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The possible mechanisms of resistance exercise-induced glycemic control in
patients with Type 2 Diabetes
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Abstract

Diabetes is a metabolic disease in which chronic high blood sugar persists due to insulin secretion and dysfunction. The number of type
2 diabetes patients(T2D) is gradually increasing incidence and prevalence. In addition, T2D is a risk factor for progression and prog-
nosis high blood pressure, dyslipidemia, and cardiovascular disease. Physical activity is an effective lifestyle method to prevent and treat
T2D, and various types of exercise (endurance, resistance, complex (endurance + resistance) has been reported to ameliorate hyper-
glycemia by reducing weight, insulin resistance, and increasing insulin sensitivity. Recently, resistance exercise has been known to regu-
late hyperglycemia by improving the metabolic function of T2D, but the mechanism underlying the resistance exercise-induced control
hyperglycemia remain unclear. This review focus on the overall effect of resistance exercise and the potential mechanism for the treat-
ment and prevention of T2D via skeletal muscle shift, lipid metabolism, and mitochondria.
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Fir(diabetes mellitus)} Q&de] 7]Foldolt A, wad
of trfolFo® Qs BH R Fdo] Eopzl tiAMd Hgtolth
e A ded BRF AAY dojuA] o= A 18 7
W3 Qad Eu7l Aoz dojur|tt ded Aoz
A71E Al 2?%‘ fh& T2 7 AUtk e B%E AAsk
AE Al 28 =W A Fe HAF Solvks FAlolH, TAY
=4 ?ﬂ“@(lntematlonal Federation of Diabetes)e& A AAIZo=z
20174 4.249] oA} 20459 6,299 HOoZ Z7hd AOE o)
of ofo wE =7ke} ZjRle] ojgH] Fgo] opd ZoF Hist

O‘E](IDF 2017).

SR oA, 1Est 9 A Age] APesE
%}EW Aom, G ety s Y¢S AY AHA &
A AAEES °l- ALEHE AAstL ok v= e
(American Diabetes Association)?} "= 3 =0]8}35](American
College of Sports Medicine)= 7222l A5 A& A3
= MAANA Furs odilshe F83 8%0E AAsINoH
(Colberg et al, 2016), +&2] & F ok, A3, HHHFAA
AT BT G A Qled R s AAA
7= &Ko g WhHo g H sty JukSchwingshackl, Misshach,
Dias, Konig, & Hoffmann, 2014; Mann et al, 2014). 53] f4ka
FEe I8o7  IEFAH(gucose uptake)2t  *El(glucose
disposal& FZIAA A& IS A7, 25 U HEE
tejoke] Wxe} Asteds 7MWtk BauEa §lthPhielix,
Meex Moonen- Kornips, Hesselink, & Schrauwen, 2010).

FudAE o 797k =R kA 58 i
AH FFIA WS IAE, dEd S AFstd 1¥EY
< JWAAZ e H(Kirwan, Solomon, Wojta, Staten, & Holloszy,
2009, A7 itk e FREAE YIlEEEEH
(glycosylated hemoglobin)2] 455 3 0.5-0.7% A7 AL
2 Rysi¥tUmpierre et al, 2011; Borror, Zieff, Battaglini, &
Stoner, 2018). Nojima et al. (2017)2 539 <] 7<ﬂ Y gR3xE o
Ao && 08 F 33 127H 17F fAkA 3 AN A3 3,
6, 7ol dF F3UFHY FFo] A % e PRl =
3 Picard et al. Q02D& f4kh 58 FudAlA el
Aldhdo] S(heart rate variability)olie] AXEHAOH, ol A&
174712 &40] gdd AL u|gitta B sttt
% **33 ATE B itE 2 e dT 2 X8
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Fig.1. The potential mechanism of resistance exercise-induced glycemic
contral of Type 2 Diabetes
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o1 shE L_E‘H'_ ckismail et al, 2019). ZA2E
ol-g3le A% i 80%/HA Ashe dEe o, =
THFE 25 A HES Eole Z0E A JrkHarmer &
Elkins, 2015) Gr ontved, Rimm, Willett, Andersen, & Hu (2012)&
39 24H-S o 189 7 FRAES s Ay FH 1508
oo Mg 5 Al 28 T FHES U% TaIe
Ao® B3It vl BdlddAe F 2-33]9 A3E &F
& TudAEA dsta Qo B e F XuE
vtk EEY 55 Bk A ks ﬁ—E"] A== 357t
AT 4 Qo] tiARIeRE A &5S FAsIL QUtHEves
& Plotnikoff, 2006).

