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Abstract

Background: Exercise offers protection against atherosclerosis and insulin resistance. We evaluated the
benefits of exercise at different levels of intensity for ameliorating inflammation, endothelial dysfunction, and
insulin resistance in a sample of type 2 diabetic subjects.

Methods: Fifty-nine overweight women with type 2 diabetes were randomly assigned to control (CG, N =
18), moderate-intensity exercise (MEG, N = 17), and vigorous-intensity exercise (VEG, N = 14) groups.
Patients in the two experimental groups completed a 12-week exercise program, with their exercise activities
monitored by accelerometers. We assessed the patients’” body weights, total abdominal fat (TF), subcutaneous
fat (SF) and visceral fat (VF) via computed tomography, measurements of plasma levels of hs-C-reactive
protein (hs-CRP) and interleukin-6 (IL-6), assessment of endothelial function by brachial artery flow-mediated
dilation (FMD), and evaluation of insulin sensitivity by insulin tolerance tests, at baseline, at the end of the
12-week interventions, and one year after initiation of the study.

Results: At baseline, the average age of all subjects was 54 + 7 years, and average body mass index (BMI)
was 269 + 2.5 kg/ m’. During the intervention, patients in the MEG and VEG groups expended comparable
amounts of activity-related calories (488.6 + 111.9 kcal/day, 518.8 + 104.1 kcal/day, respectively). Although
BMI, TF, and SF decreased similarly in the MEG and VEG groups (ABMI: -1.1 £ 0.7, -0.8 £+ 0.5, ATF: -4,647
+ 3,613 mm’, -2,577 + 2,872 mm’, ASF: -2,057 + 2,021 mm’, -1,141 + 1,825 mm’, respectively), compared to
control (P < 0.01), hs-CRP, IL-6, and FMD remained constant in both exercise groups even after completion
of the 12-week exercise intervention. Insulin sensitivity improved only in patients subjected to vigorous
exercise (VEG). Visceral fat loss was observed only in patients subjected to moderate exercise (MEG). At
one-year follow up, these values had all returned to baseline.

Conclusion: Exercise vigorous enough to result in significant weight and fat reduction did not ameliorate
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inflammation and endothelial dysfunction as measured at the end of a 12-week exercise intervention, nor did

it result in sustained improvements in insulin sensitivity in type 2 diabetic subjects. (Korean Diabetes J

33:401-411, 2009)

Key words: Exercise, Insulin resistance, Type 2 diabetes mellitus

N E
A e A AR fHEe] SR 4
ol Jorl) ATNZ W MBS 5 viekd Aua 2y
o WM %S TS IR, Gy o Juay
o] kst Btsle] ofEZbA [Agle] AXE T g, 5

%], interleukin-6 (IL-6), highly sensitive c-reactive protein
(hs-CRP)%} 22 1% w7l &4o] vkl SkrjollA] S}
=ol A3, AT A3kge] Jlom wRkdiny-
YRV A Fel 2 FE ek, g,

=
7 A=A 0] Tt A4 dEiAgA T ool AstArt
PSo] Huxlo] Q. GIZEFAEL A4z HulAE
715 RS Zelel Azke flbsle AoE dEiA Qick
53], Adl SdellA] HIAE 75 AL hdHes A
I A3kS ftslar, BAEHe Y L] YIAE
71 FAL ARY die] Wy AeiE AoF Wk
u 9}\]4_7,8)

oo e AT w8 s AlE e ARd <
o 7] RS olMielar’ A BEAEelA A
< WP, Igzded B9-8 7410, ek Al §A
g AgF Mol B8 F= AoE duiA o', B
733} gl el S Ao EZN AYES Folv A
o7 A Q) olof] v E%](American Diabetes

Association, ADA)AE AR wawishalol|A] ZHthAlrk
o) 50-70% 2] B fAk % e ok
21 70% 7 olde] IFELEE Aol 32 ol A1
e Aol g, W AT Aol B
50| m¥sl, IXPF, FuHe FHES Y5, A

¢

N

mToE=E X
Seel BAloll VS mge o] mak Jueael Wy

F8 WFE doll U B3} £ o2 nase] o
P, dRell A A B FEE SElTlhE A of

WA 20l ML ARk R QRIS S

A AERARE A Gl gleka st
910119, hmgaiare] A3t £ o] tlallAl: o)

=5t gl Adeloltk.

