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Abstract :

Journal of the Korean Applied Science and Technology

The purpose of this study was to investigate the effects of combined exercise on irisin,

body composition and glucose metabolism in obese elderly women with type 2 diabetes mellitus.

The subjects were thirty—six obese elderly women with type 2 diabetes volunteers, aged 65 to 85
years, composed of the combined exercise type 2 diabetes mellitus group (7=20) and non—exercise

type 2 diabetes mellitus group (7=16). The 60 minute combined exercise program (outdoor walking

exercise & elastic—band exercise) was performed 3 times per week for 12 weeks. Exercise intensity
of outdoor walking exercise was performed as medium intensity (RPE 5~6) and elastic-band

exercise was progressively increased every four weeks (1-4 weeks: OMNI-RES 3~4, 5-8 weeks:
OMNI-RES 5~6, 9-12 weeks: OMNI-RES 7~8). The results of the study in the combined
exercise type 2 diabetes mellitus group were as follows; Irisin and skeletal muscle mass had
significantly increased (p<.001), percentage of body fat had significantly decreased (p<.001). Further,
HbAlc (p=.020) and fasting glucose (p<.001) was significantly decreased, and HOMA-p was
significantly increased (p<.001). Correlation results showed that change of irisin had a significant

negative correlation between percentage of body fat mass (=-.423, p=.010), HbAlc (=-.351,
p=.036) and fasting glucose (r=-.424, p=.010). Also, irisin changes showed a positive correlation
with aerobic endurance (+=.355, p=.034) and HOMA-$ (=.411, p=.013). In conclusion, the
practice of regular combined exercise was found to increase the level of irisin in elderly women
with type 2 diabetes and have a positive effect on body composition changes. In addition, HbAlc,

fasting glucose and insulin secretion was improved, which helped to regulate glucose metabolism.
Walking exercise and elastic band exercise are recommended as effective exercise for the prevention

and management of diabetes in obese elderly women with type 2 diabetes mellitus.

Keywords *

ool Al2d St e AAFoIAY
Hgto] MafE]o] ypehtal, HIThE H AAZ o g
A28 Frol S7tsh= 7HE Fatt 91 a9
o] ElB=2 “Diabesity’2t= &0z EF1 3l
[l]. 5, HAAY 5% 52 A= A
] 1?_%/\]-_4 27 A= A

o& g EEY fare] 2REe &Y
A oPia s A2 el g
o2 olojzith2,3]. webd Hlwt A28 P
o that Aol BE QA&d 2go] Agto] 4
#Jo]cH4],

B, Grgel tiE oA Aol A
e WA ©, Hola¥ U £F FAL Y
W oo 2 PeE Y8 Mg Faste, e5e
59 neg 259 gAY olge @ ey
()] O

t}5,6]. EEAZL AAE FASH= 1 = 7]
Foz MG o8 9d U9 HrEHL Ajo|E
7}l (cytokine) o FENO] = (peptide)= Tto] @7}

%

r.l

type 2 diabetes, combined exercise, irisin, body composition, glucose metabolism

Ql(myokine)olg} E&|w, WEH| 7oz 7HF
Ho7]. 2229 72 A AT TE
ol a1, A% Erot S 9 2 gjabA =

AL T o9& ;} | W&o HAAE EF
b AR w2 A} dREDz 2%
o7 {HEE myokine2 WIS A HA
2l HAYSE AlF3H10].

