5 S 35S a3l
Onomad Sl bl (g,BALw ol ,is s GLUTA i g 5
LB LAl (S 55 (s siae (RIS G et (S sl
ael Ll upts ol paandsalie Gu s YU 4 sate S
el (5 (e s 2l A S e Gl
S 53 S Loy oS e a9 Ol B8 4 sake
O8] as g 4 50 GMde b 4 S50 ulans
83354 (2B 0 (Bla wuld 5305 oo Lol i g 5 5
L Lt e o o0 ine 5 sldial —usm ,olad (il
855 S s sLase 3ok 5l Gl ) 4 ol

uJJJfﬁ&)@éﬁ;AﬁB@ﬁﬂuuM‘wﬁ

(5 HA £55) e lasud 04/0 s 035 (543
53 Ja ol Ll (1 ) GALLEH aaal
LV Gl 5 Sk glacilae (8800 GISE5 5
e s GBS 50 4SS s o il (alEl uS gla jud
() s 8 Mg il (AL s e b Gl VA
@l (S8 g aaan Glolasn s S el sud Ged i
O S (V) e J2B LAl e b Gl
3 —ios ollad i wua (7)) (Sl Gl a5,
09 =S e g a5 e (guaaie slaa sl S 35k
S5 o8 5is T YL g s MHC (slga i 30!
GoSsda b Bl gine o)) callad Grinas usd (SHlae
9 Soam H GBI G le s sla o8 550 5 5
o8 Sl ) wile @MHC 1l slaa 3 950 e aulass
ol et 4 Iy SMae 55 oDy 5 8 sage 5 S s SNae
6l soidn od bl G g SLI T sl sl
ol by pals sla (S5 b il silanesS) a5l
wl—ae asa or ol Sl ealdii) 58 5uald 4 wias
0509 (202 =8l slsiae ol | g s LI aas oo W51,
SLAGS s (I8 5 it sl e LS gu (ae
(shallle (Jlaonl L uiinn il gl basi o slag 1
1y a0 Ve L8 SMae G50 (oa <8l (855 ohals
obas ol el 00K GELIR T g 58 (Sae slasls o
e 83 (gl Ylaial Syl 4 B Slallle SIS) 4 aas o
0908 mor Sl (355 (s sime s S oS Besd S5
iles s BISE y Ciwnd G355 LI g s LN o Sdae
bl ladol 5o uln) £ a1y S Cud Geddie
awlie Hull g9 SMae lasmd Ho SHae 550 o2
S sl Gl 058l a5 S5 sl wsas T e slasad b
(de 5l pala £ 950 S g, Sl euliin] b olallls alas
pae L) ssas ool Ml e bl gsd Olose 401, Lasad
e B ol ] s Gadsre (e 85035 (a5
=0a 8L (glatae B LB, e (Jgare Hsb i
L X o dla g o BLl 5o pala Hsb 4 (SDuae (550
Odse OiSiw o) slap 8ol D) (S5 S (g un
Ciasbaray ol bl sgas wiS o gy )
8305 Job oo (SSoa waly alasiol sla I o las slas
Lty plosl 15 (S gl slac 5l iaan 5 Y5k
sul@il Hu olac sla oS o ke s sa s Jlaial ol ( SHae



PEY s gd— o pn o (goslad iomty 5 Sy (52099 (1l pangloylin 9 jay (1973 33€ (Gnlan YOA

