Archives of Obesity and Metabolism H|o |-'E Al olaslk A
2025;4(2):82-94, DOI: 10.23137/A0M25.04.RA0004 I 2FTHAI = = I
PISSN 2951-0333 eISSN 2951-0597 Archives of Obesity and Metabolism

H|ZEJHHS #let Cifet 23 H= 2|4 28 510 HlW

1= CHEN THSH AR o|nfstt A= NS Physical Activity & Performance (PAP) &4

Comparative Effects and Recent Approaches of Exercise
Strategies for Obesity Management

ZHANG GE', Deunsol Hwang?, Seunghwan Kyun?, Jisu Kim'?

'Department of Sports Medicine and Science in Graduated School, Konkuk University, Seoul, *Physcial Activity & Performance Institute
(PAPI), Konkuk University, Seoul, Korea

Obesity is a multifactorial metabolic disorder characterized by energy imbalance, Received October 23, 2025
chronic inflammation, and insulin resistance. Regular exercise is one of the most Revised November 20, 2025
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effective non—-pharmacological interventions for improving metabolic health by en—
hancing energy expenditure, fat oxidation, and insulin sensitivity. This review com-
pares the physiological and metabolic effects of various exercise modalities applied
for obesity management, including aerobic exercise, high-intensity interval training
(HIIT), low-intensity steady-state exercise (LISS), resistance training, and concurrent
exercise. Aerobic exercise improves cardiorespiratory fitness and promotes lipid oxi—
dation, whereas HIIT induces rapid metabolic activation and enhances insulin sensi-
tivity with high time efficiency. LISS provides stable fat oxidation and high adherence,
particularly for obese or high-risk individuals. Resistance training increases lean body
mass and resting metabolic rate, thereby supporting long—term weight maintenance.
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dysfunction, and personalized, combined, and sustainable exercise strategies are
most effective for long—term obesity management.

Keywords: Obesity, Exercise strategy, Aerobic exercise, Resistance training, High-intensity interval Tel: +82-2-2049-6034
training, Concurrent trainin E-mail: kimpro@konkuk.ac.kr
N =2 HIZH2 Hao| Mot O|UX| G5t MAEE $£2 2P0 Of
L2}, DRSS AZol FaY B7Ier 22 BN 20, AtEl
HIZEZ Si0 At2|OA 71 Hi2A| S7ole 8 SSEU =M 3 MM Az, REH 400 & H2lAtR|H Q010 =8fXO 2 2200 &
SHAOICt. MIAI2247|7H(world health organization, WHO)Of| (= Moh= CHQQIX F=H0ICE 0f2(3H H|2te= QlIet M MA HMA £
M, 20223 7|F ™ MIA Q1512] of 8 S 1H(f 12.56%)0| HIZH & B2 2030E71X| Azt oF 3= Z20 0|15 ACZ HgEHH, &=
EHOIDH, QI Q1=+ & o 2569 FO| 2A|IS0| 1L 0] & 8% 9,0002F & 2 571 A2z HYHY pizet 22 B o= QAT
0| HptoR 2agrt Cp12

Copyright © Society for Korean Obesity and Metabolism Studies, SOMS
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
camem Which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

_,_
o

2ol olle 2 X2E A HI2UEXN EXM(non-pharmacological

JVE BIHO|T BEHOR HE
[e]

M 1

intervention) & 2&(exercise)

BItELt. ARl 2E2 KUK AHIE S7HA7 |

2l Z4M(insulin sensitivity)2t D|EZE2]0f 7|52 SAA|
H

7|, g5 USS AMS=M At A4S ettt B0E0 /U
3

>|

Ol2fet 239 Fgt It Chof AN LaEAH E05

z2 %—_r%% o2& Zk, Bl HEHOi| M2t H2F 7N &

FOZE QIHE 2

%(high—intensity interval training, HIIT), X&td 25S(resistance
0]

training), %E*—S—%(concurrent exercise) s foFé._f HZE0] XAl

HIZIOR HIBH JHNS 9Bt 22 25 Mo HIAYD aNS S8
O HII-RABORM, BIH0IT SIK 20| 7|HE 25 A

1. =9 tjAHE 7|™(mechanistic effects of exercise)
1) Ol X|AH| 2 X|2HASE S7Henergy expenditure and fat
oxidation during exercise)

252 UK AHIE Satetd A Mats ST 24 BT

hdof stafxiol ojsre SBitt
SE0| AREB 2232 F25| F7t3t KUK 27 (energy

demand)E £%5}7| 5l ATP (adenosine triphosphate)2| Xl

N X0 RSt 0|8 @falf QA= AtA MFZ(oxygen up-
take, VO,)S Z7tA7|1, MEtE2K cardiac output) 2 &S XHEHY
(blood flow redistribution)& X6t 04 SN K02 MAE §
SXMOoz BB} 0|2{3t Ma|X b

odc

¥
Soff A & Etp2lE9] MelE EXAZ|= 7|EH0]

tabolism)&
C}°
AZH2 OHX| 7|&(energy substrate)2| 0|2
HIE0 S8t FskS O|RICH MZZHAIZE 2= (low-intensity,
long—duration exercise)llM= X[gAk(fatty acid)0] L HZZ
A5, 0l HE Qe|X|2f k(free fatty acid) 28 W S48t
(intramuscular triglyceride)2| &S Eof ATPS M4SHCt HHH,
U= 25 (high-intensity exercise)Me 2222 (glycogen)
ot 85 ZEH(glucose)2 0|20| 2435| 71560, siEE(gly-
colysis)S S5t 2 Of|LX| 4At0| LM[SHAH| XSSt

su %Hl(resplratory exchange ra-

0= ZoHtAEF (excess post—exercise oxygen consump-

tion, EPOC) 2#40] LIEILIDY, Ol 28 T& S0k A4 HFH0]
XY +ELZ JA| 2FEHA| 11 Y AlZE S &2 HHZ /X

El= AE 0. 0f F—PSOHM HU At Z2HS 2o, HE

&t
82 RAlo17| et AL &S0 XI—’—“.-E._H. olgfst EPOC HIE2 2
S K| MetE ZTIAA, & K| AH|Z(total energy expen-—
diture)2 B7tA7 = 525 M2|X HHLIZOR ARSIt
NZ =Z0A 23, 250 gt 25X 0jHX| 2= AMPK
(activated protein kinase, AMPK)Q| &MstE QE510, O|EEE
2|0t M&-M(mitochondrial biogenesis)at X|&iAF Atsh 22t §4
(CPT-I, CPT-Il, p-HAD 3)2 &g S7tAIZICE £3], AMPK
PGC-1a (peroxisome proliferator-activated receptor gam
coactivator-1a) A2= X|g4t0] p-Atsk(B-oxidation)S E%Iat
OE2=2(0F W S8XQ1 ATPMALZ JtS5HA STt of2{st -Erxf
‘IOO X}le‘IOE Xll:l}' O|R

3
)

2

=(fat utilization efficiency)S &

e oz 1A

= 2
A7\, ZotMOo 2 M|X|E ZA(fat mass reduction)@t CHAE
A(metabolic flexibility)2| 2|28 QL3
MetA AAIMRI 2E2 Tt HIUA| AH| S7HEEH OfL2t, X|

t 88 % 0|EZEL0t 7|5 IS Soll 5P| THA HEE 2
102 SISt 0|25t M| M EXHE =
SEHON| 2t CH=A| LIEHH,

SJEHO et SepX|, HI2 7S fle HEY 25 T + 2

>
|0I'

I'