A2 Ad F oo|z] Ate fI- WA 2]
(white adipose tissue, WAT)#} $H-L nEZ=
gotet TR ¥ 7MW, A d4E Bt
g4 Wi 715E st 24 A brown
adipose tissue, BAT)o=2 EFHo WATS}
BATE A2 o& 7153 9g2 sttt 234
oz Az A =2 £ Jdoil]l. I AL
uncoupling protein 1 (UCPD)olgts E4=3t 1
cEceel  waas o olgeldwd,
myokine & SHAQl irisin A ]} Ao
UCP1 &S A=sto] diA 2dkg 24 2o
29 M-S fFrohe 92 12l Irisine

- 1269 -



Vol. 36, No. 4 (2019)  Eg-25o] A2@ P |5

AT F9 aE Hgste IS ohe
peroxisome proliferator activated receptor ¥
co—activator-1- @ (PGCl @)l <o FE=™,
Alzet iRl fibronectin type 1T
domain—containing protein 5 (FNDC5)=Z5E]
il Felz Ad & @9 Y e¥she
myokine©2 1127]¢] ofm|iite] HEfo]lE
2 o]0 QItH12]. FNDC5s+ F=2 &4
oA WSk, A 22 g 2 A=
T o] W2 Aer Budrni3)

Irisin> AlZ ovz] 2483} Ped iaf 54
S Este] oy &M gl 4TSt tiARE ST
AZIH[14], APAIZ=R olsste] Agdomi
vl 429 ol ARl A& ool 9L
£ Aoz AgrAcH12]. sHATE iR A23
Tt = 429 sl &4 PGCl
° 24 ez s ¥ $E9] irisino] Let
W] dwel 5= §% 295 Aa2 A2Y
Tty gapeA Qo] wl-e Fagt JdS &+
NZ AL AFATHIS,16].

o, A2g Jud B dgzEe Sl
L oOEsel Agdoln A4A 2de
S fite 253 B 289 B 2
AE Apole] FA1S Sk AYLES

& 5
H53es R0l mAAoItH17]. webA
A29d FwrE ogstal weEtr] ffs]

& ol wo oo ko
of i O o &4y x

ol Mo M 1N

olaL, BAHelm, g sFse Huolet
e FA QAW Bt 25 AsT 4

P

A ol WS ZE d g2 oS 5
ol= Aol FasitH6]. H=o] 15 o=
Eo=z Qg FAF f&>o FosfjoF &1r] uf
of Argstr] folgt Eut opa} FAfo] gt
AEE o] &gt APF2 HE
9 FAQ0 HoAMZ fFelgh 5 ®Ho|t18,
19]. &Esh Adto] digt A7l o]Hd-& AEd
+7] fsiAl= JHEskd
=7 Aol 4 o|u[20], OMNI-RES
(OMNI-resistance exercise scale)= B4 =]
I Yl 2dste] 2 4EE H8otn=z I
Q9] FHAEE AAst=d Hst Ho|ot
[21]. olHet olFE Fal B dAFA=
OMNI-RESE ol&ste] thifat 7jlel 9= 7
L5 AdAste] H8et siE 50| A28 T
HTE o919 AgLs a3ts IFHsd &
S Aoz Jridr.

o 40 [ r

I3
o
ﬁ
B
>,
ol
i1
o
AT

gebd £ Ave Ba A4 252 5

ore A2Y i EE gwgle qgoR %
Awel ofsl #7] e5W A &%

83 &9 HEfFoR pAE B X2
S Bl AAFA, irisin D F oAF T QA

| wlA= gk FHWEkT, irsin Wskel 7t 9
olo] TS ol o] gk,

° 2

2. gy

21, A&

BggAle] AFSH= 654 olAF 854 ©]5te]
2@ G o4 F BMI 23kg/m? 2 A=
E 30% ol AE didezm F& A 2
126 mg/dL olidolH, JiH Xt T 674Y o]
A ARt A2 Aot thRES T 6
HEE FHAR] FF5S SkA] 9, HxE 7|29
AHE glo] 59 Hs 9 AAgEo] 7Hsohd,
2 ATt B3 e FE39] olsist A
Al YA HQl Aof 7ot HE-FA ] A
I APg ol oot s shlck tidat 22
= G*Power 3.1.9[22]5 o]&slo] ¥HE =4
2AEAS] & OF, 54 34 23], 4= .05
power = 80%, medium effect size f = .259] w}
B35 A3t F 34 oz Uepsith oo ut
z7] A7 WA= g=ES 1Este] 407
DAt o B 1, X 39, &

of geAl WAlsll AFHon BeeEd
0%, gz 1659 d3E HF 4ot
T R AAA B4 (Table 1)3}F 2t

e

g Mo & &

o

re N

SugE U wy
of pAEA, =l A AN B B
desed gre =T U P

2 2ges A4 A 12F Fo & 28]