ORI €S wep e Sl b JEDI Lae 4 SSHK
OIS 53 cage s sl I o Dae G0 202
mla b 000 po—a 5wl W)l sl 4 e lae
Ol 4 el S g Biels oo Soeae 5 GBS0
Ol 3l Gaobe Bl (55 oS GKau (s Bl s e
PGC-PPAR2Y Ju8 31 &y sacularcaS) 5o 550 slacyi sy
- o i3l 1 K eMae s Slan) cud sl ol
Q Jﬂ:\:J—A A:J‘—QJUQ.A ‘)_..\.AS J‘..\_!S ..\_A.u)u_é )1534_3 OY...\AJ‘;A
wil b o plie 5o lal Jole (4alllas 0) (S5 Gy
slagusesl olasd uss YU o sm o S ol L 4n
308 2o 3 pss ol s (slie il Ul colallas
B0 B
Ot adaaly (s 0 4 dla JulaSl 51 (6 K00 (ias
SldS 50 (55 2o (S Ol g Lo )]
La Sa s ol G2y I a8l Sade (o0 e @il
WJlw VWL Gleaa sl 5 SusS s dw 4 dalllas ol 50
YL sl ol 3 Bl 5 gl e JINA Jlaslie 5 3L
Oem 4K auls ol gl il wiud ad Jl o
@MQJJJL#&&QJAKL?&AJﬁMJJ@i;JJ
QMJ‘H‘JJ&E&Q‘%&‘&M‘&@&‘M
S ool sa i sulo HLEs a8l an S5 530 s5lul
JJLS_.’)%.&J—Q:’J&t}—a‘JMOJ‘J Clu-ud_}‘L} (SJ:LA-“-A-U
Jd@&&ﬂ&aﬁ‘ﬁ‘uﬁ—a&‘b‘)& OL:::)JJ C)‘J QM
Sl s sualds 4dls L5 Lo fuw ()38 L S e )lae
el Gal58 51 Sl b Yo o5h S L Lasols el 438l
-Taéﬁ‘a_‘}‘uﬁé‘)\gd_)ddhu\/’ u\/\u‘.&)iﬂ@ﬁ
Bl glhyls 5 3l OLo) 4o 48 col da s obla sl
0=l o9 (SMae o9 (or ol Gl 4 (Bla (o
Sl 5 oy HseiinS) o508 Gleain) (S sy 4 M
DS sl a5 BB e At (S S8 G s
s (gl 48 gla euiinS) Culie o Slae atiias S35
el a5l s ge sla 4 55 SSHa o 4B Caas

oddae Gad B G LLIHIL @8 B QS5 Al

v-Peroxisome Proliferator—activated Receptors 2
vi-Peroxisome Proliferator-activated Receptor-gamma

Ly Shae @il 5o Gl sl 800,58 5 Slae 5y (e
509 ullad 3ok S (poa sa s LRAS () )l el
olis (Jla gl L™sas oo (2alS 1y Jolse ol wsllaols 43l
oot 3l b (SMde G900 (pon @8k 358 oS el suls
b sLadiony 5o aS (5358 aly Luas Jals 4 el ,ISL
08 S (Al edl Gl b 5 S e ulagl (Sl
oo (Al @Mae by o Shae 4 s paas aaly
oae golal la S5 5o muiS slas) 5 0 sde
O BLS Ol (e (550 (mon o8b b s A
Sk Sl ol - Sas o yp o8l 5 AK e ae
e 058l sk 4 g aas 75 (Sl sae wile LA 52
0% o S8 (sndgd sl ) st wpSlae JralS 4
Tl aal A ulic gae GEald 4 sade e Mae
ool (Al 48 ol oLis il Julalyh dalllas ol
alles w5 pisss dalas Job 5o (Suae G508 20a
S8 as S il caadls Gl Sl g A e 15 Llan
&l 2500 Opo=S slal e 5wl 55 o Hlass a5 alles
b se Lt sy s ea SMae oK 5 0l S o gags
g5 o Joala3l b cpl 5o oS (LB 555 el g8 GRS
@l wmead W8 WSS Fe gl (g5l 58 (e
= oslie 5 (558 (i dss oS cie 1 ) (Sl
G2 ol b adbiee (Sute o8 (2on 28k Ghals
i (Slsld Jdo o alw plas | gole fae 3 S S
(mor ol Ly e e S s (slap 35T s Lo s
o o8l hals YL £ gl el slaS 5l
e omd poh oS 1Al e ) wolge Jeld (SMae (550
S8haeSh g sl pailanaS) L) (6 it s cias
LA 4523 5 e nad sl Sl b 5 YL SHlae
5 oo 2on O8N ae G558 —on ol
Maaslpea Jo 15 31 solse (e Gsia s2rn Lases
-0 ol 33l Jsbes o a3l s uasy TS Jiind s DAG!
SLLE S L 1) gl sl 4 oo slBe 0l g Gl oy
0399 DAG (I3 b (Jlie (sl 3T oo 95 53 BBA
J—i a4 sake S Wb o Gl 33 PKCOT ¢ 3)lae

bl s o GLUTAY cculgs Lo 5 0 s oo IRS-1T s

i-Diacylglycerol

ii-Protein Kinase C-theta
iii-Insulin Receptor Substrate 1
iv-Glucose Transporter Type 4



