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Effects of 16 weeks’ combined exercise on insulin resistance,
inflammatory markers, oxidative stress, and leukocyte telomere length
in elderly women with type 2 DM

Tae-Hee Lee, Won-Sang Jung, Hyun-Seok Cho, & Man-Gyoon Lee*
Kyung Hee University

[Purpose] The purpose of this study was to examine the effects of 16 weeks’ combined exercise
training on insulin resistance, inflammatory markers, oxidative stress, leukocyte telomere length, body
composition, and daily living fitness in elderly women with type 2 diabetes mellitus (DM). [Methods]
Twenty-eight participants were randomly assigned into one of two groups, i.e., exercise training group
(EX: n=14) and control group (CON: n=14). Subjects in EX participated in 3 sessions of 60 min-combined
exercise for 16 weeks, whereas subjects in CON were asked to maintain their normal life pattern during
the same period. The variables regarding insulin resistance, inflammatory markers, oxidative stress,
leukocyte telomere length, body composition, and daily living fitness were measured and compared
between two groups as well as between pre-post test utilizing a repeated two-way ANOVA. [Results]
Main results were as follows: 1) Fasting plasma insulin and HOMA-IR tended to decrease in EX,
whereas increased significantly in CON. 2) IL-6, TNF-e, hs-CRP decreased in EX, but the changes were
not statistically significant. 3) MDA increased significantly and GPx decreased significantly in both EX
and CON. 4) Leukocyte telomere length increased significantly in EX. 5) Fat-free mass increased in EX,
whereas fat mass and percent body fat decreased significantly in EX. 6) Arm curl, chair stand, sit &
reach, tandem test, 10m walking speed, and up & go improved significantly in EX. [Conclusion] It was
concluded that the combined exercise for 16 weeks had a positive effect on improving insulin resistance,
increasing leukocyte telomere length, as well as enhancing body composition and daily living fitness in
elderly women with type 2 diabetes.
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Table 1. Physical characteristics of participants (mean+SE)

Variables Exercise Control p
Age (yrs) 72.76+0.75 72.47+0.83  .818
Height (cm) 150.87+0.83  153.04+0.98  .104
Body weight (kg) 57.22+1.45 59.98+1.97 270
BMI (kg'm?) 25.16+0.68 25.56+0.67  .681
Fat-free mass (kg) 37.92+0.72 38.87+0.94 429
Fat mass (kg) 19.30+0.94 21.11+1.10 222
%BF (%) 33.51+0.95 34.95+0.71 238
BMI: Body mass index, %BF: Percent body fat.
a5 82 U u
o] AT A= APAALE Seto] F 38 A&
ettt 1A B Al A B kA Ans
o T Y AEAE e, 22 U2 A A4, A
A774, 283 SAAEA Y HALE sl e, 32 B

1 4
/‘J“}% —)l\‘%é‘]l U uk A7 (Samhwa, 1) 2 245}
A7 X]/\W% CAS-150kg, DW— 150,
5}% —72? stgom A% (ke) S A AF(m) o2
Urol A A #FA 4 (body mass mdex BMI)% 1}%8}
Aok AA A "o AT A G 247 (X
plus II, Jawon Medical, $+=)& ©]&-3lo] 574 3}/“94
o, A AW (fat free mass: FEM), AAWEF(fat
mass: FM), 18] 3 A A& (percent body fat: %BF)
= 715385

>..u,
J
é
0{
O

gL
staL, 1247 o]} FEAEHE FAIS e R oA 84
7 AgAe] =Rt 8191, 3083t &

T AR B3APE A AAEEY. g £
(antecubital vein)dlA FAE °] %3}04

= iHHﬂ o % 3~4ml

T '5}91‘4. 42 gy —3— e A 9 ﬂﬂﬂﬂ %
o ¥a AT E o83l 3,000 rpmﬁli 1087
AN E2 skl @4 (plasma) @ A (serum)S 242 ¥
ol Bt FHd do 70 Ce] WA BT
W dg2njo]o] Zolo} wilEEE M T4
A A S AR, O E AR BG Y= ATl
olglste] EA sk
Ay A%
Fd A% % FPGE hexokinaseE ©]-4-5}9]
Olympus AU 2700, Olympus, 9¥)2 &
2 (fasting plasma insulin: FPI)&
(Elecsys Roche, 29122) & o] &3}
E29 (eletrochemiluminescence
immunoassay: ECLIA) 2.2 EA5lt}h. <l<dl #3HA]
2] 391 HOMA-IR(homeostasis model of assessment