Bl

x~
~

_r_“, re

9 _|
rir
Hol
ik

==

I'_.r'i
ol
[

m

27t EE e

2) o1& 4N I Mu ZEE CHAFEH(improvement of insu—
lin sensmwty and glucose metabolism through exercise)
=8 28X MSHI M2 QIsh Q&2 XEy(in-

sulin resistance)S EXOZ oI, Ol= ZEEO| M L 0|1} Of

B2 2l

EES MotAA HAI 2ddS =efettt. 722 252 0l2iet &
BE 2relsh= 71 2aXQl HIfE X 2, Z=Y HFI(glucose

uptake) 2 2|32 XZH(glycogen storage) sZ2 3|=2A|7 = A

o=z HE o Ut

2% £ Z24=(muscle contraction)2 Q1&g O|& HZ2et= ¢
W2 AMPK 2 CaZ+/ca|modulin—dependent protein kinase
(CaMK)E &Mstott], =Y +&H|(glucose transporter 4,
GLUT4)Q] ME3} 0|=(translocation)2 &XISICE 1 AD} Qs

2 X&t0| ZXxfstHet: 22 W =Y S4(glucose uptake in

Archives of Obesity and Metabolism 83



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

skeletal muscle)’t E7t5tH, 28 F0I|l= 0] 07t L Al X%
0 25 £ &2 AN TSNS RESICH”

717 AN 282 25 W 0|EEE2|0F Y=(mitochondrial
density)2t A3t @4 2M(oxidative enzyme activity)S S7tAI7,
I AMsk(glucose oxidation) 888 =0|10 THAMY QAMHS 3
SA7ICE O] HOIA PGC-1a et ZEXZ AEZ0HH, AMPK-
p38 MAPK-PGC-1a 29| &tz Clad ¢ MEAR 43
HeIXOoZ XSt

Eot &2 2| 7 XM GLUTA a7t Akt QIttak(Akt

rol
Ho

phosphorylation), IRS=1 (insulin receptor substrate-1)2| &
3= Soff Qla M FHAZICE 025t Hate € X Es

2 J4M5t0, HOMA-IR (homeostatic model
assessment of insulin resistance) S CHAF X|HQ| 7422 0]0f

Il_||:|:14

1 ox

(glycemic control)

2t 252 Q& &N F=(insulin-dependent pathway)
@} H|o|&=X HZ(insulin-independent pathway)g 25F 243}
St0Y, HIZH HEHOIM &dE ZET AR Qlad 4

signaling)S HASH A|IZICE™ 0243 AN 3l=2

o fob
>
g
5
w
c
5

ta5t By

r

=
Hg 0| ™A OiAL S (systemic metabolic homeostasis)
FAlots 7|810] HH, g B8 ¥ 0|EZEE(0t 7| 2E0
& AL M IPEO = SHYE|0f HITH 23 CHAF ZOHe| s X

MOz R,

my
ro mo FA

IS

3) 9= Ht2 =™ U 0|E2E2|0} 7|5 EM(regulation of in-
flammation and mitochondrial function by exercise)
H|2t2 MOl K53 &S AEl(chronic low—grade inflam-
mation)E QR 5lH, Ol X[YXRZ0|MQ] HIAME HE &
=M AMO|EZFI(inflammatory cytokines)2| TH=SH 240 2|5H O
JHEICE. H|2F A| CHALME(macrophage)= SEESA M2S0IA T
5 M1HCE HetH 0 TNF-q, IL-1p, IL-6 S LTs S7tA|
711, 0|2 QI3 Q1& 2 AS M (insulin signaling)0| QIM|IE|H XAl

CHAL ZPOHZH A&t

282 0[2fst P U8 HHAXNCE AX|oITt, HA|, 2%
2l Rt I My 22 AYME F7|E HAA7|D XYEE
L & & ttA 35 (oxygenation)S 7HMGHH Xith R HE
(hypoxia—induced inflammation)2 &sI6tCt " E5t =22 235t
Li =M AIO|EFIRI(IL-10, IL-1 receptor antagonist)2] £H]

£ Z7IAM712, M10IM M2 CHAME 22| 23t MeHmacrophage
o2 XA Y @5 +FES REOLEE

5] IL-6 (interleukin-6)= 28 & =Z420M 2H|== 01027t

oy
Ol(myokine) 22, HIBH A| XIMEX| Q3 IL-67} PHY HES of

polarization shift)S &

84  Archives of Obesity and Metabolism

\

12

—~

JAK/STATS vs.

0.

C
IL-629] 28 SA(KIEH vs. AIX)I HIS
AMPK/PGC-10)0il 2J3l ZH=Ct.”

=2 ot OtC|E B (adiponectin)@l £H|E Z7tA|7{ NF-«B
M X U StHASN QEX}E Wd(anti-inflammatory gene ex-
pression)2 AsKStC}. O EHWEI2 AMPK-SIRT1-PGC-1q 42
£ X250 DEZE=2|01e] MEtdt 7s &(functional capac-

ity)S ELISIH, 0= X[ih Mekg S719F Mat AEHA ZHAZ 0
2

Treet ARM=0| Ofd A& 2XK(signaling molecule)2 &t
01 HCAR1(GPR81) +&XIE H7HZ cAMP-NF-«B A2& X5t
1, X| EH

= 0

>—
N o
10

X
munometabolic regulation) £&=O 2 SHEEICH= Z4S 2|0|SHH.,
ZitNo=Z {HAMOl 252 AMPK-SIRT1-PGC-1

o
2 DERC20 YBYT 7152 BAATID, BBS AOIETIRl 5

BTt Of3{3t =

[

S
O, B2t 7=

Z(aerobic exercise)
o

= M8 018010 OUXIE dddts XI&d HA|

oN o

=(endurance-type physical activity)2 2, #7|(walking), &
(jogging), A=A EF7[(cycling), £B(swimming), AT 22

(stair climbing), S4Hmountain climbing) § CtYst HEHE LSt

Al

SiCt. 0l2i8t 52 M X|F2(cardiopulmonary endurance)S &

HAZ|1 XY Aek(fat oxidation)S ZLI5HH, H|ZH & CHAREEHO]
A

g S7ka01 L2t QIRk= oK AlECt o
U HUXIZ M YRS Sof YN So| At

o
ate—intensity aerobic exercise)2 X|g A (fatty acids)0] =2 Of
HXIPOZ AZE, 0] A 77t 2|0 X|&AtsH Z=(fatmax

r



ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

' - ‘ “
Exercise ’
. Healthy metabolic state . P
b Insulin sensitive t L\

Chronlc Iow—grade
inflammation

= 4

Anti-inflammation {

Q | Mitochondrial dysfunction | |

Metabolic flexibility | |

Enhance energy expenditure
& fat oxidation

Mitochondrial function t

Metabolic flexibility t

Akt phosphorylation
& IRS-1

—

GLUT4 translocation

Improve insulin resistance
& glucose metabolism

7

Mitochondrial density &
oxidative enzyme activity

J= 1. 289 A 7|1H.
intensity)2 Y& QICt?

0[2{8F =& XEXQI R4 RS2 T HUX| AHZES S7HA|
710 MXY W XY (visceral fat)g ZAA7|E A2 E1H
A0 M=H, = 3-53], g 30—-60=2 LT Rt
A RSS2 12F 01y X&E B2 HE(weight), MAILE(body fat
percentage),
o, HOMA-IR, &8 ¥Y(fasting glucose), &% S X[ (triglyc—
eride), LDL S AE|E0| ZAstd HDL SAHEO| E7t6k= &
CHAF Z1Z40| MEEMO 2 I MEICt? E6| YRR ZiA

Ot &y

512|E2|(waist circumference)?} {26t A6t

2it= S A

e — =
= Halet FASH LIEILIH, Ol R4t 20| Ao 2ot CHAL
Y0 XHHOI FEkS OIEICHE MS AMSICE?

