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Effects of 8 weeks of aerobic training and resveratrol
on physical fitness, insulin resistance, liver function,
and blood pressure in T2DM elderly women

Choi, Hyun—Al, Kim, Yae—YoungZ, & Lee, Man—Gyoonl*
'Kyung Hee University & *Daegu Haany University

The purpose of this study was to investigate the effects of 8 weeks of aerobic training and resveratrol
supplementation on a body composition, physical fitness, insulin resistance, liver function, blood
pressure, and heart rate. Fifty-one elderly women were randomly assigned to aerobic training group
(EX: n=12), resveratrol supplementation group (R: n=13), combined aerobic training and resveratrol
supplementation group (EX+R: n=12), and control group (CON: n=14). The subjects in EX group
exercised three sessions per week, 40 minutes per session for 8 weeks, the subjects in R group took 500
mg of resveratrol per day for 8 weeks, and the subjects in EX+R group received both treatments. The
subjects in CON group were asked to maintain normal daily life pattern without any treatment for the
same period of intervention. Body composition, physical fitness, insulin resistance, liver function, blood
pressure, and heart rate were measured at pre- and post-test and the data were compared among
groups and between tests by utilizing two-way ANOVA with repeated measures. Main results of the
present study were as follows: 1) Physique and body composition did not change significantly in all
groups. 2) Muscular endurance increased significantly in EX+R group, whereas the other physical
fitness-related variables showed no significant changes in all groups. 3) Fasting glucose, fasting insulin,
HOMA-IR, and HbAlc tended to be improved in EX+R group. 4) AST, ALT, and 7 -GT showed no
significant changes in all groups. 5) Systolic blood pressure and diastolic blood pressure increased
significantly in CON group. Heart rate tended to be decreased in EX+R group and EX group. It was
concluded that the 8 weeks of aerobic training and resveratrol supplementation had positive effects on
muscular endurance, insulin resistance, and blood pressure in T2DM elderly women. Research
investigating the effects of a longer period of aerobic training and resveratrol supplementation on the
same variables would be warranted in the future.
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(Szkudelska & Szkudelska, 2010). Resveratrol
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2 TUEY A5 &7 AsHde 2ot A s
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(Szkudelska & Szkudelska, 2010). &, &2 =
TEo] S7E A3 staAM 259 UE red winedl &
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25 /M 25 U nEZsol AA A =S
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activated receptor gamma coactivator-1 alpha
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(Lagouge et al., 2006). PGC-la® fFAtaE%ol
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T+, 3840 BRE Yy 7teide] A
Resveratrol®] &35 fHd AdF4E5S AHEHA,
Lagouge et al.(2006)2 F Al resveratrols Fo
o A3} fatsr SETE Y 2 AbAam| o] A7
7k om ) wwket F o] 7% Aol AR Qlste]
Aded Aol /AEE 7t Yelgtin Euse]
Th. Resveratrol& &5to] M= g4 A=
THEALE. Ble|HA] FrE 7F1 F oA resveratrol
< PNAem XS A7 Aded Aggo] MdHx
o]l #aE Aoz HuHth(Rivera et al.,
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st 28] LDL-C7}F frefsiA Sobxltia Bassitt,

S | resveratrol® % &3o} #HAHE MPALz
Dolinsky et al.(2012)2 resveratrol®] &

A7, AR71sE F3A7IH, AstdiAlbe

o

X
HiL)
o
oy ofN

i)
LT o I P N

N

. O] resveratrole] Z}%

AN
a0 3 WA AL dvke AL AlAbeA,
Fo] FE w9l A resveratrole] &AL 4 St}
A 3], =91 o449 Afde BdVE
o &3} gl AVt 9S 7k

N
N

resveratrol o4 w=2oA o 0% F23 ou|E 7}
4 Aoz o

ol Ulg< Fato HAQ S5 HHo] oy
3 74 AA7 ol AstE A28 Bl oA QoA



Effects of 8 weeks of aerobic training and resveratrol on physical fitness, insulin resistance, liver function, and blood pressure in T2DM elderly women 509

