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ABSTRACT

[Background] The benefit of body weight resistance exercise with slow movement
(BWRE-slow) for muscle function is well-documented, but not for energy metabolism.

We aimed to examine physiological responses (e.g., energy expenditure (EE),
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respiratory exchange ratio (RER), and blood lactate (La)) during and after BWRE-
slow compared with EE-matched treadmill walking (TW).

[Methods] Eight healthy young men (23.4+1.8years old, 171.2+6.2cm, 63.0*
4 8kg) performed Squat, Push-up, Lunge, Heel-raise, Hip-lift, and Crunch exercises
with BWRE-slow modality: Both the concentric and eccentric phase were set to 3sec.
A total of 3 sets (10repetitions) with 30 sec rest between sets were performed for each
exercise (26.5min). On another day, subjects walked on a treadmill for 26.5min during
which EE during exercise was matched to that of BWRE-slow with the researcher
controlling the treadmill speed manually.

[Results] The time course changes of EE and RER were measured. The EE
during exercise for BWRE-slow (92.6+16.0 kcal for 26.5min) was not significantly
different from the EE during exercise for TW (95.5* 14.1kcal, P=0.36). BWRE-slow
elicited greater recovery EE (40.55 + 3.88kcal for 30-min) than TW (37.61 = 3.19kcal,
P=0.029). RER was significantly higher in BWRE-slow during and 0-5min after
exercise, but became significantly lower during 25-30min after exercise, suggesting
greater lipid oxidation was induced about 30-min after exercise in BWRE-slow
compared with TW.

[Conclusion] We also indicated BWRE-slow has 3.IMETs in average which is
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categorized into moderate-intensity physical activity.
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1ty F10MH, v MHKEZ 0 EL, 453

7 N AR—VEE Vol. 40

v MFOFEML (G526 45 30). BIHIE
BRI, EEH O T AV F— % % BERT-slow
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BT B ERIW R T A T4 o THRESNT
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W27 O FAHTE & BEE ORI FH A 5
PIZENTWS O F7:3B)H 0 EE % RE & b
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RO AR EEZH O 2T A2 L2 B
L7

1. B &

A 22-27 5D 8 B D BRGNS0 L 72
(234+18 7% ,1712+6.2cm, 63.0*+4.8kg, F+ 1).
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=1 SRR (n=8)

HH T R
AEHG (yrs) 234+18
B (cm) 1712 6.2
A3 (kg) 63.0+4.8
BMI 215+12

IR (%) 11.9+29
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7. RPRE 8 A 1-3 HEMII 7 BB & FEH L
THBY, KifFeTHEIET 5 BWRE-slow (21X 147
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SR REITEAREAT— L —= "2 (BWRE-
slow) &b bL Yy FI Vo —F 27 (TW) 5
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575 18 B E TICHFZE= 12 F6 L7z, 4 BIdR
BFOREIZHESE, BRI —%FH LS
(57 2232 8 15%, Wa'™ 25%, meARAtdy 60%) %
19 FEICHEIM L 72, 2 ORIGHE OkOHRT]) & L
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F& (0.lem HifZ), K5 (0.1kg HAD) 2z L
7z ARIRIIER B X Ve I 22 ERRE B X OE
%47 o 72IKRET, EFEEBRA v E—F U Ak
(Inbody) & FHWTHEE L. ZOHERHENIC
BB, WRAA5H R (AE-300s, 3 ) MEFR:
FEHE) BXOT 24 AT A7 & A TLRHEA
# (Resting energy expenditure, REE) % 30 43 [
W L7, REEJER, EHZzEMLZ N
53 _XTHOAYT Y 2 —)Vid BWRE-slow, TW 5%
b dELEE L7

1. 2 Body weight resistance exercise with
slow movement (BWRE-slow)

ATy N, TviaTvsS, TV, b=
VAR, ey TUT N, 72750 6HHEEZHRH
L, @RBFIZONEFETHEMLz. 6FHDFE
Wi B4 OFATHIRICER#T 2 Y. REWA
B L L BERER) & RIS ER L, RPIh
R L L HAEER 2 T 5 2 LAY S
Twp Ve, 2r77v VE1EHE, 79
FroMHEE L L7z, EidEEE, EE3M, K
T3M QEEAET6H), 10EE 1Ry 1
HMH»HY 3ty b L wHREEIA T —
LOF A DETHEE 26 75 30 B3k L 72.