FUA P32 EoF Qe UpdE YA 9T 2EsH
(glycemic control)2 J§MSIC} e 22| DA 71 21}, M
25T M SOUME F2EQ RAA 25 £0| M2y FeE &
H S 58%K| YaAZI A= EI_'EI‘?J\EF.% ESHE7HE Ol

o X|&EQl SLE 272 Ei
2 37HNA EEY 0|8&(glucose Uptake)% 7H’L16PE Aoz L

EFGCE” 0[2{3t S1HE MBS 20| Q0= LIEfE 4 Jlon, 259
K| M(consistency of performance) AHA|7t CHAF ZHAM0) X A0l
Q019

S AT 22 HEFRA APOME R4 2E0] ME
o
9]

O
|&Q0l(cardiometabolic risk factors)E {2lotA 7445t

B-oxidation *J

AMPK-PGC1a
activation

1 EPOC t

e

Macrophage
polarization shift

R

Adiponectin

Modulate inflammation
& mitochondrial function

Exercise-induced

IL-6 & IL-10

.I

rir
>\J
|0

2 LJERSTE 674 Ol Rt
HE -3.4 kg, AXILE -2.6%, HOM
TEQIOH, Ol 259| HEHL AN

2] U A 7128 QA0 O 2 PaS O

LI (S =Y I

'B_.__'—.—|O
ommH”
rl--l

40
rz
[
Mo
ol
10
oy
H'|
o

SEi= 71212 M &t BT ZE0 Tt
t. HIZIOL ol L 25 =YAR! R0l MBE-3

(low-to-moderate intensity continuous training)

O

0¥ P
ik
o

N
P 4>
fo 3o

o >
2
r
_O'ﬂ
[

rr
re
m
nE
o
30
0
g >4
Ho

Wil

i)

% Jtset U2Ee R AYEN, 25 HS 0120

Z(interval-type aerobic training)S glist

Mt fAA 252 H|BH 7
(weight maintenance)l= MM SIHZA] R26HH, FAI%0|10

Y7152 A2 ofHX| 28] 7t MAY #4, eladl g+ /hd

2) 1 UE Qe 2F(high intensity interval training)
Q SEHIT)2 B2 AlZte] 1XE 2

32 F7Hrecovery intervals)S Ht=oh= &

=(high-inten-

0|
v

Archives of Obesity and Metabolism 85



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

2 M- O | §ﬂ
2 I HIITE 28 Al OiH| 224 (time efficiency)0| =20, ZZ
AR = BT CHARISE JHMO RASEALE 1 O|Ae E0tE &

Ol= 2oz =#ngm it
HITS| CHEXQI YEi2= MEX QIEH Z21(4 x 4 min at 85—
95% HRmax)1t AZZIE OIEH
SIT; 30 Tg HF)0| UM, F YA B
Ha S7IA7 |2 MR T 7
£5| HIIT= 1ZE2 32 25 7t S HFIEDE XL A
SH(fat oxidation)7t SAI0 23| oL, 25 = 0= S
S XA ZF|(excess post-exercise oxygen consumption,
EPOC)7t KI5 =|0] HAIZHO| O X| Ab| B7t E0tE QUBICEY
H|2F = HAIS ST UEAE tde= of HA0A, 8—12F
e HITR2 HMS H AMXLES 4
HOMA-IR ZAS RESIACH™® Est HIT2 242 Uf DIEZ
=20t &M (mitochondrial biogenesis)S £XI6t1, AMPK-
PGC-1a B2E 243I6t0] X|U4t £t5HS(fat oxidation capacity)
S YHAZICE® 0l2i8t #AHY HER2 FSZE X&2S(MICT) thH|
A

S&(sprint interval training,
I Z[OAAEF

o mjo
ook

o0&

>

N

o

S

3 A
oot g4, Qlsd g

- =IO

Lt O 2 A 2 0tS LEf

==
HXLE B —2.6%, VOzmax +14%, HOMA-IR —1 8%9| JjMo0]
BIZAOH, 0l S 7|7t9] X|&™ QA 25(MICT)Zt H|ulsh
SHHOR HIRBIILE o7t 243 SEOIULL S| A2t K2fo]
U 4O O 85 #8572 AFSU HITS HE 25

[E- - N L)

AlZH20—30% O|W)LZE Rol0je HEE H At 7iM S1E A

Bol0'AIZE @8X(time-efficient) 25 MO 2 F=4ty QIrt ¥
UMHOZE HIITR & XIZ 7HM(lipid profile improvement),
S U, g Vs Y S Lkt AliiAE O|1EE 20|, B
8 HMEAL Qlad ME0| U= XA S42 W GLUTA ©
A SIS SItQF YR Q& Zi4A JHMO0| QI ACEY 0f2i5tH
3l= MiE AT G2 HAGI0| LIEEHLH, 252 AL 882 4tAl
7l= 98 Q0I02 2SIt it HITR 25 § Mg 21t
Z2E4 L7t 20t 28 d=0] 2L H2ET}t =2 At
OlA= =7] ZAO0IM =27t HQoltt. T2t 28 ZaAL 19E
FOIME RZT-S2T XA2E(LISS, MICT)S 7|80z MEIxo

86  Archives of Obesity and Metabolism

AL HRY 24, Qladl 245 e, dlV|s 4=HE S H|2e| o
AHE HEIE T Mote 42t 25 YEl= BIHEC

3) MUx X|&2Z(low intensity steady-state)

NZAE X|&25(low intensity steady-state, LISS)2 H|w™ &
2 0 Ut K2 AT ok XSd Fita 2S5
2, WHEXMOZ W2 A7|(brisk walking), 7HH2 X7 EF|(light

cycling), +&2S(aquatic exercise) §0| Z&=CY,

ogt

=

25 YL YIKOR AUMALFZY of 40—60%, &

829 60—70% +ZO0IAM SFEH, IRt W1 84
Ot

Al AF 91310
HOf HIZH 7Y, ASED ¥ 28 =X HHOIM M5t X
7

Z[CH

[

y—
o
.r_

09!

t .
N 252 0L 71F 0|8 STH0IM X|YiK(fatty acid) 4t&t
7| R0 XIEHQ! X HA
(fat oxidation)S RESICt E5| MAZH>458)9| LISSE &5 |
2| XA k(free fatty acid)Q| S®(mobilization)2 S7tA|7|1, O|&
ZC 2|0t L p-AtSk(fatty acid B-oxidation) 84 SHHTE SHIAHA
MR ZHS ASISHTLY Tat YAIZE 0= T2 FH0| IX| &
Cte UM X|2 7Hs8Hlow-fatigue, sustainable) CHAF XI=S A
SEICE® UMM E F 463, 3lY 45—6022| LISSE 12F
0

A KISE A9 HE, AXYE, sl2lS2), WEXIWo| Qo/5tH 2
ASls RO Bt eY

im}
™
|
>
o
ki
A
A

il
=2 +Hol7| 02 HIPt FES T o
e IPT0M 2Y, =Y, XU triglyceride)2| i g 0t7t
2 ME 4T 0t HAI0| LIEHL
A1k HOMA-IRO| 71
CHe 307t UCE® E5F LISSE APHX|IZE 25 Z=(RPE, rating

o
perceived exertion)?t ¥11, I|2 £X U 25 S HIEJ} X

o
=

S5 (exercise adherence)’t
S Z7| HA Q| Hlot

o 9
Ho
offn
Ay
d
Hr 4

o
ro
Jm
o
rlo
Ho

=
FetRfLt 2

0x
=2
ol
i
fo
ob
il

T 25 O] HOKE OfLX| A FXIB, AR

[ e o

rot
ey

kl

oy

N
4

02
HJ|0

£l & 0|4X| AH|(total energy expenditure)2t X|
K2 (cumulative fat oxidation)0| IH &71st 4=
| HAX 230 E(meta—analysis)HIME LISS7} H|DF EE
MOIoA HMX|Y ZA(-2.1%), HOMA-IR 7H4(-12%),
(-4.5 mmHg) = RSHA| LIEHD, 0l= 4= X%

