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Effects of a Muscle-Strengthening Circuit Exercise Program Based on
Transtheoretical Model on Muscle Index, Glycemic Control, and
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Purpose: Using a transtheoretical model, this study examines the effects of a stage-matched muscle-strengthening circuit
exercise program on muscle index, glycemic control, and quality of life in people with diabetes. Methods: The study used
a controlled trial with a convenience sample of 49 people with diabetes in a university hospital. The participants in the
experimental group underwent weekly education and counseling with booklets and video clips for muscle-strengthening
circuit exercises, in an 8-week program, whereas those in the control group received usual care. The outcomes were
assessed using self-reported questionnaires, anthropometrics, and blood analyses. The intervention effects were
analyzed using an independent t-test. Results: The mean age was 57.4 years, and 67.3% of the participants were male.
At 8 weeks, the experimental group, compared with the control group, demonstrated a significant decrease in glycated
hemoglobin (-0.20 vs. 0.17; p=.002) and improvement in quality of life (9.46 vs. -1.20); however there was no difference
in muscle index. Conclusion: This study provides evidence that a stage-matched muscle-strengthening circuit exercise
program improves glycemic control and quality of life in people with diabetes. Longitudinal studies are warranted to
examine muscle indices in thise program.
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) 1, 2025). G2 A Aglh) vhAd oS
F-2 =0 Wl o} 2K(IDF, 2025), 27 e 7taoke
DA BRo] o] ZHaF HA S 1.5 S7H7IH
(Anagnostis et al., 2020), 3=3 0.2 Fic Y 3x}o] 4ho] &
L A3 7| FH 2910 F Z83tr)(Lee et al., 2020).
PR B4 e o 2R A ZET A
2F0] 0k 80% O|AFS XFA|BH= Q14D Hil LTk Bo] 7
ZF23t 7otk (Merz & Thurmond, 2020). 23y G H
o 0]%d] ATt T A2 <15 Thil A S A5}
9% 2ag 2Aske] BgzHo] ek HrkMori
et al., 2019; Merz & Thurmond, 2020). &3 ZraE A1A]
YERTLE oJo|A\TL, o= BATF T} AN 5712
z25to ke 7HALth £3] B3t FAE(Advanced
Glycation End-Products, AGEs)9] £32 245 71
gletal, A7) Astet g 2E Y of3kE flst= Ao R
B3 E 3 th(Mori et al., 2019). 0|23t e W2 & oF3F
S T3] AA7 ]S Astell 2A] A i S ™ S7HeH 4
A A5H2 o] ofXIth(Lee etal., 2020). wh2hA] Biet 4}
dd2d S NAdskaL 4F9] A S A= B AHEE
&} sHA FRIF ¢l AAES0] "Z o|th(Kobayashi et al.,
2023; Lee et al., 2020; Lee & Lee, 2021).
Tt SRpo| A i WS ff3l AAIZE SolAE 2
250 %0 40| ZEE| T 9lck. 1] F 4% 2 0|33 (American
College of Sports Medicine [ACSM])ol| 4] dr33t 3Ho] A
Al (Kanaley et al., 2022)o]] W2, G 3ix}o] kx4 S
olaf) £ 150~3005-9] F5 % FAkA 253} 3 23] o]4te]
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2 38 4 (Glycosylated hemoglobin, HbA1c)7} 0.24%
gt Uh, 28855 AR ol A= 0.44% skt
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I e 5] 27|72 AL 2 YEtTh(Jansson,
Chan, Lubans, Duncan, & Plotnikoff, 2022). wh2hx] 2 (A]
D) TEF A G2 75 o] At
ozl AT ZAFET HH AFEs FAlol A
(Arazi, Gholizadeh, Sohbatzadeh, & Eghbali, 2020; Buch et
al., 2017; Kanaley et al., 2022)8}F = Qo] 274 o] =
ey Bahe] 25 A% % Ak TA oA W) Eak
o]l 2502 AN HT}(Arazi et al., 2020). ESH A E-F Z7}
= QAT e A T ke, Sl o] A 1AL A
X7 eV B2 ojofA 117} Bl 4] B kol AR
UG THHong & Yoo, 2021; Lee et al., 2020). o] g+ 2 2}oj|
A 2873 SHAA)ES Tt FF2E anE 9ol
AA71s B A - e A Pl Fake vIA 4o 2
Fol= 719 = et

TF21Z el 59 o|Fo|= &3}l (Jansson et al., 2022;
Kobayashi et al., 2023), AA] G 3RE9] 2| &4 Q0 25
Ao A3 Fe 2o HEY Uth(Kaplan & Citlik,
2021). A 27 Bt SRS o= —r-E.J ansHE

ﬂi‘lﬂsﬂ FAATEE AFLE, ik 05, B 25 5
ol e BT 9 A1 4wl 9%

6]-@] E_J—]~§ H3 3% thH(Arazi et al, 2020; Chien, Tsai,
Wang, Chuang, & Lin, 2022; Kobayashi et al., 2023; Lee,
2018). et A4 e AAE) SEAS) MBS 2
2g e - 844 2<lo] T FAATE BET A
o]c}(Kaplan & Citlik, 2021; Miezah et al., 2024). Bx=5 &+
AE0] B717 255 Ak tle ofEeol Yok &=A
Ao ol Bty RO B2 2FES = A A
71917 Aol 491(Che, Meng, Jiang, Ye, & Xie, 2022) 3} A3
o] A= = Utk o] & A= o] BS 7Nt = SR ThoF
o EA T HStHA S 23t 55 A7 B asitt