YOA  Mae 09,5 r Clg (Bis Oluses LIS 5 oobe SOL T

N aas o (S 1, Gl gl & ceglis 5 sui DAG
SSabeT ool gl 45 slia gl 3la Wil oo
© el (s (e (b s o Do ¢l soid
B|- '} SRR VITS P S VR PR LGNV K EN SR JPLat JRIBE
3 OselnSl 6l pon pead 5 oS e G (LIS
Jaealiss Sl 517aal @il s ga s o (B S50
59 Jormnl Jaial (655 53 b Sadsd sk 51 Jy e
ISR LUV = SRy B SO PRT PN PENPPRT NS
O90% or pellie g Salsad GBI Gk 51 (2505
as alasl 1 LIS ol (e

O oS pdla Jaladl i sladisls Gubal s (5 paSdaaais
09 omlie g lSal, ploe s Faslie 5 (558 (550
5 e oo S dan 5o SMde (550 sa S0 rals
il e (o3 slagsolan Hlao 5 alles W11 o Gainan
GO e (O (58 ORALS 4SS L pd 5 dadae
soe Lo 5 S0 (iinan 5 Qs su s (e ld GhalK (o
Goso=2 ol age Gl 4 Has; sl ol el culiia
g5 Blal sosla 3as op8 bLE 5o o iy
slag s, Gnipen s Laga )l G slassl 5
35S s 4 Jlagnl b cass (sS85l 5 pandids 380
e 5l dnsla gluanad sla S5 p50 (308a3 aal sl
p50 ol o 5 Gal®l 0w Lasl 6 65 s olas ¢53)
CRo—a3 ana (paiaad (La sasadl a5 5l 8l olie
ey o 3 4 S slacus gase Bl (gl 5 (D55
ile o (b Gligen sidus lalllas 4 5o

9 oiale ool Gl Gbla 4 aias Gl ) gyl Spubaw
b e oIS el ale
o2olas O Spea 4S5l e wMel G- 3 tpdlie (a5 las

.JJ‘JEJJQJ\).&A\A&A&}._}JJ L;’.QLS.A

i- Camptothecin 13

References

Shaw CS, Clark J, Wagenmakers AJ. The effect of exer-
cise and nutrition on intramuscular fat metabolism and
insulin sensitivity. Annu Rev Nutr 2010; 30: 13-34.
Bolsterlee B, Bye EA, Eguchi J, Thom J, Herbert RD.
MRI-based Measurement of Effects of Strength Training
on Intramuscular Fat in People with and without Spinal
Cord Injury. Med Sci Sports Exerc 2021; 53: 1270-5.
Waters DL. Intermuscular adipose tissue: a brief review
of etiology, association with physical function and wei-

355 Gl 8l Cpinan and ol an S50 o Shae (1alS
5 530 LIS sa L (ae 558 b (ke 5n
3 Cmeme W8 G 5o sal IS a (slacs guse Gaiges
O oS155 (3alS nl o s dle cal basi yo LagyT o Shae
o Oll3) S i o dline Hud Chas b ol
9 Ol L3 (P 555 L el I8 s odliae o
Poial o0 g0 i o Crene 015
0509 (o 28l lalS gl (e slie (npad (odid 3
il s aiieas M3 Gewe 5 L s 91531 S s
ol ol oo e (ligan 0p 0 madi g S
oo L 1550550 o el ot sol ol oS 6 Slea
Ol @Mac 550 (mor @8l oo LaalS ma b i 55
So5m0 3 ES akd g g LAl s s ol an
o o8 3 GEALS (ol Pl Gy s a3
WJlaol Lol s g alles fess 0l 5o (SMse 550
ol S (slas, g0 Hia 45 wau o Hlis A g5 4adllas
28l (alS sl el (Rae Wb 2l b (55198 3 seS e
Pl 3 G all sl 80 5o (SMiae G50 2n
6l T e S el sals gl cale B3l gun 500
5 o omly Glsed) 4 oslio b Wl Lo s5las]
(s, oyl .J‘)JT‘;A seas 1 Silslis gaelL8L
O o Glals Hlas 1y oMae 5o KK 5 o pead i
Wediee ¥ s cubo 5 Gl el 4 e glie S50 4 sake
conlan ofluas glaayl iSha callad b 4l
Sl sad (3,18 By Gl o o s ge b Sl s
G ot (2055 S5 5 O silanST g b Gl 530
LBl (s 273 b o (gl Cialinn 5 500
ORI b (s oo 4Kl L)) ol Sl Jalas
Ylaal™a,ls bls,l laasel s s DAG LialS 5 CPT13
Ol annST (gl Lo o oa ols LI SBaa b iy, (s