1. 3 Treadmill walking (TW)
S REEI ML Y FI W ET2645 3080

- - p Squat, Push-up, Lunge,
BWRT-slow ﬁ?igﬁ,{\g"% Heel-raise, Hip-lift, Crunch Recggg)voz
7 (26.5 mins)
T™W REpF Treadmill walking Recovery VO,
(30%) (26.5 mins) (30%3)
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Y 4 —% 7 %, BWRE-slow &5 5 ik 2 H
DEoRbE%E 221 72 5%ICER L 72, TW BB o
I AV F— 4 E = % BWRE-slow |Z§ii 2 5 720,
TW %:ff % BWRE-slow S&fFDRIZFERL 72, b
Ly FIVoOAR% 0, #H#E 60-70m/min
WCREBELZATHOT =3I 0 77 v ToiTol
%, EHHTOIANF—HERELRHZ L7202 H
Ly FINVOREZ 250 CHHE L 20%5 2255
30 F TW % i L 7-.

1. 4 IXNX—HEEATE

SeATFgE 1D D RIPR T AR B L 07 =
AARAZ # VI ANF—HEwZIE L.
EBRBRIIZ2L O ) v r nwTrya—+»
Y —OiERIE, BEARED T A (09 14.98%, CO2
4.99%, N balance; O 20.73%, Ny balance) % >
HARKIEZ AT - 72, BB (VO,), bR
FHEH R (VCOy) % VT EE (kcal/min) % 514
L7230 iR ssikt (RER) 12 VCOy/ VO, & L
CTEHHE L7, REE30 D9 65410 5B O
YEE KW ADREE & L7-. EE# T %, #HLe
PICMIEED A AN, 7 A AR AT R 5
L7-F F 30 M o FRFEERE (Recovery oxygen
consumption, ROC) % fil5E L 72 829,

1. 5 {DiR%, FENESHEE

FEHh T RTOBMIZBWCLER (72758
FAHEL) 2GR RE L. TR ED)
i (RPE) (X Borg A7 — )V (620 A7 v 7)
& I CEBE T R IZHE L7z,

1. 6 MPIEEE

FZBRIM 217\, 20 ul I = B E &, &
#4775, 10, 20, 30 53 212 I FLERIRE O 5347 &
17> 72 (EKF Diagnostik, Barleban, Germany) .

1. 7 #metusg

5 & 72 7 — ¥ 1& Microsoft Office Excel 2017
BLOKE Yy 7 — 2 (SPSS) # AW TH
Bt AT R AT 720 T — 23 IgE = AR
7% (Mean®SD) T/rR L7z, FHHE GEBEEE,
W) B XOKEAEMR 2T 5729012 two-
way repeated ANOVA B X U One-way repeated
ANOVA %175 7. BWRE-slow 4/ & TW %4
ICHEREZRBOIYE, WHL0oH b tHExiTo
7o METEENA EKHEIL p<0.05 & L7

2. #& R

®21EB)ET (LE), EBh B L OEBRO

F2 EBET (KE), AT B L OEBAOEEAIGE (Mean£SD)

JHH BWRT-slow ™ p value
TEEYHET (ZH)
EE (kcal/min) 1.2+0.1 1.1+0.1 0.28
RER 0.86+0.03 0.88+0.03 0.15
HR (bpm) 66.8+11.4 66.8+9.6 1.00
La (mM-L-1) 09+0.2 09+0.2 0.90
TEE)
EE (kcal/min) 35+0.6 36+05 0.36
METs 31%0.3 32+04 0.22
RER 0.98+0.03 0.84+0.02 <0.001*
HR (bpm) 98.8+14.0 87.2x10.6 <0.001*
La (mM-L-1) 35*1.0 09+0.2 <0.001*
RPE 135+2.3 9.0+2.0 <0.001*
EH) % 30 77
EE (kcal) 406+39 376+32 0.029*

BWRT-slow, body weight resistance training with slow movement; TW, treadmill walking; EE, energy expenditure; RER, respiratory exchange
ratio; Ex, exercise; METs, metabolic equivalents; HR, heart rate; La, blood lactate; RPE, relative perceived exertion.