Ho]22 2 d(Transtheoretical Model, TTM)o] wh=H
59 HaltA = 2] AA 1 ZF Fhl o] et A8 A
AR 2] DA 7ER] A5H o2 HIstn, Zh T of) 13
Sh= AAA - 5A sty S Mol A2 o WA 5
713} whet 25 3t A 7F § 4 " ch(Nigg et al., 2011). wh
2hA Tt B AR EE S =t 259 HIdAE
N EEP FAE AT A AE A A% 35 W}
£ olZold 4= = A W ol th(Kim, 2002; Miezah et al.,
2024; Nigg et al., 2011). A28 Ty IAE jAtO = 3t
TIM 7|8t 2715 SA AT = ST 75%7H 9 25
Y AStAA = APl on, S Ao 2 QI Mok,
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AA S5 5712 o] o] thH(Kaplan & Citlik, 2021). o]+=
3y Mk &g A st S10] FE W WEE ol
A= 2%t aglolm, TIM 7|5t B&3 S« 31
Brho) Ahe] WY o WS FolT AFEAE A
< bl f-83 A=Y Ruk3gtt(Kaplan & Citlik, 2021;
Miezah et al., 2024; Nigg et al., 2011). o] &gt A= i =
Bate] LEYS HelH ZEst 0 TES T BEY &
A9 oS AlAtste, MattA of 233t A ko] AlF
g2 W) oe ENRAY & 9o HelZrhKim, 2002
Miezah et al., 2024).
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A28 Tt B % ofa) 47710l o A1 Hel
S5 AR A712E 1) 304] o}l A28 Ferg
A-S w31 (Mori et al., 2019; Park et al., 2025), 2) Z44%5

stages of change

Effects
f

TTM-based strategy

Precontemplation

Cognitive processes

stage + Consciousness raising
Early + Dramatic relief ASM 1
p + Environmental reevaluation
Stage CO”temP|at|0|’1 + Self-reevaluation
+ Social liberation N
stage Sources of self-efficacy Hand grip
+ persuasion(counseling)
+ Emotional arousal (support) strengthT
Preparation
stage ) Decisional balance
Behavioral processes  « ros and Cons Cognitive and HbAlc |
; + Counter conditioning behavioral processes of change
Later Action + Helping relationship
stage stage + Reinforcement management

+ Self-liberation

2 + Stimulus control
Maintenance

stage

Health-related
QoL t

TTM=Transtheoretical model; ASM=Appendicular skeletal muscle mass; HbA1c=Glycosylated hemoglobin; QoL=Quality of life.

Figure 1. Conceptual framework of the muscle strengthening circuit exercise program.
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A8 7]&L2 Chen 5(2020)¢] B 1138} Asian Working Group
for Sarcopenia (AWGS, 2019) 2] H 314 ¢f| u}g} SARC-F
AE@H o), Fotel E2(d4d <34 cm, 94 <33 cm), oF
2(d4d <28 kg, 214 <18 kg) T /i o1 dfigdhe= Aot
A ] 7122 XA EE 2= 23 (Physical Activity Readi-
ness Questionnaire, PAR-Q)oj| A 25 0] 27]Q XA A &
a4 dgo|u F4do] VN ol 3l Aol th(Kanaley et al.,
2022).

H JF1o] £ == G*Power (version3.1.9.7) T2 13
= o]&sto] AEstAon, = A, (o) .05, FAE
(1-B) .80, & T}=7](d) .80 ] |4 BE =440}t &
2HE 30%E LB 5to] AR 7]l AFstaL AHE et o
Ab 64TS AP SRR ST o] F A= 9%,
A, FH7Ibe 7I€e 2 11 B3V e 8 ST
o 2ol 22 u g st gleh. A28 B ol A G i A
getste] 2F 240 AM-E ATt 499 (%XH-TL
247, )24 251) 0 2, @EHEL2 234% G o0, B A=
U &9 o] H /A AP ol whE APEA Ao Xa*ﬁ]
k.

3. 477

A7) R4
Wk

Aol AR BT QAR AL

H o
L
0_9_
A&

AR BN

TEAFAA o (grip strength)> TIAE oF2A|(TKK
5401, Takei Scientific Instruments Co., Niigata, Japan)E A}
S5to] ST 5338 S 5 A WA g A ARt 2 gk
Y ikS ARESEATE AR Z A 23 (Appendicular skeletal
muscle mass, ASM)2 InBody 720 (Biospace, Seoul, Korea)
2 Z2A3} oF= A}2)9)} 5} R TR TS F3) 7Fo 2 AFREL T
A (HbALG, %)= At S4stshA o

57228 F3) S skedrk

4 4] 2

7 T 42] L2 EuroQol Group (www.euro-qol.org)
9] 5912 yto} gt=F o] European Quality of Life-5 Dimen-
sions-5 Level (EQ-5D-5L) ¥} EuroQol Visual Analogue Scale
(EQ-VAS)S AR5}t EQ-5D T+ The EuroQol Group
(1990)°] &Jsf AT= o o] T4, A7), LEEE, FF/=
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d B A Blste], 2ol wet A7

E ARSI AR E HeE 01 Alo] 9] G 7R A H
19 7Pk E 17 B 49 Fo] 235 ou|dith E A+
9] A2 == McDonald's Omega 2 A1 2| = & 2451 A1} .69
ot AN AFAEH (EQ-VAS)= Al ofd2d H=s

olg5to] 27 2] 27 A3el 0 ol A 21722 A7 Akl 10047}

A5 H7tehe WHO R, Yo7t w28 U o2 QRIS
= AHHA ASEH7E 52 Rtk AdbE A7 H
(EQ-VAS)= FUl A7 F2A oA A7 o 4o A& =
Aot 27t #2 A HE gFert SRE E=otkLee &

Lee, 2021).