Jus ) ola pon penS RS G saie (308 GelB

ght loss in older adults. Ann Geriatr Med Res 2019; 23:
3-8.

Dubé JJ, Amati F, Stefanovic-Racic M, Toledo FG,
Sauers SE, Goodpaster BH. Exercise-induced alterations
in intramyocellular lipids and insulin resistance: the ath-
lete's paradox revisited. Am J Physiol-Endocrinol Metab
2008; 294: E882-E8. P

Kiens B, Essen-Gustavsson B, Christensen N, Saltin B.
Skeletal muscle substrate utilization during submaximal
exercise in man: effect of endurance training. The Jou-
rnal of physiology 1993; 469: 459-78.



’f'fJﬁjg.ﬁ_J/J/n:r‘;oju:ﬂe::gjC\..‘:.’:‘;odyj.)

Olpl puigulin 9 juyii9)3 326 (gnlan A\

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Phillips S, Green H, Tarnopolsky M, Heigenhauser G,
Hill R, Grant S. Effects of training duration on substrate
turnover and oxidation during exercise. J Appl Physiol
1996; 81: 2182-91.

Pruchnic R, Katsiaras A, He J, Kelley DE, Winters C,
Goodpaster BH. Exercise training increases intramy-
ocellular lipid and oxidative capacity in older adults. Am
J Physiol-Endocrinol Metab 2004; 287: E857-E62.
Tarnopolsky MA, Rennie CD, Robertshaw HA, Fedak-
Tarnopolsky SN, Devries MC, Hamadeh MJ. Influence
of endurance exercise training and sex on intramyoce-
llular lipid and mitochondrial ultrastructure, substrate
use, and mitochondrial enzyme activity. American Jour-
nal of Physiology-Regulatory, Integrative and Compar-
ative Physiology 2007; 292: R1271-R8.

Solomon TP, Sistrun SN, Krishnan RK, Del Aguila LF,
Marchetti CM, O'Carroll SM, et al. Exercise and diet
enhance fat oxidation and reduce insulin resistance in
older obese adults. J Appl Physiol 2008; 104: 1313-9.
Bruce CR, Thrush AB, Mertz VA, Bezaire V, Chabo-
wski A, Heigenhauser GJ, et al. Endurance training in
obese humans improves glucose tolerance and mitocho-
ndrial fatty acid oxidation and alters muscle lipid cont-
ent. Am J Physiol-Endocrinol Metab 2006; 291: E99-
E107.

Bruce C, Kriketos A, Cooney G, Hawley J. Disasso-
ciation of muscle triglyceride content and insulin sens-
itivity after exercise training in patients with Type 2
diabetes. Diabetologia 2004; 47: 23-30.

Bergman B, Butterfield G, Wolfel E, Casazza G, Lopa-
schuk G, Brooks G. Evaluation of exercise and training
on muscle lipid metabolism. Am J Physiol-Endocrinol
Metab 1999; 276: E106-E17.

Alsted TJ, Nybo L, Schweiger M, Fledelius C, Jacobsen
P, Zimmermann R, et al. Adipose triglyceride lipase in
human skeletal muscle is upregulated by exercise train-
ing. Am J Physiol-Endocrinol Metab 2009; 296: E445-
E53.

Gan SK, Kriketos AD, Ellis BA, Thompson CH, Kra-
egen EW, Chisholm DJ. Changes in aerobic capacity
and visceral fat but not myocyte lipid levels predict inc-
reased insulin action after exercise in overweight and
obese men. Diabetes Care 2003; 26: 1706-13.

Helge JW, Dela F. Effect of training on muscle triac-
ylglycerol and structural lipids: a relation to insulin
sensitivity? Diabetes 2003; 52: 1881-7.

