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The Effects of Aerobic/Resistance Exercise on Body Fat Mass, Muscle Strength and Endothelial
Function in Korean Type 2 Diabetes mellitus Patients

Kyung Wan Min

Department of Internal Medicine, Eulji University School of Medicine, Seoul, Korea

I Abstract

Regular exercise has been shown to reduce cardiovascular risk factors. Korean type 2 diabetic patients showed
a reduced aerobic exercising capacity (VO2max 5.2 + 1.3 MET, VT 3.5 + 0.9 MET]) when compared to normal
subjects matched to anthropometric conditions. A typical activity of moderate intensity is “brisk” walking at 5.6
km/h on a flat surface requiring 3.8 MET. Thus, the duration of aerobic exercise training is more important than
intensity in Korean type 2 diabetic patients. During 12 weeks of exercise intervention, aerobic exercise improved
cardiopulmonary function and endothelial function in Korean type 2 diabetic patients. However, muscle strength
was not changed significantly by aerobic exercise.

The maximal muscle strength of Korean type 2 diabetes mellitus patients was decreased compared to normal
subjects with similar body weight. The maximal muscle strength was decreased with age, especially more in
the lower extremities than the upper extremities. Generally, increased muscle mass was correlated with body
mass index, however, muscle mass in obese type 2 diabetic women was not increased proportion with weight
gain. Therefore, combined exercise is recommended to obese Korean type 2 diabetic women. Low intensity
resistance training using resistance bands was effective in increasing muscle mass and muscle strength and
reducing abdominal fat mass in diabetic women. However, endothelial function was not changed significantly by
resistance exercise. (J Korean Diabetes 2011;12:6-12)
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TRAQ ol g3 HdHsgY > A8 T Y g F 1507 o, 4 7 33] o]
Aske] S AAAIG], AusEe] Ast= A ES Harskar Qo7
EEugkyt gysh AdgdS 7HE Rk oy eH2,3] TS AAske W 5 FAY X (anaerobic
AedAgd4], LAGFE1E Fiehe i threshold, AT)9 &54E+ A8 750 dFS
FHES B 745 A8 0ETo = QI3 27| AMYES FA ¢ Wil nEeF, wwh, AIAME 7HA
Eol= g o= Zlog AHR|AL Q6] AAEolA AEHTG[8]. weEtA G A&

u] 25k B 5k3] (American Diabetes Association, AFH ol 88 5SS 7 A2E T
ADA)= A2y Fyo] ot ARE 8 2122 Ao A PSHA o] 8E 4= Qlok. FAMAYA] F
AA] 250 o]l AEskal glo] 7hssh mid 30+ shubel 24k 2] (lactate threshold, LT)&= AR
ool = AlA EEg AldetEE Harstal 9l ghgo] Abgo] whaha dEebd 4= glom A&H<l
53] d9 24, AT 54, AFLEe fFE=E QAR Ao Q=7 wFo] A2g Ty EAte
FaA 717 HOHHL o Aurs=9] 50~70%¢<1 Atell wol o] g=A] Fom[9], 37|92 (ventilatory
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threshold, VI)& e BAelAE 2o] Golatn],  gaAld 4 gl Wholtk, et oS elo] o
FEEA RS, ATANT e EEgls  fARREO AUE BT Aueln YY)
7H Bl A = Sk 248 4= 9l [10], AARES E Shasge] ATE BAR A7
An 5211 AZY Fde S S A el A2 g S duen of pae
AALE 2T AT 1A S Ak AR B S Ze 4o wissne ¢
W 35 £ 09 METs, HHAHHS 52 + 13 Fo o8 f4khebo Avburks Q4e *94
METs®T, WA7h olatieh $6& Mgtk fAREe] BukE cofui Zlo| WEA Bag
(P = 0012, P = 0,002, BANAN 2HReH= olc,

55.8 + 21.5 watts¥ L, Hoi+-5H-5k= 96.8 + 30.9

GE7EASEA ) ofF ANTE mUHGL
ZE)] =

wattsSlo] W7k ofAet TP (0,000 (Table  HA1%5: sfElo] et Awse) SEE
D, 2, An Soll1l] X svlelxelAe] M pelE X aueke Brlsksd] AgE ol
AAYHT 5.2 + 1.3 METsE nRAaxzelssoy]  OE/|SAsEAL BE 4R, /|7 1S A4
AAG HAZES 6 METsHOHE Be gzo] Al o% 71253 q4ste] AAZ Bore] SEFE