ICT)I} QAISE 202 HNEQUCE? E5| LISSE HAF 93

= A

a8
-

rx
fon
I
0

0

rr 0
=l a
2 b
oM TH

lo

0y
5
J

Ho g
ol oo

(

M S
0] W11 O|Z 3=0| W2Cts HoA 1ZE 2SHIT)O| His] 25
X|&E(adherence rate)0| =10, B7|MQ1 HIF 2] L At 4L |
Aol elst 2= ’57@[#.53



ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

T2 FYE XISSSS IRt U GRS

Ol M2 2EO| M1 I2 50| ¥2

r

risk, high-adherence) 25 HM2O2 H8foi0i, 712t FAX 28
S Sff Kl Ask ST, Q18R U4 B4, BB A INES R

— [mm ) o
Xi% 7H53 25 SHE2 AEE

8|.E I‘|X‘| | of

4) Mgt 2 (resistance training)

x@g 25(resistance training, RT)2 /5 X&i(external load)
E= HlE(body weight)2 0|2510 28 &2 UECZN 21
ZH(muscle mass)t 22 (muscular strength)S SHSAI7|E &
HEHOICH CHEXQ! 2= H0IE E2f|0]d(weight training),

HHEE 0|23 25 (resistance band exercise), 18|11 =

rm o
Ho ox i 4

rLJ
i

S(bodyweight exercise) S0| ULt
MNEd 232 H]2F 3 oA H2|0M 25

o=

o
E
ikl
=
P

oll
gl__l
o=
r
i

H(muscle-centered metabolic adaptation)S fE
O HIIELL™ NMEHy HIXIH%F(Iean body
mass) 372t 7| ZHARE(resting metabolic rate, RMR) S0 QU

Ct. 2EXXI2 HAIXOZ &ttt XXog2 282 77t 2 Of|UX|

259/ 7by 2 a1t

AH|ZO) A7|H B712 0[0JRICk 127 014 % 2-3812] AaH @
S2 233 32 HF HapPt QCiRIT MXIYE 24 L RMR 57
(2} 7—10%)7} BIEIACL™ E5t 28| B 25 F EA
HFEPOOE £01, 25 Z2 F0IE UIX| A7} Xi4Es 5T}
g TZBHt

E
]
|.|'|
on
10
2
~J
O
OO
(@]
o\°
i
o ok

= 371% °*771| GLUT4 *ﬁﬂl U
(glucose transporter 4 expression)0| Z7}&tO 2 Ql&2l O|=X
RS MFFWMECEY MRZ 163721 RT 2L H|2H 4
QI HOMA-IR 15—25% Z4, 22 & (fasting glucose) L
HbAlc 7id It LIEMHICH, Ol= IS 43 Sl0|= LiEte =
EQI AL 4 E2 B E ALt

0|9 & Matd =2 22 W D|EZE=2|0F §4 M (mito-
chondrial enzyme activity)2} AMPK-PGC-1¢ S HZ2E BEX
O=F X510, XAt M3t §85 =0|11 TAKE RAY(metabolic

B=AIZICEY 0|2k & 2K0IA £H|== 00|27t

0

flexibility)S
(myokine)—573] IL-6, irisin, myonectin 5—2 X|YAZIO| X|4f
25l(lipolysis)2} 70| X|EIAL ABI2 ZXIBIH, 20 |5t SIHS
2 CHA} JHM G IS OY7HEHs =Q QX2 X235t}

HIOH EE (USSR LIS (YOR 3t BT0IME RTE TS

B3l 2AROl MXY g4, 2= 371, 28 AE Z20fY(lipid

[ ’ ’
profile) 71, EQf 24 59 WA Hsls FESIL™

E3| 7f5(7o 85% 1RM) M4 2= HUE=(40—50%
F

TRM)ECt H dladl ded 37 H A take gy0l o
S5 LBt AoR B & ACE®

EE L0l U B J%OM RT= 28 U X &&Kintramus-

cular fat accumulation)g &4 , 22 EZ(muscle quality)
1} 715X ®MZ(functional capacity)2 SAI0 JHABHCES 22 o
EFEA0IME RT= HIZH FRI0IM Ext MALE -1.8%, HAILH
+1.4 kg, HOMA-IR -13%2| 7itts fot, 0|2fet Hat= S8
st Helig 42 o Cl= 402 LIEPICE®

H >

[l
ol Y712t RT #eikt= ME 4 £ 2= &ES 2ashll, MS
H0|H, 2= 349 HAF e
o

oo
Aot 8l &

0x 40 Jm

3

x0}

X
<
X
0z
o>
|
ro
M
r
N
4>
0x
=
-~ [z
|
Rl
oL
Rl
e
b
b
™ or
|0
HU
=
<
>~
rr

o
o g
ol
0x

rol
o

4

bl

Jal

©

>

EE
0x

US| ALY

EfME| e EX

mx
i
Ral
B0
oo
Ral
_O'ﬂ
o
o
e
ru
_‘>|_ Enl
o
0x

o _|
>
bal
Ho <
o
O
=
Hu
=]
N

SHA7|=

=(combined exercise)

Mo

)]
it

i
o
Ho ol
o

A4 2= (aerobic exercise)
%(resistanoe training)2 HHGI0] $:315t= FEIR, &
SOl 2B8EM HIV|s, 28, AMEE, AL A
2 JfMGH= MZo|CtY’

20| K& st 3 A 7|5 JHM0, Med 2801 2
7|ZUARZ(RMR) 240l 7|0{3tCh= FolA, B8 28

HE QX0 71 73 el MIEoR WIHEn®

(concurrent exercise)2 &

=
]
oot
0x
Ho

Ot
lo
bal
I

MO
0

A og
|0m

5

0y
njo
O
ol

o)
rz
[

rx A
bl

=

ox i ro Ho
oo oy
HO ro ol
om o N
E ==
45
FO
0%
o
b
i=]
oA
rlo
rd
Ho
o
30
Pl
o
el
>
0z
o
P>
10
ot
=
g

k=)
30
il
i
In
40
2
B~
Mo
Ofn
rlo
02!
AN
™~
4>
0
>
ru
Ho
oY
e
=
w
Q

3

(@)

©

}

=2

nic effect)2
= YKXIGHH |

40
ng
ot
4>
30
I}
i
>
oot
0%
Ho
ol
1o
0%
oo
rlo
=
i
fol
=

Al

0

01>|
oy
ol
ol
=
o
o
40
Pal
D
®
S
3
D
»
»
©
@
»
[©]
<
o
o
=
=2

4]

A(mitochondrial biogenesis)zt, Akt-mTOR %ﬂi% Sot HuE

T
o
Ho
r|o
>
<
O
7<
'U
)
*
5
oM
HU
Hﬂ
el
=
Hm
tu

o
[S)
0=

g'y

84 (protein synthesis)2 SAI0] XF=25104, X|af At3tet 28H40]
THHOZ 0|20{Xl= LA} &4 ZHBICLT

-

0 Mo

=
ST S HYL=E o YU E =
9] Rita+Xiehd
RiA 2STE0 MALE(-3.6% vs. -2.2%)
—22% vs. ~14%)2] 714 £0| O Z{CH, 3= ¢l

f(triglyceride), LDL SHAHZ0| RolotH ZHa

=

r2 _I
o
fim|
>

0l

ol
lo

¥ foh
rlo
il
I
it

0%
Aol

HOM

)>
5

r

s

gt
o
ot
0x
Pal
or
_O'ﬂ
29

Archives of Obesity and Metabolism 87



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

Ct” 0|2(3t 28X Sit= 22 U GLUTA 47| Udl 574, X|gt

ZA W E5M AMOIEFIRITNF-q, IL-6) Z4, Ot EHIEl(adipo-

nectin) 24| 37t & CIYsH 2At 22| HalE %EH OH7HEICE "
Esh 25 252 MHJ|s(cardiorespiratory capacity)t 27|15