e}

(

O
% |
S
oy
2 i

O

N

7

—
—~

0 ol-ﬂ

N
ot ok
b rH ¥R Mo
_1% 12 S ox
ke ol

e
= rg

2L
o 1%
2o
18



for insulin resistance)& T2 342 0|43l 42t=
3}t (Matthews et al., 1985).
HOMA-TR="[FPG(uU-ml1)xFPI(mmol-¢ )] / 22.5
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Table 2. Changes in caloric intake (mean+SE)

Groups 4™ week 8™ week 12" week
Exercise 1,745.25+146.51 1,720.25+95.21 1,693.75+70.44
Control 1,643.25+132.20 1,742.50£101.92 1,682.25+128.20
t-value 317 .160 179

P-value 762 878 940
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Table 3. Changes in insulin resistance (mean£SE)
Variables Groups Pre-test Post-test A% p (1)
Fasting ol | Exercise  120.86+7.65 117.004.67 -3.19 Group 194 (.064)
as““g(f’n g?df?ﬁ)g ucose Test 781 (.003)
Control 126.73+6.62 134.12+10.20 5.83 GroupxTest 381 (.030)
Exercise  6.64+0.95 6.05+0.58 -8.94 Group 062 (.127)
Fasting plasma insulin Test 115 (.093
(Ul Control  7.07+0.44 9.32£095° 3178 * N 113099
: : ’ ’ ) GroupxTest .010(.232) ++
Exercise ~ 2.04+0.35 1.78+0.21 -12.51 Group 047(.144)  +
HOMA-IR . . Test .195 (.064)
Control 2.26+0.21 3.16+0.45 39.53 GroupxTest 024(181)  +

#: Significant difference between two groups. *p<.05, **p<.01: Significant difference between pre- and post-test,

+p<.05, ++p<.01: Significant main effect and/or interaction.

Table 4. Changes in inflammatory markers (mean+SE)

Variables Groups Pre-test Post-test A% p ()

. Exercise 1.71£0.21 1.4740.25 -13.88 Group 710 (.005)

Interleukin-6 T 607 (010

(pg'ml™) Control  1.67:0.26 1.73£0.22 3.9 ot 07 (010)

) ' ) ’ ) GroupxTest ~ .367 (.031)

) Exercise 1.43£0.10 1.2240.07 -14.72 Group 248 (.051)

Tumor Necrosis Factor- « T 164 (073

(pg'ml™) Control  1.48£0.09 146£0.14  -1.80 ot 164 (073)

T T ' GroupxTest 277 (.045)

Exercise 0.14+0.04 0.07+0.01 -46.60 Group 112 (.094)

High sensitivity | Test 352 (.033)

Coreactive protein (mg-d1™) - Control 0.18+0.06 0.17+0.05 -5.55

GroupxTest 499 (.018)

Table 5. Changes in oxidative stress (mean+SE)
Variables Groups Pre-test Post-test A% pm)
Exercise  145.98+7.94 296.45£1437  103.07 *#* Group 121 (.090)
Malondealdehyde Test 000 (866) -+t
(pmol-ml"") Control  1524749.80 3633143279 13828 *** = 000(866)
ontro A : : : GroupxTest ~ .040 (.152) +
Exercise 1.88+0.16 1.81+0.29 -4.01 Group 543 (.014)
Superoxide dlsmutase Test 083 (111
(Ul Control  1.79:0.27 1.51£0.20 15.54 = o8I
ontro 7 =10 - GroupxTest 312 (.039)
Glutathi ” Exercise  193.29+8.53 146.8043.15  -24.05 #xx Group 604 (.011)
&moi"r‘rllﬁe“’ﬁ ;‘Se s Test 000 (.698) +++
Control ~ 195.28+12.93 134.03£7.58  -31.36 Group<Test 298 (042)