A e B ndds sAek

A 7HaAZItKMavros et al, 2013). E3F A &5 uA
A dFE dAES A, EET A type
4(Glucose transporter type 4} l&d VS S7MI7I= AL
2 RaEy 9o} Ishi, Yamakita, Sato, Tanaka, & Fujii(1998)-2
s o E F 53 4657 AL 5 ZHY 2
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A FEEH &5 § 29 AAHES WA TS
Bl = 7oz Busta UtkGreer, Sirithienthad, Moffatt,
Marcello, & Panton, 2015). &3+ APALE B3] A 25
Tl dF TUEE MAIE ACE Rusta St
(Shaihi et al, 2006).

ARHoR AP 5 7Y, THY 5T TEA type 4,
712U F7Fe SRl BadiAle] "9 sk Z0E A7
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Fig.2. The mechanism of resistance exercise-induced glycemic control
by improving muscle mass, GLUT4 and BVR in Type 2 Diabetes
patients
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A LEoE QI 2% 719 T ded WHde &
A AN7E AR dEA Jom(Paquin, Lagacé, Brochu, &
Dionne, 2021), @359 ¥ 24S 93 257 Sdc 2
FHQ 81Y Zolth A &5 I5FE M &R
Aol L5 )&  IGF-1/PI3K/AKT pathwayS 3 <59 et
A4 S neuromuscular remodeling)e] oWtk Insulin-like
growth factor 1 (IGF-D& 259 A% Ao 83 9T
sh, IGF-1& Protein kinase B(AKT)S] Thr308& <4kl Al7ith.
245 AKT+= forkhead box O (Fox0)e] HARIAE EA4A)17]H,
JEels) vl Eajprotein degradation)S 9JAIsHA Ptk 1
1 AKT+= mammalian target of rapamycin complex 1 (mMTORCDE
A7) EAE mTORCIE p70 ribosomal S6 kinase (S6K)S- <1
At AlA il 3RS F7RAZIcHSchiaffino & Mammucard,
201D, =3k A 52 FFIA TS FTMIIIe A=
dHA 9o, AKTE glycogen synthase kinase 34 (GSK3)9] Serine
99] QIEFE AAlste] ZE]=A P EAglycogen synthase)S 5
7HAZ1KBeaulieu, 2012).

& XF(Type [IX) o2 AWETRE 255 0]831o oy

5 AAbstal Tk tiab B8] B 25 EYdelH, ofeld
= FuIAENA =& HeS Yeha JoiColberg et
ol BugAE A Yehhks et Ao Qs

A&AES(Hyper insulinemia)o] WAl TZAS) & 2xF
59 v AZ M (myosin heavy chain)®] FAAE S7141717] W)
ToltiMadden, 2013). THH FHTEE &2 X¥ 250 F
7Y JepA R FiadiAEe] #5d £2 X3 Sk tA
£9 o]A& YERd 4 9ltkPesta, Goncalves, Madiraju, Strasser,
& Sparks, 2017).