S5 Ustd= Aolth, E3F AH LFdER
HiE = A7 AX AN Aba dFH el 3.5 £
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olg|at Zwe] LEogL 483 k/ho| &= A7,
F2 1 kmE 208 #71(3-4.9 k/h)7FEA
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5] 5T 3.0~6.0 METE 9ju|dl=d),
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Table 1. Physical capacity at ventilatory threshold and maximum exercise capacity (adapted from
An et al. J Korean Diabetes Assoc 2005;29:479-85[11])

Male (N=298) Female (N=283] Total (N =581) Sig
Ventilatory Threshold
Load (watts) 68.0+19.0 43.6+15.9 55.8+21.5 {0.001
METs 3.6+1.0 34+08 35:09 0.012
Heart rate (beats/min) 113.2+11.7 1114.1£11.9 113.6+11.8 NS
AHeart rate 27.4+13.1 26.5+135 27.0+13.3 NS
%HRmax 65.747.3 67.6+7.3 66.6+7.3 0.002
%HRR 34.6+11.4 348117 34.7+11.5 NS
SBP [mm Hg) 1462.0 £ 24.1 140.2£31.6 141.228.1 NS
DBP (mm Hg) 84.5+12.9 86.1+16.3 85.2+14.6 NS
Max
Load (watts) 116.2+26.4 76.6+21.0 96.8+30.9 ¢ 0.001
METs 5.4+ 1.4 5.0+1.1 52413 0.002
Heart rate (beats/min) 139.2£16.0 135.4£16.7 1375+ 16.4 0.01
SBP [mm Hg) 175.7£27.9 167.5+26.2 172.1£27.5 0.001
DBP (mm Hg) 91.2+15.6 93.2+13.3 92.2+14.6 NS
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skl A B, $4E9] 50 A=y
o) SEHC; By A ao] o mukgolzin
15k TH(Table 1), LE]al FARS o ]of| A &)
P A fYskA S7tste] AlHEE
o2 yegod, HE 552 fAR s 5
AT fo3 A3z gkl spgar, iy
WA A kA9 Bee s fofg wabt glglthn
211 5l HTable 2).

b= ek (American diabetes association,
ADA)OIA = A2 FreAte] &5 aHoR fAkn
L= &7 1 RMO] 75~85% =2, 19 8-103], 3
set & YFYol 33]9] A5 WAL QUTHIS].

olelat AL AN AL el A

i

2]
H
=

PO

=, & ok A=Y FAE o835t 5T
S AAdoF 3o, dRtHow o ZES
2 oA A HEd Tt FAE
stAIgk, 2HAle] FHEee 45717 o7
ol &5 B dato] HEaiA|7] M7 Hdjz
BhEd & e FAE Usde FHguEslse
(repetition maximum, RM)& F2 o]-83ITH16], THA|
ok IRM2 ko] oz 13] jEES 4= Sl
s Ul AxE=A, ol AYFAR FH
AlEFsto] At FAE ASAIA 180 501&8 4= e
A FFE Fohlis AoltH17], A= AAIE o
S HEE A E) = &3] 1 RMO| 2 %= At

<82 A9 T A daste Aoz dHA
el & 40~50] o]F k] AlRbste], o
10dutet oF 10~15%% ghashe 20tfo]l Blsf 60thet
70t olli= 30~39% = L=o] AstE= Ao dHA
ATH18-20].

Kwon 5-&[21] &, o SR} 266982 thide=

St Aol A (Bt A 584 SAE FTEe A=
21.8 + 10,5 kg, 3FAl&= 97.5 + 33.1 kgo|dt}. E3],
40t 4o Ak A - okA] 42 20.2 £ 5.7 kg,
98,5 + 29.3 kg, HHATZ 67.9 + 5.2 kgol¥aL,
Adk Agolojyd 40HE YR g Kwon 59
Ao H[22] WA ZH A(bench press)S ©]-&3t
Ao2ge 235 + 5.3 kg, @1 ZEA(leg press)S
o] g3t 2 142.0 + 33.9 kgo]3ltHTable 3).
ol M=%t A|Fol= dukle] w3 $-2uhet
Fgerte] 18, 53] sl o] "ol 933
Ak, E3k, AFo] F/IERE FHuZE ol
Aaghe Bashloh, gkl 4 40tjof| B3] 70t 2
g T4 H)go] AR} six|oA 2+ 33.2%,
36.8%%2 Tastal, &9 A 34.1%, 34,.9%%
SR 7} AR Q) HEg o] AA|sH= vl&=
vt A NE BAZHORZE folstA] kAT
F2ke] A9 A7t wobdas akA] 2] Wolx] i
ozt A A FFo] Yoz Aoz HI
s} ch(Table 3).