91014 resveratrolo] "¢ &7]1AQ HE QR & N ool EF7dstAl et & gFore] &l ¥yt 9l
Athe 7HeAE Feletlnh. ey w2l o4 %h‘iﬂé A, 5% o4l A% st e A, 2813 6) 718
S WFOR resveratrole AAst] 7AW o] oAl el Wil AAEEo] AFHAY Z4F
Qo mX= BHE P A7t o Ao, & HAF Fo7t ol & A= kit
o] SEe] W AR ZIE g ?i?—t— Aol A HAFHow A4 E 5149 dAE it sdd
gk Aotk et o] A= 857 frakad (EX39) 129, resveratrol A#FAHRAE) 134,
& Efold & resveratrol A7 A12% T 94 A3 resveratrol 4F BAHHEX+RYT)
=19 A, Qled A, s, 28 A & 12, 281 AR (CONYT) 145z Fedd
St} Aukpd WA e 93 FHetAt it stttk G- Power 3.1 —iil‘ﬂ*((}ohen 1988)< ©]
&3t %‘Er 9 Ao AT E A=Y 0.059]
o, 80%¢ A4H, lﬂ; 0.259] &7 A
A b g A é & Ha hAeTE 129 eR S
o AT AR A AT 243 AAE AWEla, o
£ olaeta ApEA o 2 Fojstaa} she AARFEH AL
o1 CHAIR} FIAME T Aol FAAZIT Ao AL A
g thste] Keigta A &l A3 2 Re 5905
of el WAk G YA AFSkE 6541 ©1% qroy(elwl s KHSIRB 2015-009). 97 B4zt
o =Sl e o, A2d T oR AT ke 51“* AAH EY L (Table 1ol AAE vhsh et
ol A2% W ADAY 7|F wat 1)
d9=126 ngdl!, 221 2) HbAlc=6.5% % f& 7} 2% S=7} uh
2] o)l el Gt A= BT AT Fel A
9] 71Fe 1) A28 daHS Aok we 2 g/1Y n|uk BE tidAbe ARAALSE AL flote] 242t 1
ol &}, 2) AT o] A ded ey 9 A 3) AN AP WHEet] ALl Fefsigitt BE o
HZ 6719 oo FHAL &F ZEgd Hodt A= 1241748 5 fA18 B2 24 TA] 3087+
Ak, 4) o] 160/100 mmHg o249l 2, 5) H2 2 A Ad4dd Q=5 itk A T AAM Wi &
Table 1. Physical characteristics of participants (mean£SD)
Variables (:;Tz) (nfl 3) (iﬁg) (531]:) P
Age(yrs) 68.7543.7 71.0+4.7 71.85+4.1 70.21+5.2 037
Height(cm) 156.0::4.9 152.05.0 153.443.0 154.3+4.0 0.14
Body weight(kg) 62.8+10.1 57.148.2 59.4+13.3 58.0+9.4 0.54
BMI(kg'm?) 25.742.9 247435 259453 243438 0.84
SBP(mmHg) 124.5+16.0 124.3+16.8 126.7419.8 120.4+10.7 0.78
DBP(mmHg) 68.83£6.7 69.42+10.1 69.62+9.2 68.36+4.8 0.98
Fasting glucose(mg-dl™) 125.83+31.54 127.83+17.49 129.69+19.09 129.57+46.21 0.9

EX: Exercise group, R: resveratrol supplementation group, Ex+R: Combined exercise and resveratrol supplementation

group, CON: control group.
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23 YEEL B A7 B FEH Yol -70°CY

deep freezerdX &4 WEste] H#ald}.

A& A AR2A FE TP (fasting glucose) <
g3 o= GLU Kit(Roche, Germany) 9} Roche Modular
Analytics E170(Roche Diagnostics, Mannheim,
Germany)E ¢]-&35t] &4 =%H (enzymatic assay)

o BNy TE o 8
Ao 2 Insulin t(Roche Diagnostics, Mannheim,
Germany) & ©}83le] xsleldsd Hedr Mt (electrochemi-
luinescence immunoassay: ECLIA) S o] &3fo] £
6}9} ) Aa xﬂ ?ﬂ-/ﬁ pz| 7]- x]
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(homeostasis model
assessment of insulin resistance: HOMA-IR)&
Matthews et al.(1985)¢] A|A| g ﬁ@ = o]-&ato] A
=35t A A (HbAle)E 822 G8 Al
(Tosoh Co., Tokyo, Japan)< ©]&3le] 433t}