402

ol¥l elollAs AR FmHAlelA

© AT e A, o A9 el AT v
= FEAPIAL WHRAIE s RS S84, dER]
e Bashe dl U Eao] SeA SlsHast
g,
CHAH B b

1. 97 CHY

<A PP Aol AT F 49v8] ARY Yy
27 ATl Hosigiel. AR FHWorld  Health

Organization, WHO)2| 7]l w2} AkY dmoz 2
ok Wk oA] 312} 5, A 2EA]9(body mass index, BMI)
23 kg/m” oo ATl FREL 10% ofstell 3l
A, BT Ed AeiAl B dERls ALRA o= 3
Agiks dhdo 2 siglch Ald Jamdskl, 94 AR
g, =4 Brbsdt F8w, A% shEsl, z4e] w7
o5 S, T Asto] glolAl Ledt Aee] ol &
7] Abatel] slidel= e AlRlsigivt. dodAae et
(18%), TAE +&(17%) ¥ AL FET(14) =
o

TR wisle] 5 AES wokch
2. oI MY

RE 3= 2500 232y 717k 59 AA
AFe z2ARlaL, ZF ol eiElo] 12557 i
oS A38sl9dt}t Intervention 717+ ZgF 2
AAbeE gl AA| gEEke 2UE sich

AA| gk
Ltd, Nagoya, Japan)Z s} ¥, Accelerometer=
ZF 12E] 107A)9] A58 Z4slal, &ZEo]
£ o|-83}0] total energy expenditure (TEE) B 7|Z&ohA}
2 4 METs "] AZAE $5, 4~6 METsoll 3lldsl=
+& 3 7 METs ol alidsle 24 E #5208
13E 2 oA Amle] e 71S3idvk AR 39

YA 7154 o) Helsigion], RE HAE Gy

accelerometer (Lifecorder; Suzuken Co.

=
BAEE

=

o



T3 2 891 : H2d Y=

S
2

[e]

-

—

e]; F 521230 keal/kg of ideal body weight/day)
5 Wol oA 7|7k &3t AlgElR slgick
272 ADA 7lol=elel ol we} A7) 58 ok
= AFAE AR 13] assigleon, S T
3.6~5.2 METs®] 7}%(Lifecorder intensity 4~6)2 1Yol
53], 39 6027 7] e S dGlaL, R
T2 5.3 METs o|32] 7XE(Lifecorder intensity 7 ©]4h
30424 = 53] o] BT dGlrh BE 5 QWY
1257F Alegslolarl, 53 Lifecorderg o-83}o],
F2 3d AR 7I5AE B3l BUY sigich

AT A AR 9 125 5 SEAA, 485l A, Al
Z elEelE Sqeldlon), 4% AN QAT T
RS ARIglEh B A S BE olGelo] 3
5 A gl oglsl AERs SAEa ey AAE

Alesigick

T

kl
J
néE p

O

fu

H
A

-

3. Laboratory and Clinical Measurements

2] &

AT WIS 84

A ) s

L=The e b
AAZ 98 S Aigich et AFS A% &

oLO )
e %q_a

o3t ¥ A2 AelellA F7gsl2la, BMI= Al
Fkg) s AL AlF(m’) 22 vbrol Alksie) #lelEe
= s ] W delellA EAE ol83lel 5 st
Aole] 7b4 7Rz $91E Z4elgln, Wk 1087
= ok ARAellA =2 FghAl(Yamasu, Tokyo,
Japan) 2 FAsIGiel. 58, o5 Ed B 93k
Az, ZH2EE, hs-CRP, IL-654< 913+ E< slgle
™, hs-CRP+ ELISA kit (Euroimmun, Leubek, Germany)
3 immunoradiometric assay kit (Biosource, Camarilli,
CA, USA)E ol83lo] ZAsqlck JEa1A342 KITT
£ o|gslo] Ak, KITTE Z4sl7] Slal 12417
Sa el ZAE AlBslgicl. 3 Aol 20G 7
HEE AFskaL 3-way S d7dsto] Aol o] g3} vl
A o] Aol 20G FHEE 4Hdste] Qlarl #4457
A F8 ¥ T Aashedl ALl 7HE AR S o
AL PR AElellA] 20~3047F QFEAIT & FHst
2 AwWES od7] 9J3l heating padE o]gslo] =
F9le] 255 60~70CE fAgkc) g AefollA] nle]
100802 )43l %2 <l<el(Humulin, RI 1 U/mL)S th3k
2 A% 1 kg 0.1 UR Aliksto] Aubgulol] F4e}a, 1t
o el A 0, 3, 6, 9, 12, 154l 242t AHE3ich
ARLE w7 8] 152 A F B2 20% FET 100
mL& Aele], oo Bk 4Ee o] T bE
ZAR, AETIARA A AR 545 Feg

=
=

403

HERIAM Fitx 2 20 OE ASRINEYO

s}
SRl ARE Zeogl Qeele] 244 ARlE kit
shar 3~155-2] kg o] 83l regression line] 71E€7]& 7
ARk, o] e FAgge] whe g WolAt Wk
& Felar, AEAAGY A
plasma glucose disappearance, Kitt)= o2 72 FAlo
2 ek Kitt = 0.693/ t1/2 x 100 (%/min).