(muscular strength)2 SAI0 &&AI7, LA SEZ KITRIHER
Y, OIMXIHEE)S SN JHM0| 7|0IStTE 16
H MM MXIYE 4.7% Lo, 28
SYAHE 8.5% 458 REolH, HY 252
Ct =245t M2 2 CHAL JHM SDE HUCH™ 01 3 HARRE Q|

A QlSle ZAAF (T, 71SE M2 (func-
—

T

o
ki
2
s
'_
HJ

70| 3 2212 BB 5

L
7l= 2t §h°_|5|%|1f.75

=

A HS o“éJOI 22 4 QAo MSHC 2 HY|E ZHd&akinter-

|_

CENEs

il
aoT.
0%
Mo
ofn
o
ry

ul
rr
Ho
i
rr

oy
H
o

2 Ho

0z 02 O
0%
rio
H

Rl
o
0x
|
m 40 M
el
B

=
=
o2
0%

N
@
2]
=1
[©]
<
S
3
_>'L
ﬂ
B
A
i

fnr oy 30 4

R

k-

|

Rl

oo 4

HT
k=l
gl
o
™
T 4
e
-
2
P

4 10

z
tu

(0=
Rl
b
=
rx
fol
=
N

H>
x
=2
>
oorr
ry
o
0x
He
rh o
10
oM
oA
N
fol
|
N
0%
fim]
ikl
|0
HU
o
rir
=l
<

o
~
Ho
Ofn
o
1
=2
i
i
4n
ogr
]
10
0%
02
Ay W
R
to
=
ofM
o

H

AN SALEN MEH, 123 0|M9] S5 s Z2I#S H|¢
AN W HXUE -3.2%, MR +1.5 k +

o JfME OEét O, O|= e LEHL} MUIMOZ =2 1t 3

7 |(effect Size)S LIERACES E5] 59 04, M2 Yl BIX}, o
4

ol g S =5
ol YEi= HIAIEIE UL} 87

mfet 2R 252 QA 2SI NI 250 MK 0jHS 2
et SN g2CE, ARY LA 28 (X, Qlad Ay ¥
NS 7l WIS SA0 248 4 Tk FAIK0|D 7IAel =3t
R= 232 AN LA M(metabolic flexibility)S 2|26t H|Zt
HEWE|N 2REe DRXO0R MMt O J0jts AN 25
M2to2 HItECt
3. 23 ™= 7t 51} H| 1 (comparative analysis of

exercise modalities)

BIZH7HHS flet Cidet 25 M2 & OIAX] 28] S7t,
Qad Hrd Y, Y Hif é’&'% Sofl tAL Z1g= 7GR,

88  Archives of Obesity and Metabolism

S(HIT), MZE X&E25(LISS), XMatd 25(resistance training),

2|1 88 25(concurrent training)2 25 H|2F 22(0f] 0tH0I

THOZ HAZO] 2oLt 2t RS2 S5 A ”Efﬂf XA 79
St0 ZFZolL. o[of 2 HofM= =

Of ThAFY 21, Aldw Hel, 2ad d4d i & 48ds 2

o =

o o
HS 7|1Hs g2

2 H| W2 ABIHCHE 1),

LM 0HX] AH| F X[E MEF 55 SN, Rita 232 HIT
2 D5 =82 0|4X] AHIE FESEX|TE A7t CHH| S 240IM= HIT
SICHY 2= XB2s(MICT)2 Xlt'ot Atsi(fat oxidation)
RESESNUGEIN *o”*._f% QEohE BHH HIITS SAIZE U sHY
2HF(EPOC)E B7HAIA
é.%)\l?_' p55%8 g W HIIT

r

°
=

om o
o

= o
]
i
Ho
ol
o
U
foi
1
>

Y]

o
m
N
\J
©
N

=
> oM
°Q
=
o Hob
.
rot
=

N

:|o o
_O'ﬂ

Tg

0z O

F

N
al

m metabolic activation)2
MICTL} LISS2F 22 X|&d -3—%0"
ot

R
Inl
4R

X gik=
Ct. £5| LISSE &2 HE2 2Lt o
LHASK ) ZhA0f Elgdst 2 20l 202 211

HH SMAME 25 HEE X017t
o=y (contractlon mediated) ¥ Q1&E 2
(insulin-mediated) 425 Sl 2429 X S4(glucose
= Z7HA7|=0, Eo| HIT Metd 282 GLUTA =S4
&S Z71 AMPK-PGC-10 A2 &3}, J2| 0 0|E2E2|0F g4
24 B2 Sall IEY MetsS S=AI7[E o2 YN QoY
%é!ﬁ—_rloil)dE 1637+ HIIT = RT= HI2t 4210 HOMA-IR
1 2 HbATc 7iME R, 0l=
WM 2t 2E|UCES BHH, [ISSE

E7H S0} Q1R 24 S 2 HBHHO|X|B L2 X0| H1

0z
n
i)
>

il
o
5

rior
o oY

W <2
o x
o
4 0
0x
=
H
H
ol
[
>~
LT

Sl
_O'ﬂ

o

A

0

.

4
Hh

A
u

A

|> 0“01

E =) o S0 DEA(U Y e
HZ)0l|lA CFEA0|T R THsT B2 S S 25 25
(concurrent training)2 R4t4A 252 GLUTA Ud 7t 112t X
Y 259 28 RX| 4 RMR A& 85 A0 MiBotH Q&
2l 24 0N AKX SIS LIEHACE AN S 0H0| T2
H, 52 252 HY 25 | Q& Zd 7iM Sat7t oF 1.38
= B OEQCE

HYE ¥ 25 UAH HS SHOME 25 YE| 7t X}0|= F3i5t
Ot RAA 282 ME 2 AR 200 SX0|X2 25 57t

el 2

Ol= HMeH0|H, Med 252 2| 5712 RMR 42 Sl &

714 HMB QA0 7[0{3HC” £

(IL-6, irisin, myonectin) 2H|E X}=3t0{ X

ponS|s)9 219l X|EA AtsH(fat oxidation)E EXI6HH, StES it
Eoll MBSO BB Y HEHZ 2AssHTt