A AF, SATE 2 AATES HEE
242 #A8st ¥ X-Scan Plus 2 (Jawon
Medical, KOR)E o]-&3dto] =35}t

2.2.2. k91 AF HAAHSenior Fitness Test)
Rikli & Jones[23]o] 7H&gt = JAAZHAHAL
(Senior Fitness Test, SFT)2] mfjFLof wat 1A

- 1270 -



Table 1. Physical characteristics of participants
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Variable Age Height Weight BMI SMM %BF
Group (yrs) (cm) (kg) (kg/m?) (kg) (%)
E?HTZZ%\A 76.20+6.01 151'9(7)i4'7 58514449 25384195 19.86+1.59 36.03+3.78
(Tj:Dllg/)[ 77.19+7.37 152'Ofi4'7 50.74+5.89 25.8242.02 20.09+1.84 36.16+4.77

Values are M+£SD, ExT2DM: combined exercise type 2 diabetes mellitus group, T2DM: non-
exercise type 2 diabetes mellitus group, BMI: body mass index, SMM: skeletal muscle mass,

%BF: percentage of body fat
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Table 2. Combined exercise program
Week Type Exercise Intensity Frequency
\g%mrln_ls)p Dynamic-stretching
1~12 Acrobic Outdoor walking RPE 5-6
exercise
Chest press 12RM X2 sets
1~4 Lateral Raise OMNI-RES 3~4
Main exercise ) Front Squat :
5.8 (40 min) Resmtapce Leg curl & 12RM X2 sets 3 times/week
exerese extension OMNI-RES 5~6
(elastic—band) .
Biceps curl ORMx 2
9~12 Abdominal curl sets
Seated row OMNI-RES 7~8
Cool-down . .
(10 min) Static—stretching

Table 3. Effect of the combined exercise on in irisin in obese elderly women with type 2 diabetes

mellitus
Variable Group Pre Post A F
ExT2DM 11.34 13.1%* 1.85 Group 0.193
Trisin (1=20) +1.62 +2177 +1.78 - -
me .
(ng/mL) T2DM 12.25 11.79 -0.47
(n1=16) +1.70 +1.71" +1.12" Interaction  20.647"""

Value are mean+SD, “p<.05, ***p{001: Significant main effect or interaction, *p<.05,
" 5(.001: Significant difference between two groups, — p<{.001: Significant difference between

pre— and post—test
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Table 4. Effect of the combined exercise on in body composition in obese elderly women with type

2 diabetes mellitus

Variable Group Pre Post A F
ExT2DM 58.51 58.00 -0.51 Group 0.995
Weight (1=20) +4.49 +4.32" +1.06 ,
Time 0.094
(kg) T2DM 59.74 60.13 0.39
(n=16) +5.89 +5.75 +1.34% Interaction 5.066"
ExT2DM 25.38 25.15 -0.23 Group 0.933
BMI (7=20) +1.95 +1.93* +0.45 - 0,082
me .
(kg/m?) T2DM 25.82 25.99 0.18
(n=16) +2.02 +2.06 +0.61* Interaction 5.218"
ExT2DM 19.56 20.41 0.55 Group 0.065
SMM (1=20) +1.59 +1.657 +0.53 ,
Time 3.210
(kg) T2DM 20.09 19.87 -0.23
(n=16) +1.84 +2.11 +0.534# Interaction  18.589"""
%BF (7=20) +3.78 +4.08"" +1.22 _
Time 20287
(%) T2DM 36.16 36.71 0.55
(n=16) +4.77 +4.52* +1.11"7 Interaction ~ 53.338"""