7% AEZA  Aspartate aminotransferase
(ALT), alanine aminotransferase(AST), 2] glutamyl
transferase( 7 -GT) & 22 FAM(aminotransferse
Tietz, 2001)< o|&3te] EAsAth AAgH = A
3lst BA47](Hitachi Automatic Analyzer 7600,
Hitachi, Tokyo, Japan)Z ©]-83191.0H, HAH(Reitman-
Frankel method)Z} UVH (Karmen method)& &
L3ttt BE AT B4 0YgdTa 9F]
sto] Zlgasd
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Z el A AL HetA ek A E 30%3E
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Table 2. Aerobic exercise program

Warm Main exercise Cool
Weeks - - Frequency
up Intensity Duration ~down
0,
1-2 5 min }5](1){;: 40 min 5 min
. 60% . . 3
3-5 5 min HRR 40 min 5 min sessions/wk
. 70% . .
6-8 5 min HRR 40 min 5 min

Resveratrol XX

o] A Yl At F @ resveratrol AHHIHRAY
@) 2 @ FAAEET resveratrol 43 WD
(EX+RAEH) 9 resveratrol X+ double-blind ¥
Ho & AAEA T Resveratrol® A% £3-& A3d
4o ddAF(Bo et al., 20135 Voduc et al.,
2014)5 SAR dto] €Y 500 mgo.= A3l o,
e opd Fao o 4] HHR dY BE&EFS 5
=5 SIATh Eek AL SolateE o2 Hud 4

)

Ae FUE o2 AT, AF ARE A% &4
stttk B ARl A& esveratrol AES &
BiotiviaQ] Transmax 2 24, D A7)7] 4 A& &
o] AE, @ FDAY s%lo] 4549 AF, O AFY
Al tigh sr=AQl FH o] o] FoIxl AF, @ T

v
o JATAN AHE AF, 223 6 FIoke] Az}
7bset AE T 7w ek A5

22k XMz

ol A7 vl Het T O FALTFEHHEXHH) Z
@ SARH(CONH )] 4% &% resveratrolZ}
TU HEs fFoz AF At HHAAT. 9
oko] Jitol ogt ofete] Aty gt dehA &
=5 Afrd(cellulose)® Bz 992 A %313
. 54 JRE AEH R gQ1st= 5 resveratrol
ARG Fd3 oz Hsth
=L IR

of ATy 94L& BE A= SPSS PCH for
Windows(version 22.0)& °l&3t A3ttt Ul
AdellA e 7 FERRIY Ve BAYRS HH
(mean)@} ®£FH A} (standard deviation: SD)Z Al
Al o] Fe 2 aEla F HAF 3F F5300e] 3
T 2ol & ASel7] Aste] v o] FEEA (two-
way ANOVA with repeated measures)S AAI5+S
. % ‘34 FEH, AAY] FEY, Ee J9 A
o] &9 ALz A | T AAF 71 Afol=
Z(paired t-test) &2, 28]3 2z} AL W U
fol& LA FEA (one-way ANOVA) Y F
% (least significant difference: LSD)

fuodo L 4p }ov
Py B
.o 0‘”

to KU [0 B my of ox
o Lo,
R0
o,

Zasich RE BARNS 95F(a) 0.05
A7l e, -39 7% Bonferroni correction
4239t}

A7 0 AAFA DAY RE A P 7
w3}, AN Fa%, 223 A0 A4 45H8ol
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T8 YERIA] 29kt Table 3). A&7 ##slo],
AN Hake] FEII} FoEHA UEstoH
EX+RATe ggaalgol foatAl (P(.01) =
AT Table 4). o1&el A4 2 Fo} Beisle] T
AN Feta Al FeAgol felshA tehgeh
T8 G AQde YA Wl A9 AbdzALe} AL
S} 7t BAH o2 $2]8 Zo|7} Yeh}A] edgke
U4, HOMA-IR® 7% EXH9(-8.85%)% RAH