3) TIM ¥ SH =+

253 %] S (Exercise Stages of Change Short Form)
+ Marcus, Selby, Niaura®} Rossi (1992)7} 7]t A1 & At
A, AL A, Z8DA, FFHA, FAGAR € %‘Q T
Folm, A A7t 225 2539 HIHA 0] ==
2 ojn|str}. 2538 ¢] Hsk}4 (Exercise Processes of Change
Scale)2 Nigg, Norman, Rossi®} Benisovich (1999)7} 7t
3131 Kim (2002)0] Mg =712 3023}, 54 Likert A= 2,
A7t 225 59 My AR BT 5352 9|
sttt 25389 JAME A (Exercise Decisional Balance
Scale)2 Nigg, Rossi, Normani} Benisovich (1998)0] 72t
3111 Kang®} Park (2001)0] Mgt =72 0|5 g Aol 291
Z} 558}, 54 Likert A= 2 Z+ Q Qloj|A ALV =842 &
ol gt o] 5 H Aol 2¢10] 5= on|gtth —c%bﬂﬂ—l AF
7| 857 (Exercise Self-Efficacy Scale)-2 Marcus 5(1992)9]
7idtelal Lee@} Chang (2001)0] Y3t =412 583}, 53
Likert =2, Y47t 2205 25 Al a5l 5529
o)gich 2 |9 A g T Cronbach’s o .84~.95% T & &
TollA 2539 Wt A= AFE2] o Fdshs tidAt &
2Ed 5P FA AlS-S S8l A T 253 9] Hat
I, AR, A7 EsH = F AT Y AR 5
2/ grE ot FA ol w2 A A A 2919 st S kot
5t7] $l8l S = U 4 A #e SA Z2 39 o| 24 B
4 FHE QR HE2A 2AR EEH

22z 28 MA)RS T2

TT™ 71H 2B A EF LRIHE Table 13}

S SE ZRIHL I7h4 9] i
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Table 1. TTM-Based Muscle Strengthening Circuit Exercise Program

Session Components

Strategies/Contents

Time
Method
(min/ session) erhods

Week 1 Orientation/

education

Weeks 2~8 Home-based,
muscle
strengthening

circuit exercise 2~3 sets/session)

- General education and information

- Warm-up: Flexibility/stretching (14 motions) 10
-Main exercise: Circuit resistance training (150 min/week) 30
- Upper/lower circuit exercises of 6 motions (8~10 reps,

15~30 Education, booklet

Demonstration and
practice, video clips
for each motions

- Cool-down: Flexibility/stretching (14 motions) 10

Coaching/
education

1) Early stages (Precontemplation/Contemplation): 30
- Cognitive POC (CR, DR, ER, SR, SL)
- Awareness of need for change

Booklet, video clips,
SNS/ phone call
coaching, weekly log

- Motivation and confidence building

-DB

- Increase perceived benefits
- Reduce perceived barriers

- Barrier management strategies

-SE

- Self-efficacy enhancement

2) Later stages (Preparation/ Action/Maintenance): 20
- Behavioral POC (CC, HR, RM, SeL, SC)
- Action planning and adherence

- Self-monitoring
- Self-reward
- Behavioral substitution
- Social support
- Stimulus control
-DB

- Reinforcement of benefits

-SE

- Self-efficacy enhancement

- Temptation management
- Adherence maintenance

Weeks 2~8  Adherence

monitoring

-POC, DB, SE

Booklet, video clips,
SNS/phone call
coaching, weekly log

5~10 Monitoring, log, SNS

- Weekly exercise log monitoring

CC=Counter conditioning; CR=Consciousness raising; DB=Decisional balance; DR=Dramatic relief; ER=Environmental reevaluation;
HR=Helping relationship; POC=Processes of change; Reps=repetitions; RM=Reinforcement management; SC=Stimulus control;
SE=Self-efficacy; SeL=Self-liberation; SL=Social liberation; SNS=Social network service; SR=Self-reevaluation; TTM=Transtheoretical model.
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Qo] wko] AAISHeL

YT oA Arprlo] AP HE 2 T2 T gigh
APt AEZ Es] Al AIRHAAE ol 85k 2

0

WA AP 24} 3857 WA QA TR X439
o} 8% A AT 2AE ST F e B AEEAT

atack.
6. AIZEN
H Ao A 3% A7 = IBM SPSS/WIN 29.0 T2 13

&ALt 2 5] st RS HAst] HFY AF F
AFBH vfe} o3} gol LA

© Uubd B4 9 20 W50 V]S EAE A, WEE, 3
79 BE2EAE B9
© ST 2o Ak $A4 AEE STl wt

Chi-squared test, Fisher's exact test, 1ndependent t-test
£ o] g3te] AT,

s FHIAFL 7 A3 Mg A, A5 st Aolg
independent t-testE ©|-8-3}¢] £431 4t}

o T19] AFE = Cronbach’s a & B35}k ch

7. 20X 19

AT AT 24 72 2291 8] (institutional
Review Board, IRB)2] %:-21(IRB No. AJOUIRB-1V-2025-174)
2 ure F 2 ek oA A1 AT RS o
Aoz SRS 15 7] F2 el AT =,

bR RS Wt e AAER ATHIE 3
S 4 9 Ae) 5 315 ARG F AL NES
Witk AT eI S E BEARE AR A2 RS
SH= S AlRska Qs Befshect.