***p<.001: Significant difference between pre- and post-test, +p<.05, +++p<.001: Significant main effect and/or interaction.
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Tables 6. Changes in telomere length (mean+SE)
Variables Groups Pre-test Post-test A% p )

Exercise 1.1020.02 1.06540.02  -332 Group 003 (293)  ++
Rate of aging . Test 584 (.012)
Control 1.018+0.01 1.034+0.02 1.53 GroupXTest 182 (068)
Exercise 4.30+0.24 4.76+0.24 1071 * Group 574 (.012)
Telomere length Test 074 (117
(kb) I 469:0.11 464£012  -107 > pOS

Contro 69+0. 640. 1. GroupxTest 029 (.171)  +

#: Significant difference between two groups, *p<.05: Significant difference between pre- and post-test,
+p<.05, ++p<.01: Significant main effect and/or interaction.

Table 7. Correlation between changes of telomere length and changes of body composition and daily living fitness

Body composition Tilsongire Daily living fitness Tilsongire Daily living fitness Tﬂggire
Body weight (kg) -20 Grip strength (kg) 22 Functional reach (cm) 12
BMI (kg'm?) -20 Upper arm flexion (times) .30 Tandem test (sec) -34
Fat-free mass (kg) 28 Chair sit to stand (times) 21 10m normal walking (sec) -.08
Fat mass (kg) -.44* Sit-and-reach (cm) A% 10m fast walking (sec) -.08
Percent body fat (%) -43* One leg standing with eyes-open (sec) 23 Up and go (sec) -44*
*p<.05
Table 8. Correlation between changes of telomere length and changes of blood variables
Oxidative stress Telomere Inflammatory markers Telomere Insulin resistance Telomere
length Y length length
MDA (pmol-ml™) -13 IL-6 (pg-ml™) 01 FPG (mg-dl™) -17
SOD (U-ml™) .07 TNF (pg-ml™) -.14 FPI (uU-ml™) -61%*
GPx (nmol min™'-ml™) -16 CRP (mg-dl™) -34 HOMA-IR -.55%%
#* p< 01
Table 9. Changes in physique and body composition (mean+SE)
Variables Groups Pre-test Post-test A% p M)
b Exercise 57.22+1.45 56.91+1.36 -0.55 Group 229 (.055)
B"d%k‘g)e‘g t 1 1 o > Test 420 (025)
Contro 59.98+1.97 60.05+1.9 0. GroupTest 198 (.063)
. Exercise 25.16+0.68 25.02+0.64 -0.55 Group .609 (.010)
B"d}(’k“g‘?;fa‘)“de" R ) | Test 444 (023)
Contro 5.56+0.67 5.60+0.67 0.15 Group~Test 175 (.069)
Exercise 37.92+0.72 38.28+0.76 0.94 Group .614 (.010)
Fat-free mass Test 888 (.001
(ke) Control ~ 38.87+0.94 3856098 0.1 N 58 (90D
' ' ’ ' ' GroupxTest .035 (.161) +
Exercise 19.30+0.94 18.63+0.92 -348  * Group 110 (.095)
Fat mass T 380 (030
(ke) Control ~ 21.11£1.10 21.50£106 184 ot 280.(930)
’ ’ ’ ' ’ GroupxTest .003 (300)  ++
Exercise 33.51+0.95 32.54+1.04 290 * Group 076 (.116)
Percent body fat T 506 (017
%) est . (.017)
(% Control ~ 34.95:0.71 355940.75%  1.86