=g 252 F /IUE SN0 MASHLEM MAYE AL 25

0
P
kel
1o
Pl
oL
s
%
T

Ho



ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

|
o4 o o [90) © o +
[P T i ¢ N 8
] N — ar) < ™~ e
TRU N ™ < Lo [<e] %
[0}
(&)
< ulo cudl = X a °
= R=[N: ~ og -
5 = 70 )
O B0 E = oo 2] ng ?Igoo—sﬁ)@ 8§
Sk oFar K wBz wSrF |FE
00 EHB# +:D_l'<_|— 3; fl-lk-g;m OHIK:/T Lu.?é
=< | Ok izl JL%.HQJ = o|0 . IOEJ_OQO 2 E
ERRVES R Lk BemL £
wn | HK Hy - = RN T [ ==}
n0 —= sl B o — zr gt S| E£E
Ko & R RS i Rl
R € o 1 X Ko < ki T=ygq20 (3
RT < Tir = ~ © — mo H 23 Bl | & ©
<r W MR N Thw 2IE80| e
— ol K = oo o < =
>3 < KO o OF cc
o
> .
R ujo dJ TS
= oo o o Bl _ e
= H=E=R o U0 zhol + ) o 27
= | S5u0 v = Uo A< gp S5 U0 T
= |0 MWpm o EAts uEm ), |58
1Ho K*_%? 51 Hl = = 00 Wi o1 BHIJEJ"?} €=
oH | = % ar i X slogio U T U |5
TH U O~ MU U oK wi o F m ZxoEod =5
ﬂ ) & TUed mI midE e <H G
Hi = K | o = an N <] K T Hu OF K A & g %
£+
o7 o7 o7 o @
_|= o o i} £y
N | I TH TH TH TH » 8
=z |2 S =) =) Lo 23
4|7 T T T T 2
I S 2 2 3 E
c
QD
o d
el o = el 2%
[
W o | | | eg
ol | ™ ™ < o~ ™ 9L =
Kk Kk Kk Kk .IE%
L a
= T ©
< E) s
9 o =) = S e
e o328 S, E il |25
= °\°JU|JEO>< X x O o\OJ._JJon = 8 3© ]
N o0 ©® 1K ®©® Q ool © O E’{O — 0
S x| EOPEZ L O x T E ® d x = (SR
| 85 | coFE | © 6 | Pake Rt R
88@1 8T an %_)ELOI 2 0':>_'l<_«— =
G =
*(’Uﬂ:
ru‘hg _ o W 0 s
ofr — 0= ~_H ~ © ©
) N = o w iﬁi 2%
B =< 60 5K Tl o 3 £S5
i | mododl By %0 9 = 5®
10 I K] K= <”au Al < =)
Foo e oK 3 e £2
= <o ol Rl _|LH19 ,\Llll' rLHr\_JQ.l‘IO T >
JK—O<‘|J <1 = oF i g(‘ll’ ol I <D gl < B3 E.*g—;
X o
w0 - H - - 5T c 2
oF  ogrx0 oo Koo I ET
- < 1100 <H %O = OF o0 Dokl >
Rl OlDJO@j ‘Hu—l—x - < < Ko 10 =< RS Io
= HuJ,\_%l WX g die ~RR FmE €
X & ! - "o gL =
RNarwyg s ot Beoa HFxwsa |82
,—_a: 5K J0&0 XE= :'_Hl?lol' fKOWJ -'-<—J+|<‘|O'|04 g..
1] mg’
U =4 M X0 — Kl =
< | 20| = J_E.|o|-o 1 - = °e
T|F ol Do 9% Ko 1y 100 57 K|0 = = Ko RS s=
o = OF =m T 0 = L
oo [ O w0 o uo  EEla Bk mi I K oF o2
= | oT Wi 2o of ko ' OF yig H or G, ]
o K N TR = < Klo -1 ]]I-JKmlol_ o2
(K)I:l pp k0 G olRA A T pp I 52
=IO R ?<0||0| = ,K_lvuO IE] up =N 9%
© O
- =
] o] .o 7 0 £
- <0 _ TR o Bl X0 2%
L Epr, wmrZZooa SwmE LD E2
I'Ia K|0 700 Z0 X4 SR r1r§4 | oo TR} x5
i S < M AL B = o ER
of | Birom piivs Bmy R8s oo X E
KD m= omma e 9% 9 18§53
soE MK S Hoolwl G0 T gomomE | E 2
T <Oodml &5 ol <] Hy <OK0 R = MEio0 RO 38
> c
.. O
o 0 O
= L2 In @ >
= S5 Tpg W £ __ L & |23
i 29 ol = o ot £ SE.2 29
@ . B 2 @ @
W 4= W HWHS zgE weEsg |e8
OH |zl g zolio e s @wms5e | 5§
OF O @ = OH TR T 5 ol o @ 23

Archives of Obesity and Metabolism 89



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

2 QXIS SA) =
FIP7F SR LIERTH 125 0]

ZE

=5 SM= &7t 2

OF
of Bk, B0 M2t A7 [ S 2t/ BGh2A LIEHHTE

=
=

=
od

N B MXHE -3.5%, MXEZ +1.2 kg, VO,max +10%2] 74

Kio

ot
AN

=
=

CHH| &1+ 37|(effect size)7t §

AlZHH =2 THAF A=2t 21

=
[

I
2H

2 3, HITR
§ 74, LISSE &2 ottt

Ho 2t A H|X|H

HE A
O =

AMPK-p38-

o
Ho
OH
__oH_
r

I

tCF HIT

1o

tsd, Mg 2

7| Kl

Xt
(=]

7tet 7|=HARZ(RMR) &, 58 252 MAY g4

5

o
=EE

ol

=
S

t

Et

7HAIZ
Mg 252 NF-«B = AKX &HSd Dto|27tel

= AtEst

g2l SAl 7HH0[2k

i0d

HS LEHC

0l

=

X552 B3(low-grade inflammation)S 2t=koto] Cf

ohy

ol

]

s M A2 243K multimodal

st

ICt.'® 0|34

4
i

at A
signaling adaptation)

g

ol
ojru
o

CEZM M= 7
| M=oz FIHEH

I

S
=

SAO A=

=
=

S

AMPK, PGC-1a, mTOR, IL-6, adipo—

=
[

X0
=

a8

Xt
(=]

2|=0 7t

242

al

OfL|at FAI ChAL

Ed

E@.Et_-%

o
T

H(metabolic reprogramming)S

Ey
=

| 2N B2 X

t=l MZ(individualized prescription)0| H|2F 7HA Q| ShAl

HYS AlAfettt.

=HH=
[=Z]
=

t

A3

A(prac-

pSk=l
S

=k

(adherence) 2}

—
=4

HHH ZHOAS K| 7t

3

ticality) SA|

i =Z, HIZEHE, CHAL A

0

oK

2

I

’

ot

W =2 tAL AISE R0t

ol
o
OH

SICt Ol= ©f7| 20| Ot CHAF R2(metabolic adaptation)t A|

% QX|(weight maintenance)S EHZ

J—

K
o
OH
%0
=y
&

KO
1

(<]

=0] of

=~
=

AZFOZ, HDt A

7 IR, HHKTE 22

ENE]

7
i

F

HEOZ Al

k

<0
ol
o
O
__OH_

CHEM M X[&MH(consistency and variety)S

=
S

E =0 H71H2 A

2|5 o

A
=

g a=xo2

HITtO| CHALE] BiEd

o
X gae

Es
S H

b

__on_

SeHoz HH HIIT2 B7(¢te 835 AL A=, LISSHMICT

!

i
K10

1o

Kl
2

__On_

o

tS LIEHACE. MekA) HIZE 7

=
o
ol
o

Ol
xd
00
rk
il

=9 CIAI7t 813,

A S

off

= 0]

0 ==0f

PALE 7HRIS| THAL &S EH

[}

(periodized combination)
T2 ) M(individualized prescription) 2.2 A

P EERE

of S St=

=
e

L
[

t

(<]

=)

i 2H| 3

5%
<+

ol

2880

ot

A1t XM (consistency and variety)0i| 2

El,.76

Ar2l=0F
2023S1A5A8080047).

Nyl
R

100

lzd N

gt 2l

B0, O|AX| CHAF ==

=
=

90  Archives of Obesity and Metabolism



ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

ol

a3 Al H Al 7[EE =5 ALZ0| oSt 421

[

rio
=
1o
A
o
it
(024}
=2
o
Rl
Ral

In

o
O

penAl ChatGPT (GPT-5)&
ot 28 OE7I18 Yo S.

[y

Eoien, 25 di WE0

oY Ho

ORCID

ZHANG GE

Deunsol Hwang

https://orcid.org/0009-0008-9229-585X
https://orcid.org/0000-0002-9323-7183
https://orcid.org/0000-0002-3368-1581
https://orcid.org/0000-0003-2344-6235

Seunghwan Kyun

Jisu Kim

rQ

ik

1. World Health Organization (WHO). Obesity and overweight [In-
ternet]. WHO. 2022 [cited 2025 Dec 8] Available from: https://
www.who.int/news-room/fact-sheets/detail/obesityand-
overweight

2. Lin X, Li H. Obesity: epidemiology, pathophysiology, and thera—
peutics. Front Endocrinol (Lausanne) 2021;12:706978.

3. Yin YH, Liu JYW, Valimaki M. Effectiveness of non—phar—
macological interventions on the management of sarcopenic
obesity: a systematic review and meta—analysis. Exp Gerontol
2020;135:110937.