Value are mean+SD, BMI: body mass index, SMM: skeletal muscle mass, %BF: percentage of
body fat, *p<.05, ***p<.001: Significant main effect or interaction, *p<.05, " p<001: Significant
p<.001: Significant difference between pre— and

difference between two groups, p<.05,
post—test
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Table 5. Effect of the combined exercise on in senior fitness in obese elderly women with type 2 diabetes

mellitus
Variable Group Pre Post A
boq,  XT2DM 13.20 1595 275 Group 4.658"
Lower i Yo (1=20) +4.07 +3.97 +3.84 N 10373
Strengt me .
, T2DM 12.00 12.56 0.56
(times/30sed) ) +2.56 +3.10" +163"  Interaction  4.524°
ExT2DM 18.05 20.05 2.00 Group 2.081
Upper bidy (1=20) +521 +3.85 +5.38 N 620
strengt ime .
(times/30sec)  T2DM 17.19 17.06 -0.13 '
(7=16) +3.29 +3.66 +2.66 Interaction 2.081
bod ExT2DM 13.46 15.99 2.53 Group 1.142
L%W?fb_l,o Yo (a=20) +8.40 +6.97 +4.26 N 1508
ex1bilit me .
z(cm) Y T2DM 11.91 12.53 0.63
(n=16) +7.75 +6.08 +5.45 Interaction 1.388
\og, EXTZDM ~14.48 -8.23 6.25 Group 1.498
ngealé Yo (4=20) +17.75 +12.43 +16.96 N 2813
ex1bilit me .
) Y T2DM ~16.66 -15.68 0.98
(n=16) +10.19 +10.60 +3.21 Interaction 1.493
‘ ExT2DM 146.15 165.30 19.15 Group 1.104
Pffohc (1=20) +37.09 +37.59 +36.28 N 16
endaurance me .
(times/120sec)  T2DM 145.63 142.06 -3.56 .
(1=16) +36.47 +41.44 +34.42 Interaction 3.644
| . ExT2DM 7.91 6.68 -1.23 Group 0.852
Ba an?}? an (1=20) +2.30 +1.97 +1.68 N S oaa
agilit me .
(gsec)y T2DM 7.95 7.82 ~0.13
(7=16) +1.63 +2.09 +1.04* Interaction ~ 5.197"

Value are mean=®SD, *p<{05, "*p{01: Significant main effect or interaction, "p<05, *"p{01:
Significant difference between two groups, ~p<.05, = p{.001: Significant difference between pre—

and post—test

glovt, J b Aol M FellM 25wl
fixaEeh fostA #adt Aoz uehyn
(p<.05).

3.5, Irisin 3o} 2t wolo] AEE7)|

BeeE S0 we A28 dw Hg o
w919 irisin Wstel AALA, =9 A, F
A TR QR wste] gnEAe 2AG A

(Table 7>} Zrt}t Irisin® HWHsh= A ZRA
A LE] wigtel folgt A AdaAst
AoR Yebgom(pd0l), = AF F A
o] Wztet [o gt A AEaA L

=

5

o]

AR

79

gt Zoz

UePATHp<.05). B, o A o= 1z &
HbA1c(p<.05), G (p<.01), HOMA- B (p<.05)
o] wWstel {oJet FH AEATE e Ae=

Uepiet.
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Table 6. Effect of the combined exercise on in glucose metabolism factors in obese elderly women with

type 2 diabetes mellitus

Variable Group Pre Post A F
ate e 4o ose  aom  Cow 007
(%) T2DM 7.00 7.14 0.14 Time 0.238
(1=16) +1.00 +1.06" +£0.16""  Interaction  13.307"*
ExT2DM 139.85 132.25 -7.60 Group 1932
Glucose (1=20) +14.99 +12.89%** +8.75
(mg/dL) T2DM 139.13 145.44 6.31 Time 0.291
(1=16) +14.40 +£12.8377  £4.22""  Interaction  33.966"
S aets w000 i Cow 0138
HOMAZE 1 bM 42.81 38.42 ~4.40 Time 0.004
(1=16) +10.72 +8.43" +4.81""  Interaction  30.862""*
S 4091 sosr a0 Cow 080
HOMAZIR oM 3.05 3.39 0.03 Time 0.438
(n=16) +0.76 +0.87 +0.35" Interaction 4317"