Hurley B, Nemeth P, Martin 3rd W, Hagberg J, Dalsky
G, Holloszy J. Muscle triglyceride utilization during
exercise: effect of training. J Appl Physiol 1986; 60:
562-7.

Wan X, Wang W, Liu J, Tong T. Estimating the sample
mean and standard deviation from the sample size,
median, range and/or interquartile range. BMC Med Res
Methodol 2014; 14: 135.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean
and variance from the median, range, and the size of a
sample. BMC Med Res Methodol 2005; 5: 13.

De Morton NA. The PEDro scale is a valid measure of
the methodological quality of clinical trials: a dem-
ographic study. Aust J Physiother 2009; 55: 129-33.
Brennan AM, Standley RA, Anthony SJ, Grench KE,
Helbling NL, DeLany JP, et al. Weight Loss and Exe-
rcise Differentially Affect Insulin Sensitivity, Body Co-
mposition, Cardiorespiratory Fitness, and Muscle Stre-
ngth in Older Adults With Obesity: A Randomized
Controlled Trial. J Gerontol A Biol Sci Med Sci 2022;
77:1088-97.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Goodpaster BH, Chomentowski P, Ward BK, Rossi A,
Glynn NW, Delmonico MJ, et al. Effects of physical
activity on strength and skeletal muscle fat infiltration in
older adults: a randomized controlled trial. J Appl Phy-
siol 2008; 105: 1498-503.

Avila JJ,Gutierres JA, Sheehy ME, Lofgren IE, Delm-
onico MJ. Effect of moderate intensity resistance train-
ing during weight loss on body composition and phy-
sical performance in overweight older adults. Eur J Appl
Physiol 2010; 109: 517-25.

Ku YH, Han KA, Ahn H, Kwon H, Koo BK, Kim HC,
et al. Resistance Exercise Did Not Alter Intramuscular
Adipose Tissue but Reduced Retinol-binding Protein-4
Concentration in Individuals with Type 2 Diabetes Mel-
litus. J Int Med Res 2010; 38: 782-91.

Ghasemikaram M, Chaudry O, Nagel AM, Tider M,
Jakob F, Kemmler W, et al. Effects of 16 months of high
intensity resistance training on thigh muscle fat infiltr-
ation in elderly men with osteosarcopenia. GeroScience
2021; 43: 607-17.

lkenaga M, Yamada Y, Kose Y, Morimura K, Higaki Y,
Kiyonaga A, et al. Effects of a 12-week, short-interval,
intermittent, low-intensity, slow-jogging program on
skeletal muscle, fat infiltration, and fitness in older adul-
ts: randomized controlled trial. Eur J Appl Physiol 2017
117: 7-15.

Durheim MT, Slentz CA, Bateman LA, Mabe SK, Kraus
WE. Relationships between exercise-induced reductions
in thigh intermuscular adipose tissue, changes in
lipoprotein particle size, and visceral adiposity. Am J
Physiol-Endocrinol Metab 2008; 295: E407-E12.
Ogawa M, Belavy DL, Yoshiko A, Armbrecht G, Mio-
kovic T, Felsenberg D, et al. Effects of 8 weeks of bed
rest with or without resistance exercise intervention on
the volume of the muscle tissue and the adipose tissues
of the thigh. Physiol Rep 2020; 18: e14560.

Ryan AS, Harduarsingh-Permaul AS. Effects of weight
loss and exercise on trunk muscle composition in older
women. Clin Interv Aging 2014; 9: 395-402.

Seo MW, Jung SW, Kim SW, Lee JM, Jung HC, Song
JK. Effects of 16 Weeks of Resistance Training on
Muscle Quality and Muscle Growth Factors in Older
Adult Women with Sarcopenia: A Randomized Cont-
rolled Trial. Int J Environ Res Public Health 2021; 18:
6762

Aas SN, Breit M, Karsrud S, Aase OJ, Rognlien SH,
Cumming KT, et al. Musculoskeletal adaptations to stre-
ngth training in frail elderly: a matter of quantity or
quality? J Cachexia Sarcopenia Muscle 2020; 11: 663-
77.

Wochner R, Clauss D, Nattenmuller J, Tjaden C, Bruc-
kner T, Kauczor HU, et al. Impact of progressive resist-
ance training on CT quantified muscle and adipose
tissue compartments in pancreatic cancer patients. PLoS
One 2020; 15: e0242785.