4. Longo M, Zatterale F, Naderi J, et al. Adipose tissue dysfunc—
tion as determinant of obesity—associated metabolic complica—
tions. Int J Mol Sci 2019:20:2358.

5. Zhou X, Li J, Jiang X. Effects of different types of exercise in—
tensity on improving health-related physical fitness in children
and adolescents: a systematic review. Sci Rep 2024,14:14301.

6. Garnacho—Castafio MV, Albesa—Albiol L, Serra—Paya N, et al.
Oxygen uptake slow component and the efficiency of resis—
tance exercises. J Strength Cond Res 2021;35:1014-22.

7. Baker JS, McCormick MC, Robergs RA. Interaction among
skeletal muscle metabolic energy systems during intense ex—
ercise. J Nutr Metab 2010;2010:905612.

8. Hargreaves M, Spriet LL. Skeletal muscle energy metabolism
during exercise. Nat Metab 2020;2:817-28.

9. Grevendonk L, Connell NJ, McCrum C, et al. Impact of ag—
ing and exercise on skeletal muscle mitochondrial capac—
ity, energy metabolism, and physical function. Nat Commun
2021:12:4773.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bouchard C, Deprés JP, Tremblay A. Exercise and obesity.
Obes Res 1993;1:133-47.

Amanat S, Ghahri S, Dianatinasab A, Fararouei M, Dianati—
nasab M. Exercise and type 2 diabetes. Adv Exp Med Biol
2020;1228:91-105.

Roberts CK, Little JP, Thyfault JP. Modification of insulin sen-
sitivity and glycemic control by activity and exercise. Med Sci
Sports Exerc 2013;45:1868-77.

Matkowska P. Positive effects of physical activity on insulin sig—
naling. Curr Issues Mol Biol 2024,46:5467-87.

Silva FM, Duarte-Mendes P, Teixeira AM, Soares CM, Fer-
reira JP. The effects of combined exercise training on glucose
metabolism and inflammatory markers in sedentary adults: a
systematic review and meta—analysis. Sci Rep 2024;14:1936.
Whillier S. Exercise and insulin resistance. Adv Exp Med Biol
2020;1228:137-50.

Ray |, Mahata SK, De RK. Obesity: an immunometabolic per—
spective. Front Endocrinol (Lausanne) 2016;7:157.

Trayhurn P. Hypoxia and adipose tissue function and dysfunc—
tion in obesity. Physiol Rev 2013;93:1-21.

Petersen AM, Pedersen BK. The anti-inflammatory effect of
exercise. J Appl Physiol 2005;98:1154-62.

Diniz TA, Aquino Junior JCJ, Mosele FC, et al. Exercise—induced
AMPK activation and IL-6 muscle production are disturbed in
adiponectin knockout mice. Cytokine 2019;119:71-80.

Ajuwon KM, Spurlock ME. Adiponectin inhibits LPS-induced
NF-«B activation and IL-6 production and increases PPARy2
expression in adipocytes. Am J Physiol Regul Integr Comp
Physiol 2005;288:R1220-5.

Llibre A, Kucuk S, Gope A, Certo M, Mauro C. Lactate: a key
regulator of the immune response. Immunity 2025;58:535-54.
Ross R, Dagnone D, Jones PJ, et al. Reduction in obesity and
related comorbid conditions after diet-induced weight loss or
exercise—induced weight loss in men. A randomized, controlled
trial. Ann Intern Med 2000;133:92-103.

Achten J, Venables MC, Jeukendrup AE. Fat oxidation rates are
higher during running compared with cycling over a wide range
of intensities. Metabolism 2003;52:747-52.

Kraus WE, Houmard JA, Duscha BD, et al. Effects of the
amount and intensity of exercise on plasma lipoproteins. N Engl
J Med 2002:347:1483-92.

Swift DL, Johannsen NM, Lavie CJ, Earnest CP, Church TS. The
role of exercise and physical activity in weight loss and mainte—
nance. Prog Cardiovasc Dis 2014:56:441-7.

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in
the incidence of type 2 diabetes with lifestyle intervention or

Archives of Obesity and Metabolism 91



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

metformin. N Engl J Med 2002;346:393-403.

Goodpaster BH. Effects of physical activity on skeletal
muscle insulin resistance and muscle lipid content. Diabetes
2003;62:1-7.

Ross R. The importance of exercise in maintaining weight
loss and improving metabolic health. Ann Intern Med
2015;162:325-34.

Swift DL. Exercise training and cardiometabolic risk factors: a
meta—analysis. Prog Cardiovasc Dis 2018;61:206-13.
Scharhag—-Rosenberger F. Effects of different exercise inten—
sities on fat metabolism of overweight men. Med Sci Sports
Exerc 2010;42:296-302.

Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological
adaptations to low-volume, high—intensity interval training in
health and disease. J Physiol 2012:590:1077-84.

Helgerud J, Hoaydal K, Wang E, et al. Aerobic high-intensity
intervals improve VO,,,, more than moderate training. Med Sci
Sports Exerc 2007,39:665-71.

LaForgia J, Withers RT, Gore CJ. Effects of exercise intensity
and duration on the excess post—exercise oxygen consumption.
J Sports Sci 2006;24:1247-64.

Tijgnna AE, Lee SJ, Rognmo @, et al. Aerobic interval training
versus continuous moderate exercise as a treatment for the
metabolic syndrome: a pilot study. Circulation 2008;118:346-
54.

Kessler HS, Sisson SB, Short KR. The potential for high—in—
tensity interval training to reduce cardiometabolic disease risk.
Sports Med 2012;42:489-5009.

Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A
practical model of low-volume high-intensity interval training
induces mitochondrial biogenesis in human skeletal muscle:
potential mechanisms. J Physiol 2010;588:1011-22.
Burgomaster KA, Howarth KR, Phillips SM, et al. Similar meta—
bolic adaptations during exercise after low volume sprint in—
terval and traditional endurance training in humans. J Physiol
2008;586:151-60.

Keating SE, Johnson NA, Mielke Gl, Coombes JS. A systematic
review and meta—analysis of interval training versus moderate—
intensity continuous training on body adiposity. Obes Rev
2017;18:943-64.

Wewege M, van den Berg R, Ward RE, Keech A. The effects
of high-intensity interval training vs. moderate—intensity con—
tinuous training on body composition in overweight and obese
adults: a systematic review and meta—analysis. Obes Rev
2017;18:635-46.

Hood MS, Little JP, Tarnopolsky MA, Myslik F, Gibala MJ. Low-

92  Archives of Obesity and Metabolism

41,

42.

43.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

volume interval training improves muscle oxidative capacity in
sedentary adults. Med Sci Sports Exerc 2011;43:1849-56.
Maclnnis MJ, Gibala MJ. Physiological adaptations to in-
terval training and the role of exercise intensity. J Physiol
2017;595:2915-30.

Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS.
The impact of high-intensity interval training versus moderate—
intensity continuous training on vascular function: a systematic
review and meta—analysis. Sports Med 2015;45:679-92.
Liguori G. ACSM's guidelines for exercise testing and prescrip-
tion. 11th ed. Philadelphia, PA: Lippincott Williams & Wilkins;
2021.

. Achten J, Gleeson M, Jeukendrup AE. Determination of the

exercise intensity that elicits maximal fat oxidation. Med Sci
Sports Exerc 2002;34:92-7.

Venables MC, Achten J, Jeukendrup AE. Determinants of fat
oxidation during exercise in healthy men and women: a cross—
sectional study. J Appl Physiol 2005;98:160-7.