Ishii et al. (1998) Al 28 T IAE o= F 53] 465
b AUEE] 40-50%2] FAR 10-203] HHE3Io] AFA &
S AAT A 953 AR S22 XFoAM &2 23

Ao F Aol Uehta, I8 X5 439 S

Stk olgd Avhs & 208 T80 £ xR =AY
, X5 A type 471 Bo] EEHoIQlY, &l ¥R
| wjEolgtal Bt tiCastorena, Arias, Sharma, Bogan, &
Cartee, 2015). AFHAHOE Fude] A &5 Zdf FHl
£ AgNA dde zdsle 9Te 3tk

A 5L FudAe] ddd s JoE 4EA 9
ou, Liu et a. (0192 13=e] AFE +52 ALY Tt
S| FEEMA $2E U G930l dgxd o g A5}
%tk AMP-activated protein kinase(AMPK)= @3t A|jAlol 5
23 H8-S 3, Dreyer et al. (2000 1192 49 YiZ o
FOE 2N U3 MY &5 F AMPKe] o] Flske
A0 2 Bty AMPKe] 242 Eukaryotic translation initiation
factor 4E-binding protein 14E-BPD¢} mTORCIS ZAAH &5
T % U 9d S ARt APE *F T FF
AMPKE= ATPE AN Sl =59 54 type 45 S7HAA
o5 U 259 A3k A4 AksKfatty-acid oxidation)E F71A]
70, 259 L &5 F 24 F¢ ] doju= Zlow
LIk =

HITRS: @d] fEES F7H7H, HIRke R Qls) FH=shA
718 AR interleukin-6 (IL-6)¢} tumor necrosis factor -
alpha (INF- )¢} 22 E34 AAE BHIAE ZoE ¥8A
Atk dF & 5329 69 TNF-o &= ddxdy) dad ugt
e AN, Shiltz et . (015 Wl A2 FRBASS
oz F 338 HUFH| 60-80%=2 1257 AdHd 252 A4
3k Az IL69F TNF-¢ 9] 9] AE B3k, Jorge et al
Q01D Fu3AE tdos 3= 33 12730 A &5 A
o Az} C-whSA ool Zhael ApbAEe] dad NS
FAsk= vl -l(visfatin) 9] 7H4dS Bassict Ku et al, (2010)
o 499 A 28 YudAE WFeE F 53] 1257 itk &
6023t A% A7DH MY Ss(FHNFTHF] 40-55%)<
b AR Az e 2ozt YERUA] AR A &5 F
TollA B S 2AsE A0E gzl @FA AIETRII

Ej=Agehl A A(retinol binding protein 4)¢] 7HA7}F Ykt
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3 A 28 FudAEL o dAEEZe] FEE A B
m EAo R AN Ads Ao SH2HEY] S 1
A1 Aok FY2HE Al yehdtiMullugeta, Chawla,
Kebede, & Worku, 2012). Yang, Yang, Li, & Han. (2019)& #3&}4d
58 FHEeS Z71A1# hormone-sensitive lipase &4-9] &
e B3l AHY e ZRATIH. ole AdE FEAAEL

Agkste] Axy Ado] A= As dAsl ded A3
& It Rustlth =g ded AYHoE Qg 1
985 Akskbeta-oxidation)E AAlshs Aow I
Ao, A & ALEte] S48 8% AAS TAaAA

EAYAL] <94 (metabolic flexibility)S  7AAIZIEKStrasser &
Pesta, 2013).

AHH O T A3 So% oHF| FRL ZAFHHE HS
gs -3t
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Fig.3. The potential mechanism of resistance exercise -induced insulin
sensitivity by improving IGF-1, AMPK and Lipid metabolism in
Type 2 Diabetes patients

IV. D|EE2EZ|0} 7|s

nEZEeglol= k314 <laksloxidative phosphorylation) 42
ol oAU ATPE Ak Bt ope} Z<g 2, AlEThAL
Ak A 2 A EAPE(apoptosis) S 2= 23 AlZ U
A7]#oltiTait & Green, 2013). =8¢} & AL nES
To} 7lsolde sk AoE dHA 9lom, Al 28 I
SANAE WEZEZ oL TlFolde] UYehte E4o] Atk 8t
A vEZEote] 7|goldor Bt MHAEA, BhE <l
3] mEZTeote] 75oldo] dojuh=Al Aes] BEAA] ok
thShou, Chen, & Xiao, 2020).