Gacesa JZP, Dusko KB, Grujic NG. Triceps Brachii Str-
ength and Regional Body Composition Changes After
Detraining Quantified by MRI. J Magn Reson Imaging
2011; 33: 1114-20.

Gacesa JZP, Secher NH, Momcilovic M, Grujic NG.
Association between intramuscular fat in the arm
following arm training and INSIG2. Scand J Med Sci
Sports 2014; 24: 907-12.

Jacobs JL, Marcus RL, Morrell G, LaStayo P. Resi-
stance Exercise with Older Fallers: Its Impact on Inter-
muscular Adipose Tissue. Biomed Res Int 2014: 2014:
398960.



Y& Shas U903 g S8k g S Oy s

Il 5 oobe KL 5

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Konopka AR, Wolff CA, Suer MK, Harber MP. Relati-
onship between intermuscular adipose tissue infiltration
and myostatin before and after aerobic exercise training.
Am J Physiol-Regul Integr Comp Physiol 2018; 315:
R461-R468.

Lee S, Libman I, Hughan K, Kuk JL, Jeong JH, Zhang
D, et al. Effects of Exercise Modality on Insulin Resis-
tance and Ectopic Fat in Adolescents with Overweight
and Obesity: A Randomized Clinical Trial. J Pediatr
2019; 206: 91-98.e1.

Yao L, Delmonico MJ, Roth SM, Hand BD, Johns J,
Conway J, et al. Adrenergic receptor genotype influence
on midthigh intermuscular fat response to strength trai-
ning in middle-aged and older adults. J Gerontol A Biol
Sci Med Sci 2007; 62: 658-63.

Ogawa M, Hashimoto Y, Mochizuki Y, Inoguchi T,
Kouzuma A, Deguchi M, et al. Effects of free weight
and body mass-based resistance training on thigh muscle
size, strength and intramuscular fat in healthy young and
middle-aged individuals. Exp Physiol 2023; 108: 975-
85.

Marcus RL, Smith S, Morrell G, Addison O, Dibble LE,
Wahoff-Stice D, et al. Comparison of Combined Aer-
obic and High-Force Eccentric Resistance Exercise With
Aerobic Exercise Only for People With Type 2 Diabetes
Mellitus. Phys Ther 2008; 88: 1345-54.

Nicklas BJ, Chmelo E, Delbono O, Carr JJ, Lyles MF,
Marsh AP. Effects of resistance training with and
without caloric restriction on physical function and
mobility in overweight and obese older adults: a rand-
omized controlled trial. Am J Clin Nutr 2015; 101: 991-
9.

Bruseghini P, Capelli C, Calabria E, Rossi AP, Tam E.
Effects of High-Intensity Interval Training and Isoi-
nertial Training on Leg Extensors Muscle Function,
Structure, and Intermuscular Adipose Tissue in Older
Adults. Front Physiol 2019; 10: 1260.

Santanasto AJ, Newman AB, Strotmeyer ES, Boudreau
RM, Goodpaster BH, Glynn NW. Effects of changes in
regional body composition on physical function in older
adults: A pilot randomized controlled trial. J Nutr Health
Aging 2015; 19: 913-21.

Copas J, Shi JQ. Meta-analysis, funnel plots and sens-
itivity analysis. Biostatistics 2000; 1: 247-62.

Egger M, Smith GD, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ
1997; 315: 629-34.

van Loon LJ. Use of intramuscular triacylglycerol as a
substrate source during exercise in humans. J Appl
Physiol 2004; 97: 1170-87.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Watt MJ, Heigenhauser GJ, Spriet LL. Intramuscular
triacylglycerol utilization in human skeletal muscle duri-
ng exercise: is there a controversy? J Appl Physiol 2002;
93: 1185-95.

Koh HCE, Nielsen J, Saltin B, Holmberg HC, @rtenblad
N. Pronounced limb and fibre type differences in sub-
cellular lipid droplet content and distribution in elite
skiers before and after exhaustive exercise. J Physiol
2017; 595: 5781-95.

Chee C, Shannon CE, Burns A, Selby AL, Wilkinson D,
Smith K, et al. Relative contribution of intramyocellular
lipid to whole-body fat oxidation is reduced with age but
subsarcolemmal lipid accumulation and insulin resis-
tance are only associated with overweight individuals.
Diabetes 2016; 65: 840-50.