A AT} dAkel Fagol frelal dehtA skt
(Table 6). SFgAl ot 2 Ald4o} #AHd 2E Wl
oA ekt AAte *Js‘z#% ]
ou, #57] kel B Ak FEAIE FeleHA |
Ebst o CONF %oﬂ*ﬂ T3 (PC.05) 71Tt
ojgh7] LT AR FEIAI} frolatA JEREL

CONFElA frofsHAl(P(.01) F7HE ATk HgAl
Aukee] 74+ CONFEE: Al9jata EX+RATH-5.79%),

T - O

frelet el 2t

(-7.93%)°l vlet] EX+RAT(-16. 24/) oA o A EXF(-5.12%), 282 RADH(-2.97%) A Z4ag
A ZAaE UK Table 5). 17152 #dE ZE Held = 73%o] et Table 7).
Table 3. Changes in physique and body composition in four groups (mean+SD)
Variables Groups Pre-test Post-test 4% P
EX 57.05+£8.22 57.13+£8.0 0.14 group 0.553
Body weight R 59.43+13.30 59.74+13.30 0.52 . 005
(kg) EX+R 62.82+10.13 62.639.40 030 '
CON 57.9149.35 59.94+9 40 3.51 group X test 0.506
EX 24.73+3.50 24.76+3.31 0.12 group 0.836
BMI R 25.20+5.30 25.3245.28 0.48 " .
(kg'm?) EX+R 25.70+2.89 25.63+2.60 027 '
CON 24324379 24.33+3.81 0.04 group Xtest 0.549
EX 32.10+5.32 31.85+6.49 0.78 - 0766
Percent body fat R 32.70+4.40 33.28+4.03 1.77 " oot
(%) EX+R 34.04+3.8 33.9345.15 032 '
CON 32.46:4.64 32.77+4.35 0.96 group Xtest 0.638
EX 18.6045.08 18.5145.44 048 group 0635
Fat weight R 19.89+7.48 20.3347.15 221 . 0506
(kg) EX+R 21.70+5.95 21.5446.12 0.74 ‘
CON 19.1245.72 19.3145.58 0.99 group X test 0.464
EX 38.39+3.91 38.58+3.91 0.50 group 0508
Fat-free weight R 39.48+6.06 39.48+6.26 0.00 " 0520
(kg) EX+R 41.13+4.44 41.05+4.35 -0.20 '
CON 38.75+4.07 38.57+4.16 047 group Xtest 0.902

EX: Exercise group, R: resveratrol supplementation group, Ex+R: Combined exercise and resveratrol supplementation

group, CON: control group.
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Table 4. Changes in physical fitness in four groups (mean+SD)
Variables Groups Pre-test Post-test Ao, P
EX 22.42+7.59 24.67+2.87 10.04 group 0554
Arm curl R 24.69+3.90 26.85+4.39 8.75
(rep/30sec) EX+R 23.25+3.86 26.50+4.40 Hk 13.98 st 0005 =
CON 23.93+4.29 24.79+4.26 3.59 group Xtest  0.645
EX 16.21+5.97 13.94+6.27 -14.00 group 0.942
Sit and reach R 14.17+7.10 14.08£7.73 0.64
(cm) EX+R 15.00£5.69 14.1245.76 5.87 fest 0.060
CON 15.99+4.58 14.96+7.30 -6.44 group Xtest  0.590
EX 9.44+2.12 8.81+2.29 -6.67 group 0.203
Tendem test R 9.16+1.43 8.53+1.46 -6.88
(sec) EX+R 8.78+1.46 8.69+2.35 -1.03 st 0:463
CON 10.08+1.99 10.54+4.18 4.56 groupXtest 0491

EX: Exercise group, R: resveratrol supplementation group, Ex+R! Combined exercise and resveratrol supplementation
group, CON: control group.