AR nEZEZ ok AlEe| LN IS sl AEA
(biogenesis), #A(fission), & fusionS S EURlel 1 =719}
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JelE A Meyer, Leuthner, & Luz, 2017). Peroxisomal
proliferator activator receptor-y coactivator-1a (PGC-1a)= U|E
Zegol Aol Fa3 HTE of, YA 1 T
A7) yepdt) =31 PGC-1e 9 e WEZTgloke] A4k
3}, s, tricarboxylic acid (TCA) AlelE 2 AAHGA =
FIFe vt A S5 kA & BT MEZEEC}
9 75E A= AR Rasta 9o (Groennebaek &
Vissing, 2017, Granata, Jamnick, & Bishop, 2018), MZFoA 2
T AEd Ze Asdgel F83 A%S k= camodulin
-dependent protein kinase (CaMK) [IE %7}A17]al, mitogen-
activated protein kinase (MAPK) % 3l p38 MAPKS /34171
o). 24% p38 MAPK2 activating transcription factor (ATF) 29}
myocyte enhancing factor (MEF) 25 53] <& Wl PGC-1e S
7RI A8 AFES Sl A &5& PGC-le g /M
A HEZEgole] S FTH7IE Z0E Husta glovt
A2 FuAE thdoE A3 o] REZE R A4
o PAle FFE Hug A7e uhe F53 dAoloh s
Wang, Mascher, Psilander, Blomstrand, & Sahlin. (2011)& -f-4ka+
A FEIEH AL SEIES Hlud A Ay
5 1FN4 PGC-1a, PGC-1-related coactivator (PRC) ,pyruvate
dehydrogenase kinase 4 (PDK4)9] 4=F0] 715k A& SRIsISiTh
olgdt AFE HiYCE A 5 vEZE oL A F
3 95 & Zlog AY7HTk

Al 28 Fudhs mEZEole] $8e X2Mdh= dynamin
related protein 1 (DRP 9] 719} 3 ZAsH= mitofusins 1
MIN2)9] 7AE E3l nEZTeole] EA(fragmentation)o] Z7}
314 FtkYu, Robotham, & Yoon, 2006). RlEZCeole] HHo]
Z7h= EAd4kAaF(Reactive oxygen species)?] E719t Qledl HH]
£ A shH(Kabra et al. 2017), mEZ=g] ol g3 Zas o
<8 A =3 BA(glucose intolerance )& Z7HA7ITh
(Sebastian et al. 2012). Zhang et al. (2013 MAN2Z L3 A)7]
SERDAA ded FEAY} 25T £EA TP Uehd 2l
<8 7o ddEtty Btk Schrauwen- Hinderling et
al. 000)& A 28 FusAEs} BMI(29+1)7} Hliff} ARl
rqwj &5 A= 50-60% F ATP T4 weS s sl
539 Aoty Sk & AR —Erﬁ@ A3 F3AE
OHHW Uut thza Bk 45% =2|Al Jebstth =3 Phielix ef al.
Q009 % FixkAte] AT]old QAHE 38 Alzte] A UEH,
o|g3t Az= mEZCeole] 355 (respiratory capacity)® A
22 A (electron transport chain)e] 4 7 wjEo|gky B s}
At g2 AYPATFE Tl TR nESZSol] HARH
A B L 28ja 479 Ak Harsa Qlok shA gk Ag)
4 EE PEZEL] %E MARIT Baskglon,
Pesta et al. Q01D= 10579 A 58 f4k4 2539 njit
THE QS35 PEZEeoke] respirations Tkl
B om Sparks et al (20132 971€zke] A &5 Al
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Fig.4. The potential mechanism of resistance exercise-induced glycemic
control by improving mitochonakial function in Type 2 Diabetes patients
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