1. CHAIRRO] UM S 91 14 0| MM SHY

olA

RAA| g AHIN=49)9] Bt A2 57.4A4]0]™ 67.3%7}+ &
Jolith. FEFE M40 Wt 6.88+0.76% 1L, Hat T
BH7)7-211.5315.53 0] ¢Ith. R (n=24) T} h 2 H(n=25)
O vk EA, AW R EA YL TIM B Hp= 209
AlF A BF {23t xpol7} Koz grof = -2 FE st
(Table 2). 7+ 7+2] ATpHP] TSR R ZA T, oH),
A #(FeFE M a) et A7 T 4h2] Aofl {3t 2fol7t
g0 F &2 FEstth(Table 3).
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Table 2. Homogeneity of General Characteristics Between Two Groups (N=49)
Total Exp. (n=24) Cont. (n=25)
Characteristics Categories ort 4
n (%) or MESD n (%) or M*SD  n (%) or M+SD
Gender Male 33 (67.3) 16 (66.7) 17 (68.0) 0.01 921
Female 16 (32.7) 8(33.3) 8(32.0)
Age (year) 30~49 11 (22.5) 6 (25.0) 5(20.0) 0.67 880"
range: 30~79 50~59 15 (30.6) 7(29.2) 8 (32.0)
60~69 20 (40.8) 9(37.5) 11 (44.0)
70~79 3(6.1) 2(8.3) 1(4.0)
Education level <High school 19 (38.8) 9(37.5) 10 (40.0) 0.03 .858
> College 30 (61.2) 15 (62.5) 15 (60.0)
Employment status Employed 36 (73.5) 16 (66.7) 20 (80.0) 112 291
Unemployed 13 (26.5) 8(33.3) 5(20.0)
Economic status Poor 7 (14.3) 6 (25.0) 1(4.0) 475 0767
Fair 30 (61.2) 12 (50.0) 18 (72.0)
Good 12 (24.5) 6 (25.0) 6 (24.0)
Marital status Married 42 (85.7) 19 (79.2) 23 (92.0) 1.65 2477
Unmarried 7 (14.3) 5(20.8) 2(8.0)
Living together <3 person 30 (61.2) 17 (70.8) 13 (52.0) 1.83 176
>4 person 19 (38.8) 7(29.2) 12 (48.0)
Religion No religion 23 (46.9) 11 (45.8) 12 (48.0) 0.02 879
Having religion 26 (53.1) 13 (54.2) 13 (52.0)
Alcohol intake Yes 18 (36.7) 10 (41.7) 8(32.0) 0.49 483
No 31(63.3) 14 (58.3) 17 (68.0)
Smoking status Yes 9(18.4) 6 (25.0) 3 (12.0) 1.38 2897
No 40 (81.6) 18 (75.0) 22 (88.0)
Sleeping hours (hour) 5.98+1.05 6.08+1.18 5.88+0.93 -0.67 504
Duration of illness (year) 11.53+5.53 12.79%6.51 10.32+4.18 -1.59 119
Diabetes-related Retinopathy 10 (30.3) 5(27.8) 5(33.3)
complications Nephropathy 21 (63.6) 12 (66.7) 9 (60.0)
Neuropathy 12 (36.4) 7(38.9) 5(33.3)
Cardiovascular Dz. 7(21.2) 5(27.8) 2(13.3)
Cerebrovascular Dz. 1(3.0) 0 (0.0 1(6.7)
Diabetic foot 1(3.0) 0(0.0) 1(6.7)
Diabetes management Alternative medicine 1(2.0) 1(4.2) 0(0.0)
Diet therapy 20 (40.8) 10 (41.7) 10 (40.0)
Medication 48 (98.0) 23 (95.8) 25 (100.0)
Exercise therapy 30 (61.2) 14 (58.3) 16 (64.0)
Diabetes education Yes 9(18.4) 5(20.8) 4 (16.0) 0.19 7257
program No 40 (81.6) 19 (79.2) 21 (84.0)
Stages of change PC/C 11 (22.4) 6 (25.0) 5(20.0) 0.18 .675
P/A/Mt 38 (77.6) 18 (75.0) 20 (80.0)
Process of change 99.49+16.12 101.33+16.41 97.72+15.97 -0.78 439
Decisional balance Pros 20.37+2.64 20.58+2.75 20.16%2.58 -0.56 581
Cons 12.57+2.59 12.334+2.51 12.80+2.69 0.63 534
Self-efficacy 15.98+4.06 16.58+3.76 15.40+4.32 -1.02 313

A=Action; C=Contemplation; Cont.=Control group; Dz=disease; Exp.=Experimental group; M=Mean; Mt=Maintenance; P=Preparation;
PC=Precontemplation; SD=Standard deviation; T Fisher's exact test; T Fisher-Freeman-Halton exact test.
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Z2 O3] et FALL FosHA] P2 2T Eet FA

F GRANL()H EAH O R o5 AMEILT(0.20%
vs. 0.17%; t=3.37, p=.002), 717+ T 3ke] o] Aukd A7}

‘6‘
A
E'_

Ae] A=(EQ-VAS) T3t Ao BAIZLZE f2l8H
7V8FTHO.464 vs. -1.207; t=-4.74, p <.001). T+, A}A]

Z8K(-0.16 kg vs. 0.00 kg; t=0.89, p=.380)7} 2}=(0.58

Table 3. Homogeneity of Outcome Variables between Two Group (N=49)
Total Exp. (n=24) Cont. (n=25)
Variables Categories t p
M=£SD M=£SD M=£SD

Muscle index ASM (kg) 21.1345.01 21.18+5.45 21.08+4.66 0.07 .942
Hand grip strength (kg)
Peak right hand grip strength (kg) ~ 34.02+9.19 34.0219.86 34.02+8.70 0.00 .999
Peak left hand grip strength (kg) 31.43£8.10 31.64%9.24 31.32+7.03 -0.17 .863
Mean right hand grip strength (kg) 32.84£9.46 33.431+9.97 32.28+9.12 -0.42 .678
Mean left hand grip strength (kg) ~ 30.82£8.51 30.85+9.70 30.80+7.40 -0.02 .984

HbAlc (%) 6.8810.76 6.78+0.78 6.98+0.74 0.91 370

Health-related QoL EQ-5D-5L index 0.80+0.20 0.77+0.23 0.83%+0.15 1.01 319
EQ VAS 70.61+t1442 69.17£13.81  72.00£15.14 0.68 498

ASM=Appendicular skeletal muscle mass; Cont.=Control group; EQ-5D-5L=EuroQol five-dimensional five-level instrument; EQ VAS=EuroQol
visual analogue scale; Exp.=Experimental group; HbAlc=Glycosylated hemoglobin; M=Mean; SD=Standard deviation; QoL=Quality of life.