HWIAIE 7155 #Rlsl7] Sl FMDE F78313ith 10
£ ol THA M= ARt aelEE 24 259}
&5 o]-83}0] brachial artery®] A5-& Z783kch AsHAlE
target artery =3t A7}t distal Zroll 3531, 250 mm Hg77}
A] inflation A|7|31, 5E7F A8} o]& 7¥A}7] deflation
AAA EFE ST Cuff deflation AHE] 50%
5 299} e Ak ol 152 Foll F4) Aol
Gto] 3B S Hlel] slo] resting image s
tth o] ol HE TsEads ol8slo] 451 eF
FolollA total fat, TJshAaF, WA 286
BE HAAE 7414 A1 H intervention E-8 A2l 12

O S
ol Asgelsd,

Hd7h 48 (rate constant for

$Eog ol Aol HAE slelr] 9
&l 4850l =2 AFol| thall ThA A Atk

4. 8H 24

EAAE ZZa# SPSS/Win (ver. 15.0; SPSS Inc.,
Chicago, IL, USA)< ©|g3lo] Aslelet. Aab=(AET +
FEFAXHE ARG, ATHEES whEA] O W]
735 2y ¥ A AlgEisick a2 7 vlaE Sl
independent T-test 2 LJulX] E-AHE4) (one-way ANOVA)
< Algelgler] a5 7k A% wlaE A paired
T-testE o]&3sl3lck Pglo] 0.05 mlEkl A, BAH R
FoRE Aow Beleich

Z o

1. 91T ChARISO| QAN S3)

A 49we] g7t BAlo) EFHUHAZT 187,
A SET 17, IAE SET 147). BT AP
39416l T0AVAG O, BF AP 54+ 74, i
FH7IRE 5 + 59, ARBAGE 269 +

(Table 1). 51 F7IKol} G2k
Al 7ol Rolrh

ek

A, APRATE

wETelA v el

o)
qlodort,

29| et F2 ZEe] JIAEHP = 0.006). ©] 2ol &
#l2=8|Eolt} hs-CRP 9 IL-6, HEHIE 759 AEQI

l



Korean Diabetes J 33:401~411, 2009

Table 1. Baseline characteristics

CG MEG VEG

P-value

(N = 18) (N = 17) (N = 14)

Age (years) 573 + 72 557 = 65 485 + 4.7 0.001
DM duration (years) 63 £ 52 53 £ 55 44 = 3.8 0.577
Weight (kg) 67.5 + 6.8 652 + 69 64.5 £ 5.5 0.390
Waist (cm) 919 + 6.3 85.4 * 5.7 86.6 + 6.1 0.006
BMI (kg/m’) 279 + 22 262 + 2.6 265 + 2.5 0.079
Total fat (x10° mm?) 402 + 7.1 354 = 79 346 + 7.7 0.078
Visceral fat (x10° mm®) 164 + 4.8 14.8 + 4.6 148 £ 33 0.458
Subcutaneous fat (x10° mm?) 237 + 55 20.6 + 49 19.8 + 6.8 0.117
SBP (mmHg) 125.0 + 15.0 1229 + 11.0 118.1 + 7.2 0.261
DBP (mmHg) 802 + 7.1 782 + 53 75.1 + 4.7 0.058
Total calorie (kcal) 1,893.3 + 232.8 1,961.6 + 165.1 2,040.3 + 276.3 0.200
Diet calorie (kcal) 1,879.6 + 242.0 1,839.2 + 230.7 1,952.2 + 144.0 0.349
Activity calorie (kcal) 309.8 + 109.3 3477 + 117.0 4277 + 194.9 0.071
FPG (mg/dL) 140.6 + 34.3 139.4 + 35.6 149.8 + 37.1 0.684
HbAlc (%) 75 + 0.8 75 £ 09 73 + 1.1 0.701
Fasting C-peptide (ng/mL) 23 + 09 19 = 07 1.8 £ 08 0.128
Total cholesterol (mg/dL) 188.8 * 40.8 203.8 + 45.9 191.9 + 349 0.536
Triglyceride (mg/dL) 139.8 + 102.1 176.2 + 115.0 119.0 + 82.3 0.290
HDL cholesterol (mg/dL) 435 + 104 437 + 7.3 46.5 + 8.9 0.597
LDL cholesterol (mg/dL) 1204 + 373 132.1 £ 39.0 119.6 = 22.4 0.512
Interleukin-6 (pg/mL) 53 + 11.6 1.8 £ 08 2.1 + 20 0.285
hs-CRP (mg/dL) 05+ 15 0.1 + 0.1 02 + 03 0.436
Flow-mediated dilation (%) 54 £ 24 58 £ 27 54 £ 26 0914
KITT (%/min) 15 06 20 £ 1.0 21+ 1.0 0.199

Data are shown as mean + SD. BMI, body mass index; CG, control group; CRP, C-reactive protein: DBP, diastolic blood

pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein, MEG, moderate

intensity exercise group; SBP, systolic blood pressure; VEG, vigorous intensity exercise group.