GroupxTest .002 (307) ++

#: Significant difference between two groups, *p<.05: Significant difference between pre- and post-test,
+p<.05, ++p<.01: Significant main effect and/or interaction.
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Table 10. Changes in daily living fitness (mean+SE)
Variables Groups Pre-test Post-test A% p ()
Grip strength Exercise  21.66+0.65 22.20+0.78 2.51 Group 828 (.002)
Test 944 (.000)
kg
&) Control  22.39:084  2190:075 215 Group<Test 246 (051)
Upper amn flexion Exercise  24.79+1.16 31.50£1.44 2709 % Group 017 (2000 +
. Test .002 (307) ++
(times) Control 24294101 2450:1404 0.8 Group<Test 004 (281) ++
Chair sit to stand Exercise  23.21%1.72 29.64+1.55 2769 R Group 057 (.133)
; Test 008 (239)  ++
times
(times) Control  22.79+134  2193:L76#  -3.76 Group<Test 001 (350) ++
Sit-and-reach Exercise  12.49+1.75 14214128 1378 Group 066 (.124)
(cm) Test 973 (.000)
Control 10.19+1.52 8.43+].644# -17.31 * GroupXTest 009 (232) 4+
One leg standing Exercise ~ 57.0741028  64.53£1041  13.07  ** Group 034 (162) +
. Test 004 (281)  ++
witheyes-open () Congol 32006724 3386:686# 574 Group<Test 065 (125)

. Exercise  30.96+1.10 35.50+1.50 1465 % Group 110 (.095)
Functional reach Test 002 (325) ++
(cm) Control 30112068  3227:097 717 Group<Test 221 (057)

Tandem fest Exercise  9.82+0.45 6.63+0.33 3249 e Group 183 (.067)
Test 000 (538) +++
SeC
(sec) Control ~ 9.56+0.69 830:0274  -13.14 Group<Test 024 (181) -+
. Exercise  6.31£0.25 5.50+0.22 1281 % Group 444 (.023)
10m fast walking Test 140 (.082)
secC ! ’
(sec) Control  6.00:0.23 6.28:030¢ 479 Group<Test 004 (283) ++
Up and go Exercise  6.07+0.24 5.78+0.21 -4.90 Group 718 (.005)
Test 856 (.001)
secC
(sec) Control  5.9120.27 617:022 430 Group<Test 028 (173)  +

#: Significant difference between two groups, *p<.05, **p<.01, ***p<.001: Significant difference between pre- and post-test,
+Hp<.05, ++p<.01, +++p<.001: Significant main effect and/or interaction.

G =01 Ao 1257, F 23], 39 60%,
J A

= 9 Eohe-Fo] gl =019 &Y Ao nA = o
S T ATE A EH, Balducc1 et al.(2010)&

OB MEMo| sl ke
2 )2k 24 2 #F(maximal oxygen uptake VOsmax) 2|

of AFelA 165:7ke] A2 & EFHDAA FPISt  70~80%9 4414 ¢%3 1RMe 80%9] AdA =<
HOMA-IRO| A g Bl WHH FA|H Tl A] AA1E AT FPIY } Folat AL Tessler et
FPI9 HOMA-IRe| 95kl S7Fs ¢, o] F Wlel|A] al.(2000)& FuH w0 AL goz 16 *3
Aoa} Akl dazgol fofstA el &, & ﬂ 3% 605, VOymax®] 60~79%9] & i$%4 A
AR WM FoAEo] frofshAl HebE A g es (kA 5, 208, 24 E)S 242§ 23} FPI
T& SAHE FPIg HOMA-IRZF S71l0] Yt ol HOMA-IRe] f-2l 8t #as]o] o] Aol A3he} o

, A2 Fot] Al 2849},
I AA ko] Zam AR, FA R el A —t— AA 9 A Qeke] Ao ALAZAA] HlEt] ol<El A
o] T7hd A3} BA e #HE Aow AdEn g4 AT} Goah ol AT Bl wolo] AL
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A9 wato] ukl FA 2 7)%0] AstEY, o] ule}
A&d Ay 3k F7HE = A2 HuH A tHGomes
et al., 2017). o] A7<] AN SA AT &
Aap o] S7het A Absl ~Ew A0 A T S
AR YT o 45 AR BE F
7P7F YRR ekskt} ol BAlF el AWEF Ajo) 7}

gle A #do] glom, =
ofgt Wsts UehlA] ek Ao
et al., 2015).