Han (23] 40-60t) A|2% T3a; 1775
4O 2 Inbody s 53 LS AAE T Aot 81
ZYAE 5o 1 RMES A4S 43, o 2ge
LEFY AQFA| R ABBAE Bk o]t
A A-FAP7E F7MEeE L8570 Ut

ol skt i, HRHE 25 kg/meE 7]FEO R
& Heo] EA5HS o, grbe] A AF ek o)
Aglol A-FRA 7L Skt 2 FE Lol
7Vt ok HSole A-HFAS 25 kg/m?
olAkel FollME AATFAL F7tol| whet 8ol
S7tste A4S RYoy FAHSE Fo3t
ABBAE Holx Fakickal stch &, vnkst
o2= AlFo] F7bslE 1o wlgste] L8FFo]
Z7V8kA ora A|WkeFo]l FrtstmE, minlkeh of 2}

Table 2. Correlation between the duration of physical activity, regional fat and aerobic capacity
(adapted from Kwon et al. Korean Diabetes J 2010;34:23-31 [14])

TFA
r P
Duration of physical activity, min/day
Light intensity -0.184 0.358
Moderate intensity -0.484 0.012
High intensity -0.115 0.568

VFA SFA VO—-AT
P r P r P
-0.183 0361 -0.096  0.635 0134 0507
0305 0122 -0.531 00048 0343  0.080
-0052 0797 -0.146 0474 0414 0.0323
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e Fthaee 20~30% sk
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a7 e 4 Qe $e gEE 247,
NREE 22 A 2ES LA G

A TS HUT 4 s A1F 248 TP
B t

whealsteH24,25),
Han 5-2[26] B9t A28 Fagabt s gafoz

37171 (seated row)= FA5HL, e ES 3l
Ao <20]7](trunk side bend), S EFoRE S
w3t #H7](leg press), 5 HA = E7](hip
flexion), ¢robA F&E E0]&8]7](eg flexion), ¥=
HA HZE Z7](leg extension)E A3 TH2T].
22 A7 125 5% 52 A7IA g2
IFo 2 skt 1237 g e 40~50%00
ot SdHMEE o]&ste] EEAX AT, F
ERAE 6.5%, WA 3.9%, TstAW-2 6.1%
A8k, F 850] 3.0%=2 S7ekleh HE W
A}e] Fravgo] Aol FAHORE FsiA]= kAT

A S5 gR2yoez B R uiAste 125 Aashs Aol o & S5 2wk} oakAwe]
SFEZR AN AR, SFZ2 A AY Aao] ANE By AYLEE B2 A0S 1Ash|
+eu> Sl E(thera— band, USA)E ©|-83to] st Hst 5oz AASch > A
W=, HHEHO 40~50%7HA] HRH o= el AT A - Bk R folatAl SEsHA AL,
BEE &d 1257 AABKAT 5 Sg= 10-153], AolsEd dedAYAEL F & 5 79T it
3 setHAleIoITh 25 Wkt 9 33 sl A= oAt ol HuetA] F2 A2y TuyIAES
AAEg o Fu]&E(108), 2 25(408), He o2 gt An 5o Aot 2 AR (28] 4 - 1A
SE(10R)EeoR WSkt AHEES B goa gL 7+t 13.9%, 10.2% EAH R 50514
#35]7](bicep curl), T wz 2 77| (triceps 7t oy Adesgds fos Wb gl

extension), & 71592 E9] 28]7](upright row), 2
oro 2 #7|(shoulder chest press), QoA T &

o]t g A )8 3] (American college of sports
medicine)oll A= AFEES HAAFE IS

Table 3. One repetition maximum (1RM) according to age quartile (adapted from Kwon et al.