Table 4. Effects of the Muscle Strengthening Circuit Exercise Program on Muscle Index, Glycemic Control, and Quality of Life

(N=49)
Pretest Posttest Difference
Variables Group p
M=SD M=SD M=SD
Muscle index

ASM (kg) Exp. (n=24) 21.18+£545 21.02£5.32 -0.16%0.61 0.89 380
Cont. (n=25) 21.08+4.66 21.08+4.76 0.00£0.68

Peak right hand grip strength (kg) Exp. (n=24) 34.02+9.86 34.60%+10.03 0.58+2.28 -1.73 091
Cont. (n=25) 34.02+8.70 33.35+8.78 -0.68+£2.77

Peak left hand grip strength (kg) Exp. (n=24) 31.6419.24 31.83+9.71 0.19+3.06 0.68 501
Cont. (n=25) 31.32+7.03 32.12+9.28 0.89+4.04

Mean right hand grip strength (kg) Exp. (n=24) 33.43+9.97 34.47+10.19 1.04+2.60 -0.69 491
Cont. (n=25) 32.28+9.12 32.44+8.91 0.15+5.74

Mean left hand grip strength (kg) Exp. (n=24) 30.85+9.70 31.89+9.91 1.04£2.75 -0.21 834
Cont. (n=25) 30.80+7.40 31.6419.21 0.84+3.72

HbA1c (%) Exp. (n=24) 6.78+0.78 6.58+0.72 -0.20+0.44 3.37 .002
Cont. (n=25) 6.98+0.74 7.15%0.83 0.17+0.32

Quality of life

EQ-5D-5L index Exp. (n=24) 0.77£0.23 0.85+0.15 0.08+0.17 -1.73 .091
Cont. (n=25) 0.83£0.15 0.83£0.14 -0.00+0.14

EQ VAS Exp. (n=24) 69.17+13.81 78.63+£10.20 9.46+7.05 -4.74  <.001
Cont. (n=25) 72.00+£15.14 70.80+14.63 -1.20+8.57

ASM=Appendicular skeletal muscle mass; Cont.=Control group; EQ-5D-5L.=EuroQol five-dimensional five-level instrument; EQ VAS=EuroQol
visual analogue scale; Exp.=Experimental group; HbAlc=Glycosylated hemoglobin; M=Mean; SD=Standard deviation; QoL=Quality of life.
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t=-1.73, p=.091).

857t 7+ Fo AA BT SWEL 81.0%, 82.6%, 70.8%,
79.2%, 78.3%, 85.7%, 81.8%, 86.4% 2, B 78.0+31.0% = 1}
EbtTt

= 9

[ —
B ATE 27ha 910] Gl Py BRE oz 85
719 TIM 7]t 259 2228} 3 (42) 85 22 I9e

@ﬁﬁ}@l A
Z.

w = Solop] AHEISIC, ol TTMS] 259 sk

A, kb, A7 Esd, SAE TR E T2 A
srodste] thpAte] A Zulmel st o)X S WA H o2
sha7] 0.2 woln, olejst o] A7) Ao

ololdl 202 Ayzhgic.
| RS ERAADEE TRl Bl 429 B
AL R 425 24k Buch $(2017)
o TR LEL LF 54 7 FAS Hasts)
2 4 A 0 2 B AT ol £59] E3}

thaker 4 gl o] glof e oo RAA Q14
HAAZ 4 Qleka shoich & AT ATHE o] e 23K
)52 o502 857ke] 34 7I7kel Gak@M L] AM
anp} YUE Ao B 2o LB LES
B3 Yzl A Grs AuEE A28 G =olojh S

14

>.

&

Y

o mt H rlo _ﬁ?i
4 ru

N

P

At o 2 827 £3H A A) 5L ZL3L Lee (2018)9] A
e gL, A Aol Y 4B AgelA £

oAl A= o], tegloig ol A4 24 R oAl A% Fajo
B4R S5YS BTk I3 Lol G S o= S
Arazi 5(2020)9] dF+ZA Iz 1057+ ,_Q_]-(/ﬂ )+
AZE o) FeFEM 2Tt Gl Fawo] B Aet 9
i, ol HBRTES B 2 o), 25 SBA
)5 Fie fae) Yg BgHo 2 Wald 4 9l
2 T}ﬁ A A7 A S RoEn

2743} 23HAA) ST =2 T Zodt XH:.L_J
4 21 49 99) WA 1) H4(EQ-VAS)7} T
wrh §951A) gFAFE 9k Hongt Yoo (2021)% %hbs g
Aol ahef ol 2 - AR A, 25 M=, AFH, 4H 2~