Table 2. Dietary energy intake and physical activity associated energy expenditure (kcal/day)

CG MEG VEG P-value for

(N = 18) (N = 17) (N = 14) 3 groups

DEI  Baseline 1,879.6 + 2420 1,839.2 + 230.7 1,952.2 + 144.0 0.778
During intervention 1,741.0 = 238.8 1,6549 = 1954 1,759.5 + 183.7 0.997

1 year follow up 1,796.0 + 293.3 1,774.3 + 191.9 1,677.0 £ 190.2 0.615

PAEE Baseline 309.8 + 109.3 3477 + 117.0 427.7 + 194.9 0.219
During intervention 302.0 = 79.2 488.6 + 111.9° 518.8 = 104.1° < 0.001

1 year follow up 301.4 + 94.4 370.6 £ 156.3 4039 + 114.9" 0.001

Data are shown as mean + SD. * P < 0.05

vs. control group. CG, control group; DEI,

energy intake from diet; MEG,

moderate intensity exercise group; PAEE, physical activity associated energy expenditure above moderate activity level;

VEG, vigorous intensity exercise group.
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Fig. 1. BMI and abdominal fat area were represented as Mean + SD. BMI, visceral fat, and subcutaneous fat decreased

significantly in moderate exercise group and vigorous exercise group compared with control group (P < 0.01) without

difference between 2 exercise groups. Visceral fat loss was found only in moderate intensity exercise group. * P < 0.05

versus control. BMI, body mass index.
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Table 3. Changes of biochemical variables and endothelial function

. Baseline Post-training (12w) Long term follow up (48w)
Variable Group —ean = SD Mean + SD : P Megan + SD P
Total cholesterol CG 189 + 41 190 + 51 0.532 191 + 43 0.320

(mg/dL) MEG 204 + 46 196 + 43 183 + 48

VEG 192 + 35 183 + 37 171 + 25
Triglyceride CG 140 + 102 145 + 117 0.033 139 + 77 0.624
(mg/dL) MEG 176 + 115 116 = 62" 171 + 165

VEG 119 + 82 100 + 52 83 + 32
HDL-cholesterol CG 44 + 10 42 +9 0.958 46 + 10 0.346
(mg/dL) MEG 44 + 7 43 £ 7 43 + 6

VEG 47 £ 9 45 = 7 49 + 10
LDL-cholesterol CG 120 + 37 125 + 39 0.989 125 + 37 0.449
(mg/dL) MEG 132 + 39 135 + 39 114 + 36

VEG 120 + 22 122 + 28 106 + 21
Fasting plasma glucose CG 141 = 34 122 + 33" 0.626 149 + 38 0.048
(mg/dL) MEG 139 + 36 129 + 30 115 + 25™

VEG 150 + 37 140 + 35 142 + 27
HbAlc (%) CG 75 + 0.8 72 £ 09 0.064 77 + 12 0.189

MEG 75 + 0.9 69 + 1.0 72 + 13

VEG 73 + 1.1 74 + 13 73 + 1.1
Fasting C-peptide CG 23 + 09 237 + 1.02 0.681 2.02 + 0.77 0.563
(ng/mL) MEG 19 + 0.7 1.87 + 0.77 141 + 038"

VEG 1.8 + 08 159 + 0.32 171 + 0.48
Hs-CRP (mg/dL) CG 047 + 1.46 0.13 + 0.17 0.391 0.09 + 0.08 0.544

MEG 0.10 = 0.05 0.11 + 0.09 0.09 + 0.04

VEG 0.16 + 0.28 0.11 * 0.13 0.10 + 0.10
Interleukin-6 CG 531 + 11.56 229 + 235 0.504 121 + 155 0.404

MEG 1.81 + 0.81 1.64 = 1.93 0.71 * 0.67"

VEG 2.07 + 1.98 0.78 + 0.76' 0.83 + 0.56
Flow-mediated dilation ~ CG 542 + 2.37 621 + 2.59 0.510 545 + 1.40 0.550
(%) MEG 575 + 271 7.07 + 2.86 6.45 + 3.10

VEG 544 + 257 540 + 3.17 6.51 + 3.44

Data are shown as mean = SD. P was calculated from ANOVA test between 3 groups at the time of 12 and 48 week.

* Statistically significant in Tukey HSD post-hoc analysis. T Statistically significant vs. baseline level within group.

¥ Statistically significant vs. control group. BMI, body mass index; CG; CG, control group; CRP, C-reactive protein; DBP,

diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein, MEG, moderate intensity exercise

group; SBP, systolic blood pressure; VEG, vigorous intensity exercise group.
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groups. * P < 0.05 versus control.
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