Value are mean+SD, *p<05, ""p<.001: Significant main effect or interaction, *p<.05,
###p<001: Significant difference between two groups, ~p<.05, ~p<01, " p<001: Significant
difference between pre— and post—test

Table 7. Correlation between change of irisin level and change of body composition and fitness and

glucose metabolism factors

Body Irisin SFT Irisin Glucose Irisin
composition metabolism
Weight -0.259 Lower body 0.152 HbAlc -0.351"
strength
BMI 0269  Upper body 0.151 Glucose ~0.424"
strength
Lower body .
SMM 0.297 e 0.114 HOMA- 3 0.411
flexibility
%BF -0.423"" Upper body 0.172 HOMA-IR -0.155
flexibility
Aerobic 0.355"
endurance
Balangc? and 0254
agility

"p<05, T po1
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izl iAo TosHE myokineeZ &3t
7+ @ Az gtk irisin®] A= A2Y 3
o $kape] A4 @ 9 2Hof 7]ofstr] o
Zoo A 2Ee] §ES QA2 Hezi gl
TH28].

AT A28 Py A= AAJEC irisin
o] AgEolE AoE YeRH[29,30], =
SIS irisin £ ASHY, Ale] H$ o
Aol FART w2 Aoz BiuHEtH31]. o]gt
oz & uf 2 Aro] tiifo] vl A2F
G oJALloR irisin 4Fo] U] okst
Ao wekEch

5 irisine Aol FZo] =@t AR
AR Aol Qlom, ANE 9 AR g}
| 287 PEE AR DI #eEo] 9l
ot 28] E% irisin $kEo Fa dF A%
2l & 4 Qa1 I oAl QlAp Apolo] A
71 23HH31,32]. BMIo wet AAS, HA5 2
Hgto 2 HFato] irisin 52 vt A3 A
Ag TFET HT IFNA irsin $27F /<]
S Bo ZAog yehgdou(1s], Huk B A2
P S 7H 2] A WoflA irisin
o] dL HlwA e Aog HIHTHI3]. o]
5 QIzte] At 8ol tigh irisine] A
73] =gte] 27} QIrH31].

g Aol A2y Frel welo PGCl

[e]

r

o

o
I

R
]

27 T 9= Aoz HIEW, PGCleo W
A2 A2Y T 2O FAZOA FAGH]

S| UeRATHB3] s AAEE S 250l
HHEEE, AR Aeety Age] AR 2
3 o2 1o AdEE SA8H, 429
2g & oshte PGCleo W@ J7HAIRITH

Q1] Irisin, AAEY D T Aol WA 9F 9

[34]. PGCl @l 9J5ll 2 =]E irisine UCP1S
Fredrozs WA 2 A2 "browning' & &
aff el|qz] &HIE S7HRIEH35,36].

Planella-Farrugia et al.2] dF[35]] <l5tH
Late E8A 9% Fol 2H9 Ah= o
0|2 AlA|RAG 0] HIE dovl= ZoR oY
7 Ao Mol A, W Fr o] A
+8 AFFE -5 irising 7M. Irisin
2 ZAZE Eoote Bt A AR, ulol
L AEFE (Myostatin) 547 HdE AAoto] &
Hidf 2 259 A4e x4 [37], i
A AtolA 282 B irisin £ ZH A
TEAZ e Aoz HiHEH32].