fr

10 Korean Society of Muscle and Joint Health

Azt

Blo] 240w e, ol2ig 4] HEH o2 el
= gfe) o] ABtEl= Ao® R nEYrh B AT TIM

710k g 2 £ SE T A Fal 4
Q1A F4be ek Aol HubE AZAEESHEQVAS)
ol 71018 20 2 AZFEITE e A% B 4k A X
el EQBDSLOINE 2427 )22 7ol BAH o2 &
)5t 2}o)= LFEFEA] ¢9kth. Venkataraman 5-(2019)2] A
Beazold BEa 249 A2F P B2AEYE
7 708 gom 29 9 &vg%%% g3 A7, 85
A AE AT RoFdso} A7}
9J3t z}o]E Ho|x| e Axte) ¢ 5(]?:5}1:]- 011_1:_ Zal o}
7 FARE AAA 754 SAHC
2] Bato] 17} Bl ahe) A= 01011174 29 Aoz A
o} Lee 5(2020)2] v+ 511 Ho] 6] % 28 Ay A9}
Hnd o, 2 A5 B2 =498 08 i RO o7}
E3750) FFE 03 7Hs 40l ek, E3 Feng, Kohl-
mann, Janssen ¥ Buchholz (2021)+&= EQ-5D-5L0] Bt A3}
B} ol mA oFEelAL Fole BolA H BT
2] 3EEH FAa 7K Ceiling effect)7} @A E 4= Ath
A#s}eic. olefat £ B40.2 S A7} EQ5D-SL
whed e £E s Alo] 9ok whebA] B Aol A
Solx 247 7] AAH R0 T 5 Yk ETAME
B e S S S 5

S e SR Aast e e

o) Zpolof A FA A o2
Ao G Bt f 7I7P°l 11 o3l A3 Hd Aoz
Holok P o] 1 7|3t wheh v A2l Qled AR
%‘ T/JH7E S B A S AfEted ST R 2 A
Fr&Ehth= Mori 5(2019)9] A 23S Bl o] & 7]
Wxﬁi— THAFE AN BHE H7] o HHE A= A%
Ht}. Kobayashi 5(2023)9] AYPATLE AuHH HAi4Z
A2E Fey FAE e THLES ATHUS o 2
T} 2-8-9] 2 (Muscle Quality) 2| E2] §-0J5} gFato] FA) A]
2t 5 971 AJ 0] 1AL, Chien 5(2022)9] Aol A= 244
Aol e A2T Bty FAA 1257 A F BefjEm
Y A5 A83e W ARz AT F T ool FE A
& 1 &, S 7|3l FFE A= Aoz Yz
EQF 2 AFETE R(MA)2E Aok v as] B grd
Aol gt FA 717kl A ZholE H k. Arazi 54(2020)9)



Aol M= BEAE 60.99419] A2F T Qe
o2 105779 S & AA)2e= AT e ™ A4
23 8, e A, 29, IATE A ot Fitol
TEE o] AP AT =S T8 & o, & Aol A o
7SR A (2 67.3%, o/d 32.7%) 1 TSR Ho| T2 ¥
S} BEshy] o 852k A 717k] ER ekt Az o wht
A T AFolAE $87] oo ZRaS A g5t L5
A 70| 24 |37} Pojuh= Al S 1T avt vt

2 Z2IL G SRtolA I} STHAA)EE
T2 IS A3} Lee (2018)2} Chien 5(2022)2] A3+
£ Hud ff 259 F7e A=e A FAEE U
Kanaley 5-(2022)0] A| A&t n]5 A2 %0183 (ACSM) 9]
G735 AR oA = &5 anE Skt sl &5
T A=, AR AE 5 i dAe] A A 24 As
35kaL ek E3F Venkataraman 5(2019)¢] &J5Hd 71&
25 A TS T2 25 A Aol 2HE Fol A
Y4 8els FES| WA 3t FAES AASHHH
Hong} Yoo (2021)= Bt 312 419] 2ol A g - 124
/3ol e ZA L=kl 5133, Che 51(2022)2 AlA1&
T FIA7I7] 91 TR 7 oF AR AT B
TGt o]of & ATl A= TIMS 7REe 2 2534 9] ¥}
A o T AAF - F5E] HERE SA o 285t 71E 5
F719] SAlE Mokt BEY 0 2 Hohe op(Miezah et
al., 2024; Nigg et al., 2011), ©| & ¢J3l| SA| =2 aHS 27
3t = 8H(A%)F 3023 1] 9 nhiE] &5 2 1085 23
sto] F 50222 A5kt TIM 718 221733 e 2H(A )
5ol het A A7t FE5o] A7 A0 P& A& &
et 5 FreS A5 A £ A7t gasttta A
Z}3it}

1 170) AL kT ek A, AR A1 A T
FEFEHS G853, Aol A EAd HlE(67.3%)0] o4
Hi} ol A7 2 NE By A A = dutststo] 345t
ul F7t 2 asith. 24, 85dh= A 7172 259 471
A Q] A& Ao} 50| 22 M3kE Frtst7] o &= 7t
/0] Atk E3HFAEA A B9 AL A A1 A e
Z2 AP A 28 ol &5 AMY B, oEE 1
2053 71F 50l 5 A= A E g FFS S
7Fs/d= HiAIsk7] otk A, 2 22 IS TTMS 7]4t
o7 dA Eo] Pt Mo A7 B 419 F(EQ-VAS) A
Aol 344 anE glstg oy, A ol &85 &
S HaptA|, Hakhy, AAHE AR, A7 A Hel

o

N

So] AlA] L5 W2 ofolA| L H BA Lo BA
SHA) stk WA, 2RAFL wstel Bl gid
AT 304 oA A28 Wil T O Aol Al
2 57 go} AT xjol 2 Ietaha] Fatgick. A,
FHAHANG Bl FAPE 5 YRS 2L O, A
B39 ASMFTORE 95 23S ATH R Bl
Lo WAVt glong, A3t a4 A o8 Tefslof gk
B AT 27k 91E Pl B4 hOR TIM 7]t
&Y 2P0 2T E T2IBS WA, 34
$& TAH 02 ANSHGT ER 27k 1Y g B
S 1 mEARFGAS ] A Ao
Aol Slol7} glrh. AN Gat@ 2o} A% B
A(EQVAS)] H2I5H FAFEigiche ATk,
3 YT A EF T2 W] S
o EHH 02 BEE 4 9 AT