Ross R, Janssen |, Dawson J, et al. Exercise—induced reduction
in obesity and insulin resistance in women: a randomized con-
trolled trial. Obes Res 2004,12:789-98.

O'Donovan G, Thomas EL, McCarthy JP. Changes in visceral
adipose tissue and metabolic risk factors after moderate—
intensity exercise. Int J Obes 2005;29:1175-82.

Hwang CL, Yoo JK, Kim HK. Exercise training improves arterial
stiffness in obese adults: a randomized controlled trial. Am J
Hypertens 2014;27:1215-23.

Coker RH. Exercise—-induced changes in insulin action and
muscle metabolism in older adults. Med Sci Sports Exerc
2009;41:1523-30.

Biddle SJ, Batterham AM. High-intensity interval exercise
training for public health: a big HIT or shall we HIT it on the
head? Int J Behav Nutr Phys Act 2015;12:95.

Grediagin MA, Cody M, Rupp J. Exercise intensity does not
affect energy expenditure during training. Int J Sports Med
1995;16:49-53.

Wewege M, van den Berg R, Ward RE, Keech A. The effects
of high- and low-intensity exercise training on fat mass and
metabolic risk factors in overweight adults: a meta—analysis.
Sports Med 2022;52:567-84.

Keating SE. Adherence to exercise training and risk factor
changes in overweight adults: comparison between high— and
low-intensity programs. Obesity (Silver Spring) 2019:27:1287-
95.

Phillips SM, Winett RA. Uncomplicated resistance training and
health-related outcomes: evidence for a public health mandate.


https://search.worldcat.org/ko/title/1230951072
https://search.worldcat.org/ko/title/1230951072
https://search.worldcat.org/ko/title/1230951072

ZHANG GE et al. Physical Activity, Obesity, and Metabolic Health

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Curr Sports Med Rep 2010;9:208-13

Hunter GR, Bryan DR, Wetzstein CJ, Zuckerman PA, Bamman
MM. Resistance training and intra—abdominal adipose tissue in
older men and women. Med Sci Sports Exerc 2002;34:1023-8.
Schuenke MD, Mikat RP, McBride JM. Effect of an acute period
of resistance exercise on excess post-exercise oxygen con-
sumption: implications for body mass management. Eur J Appl
Physiol 2002;86:411-7.

Holten MK, Zacho M, Gaster M, Juel C, Wojtaszewski JF, Dela
F. Strength training increases insulin-mediated glucose uptake,
GLUT4 content, and insulin signaling in skeletal muscle in pa—
tients with type 2 diabetes. Diabetes 2004,53:294-305.
Dunstan DW, Daly RM, Owen N, et al. High-intensity resis—
tance training improves glycemic control in older patients with
type 2 diabetes. Diabetes Care 2002;25:1729-36.

Bacchi E, Negri C, Zanolin ME, et al. Metabolic effects of aero—
bic training and resistance training in type 2 diabetic subjects:
a randomized controlled trial (the RAED2 study). Diabetes Care
2012;35:676-82.

Porter C, Reidy PT, Bhattarai N, Sidossis LS, Rasmussen BB.
Resistance exercise training alters mitochondrial function in hu—
man skeletal muscle. Med Sci Sports Exerc 2015;47:1922-31.
Pedersen BK, Febbraio MA. Muscle as an endocrine or-
gan: focus on muscle—derived interleukin—6. Physiol Rev
2008:88:1379-406.

Strasser B, Schobersberger W. Evidence for resistance training
as a treatment therapy in obesity. J Obes 2011;2011:482564.
Ibafiez J, Izquierdo M, Arglelles I, et al. Twice—weekly progres—
sive resistance training decreases abdominal fat and improves
insulin sensitivity in older men with type 2 diabetes. Diabetes
Care 2005;28:662-7.

Goodpaster BH. Effects of physical activity on skeletal muscle
lipid content and insulin sensitivity in overweight and obese
adults. J Appl Physiol 2003;95:5-13.

Westcott WL. Resistance training is medicine: effects of
strength training on health. Curr Sports Med Rep 2012;11:209-
16.

Franchi MV, Reeves ND, Narici MV. Skeletal muscle remodel-
ing in response to eccentric vs. concentric loading: morpho-
logical, molecular, and metabolic adaptations. Front Physiol
2017,8:447.

Leveritt M, Abernethy PJ, Barry B, Logan PA. Concurrent
strength and endurance training: the influence of dependent
variable selection. J Strength Cond Res 2003;17:503-8.

Chtara M. Combining endurance and strength training improves
fitness and health more than either alone in obese women. Clin

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Sci (Lond) 2005;109:467-74.

Schumann M. Concurrent endurance and resistance train-
ing: molecular basis and practical applications. Eur J Sport Sci
2014;14:5-15.

Wang YX, Zhang CL, Yu RT, et al. Regulation of muscle fi-
ber type and running endurance by PPARdelta. PLoS Biol
2004.2:e294.

Balducci S. Combined aerobic and resistance training improves
glucose tolerance and lipid profile in type 2 diabetic subjects.
Diabetes Care 2004.27:2187-93.

Ho SS, Dhaliwal SS, Hills AP. The effect of combined resistance
and aerobic exercise training on abdominal fat and insulin resis—
tance in obese women. J Sports Sci 2012:;30:37-46.

Strasser B, Siebert U, Schobersberger W. Resistance training in
the treatment of the metabolic syndrome: a systematic review
and meta—analysis of the effect of resistance training on meta—
bolic clustering in patients with abnormal glucose metabolism.
Sports Med 2010;40:397-415.

Park J, Park H, Lim ST. Combined exercise training reduces
visceral fat and improves metabolic syndrome indicators in
overweight middle-aged women. J Exerc Nutr Biochem
2018;22:1-8.

Cadore EL, Izquierdo M. How to simultaneously optimize
muscle strength, power, functional capacity, and cardiovascular
gains in the elderly: an update. Age (Dordr) 2013;35:2329-44.
Coffey VG, Hawley JA. Concurrent exercise training: do oppo—
sites distract? J Physiol 2017;595:2883-96.

Murlasits Z, Lee Y, Reed JL. Effect of resistance and aerobic
exercise seqguence on training adaptations. J Strength Cond
Res 2018;32:10-5.

Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in
childhood and adolescence: a powerful marker of health. Int J
Obes (Lond) 2008;32:1-11.

Sillanpaa E, Laaksonen DE, Hakkinen A, et al. Body composi—
tion, fitness, and metabolic health during strength and endur-
ance training and their combination in middle—aged and older
women. Eur J Appl Physiol 2009;106:285-96.

Boutcher SH. High-intensity intermittent exercise and fat loss.
J Obes 2011;2011:868305.

Richter EA, Hargreaves M. Exercise, GLUT4, and skeletal mus-
cle glucose uptake. Physiol Rev 2013;93:993-1017.

Jelleyman C, Yates T, O'Donovan G, et al. The effects of high-
intensity interval training on glucose regulation and insulin re—
sistance: a meta—analysis. Obes Rev 2015;16:942-61.

Egan B, Zierath JR. Exercise metabolism and the mo-
lecular regulation of skeletal muscle adaptation. Cell Metab

93

Archives of Obesity and Metabolism



Archives of Obesity and Metabolism Vol. 4, No. 2, December 2025

2013;17:162-84. cations for exercise adherence. J Sports Sci 2011;29:5647-53.

84. Bartlett JD, Close GL, MaclLaren DP, Gregson W, Drust B, Mor— 85. Cadore EL, Izquierdo M. Concurrent training in the elderly: bal-
ton JP. High—intensity interval running is perceived to be more ance between anabolic and catabolic stimuli. Eur J Appl Physiol
enjoyable than moderate-intensity continuous exercise: impli- 2013;113:2951-62.

94  Archives of Obesity and Metabolism