2 AFZT, irising] ¥ses BEFd2E §
SHAl F7ketda, Alsy BMI 2 AAEES] 7
a9t A EATHL FUreleH, AATE
W3t irisin®] F7ket F2 o] gle Ao
et mebd 53kes =
TS irsin®] HAE Eo|A,

woke A AE Wz 9 84 e, AR @
kel

=

48 Ad BAe ZA5 goaA(13), AE
Hoz M Ay o] ZARE & U
aH] Z7b maH12) 9 ARAE Bo} oA at
37100 oJsf A23 W H cliele] A4
WEo| Zasts d FAA 9IS £ o=

gkt

TG B QeldE 129 A% AL £
grstel @ BAstdLY, BFLF F oA
Tels B W WEHelA fele webt vt
Ehor], A 7elo] WSk irisine] WSt A7
Aol Qe o= e,

&5 Al e AYATE AMEd, L
o 16571 ABE AFLFL A
S5 Weke rehtA] ghgront, B

el
%
ES
.
w9} ofEe AMsHs AoR ERET, irisin 4
=0 o
A

ox flo
1o

=

Zo] Z7Vstgon, & irisin £FL LS
dor s F F4E 299 2wt 2
o= AIRFSIATH35]. 1= vk GAS e
B2 24330 ERE2 irisin & FAIot,
A zA 9D A 222 HAtEeH, irisin]
Hol= slelEdel Watet £ Aol AL,
o9 Hgtel HA Aol Sl Aer yEy
[38].

ojgfRt AFAFel AiE H|Fo| & o o
a7] &5 WEE o8t Adese

[}
B9 255 AFE T gavh dehit
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T vt ogille] ZAIG Ik @A
5 irisin®] 7 71908k, skA] 223027t
oztofl A dojrk DI HFY ¢ wHA
(244 m & A7)l d84N aE & AL
2 maEg, 55, A5 YA ool qlojA
shA] 23t 52 934 9 wEAe] Ade H
£ Fog a2 AgzbEch
Irisin2 A2% oA
g XHdte 9¢E st, =

pathway-J g$4E T

UJ 1];(1 KH/\]_
A4 AMPK
o] JuAlT I

= ERFTH39]. ERL
G woheso]l b muEgh AAe]  pojshs

K 48@e dans dgdz24s
9@6}3 *731 Ameto o] GLUT4 AYES
AFgo ey ALY 7 &5+ 9 £4& It
AZITH39,40]. wabA]  irisine A2E ko
g oA s Al FEA s @
2 AAfsiT)

Eeh A p-AEo] slsde] ¢ Aak
g gy 2o A&5HQ TIFF Fa3
@lo] =gk, %
AL p-Hz

B-Alxe] FA& %ﬁH OLV\a A W Hus
7‘} ]":]'[41 =, irisine HEPA L] BALS
&slota, p-Alxe] £5 TV & de <
=4 A 12 2o] dghg ghri42].

B A7dd, B T HbAlce €9 %
2 GolsH #AASHN A, HbAlce} o] wHs)
£ irisin®] F7ket £ Aol gl Aoz v
k. E3, HOMA-BE fosHA E71shaa,
irisin §2te} A2 AJe] = Aor UEdTh
olffgt Msh= &9 AFo 2 PGCleo T4
o] F7FstdA FNDC57} e 5 HoEom

l
>
%
i

b
ru
]o
l-FU
-m
o,
oL,
i
i,
5
5
rlo

gk ofuzt <la %4 HH 2 HﬂEHﬂ 715 7
g At Uehd Aoz AgecH43], whebA
TAAA EgFol o2 irisin®] F7Hs A2
Tty BT odwle] o tiAtet led x=d
ol ol At e Zo= waHh

AEZACoR A28 Wi HT AdxdS
Fog 1257 AR 5359 éﬂ_‘id&i
dZ irisine] Y FFo] JFrlotdod, AAL
o 74t HbAle, EIT % HOMA-pS
Mol =vs F= Ao= Yehnh wehA of
¢ 7] &3 &9 e 25S A8 Bk

T2 HTRE A2y e ] irisin STkt

Bl
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WA AAZY D G R s Ade] mE
esyoE Aol 5 gtk
Mol 2

o =R 20198PAE Hatthota AT

o1 AYAe] oJste] ATEAL
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