L (A =
op
=

[HE
(O~
B

N
=
o
)Y
g

K1
sl
o?,: hl
>
4 o

e
re
4
rie
rH
)
[
o
n |
|
H
ok
l‘N‘
i
=
ox
|o
ol
H
H
<
N,
=

7¥shich. FARS Gota s aet A% B
% 47) A(EQVAS)o] thxte] Hlsh £-ofsHA] A= g0
o 2704 18 Pt B0 DA E A B ToFp of
¥, 747 T 48] AEQSD-SL)eIAE 2 7 Fpolrt glsiet
o3t AT 8771] LB £BAIA)LF T2
T 91 Faey B AR YA EE M B
e 4 918-L HolErh mebd FF ATNAE £ AT
R REE BERLER RS
FEGQEL 45 sk, T 27 ATHAS B2
3o] Qs s 4E AET Bask glek. B 2EAEY
22 WS Slsty] 913 B7] 221G TP FHATE

ridh

CONFLICTS OF INTEREST

The authors declared no conflicts of interest.

ORCID
Moon, Seo-Young https:// orcid.org/0009-0006-8615-6525
Kim, Chun-Ja https:// orcid.org/0000-0002-7594-5418

Vol. 33 No.1,2026 11



HO
2
02

REFERENCES

Anagnostis, P., Gkekas, N. K., Achilla, C., Papanastasiou, G.,
Taouxidou, P., Mitsiou, M., et al. (2020). Type 2 diabetes mel-
litus is associated with increased risk of sarcopenia: A sys-
tematic review and meta-analysis. Calcified Tissue Interna-
tional, 107 (5), 453-463.
https:// doi.org/10.1007/s00223-020-00742-y

Arazi, H., Gholizadeh, R., Sohbatzadeh, A., & Eghbali, E. (2020).
The impact of circuit resistance training on serum glucose,
insulin resistance and health related physical fitness in eld-
erly men with type 2 diabetes. Baltic Journal of Health and
Physical Activity, 12(3), 6.
https:// doi.org/10.29359/ BJHPA.12.3.06

Borg, G. A. (1982). Psychophysical bases of perceived exertion.
Medicine & Science in Sports & Exercise, 14(5), 377-381.
https:// doi.org/10.1249/00005768-198205000-00012

Buch, A., Kis, O., Carmeli, E., Keinan-Boker, L., Berner, Y., Barer,
Y., et al. (2017). Circuit resistance training is an effective
means to enhance muscle strength in older and middle aged
adults: A systematic review and meta-analysis. Ageing Re-
search Reviews, 37, 16-27.
https://doi.org/10.1016/j.arr.2017.04.003

Che, S., Meng, M., Jiang, Y., Ye, X, & Xie, C. (2022). Perceptions of
exercise and exercise instruction in patients with type 2 dia-
betes mellitus and sarcopenia: A qualitative study. BMC
Geriatrics, 22(1), 892.
https:// doi.org/10.1186/s12877-022-03519-0

Chen, L. K., Woo, J., Assantachai, P., Auyeung, T. W., Chou, M. Y.,
lijima, K., et al. (2020). Asian Working Group for Sarcopenia:
2019 consensus update on sarcopenia diagnosis and treat-
ment. Journal of the American Medical Directors Association,
21(3), 300-307.€2.
https://doi.org/10.1016/j.jamda.2019.12.012

Chien, Y. H,, Tsai, C. J., Wang, D. C., Chuang, P. H., & Lin, H. T.
(2022). Effects of 12-week progressive sandbag exercise
training on glycemic control and muscle strength in patients
with type 2 diabetes mellitus combined with possible sarco-
penia. International Journal of Environmental Research and
Public Health, 19(22), 15009.
https:// doi.org/10.3390/ ijerph192215009

Feng, Y. S., Kohlmann, T., Janssen, M. F., & Buchholz, I. (2021).
Psychometric properties of the EQ-5D-5L: A systematic re-
view of the literature. Quality of Life Research, 30(3), 647-673.
https:// doi.org/10.1007/s11136-020-02688-y

Hong, S. Y., & Yoo, Y. S. (2021). Symptom clusters and quality of
life in patients with type 2 diabetes mellitus. Korean Journal of
Adult Nursing, 33(5), 498-508.
https:// doi.org/10.7475/kjan.2021.33.5.498

International Diabetes Federation. (2025). IDF diabetes atlas (11th

12 Korean Society of Muscle and Joint Health

oy
i
Ral

ed.). Retrieved September 18, 2025, from
https:// diabetesatlas.org/media/uploads/sites/3/2025/04
/IDF_Atlas_11th_Edition_2025.pdf

Jansson, A. K., Chan, L. X., Lubans, D. R., Duncan, M. J., & Plot-
nikoff, R. C. (2022). Effect of resistance training on HbAlcin
adults with type 2 diabetes mellitus and the moderating ef-
fect of changes in muscular strength: A systematic review
and meta-analysis. BM] Open Diabetes Research & Care, 10(2),
€002595. https:// doi.org/10.1136/ bmjdrc-2021-002595

Kanaley, J. A., Colberg, S. R., Corcoran, M. H., Malin, S. K., Rodri-
guez, N. R, Crespo, C. ], et al. (2022). Exercise/ physical ac-
tivity in individuals with type 2 diabetes: A consensus state-
ment from the American College of Sports Medicine. Medi-
cine & Science in Sports & Exercise, 54(2), 353-368.
https://doi.org/10.1249/MSS.0000000000002800

Kang, S. J., & Park, J. H. (2001). The transtheoretical model of
exercise behavior change: Applications to decisional balance
and stages of exercise change. The Korean Journal of Measure-
ment and Evaluation in Physical Education and Sports Science,
3(2), 1-12.