Korean Diabetes J 2009;33:412-20 [21])

Gender Limb Age (yr) N Weight (kg) TRM P-value2
Men Upper 40-49 21 68.0£9.5 35.2411.0 € 0.001
50-59 32 69.5+10.1 34.6+12.0
60~69 22 68.9+11.1 29.8410.2
70+ 20 66.8+9.1 235+5.7¢
Lower 40-49 21 68.0£9.5 14654279 € 0.001
50-59 32 69.5+10.1 127.0 £ 26,90
60~69 21 68.9+11.1 113.0£363
70+ 20 66.8+9.1 92,5+ 18.40:C
Women Upper 40~49 36 64.0£10.6 202457 € 0.001
50-59 57 64.0£9.6 17.85.20
60~69 56 628487 147+ 4.0
70+ 22 55.5+8.7 13342
Lower 40~49 36 64,0 £10.6 98.5+29.3 € 0.001
50~59 57 64.0£9.6 89.8+21.1
60~69 56 628187 77.8420.7
70+ 21 55.54+8.7 64.1+20.2
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3 WoAx 7sFoNs oA Ao 93
Z7] dAANA FR

HAyskH [29], F3e o] o]k a4l AR A(nitric
oxide: NO)2| Ae|2Ql &-gdo] Tra=HAl WmAx
oA d1 AU (Endothelium dependent
vasodilation, Flow—mediated dilatation, FMD)]
Aok Qe Aoz WAt S5 BEshe 8ol
FAE F7HA7IH, 3 YA Ze|A AAGH
ARt A7 F3 oAl gof Fa3% 9ES it
Fghlo] WA Golrt RAEE A oish

N

2oy due dsAES Wty
WulAze] FadE Aarzle g B8 MlE
TAHE Yo @ A=E dairle AEe T
oAl 7158ols oyt vao] eoA At
A A3 A AAE Bgo] FE3H HHA v
7HEstE o] Fuets sz HedHl 53] A12%
Gy, ol AALET, LEY % vgrAto| A

Wo Az 7150l o] FREETH30].

Zoppini 5-2[31] 670 B¢t HWst A2 Pty
RS gio Rz FASEF(50~70% HRR, 60%,
2/F)& AAste] 3 WA xZIF Frtekgick
HI3kch Hamdy 5%[32] 67H€7F Yoot
A28 Fuyd 5 QAR fALSES
(60~80% HRmax, 30%, 3/F—o|w Fut 1504)
AAsto] Pk WajA|ze] {93k S ®Barskqlot
Kwon 5%[33] 40<] H|YIe A28 e IAE
125 B9 FHAE AL ST (UF7| SIS
4-69 Z=, 139 53, 6087 A7)}

Muscle mass (kg)

P=0.032

T T t T T

150 200 250 30.0 35.0
BMI (kg/m?)

Fig. 1.

#

P2 5 FASE Hiro] 253 ARl
FaEdol A WaANxEgEYg e w
(Endothelium dependent vasodilation, Flow—
mediated dilatation, FMD)S A3ttt 125 &
FMD+ f4taEwollA 2.2 £ 1.9% 5o
izt SAHOR FostA FHEUL(P =
0.002), ol#gt FMD W&}k AT VO2 Wk}
frofg AuEAE Btk = 0.342, P = 0.033).
olggt Atz 125k B 7Xtoll® Etstal =9
=5 Aol 37t wek7] whiZolzt skt

Cohen 5-2{34] B]9lst A28 FrAE oz
AN A LE2(75~85% 1 RM, 3 set, 83))
AXFE o 27l = 3 WAEZ )5l Relgt
W7k glgloy 1471dos o YulA|Z 7]50]
FAIE| It B skt 18y Kwon 52(33]
40789 HIRket A2% T BRtolA ) L9
40-50%2] 7=, 10-153], 3 set?] W= %S A7
AFEead Fa F5FE FAANI dxato s
9] MAE 127 SFA A%, AFLELAA
FMD= 0.7 £ 3.6% &FAS Hoy fixatH
FAROCR FOFE Aol= Holx| LG, olgt
2tol= 12558 2] 40~50%9] W 250
8 WoAlx 7lss FHA7E AT e
FAACE Fo HIE A7)oll= &5 7IKkol Ak
oZol2t skl webA @I Fel &R i
WalAlE 7152 S sl A S Ret {4l
o] o Ao, ©r7e] 55 AAT A=
+5 A7t BEeE, @3 YoAxE 75 &4l
AL T FH7100] B ddeE o] I

olo

v}

)

5501 =0378
P = 0,003

Muscle mass (kg)

190 210 230 250 270 290 320

BMI (ka/m?)

Correlation between muscle mass and BMI for (A} men and (B) women; BMI, body mass index (Adapted from Kwon et al. Korean

Diabetes J 2009;33:511-7 [23]).
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