TR A4 19 75 s =9
S 7MY Bk ol gt ddA %”Xﬂ%ﬂ
A Fg A 2 ALgete 5
ol (Lavie et al., 2015), 1'%“0—%
A7) 7|2 At S7AR S 24 B
Aokl HuH u} 9JtH(Stephens et al., 2015).
A e T AP EEY] EEAAE G
9 ded AFPS Msk=d of§ A W
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a5 1 % IL-6, TNF-«
a2]a CRP 25 53¢ ?—X] 7} BA| A ol B3t
A AasE AEge BAAT, SAHCR frofe s
© YA Skt
#A Mg AFE A EH | Balducci et al. (2010)2
A28 Gl A4S o R 1253 F 23], 39 60
1 A EE (VOomaxe] 70~80%)% A d %
(IRM®] 80%)¢] HE&+5< AAIE A3 IL-69 79
ok M7} YelA] ehottia Eudks] i, Kadoglou et
al.(2012)& A28 T SAE Ao R 1257, F
3%, 3% 60%7t E3hEES A A3} hs-CRP7F
o5l Wabe A gkrla B aske] o] Are] Axtel o
218kt WHH | Martins et al.(2010)& B8 =91
Wz fAtaes(3271, F
HRR® 40~85%)3% A@dA+& (@7 H=
8~123], 2ME)9] B Al 232 hs-CRP7}

Al ZAaEA AL, Jorge et al.(2011)2 &
A2 Aoz 1257, F 33, 39 6087 & L%%
AN A3} hs-CRP7} T8 A Rivb By
of o] o] Az} zfol 7t gLt
ol ¢} #&Aste] Akash et al.(2018)2 Tx=H 3hA}el

73% AbAAAL Al hs-CRP7} 0.6 mg-dl ™t ©] 4 (Jorge et
al., 2011), 1L-67} 3 pg'ml™! o] 4H(Nadrowski et al.,
2016), 22]3 TNF-a 7} 6 pgrml ™! o3 ) 2 35
S B8l A EY] {93 vt yeEhd v A4S

A% 27} hs-CRP 0.45, 1L-6 2.4, 28122 TNF-¢ 5

olatdl A¢ F2 el gt Mgy vehuA] esktka 74

3ttt o] AFellA= APdAAL Al hs-CRP 0.16, 116
1.7, 283 TNF-a 142 vj§ 32 $5¢U Aoz
B, APIAAL Al ABA R 0] Hol &5 Edold &
53 frof et At A @kt s d 5 gl

ool Al Au i uie} o], Biak Sxle] AF AR

of et H35 aae} HAste] Ao upel Aol gt
A7t ZEHA. 3, o] ATolA 1657 B
Fo] BH w9l A dF ARl BAAHE o
F S A A QA TNF-o & AAe F83 1
2] hs-CRPE Awe] Fado A g3t3717} $31 o]
ol Aoz Jeh} 23 A0l gk 5ol 9= Ao
Z Bl

ok dfo r&%

Atsp AEFA X|FQ| 5}

Absh ~Ed 29t #dsto] 1653 2] & 3
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= oﬁz} Ed\_‘d GPx(p<.001 7} Fr Ak 250
A frefst AAaEAY &, &5 Eeld s
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2 N o
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2 lfz

TE "a‘fﬁi , Bloomer et al.(2008)2
2 87, F 23] AP EE(5~8

RM, 3AE) JJr SOD9| 2| W&k} et
‘Jr7\] Fkthal B389 1, Garcia-Lopez et al.(2007)
2 2153, F 29], 39 6087 AdAdE5(1 RMY
60~85%, 5~103], 2~3HE)= AA|g A3} SOD
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01—0:1 xgﬂg]: g4 /\}/\7]. 6]—}\}§} FAE —3]_0:1 A2
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Aoz Hu¥ At (Zhou et al., 2016). 57~66A
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(dysfunction) .2 ¢15}o] A E w8}7} 225 o] Yehd
Aolgba A8k},
FALEE APdEES AR A% G
1 FAte] 29 W3 dznjo] Zoj7}k 7.40 kbeld) H]
ko] &5 AR 7F SAE B $AkE 6.06 kbeba B
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A AA G T st 2EY2E fdste 183 Qe
g Zﬂ GA S WA sk (Colberg et al., 2016) =3&E%
E A7l BIAQL Welgtn HuEt

(Mozaffarian & Lichtenstein, 2017).
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