Shaw CS, Swinton C, Morales-Scholz MG, McRae N,
Erftemeyer T, Aldous A, et al. Impact of exercise trai-
ning status on the fiber type-specific abundance of pro-
teins regulating intramuscular lipid metabolism. J Appl
Physiol 2020; 128: 379-89.

De Bock K, Richter E, Russell A, Eijnde B, Derave W,
Ramaekers M, et al. Exercise in the fasted state faci-
litates fibre type-specific intramyocellular lipid break-
down and stimulates glycogen resynthesis in humans. J
Physiol 2005; 564: 649-60.

Schiaffino S, Reggiani C. Fiber types in mammalian
skeletal muscles. Physiol Rev 2011; 91: 1447-531.
Irrcher 1, Adhihetty PJ, Joseph A-M, Ljubicic V, Hood
DA. Regulation of mitochondrial biogenesis in muscle
by endurance exercise. Sports Med 2003; 93: 783-93.
Bruce CR, Brolin C, Turner N, Cleasby ME, van der Le-
ij FR, Cooney GJ, et al. Overexpression of carnitine
palmitoyltransferase | in skeletal muscle in vivo incr-
eases fatty acid oxidation and reduces triacylglycerol es-
terification. Am J Physiol Endocrinol Metab 2007; 292:
E1231-E7.

Coen PM, Dubé JJ, Amati F, Stefanovic-Racic M, Fer-
rell RE, Toledo FG, et al. Insulin resistance is associated
with higher intramyocellular triglycerides in type | but
not type Il myocytes concomitant with higher ceramide
content. Diabetes 2010; 59: 80-8.

Goodpaster BH, Wolfe RR, Kelley DE. Effects of
obesity on substrate utilization during exercise. Obes
Res 2002; 10: 575-84.

Argentino DP, Dominici FP, Al-Regaiey K, Bonkowski
MS, Bartke A, Turyn D. Effects of long-term caloric
restriction on early steps of the insulin-signaling system
in mouse skeletal muscle. J Gerontol A Biol Sci Med
Sci 2005; 60: 28-34.



Vol 25 No.3 Aug-Sep 2023 Iramian Journal of Endocrinology and Metabolism | 304

Review Article

The Effect of Exercise Training on Intramuscular Adipose
Tissue in Individuals with and without Chronic Diseases: A
Systematic Review and Meta-analysis

Ebadi B'"=", Khalafi M2"=", Delavari MA"%", Shahabpour E?

'Department of Sport Sciences, Faculty of Humanities Sciences, University of Hormozgan, Hormozgan, Iran.
2Department of Physical Education and Sport Sciences, Faculty of Humanities, University of Kashan, Kashan, |.R.
Iran.

e-mail: b.ebadi@hormozgan.ac.ir

Received: 15/11/2023 Accepted: 05/05/2024

Abstract

Introduction: Fat infiltration into the muscles and the accumulation of intramuscular adipose
tissue (IMAT) are associated with the development of insulin resistance, which tends to increase
with aging and metabolic disorders. In contrast, exercise training may lead to a decrease in IMAT.
Therefore, the present meta-analysis aims to investigate the effect of exercise training on IMAT in
individuals with various health conditions and ages. Materials and Method: A comprehensive
search was conducted in the Web of Science, Scopus, and PubMed databases from their inception
to October13 2023. The inclusion criteria for the meta-analysis included studies investigating the
effect of exercise training with an intervention lasting more than two weeks, measuring IMAT
values, involving human subjects of any gender, age, or health status. Standardized mean
difference (SMD) and 95% confidence intervals (Cls) were used to calculate the effect size using
random-effect model. Results: Thirty-four interventions derived from a total of 24 studies
comprising 1091 subjects were included in the present meta-analysis. The results showed that
exercise significantly reduced IMAT tissue with a large effect size [(SMD= -0.67), Cl= 0.42 to 0.93].
Additionally, body weight, body fat percentage, and blood glucose levels significantly decreased.
Conclusion: These findings suggest that regardless of the type of exercise, health status, and age
of subjects, exercise training is an effective intervention to reduce IMAT, which may play effective
significant role in improving metabolic status.

Keywords: Exercise training, Intramuscular adipose tissue, Chronic diseases
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