Kaplan Serin, E., & Citlik Saritas, S. (2021). The effect of the trans-
theoretical model based walking exercise training and fol-
low-up on improving exercise behavior and metabolic con-
trol in patients with type 2 diabetes. Clinical Nursing Re-
search, 30(3), 273-284.
https:// doi.org/10.1177/1054773820920487

Kim, C. J. (2002). Development of a exercise intervention program
based on stage of exercise using the transtheoretical model
in patients with type 2 diabetes mellitus. Journal of Korean
Academy of Fundamentals of Nursing, 9(1), 123-132.

Kobayashi, Y., Long, J., Dan, S., Johannsen, N. M., Talamoa, R.,
Raghuram, S., et al. (2023). Strength training is more effec-
tive than aerobic exercise for improving glycaemic control
and body composition in people with normal-weight type 2
diabetes: A randomised controlled trial. Diabetologia, 66(10),
1897-1907. https:// doi.org/10.1007/s00125-023-05958-9

Lee, H. B. (2018). The effects of a circuit training intervention on
health management in aged women with type 2 diabetes.
Journal of Korea Entertainment Industry Association, 12(3),
151-160. https:// doi.org/10.21184/jkeia.2018.4.12.3.151

Lee, P. S, & Chang, S. O. (2001). The study on the effect of stage
based exercise motivational intervention program for the
elderly. Journal of Korean Academy of Nursing, 31(5), 818-834.

Lee, S. K., & Lee, S. S. (2021). Association between physical activity
and health-related quality of life: A meta-analysis of data
of the National Health and Nutrition Examination Survey
(NHANES). Journal of Korea Academia-Industrial cooperation
Society, 22(11), 499-513.
https:// doi.org/10.5762/ KAIS.2021.22.11.499

Lee,S.N., Lee, H.S., Lee, S. W., Sim, K. W., Song, G. Y., & Byun, A.


https://diabetesatlas.org/media/uploads/sites/3/2025/04/IDF_Atlas_11th_Edition_2025.pdf

20| ZX| &, g

R. (2020). Association between physical activity and health-
related quality of life in Korean patients with diabetes mel-
litus. Korean Journal of Family Practice, 10(1), 60-67.
https:// doi.org/10.21215/kjfp.2020.10.1.60

Marcus, B. H., Selby, V. C., Niaura, R. S., & Rossi, J. S. (1992). Self-
efficacy and the stages of exercise behavior change. Research
Quarterly for Exercise and Sport, 63(1), 60-66.
https:// doi.org/10.1080/02701367.1992.10607557

Merz, K. E., & Thurmond, D. C. (2020). Role of skeletal muscle in
insulin resistance and glucose uptake. Comprehensive Physio-
logy, 10(3), 785-809.
https:// doi.org/10.1002/ cphy.c190029

Miezah, D., Amoadu, M., Opoku, P. N., Junior, E. M., Zutah, J.,
Obeng, P., et al. (2024). Transtheoretical-based model of in-
tervention for diabetes and prediabetes: A scoping review.
Journal of Diabetes Research, 2024 (1), 2935795.
https:// doi.org/10.1155/2024,/2935795

Mori, H., Kuroda, A., Ishizu, M., Ohishi, M., Takashi, Y., Otsuka,
Y., etal. (2019). Association of accumulated advanced glyca-
tion end-products with a high prevalence of sarcopenia and
dynapenia in patients with type 2 diabetes. Journal of Diabe-
tes Investigation, 10(5), 1332-1340.
https://doi.org/10.1111/jdi.13014

Nigg, C.R,, Geller, K. S., Motl, R. W., Horwath, C. C., Wertin, K. K.,

& Dishman, R. K. (2011). A research agenda to examine the
efficacy and relevance of the transtheoretical model for phy-
sical activity behavior. Psychology of Sport and Exercise, 12(1),
7-12. https://doi.org/10.1016/j.psychsport.2010.04.004

Nigg, C. R., Norman, G. ], Rossi, J. S., & Benisovich, S. V. (1999).
Processes of exercise behavior change: Redeveloping the
scale. Annals of Behavioral Medicine, 21, S79-S79.

Nigg, C. R, Rossi, J. S., Norman, G. J., & Benisovich, S. V. (1998).
Structure of decisional balance for exercise adoption. Annals
of Behavioral Medicine, 20, S211-5211.

Park, S.E., Ko, S. H.,Kim, J. Y., Kim, K., Moon, J. H., Kim, N. H., et
al. (2025). Diabetes fact sheets in Korea 2024. Diabetes &
Metabolism Journal, 49(1), 24-33.
https:// doi.org/10.4093 / dmj.2024.0818

The EuroQol Group. (1990). EuroQol—a new facility for the meas-
urement of health-related quality of life. Health Policy, 16(3),
199-208. https:// doi.org/10.1016/0168-8510(90)90421-9

Venkataraman, K., Tai, B. C., Khoo, E. Y., Tavintharan, S., Chand-
ran, K., Hwang, S. W, et al. (2019). Short-term strength and
balance training does not improve quality of life but im-
proves functional status in individuals with diabetic periph-
eral neuropathy: A randomised controlled trial. Diabetologia,
62(12), 2200-2210.
https://doi.org/10.1007/s00125-019-04979-7

Vol. 33 No.1,2026 13


https://doi.org/10.1016/0168-8510(90)90421-9

	근감소 위험 당뇨병 환자를 위한 범이론 모델 기반 맞춤형 근력강화 순환(서킷)운동 프로그램이 근지표, 혈당조절 및 삶의 질에 미치는 효과
	서론
	연구방법
	연구결과
	논의
	결론
	REFERENCES