**P(.01: Significant difference between pre- and post-test within a group.

**P{.01: Significant main effect or interaction.

Table 5. Changes in surrogate indices of insulin resistance in four group (mean+SD)
Variables Groups Pre-test Post-test 4% P
EX 127.83+17.49 125.25426.17 2.02 group 0313
- tes .
(mg-dI') EX+R 125.83+31.54 118.67+26.71 -5.69
CON 129.57+46.21 155.00+54.89 19.63 group Xtest 0.007  ++
EX 6.06+3.39 5.73+3.20 545 group 0173
Fasting insulin R 8.86+6.04 8.55+£5.79 -3.50 test 0772
- €S .
(ru-mky EX+R 8.81+4.54 7.69+3.65 1271
CON 5.76+3.31 6.86+3.11 19.10 group Xtest 0.566
EX 1.92+1.08 1.75+0.97 -8.85 group 0341
R 2904221 2.6742.0 -7.93
HOMA-IR test 0.853
EX+R 2.71+1.56 227+1.16 -16.24
CON 1.74+0.88 2.75+1.87 58.05 group Xtest 0.104
EX 7.09+0.99 6.99+1.11 -141 group 0573
HbAlc R 7.30+0.83 7.23+0.86 -0.96 st 0,088
€Sl A
(%) EX+R 7.05+1.18 6.78+0.98 -3.83
CON 7.48+1.55 7.59+1.73 147 group Xtest 0.058

EX: Exercise group, R: resveratrol supplementation group, Ex+R: Combined exercise and resveratrol supplementation
group, CON: control group.
**P.01: Significant main effect or interaction.
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Table 6. Changes in liver function in four groups (mean+SD)
Variables Groups Pre-test Post-test Ao, P
EX 22.92+4.14 23.83+5.81 3.97 group 0.892
AST R 23.85+6.81 23.23+4.59 2.60 et 0,196
(1u-Lh EX+R 25.17+4.39 25.33+6.42 0.634 s '
CON 27.57+12.04 22.71+14.67 -17.63 group Xtest 0.070
EX 19.58+7.97 21.9249.63 11.95 group 0.426
ALT R 19.85+8.08 22.31+6.81 12.39 et 0397
€S .
Iu-Lh EX+R 26.92+8.14 28.67+12.75 6.50
CON 25.43+18.39 23.14+19.66 9.01 group Xtest 0.461
EX 18.00+6.99 20.92+14.61 16.22 group 0.545
7-GT R 26.08+18.94 28.31+18.91 8.55 st 0,099
€S A
au-Lh EX+R 27.83+11.47 27.3348.61 -1.80
CON 21.71£19.70 23.21422.93 6.91 group Xtest 0.606

EX: Exercise group, R: resveratrol supplementation group, Ex+R: Combined exercise and resveratrol supplementation
group, CON: control group.

Table 7. Changes in resting blood pressure and heart rate in four groups (mean+SD)
Variables Groups Pre-test Post-test 4% P
EX 124.33+£16.77 127.42+16.42 249
. group 0.775
Systolic blood R 126.69+19.78 134.31£18.76 6.02
pressure test 0.003 ++
EX+R 124.50+16.02 130.42+12.35 4.76
(mmHg) %
CON 120.43+10.73 130.21+12.75 * 8.12 group Xtest 0702
Disstolic blood EX 69.42+10.10 71.08+10.34 2.39 group 0.987
lastolic bloo R 69.629.19 72.7746.89 453
pressure test 0.001 ++
EX+R 68.83+6.67 73.25+7.62 6.42
(mmHg) %
CON 68.36+4.77 73.57+6.19 ok 7.62 group Xtest  0.634
EX 70.17+7.93 66.58+9.61 -5.12 group 0.729
Heart rate R 67.38+9.58 65.38+6.89 -2.97
1 test 0.142
(beats'min™) EX+R 70.67+10.74 66.58+10.18 -5.79
CON 69.00:£10.06 70.14+6.02 1.65 groupXtest  0.550

EX: Exercise group, R: resveratrol supplementation group, Ex+R: Combined exercise and resveratrol supplementation
group, CON: control group.

*P(.05, **P{.01: Significant difference between pre- and post-test within a group.

*PC.05, "TP(.01: Significant main effect or interaction.

O

= 9 Ve "olmga 7 A Agke] M ES 7
tH(Wilkerson et al., 2008). 53], =u] =21¢] v|%t

&2 44(40.1%)°] FR8(34.2%) 80 =1, &

HZAD} ARTAO| B 4 7o R® 97H40.8%)° M| %%%01 @7t
(6.8%) 2t} =th(Korea Centers for Disease Control

b AATAg e #AAQ] WskE 2este] A and Prevention, 2014). ©]d] tlato] o] Z5%F
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