*statistically significant.
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SEBNBAAETET O Z2EHE L~V @ BE, RER, M5
IfiL P FLERIRE X TR B S 122X R o e o
72. % 723E# ™ @ EE (2 BWRE-slow, TW &1
WZEIER SN o722 EHh 5, AWFZRIEIEE)
FMOBER A D ENTEZ L ZHERL 72
TW O34 13554 66.8+7.8m Td - 72,

B+ D RER, /(3113 RPE |3 BWRE-slow
ABTW LD T RTCHEEICH F o EET
%o il FLIEE b BWRE-slow 25 TW £ 1) &
BEIZE D> 72 (BWRE-slow; 35 =1.0 mmol/L,
0.9+0.2 mmol/L, p < 0.001).

B 2 | EEHE TR E LT R TOREMEICBT
% EE B LU RER @5 55 Z & ORERFIEAL % 7R
9. EEFO BEXSEAMICERR SN2 h o7
S, BB TE#IX BWRE-slow 25 TW L h) & &

=y [—Jf?"D 7z.

Two-way repeated ANOVA
a5 Interaction of Ex mode x Time P = 0.02
" One-way repeated ANOVA
4 0 BWRT, main effect of Time P<0.001
. TW, main effect of Time P<0.001
35
— EBWRT-slow
g 3.0 « * [Walking
= 25
8
£ 20
L
w 15
1.0
0.5
0.0 - 0 - q ‘ -
Rest  Ex  05min_ 510min_10-15min 15-20min 20-25min_25-30min
After Exercise
Two-way repeated ANOVA
* Interaction of Ex mode x Time P<0.001
1.10 One-way repeated ANOVA
BWRT, main effect of Time P<0.001
1.05 % TW, main effect of Time P = 0.04
EBWRT-slow
1.00 [Walking
0.95
*
o =
w 0.
& 0.90
0.85
0.80
0.75
0.70

Rest Ex  05min_ 5-10min_10-15min 15-20min_20-25min_25-30min
After Exercise

X2
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AREFFETIE, PR AT & b FLER I EE
Ex H, BB O BE % WSR2 7251008
W, HAEAT— ML —=>7% (BWRE-slow)
EML Y RIVHEAT (TW) ORIV F—HHw
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Vo —F U EFEOEBRIETHDL L R
LI L7z, F72, BT 30 I B VT
RER MEMEZ IR L7722 &5, TR VT —
it s LC, REOFMADPTELZLEEZON
5.

M=z o<y —v7) =724 bEHO
TREROFAEN - WHEL VA Y~ AEE) (RE)
1% 5-10kcal/min (5-8 METs) T& 5 &z s
w5 L6 KEgE L ), BWRE-slow (3 35+
0.6kcal/min 3 & 18 3.1+0.3METs & #£2£ ® RE X
D HRWZ AR SNz ZiLiE BWRE-slow 1
MR ER (BEE) BNvy—rRe7Y—w oA
F2HWZZRE XD /NS VT EDREL T D
bortEzons, FEEFOLHE (HR)
X, PEROEEM RE X, 140-160 bpm (%7 80%
HRmax) 2% T & % 7%, BWRE-slow ® HR &
98.8+14.0 bpm (#50% HRmax) Td ->7z. L
72H5 T, BWRE=slow i3, 47 { & b EELRT
SEEUECTIIE~PREEOEFRETHLEEZD
na5.

Y= rR T =7 e REK T

B FEBE O TGE (ROC) 2HESNTVDS >
200 g 312, Binzen &%, &7t 45 5B OB &
RE (10 [0 x3 & v &, 70-80% 1 [l A% FE&)
T 2 BB 0 ROC 1Z, T > b 1o — U4t (L)
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EIEE L T 186% v (RE : 167+ 12kcal, =1~
M — )b 136*2kecal) T L EFWELTWVL Y,
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way ANOVA Oiff R, SEENHE T 30 75 [ O fF I i)
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MTIRIZRER MET L2 EAHiEshTh ),
CORRIFREBRTHRIREOFANE L0722
ERIRIEL TG, TR ET VI E %
% Braun & (%, RE# T HE I % > 72 RER %
TEEIHET 30 B LBEICBWT TW X 0 LA IS
Ehozl L2 WELTWE Y, ZOERD 1o
LT, BT AL F - BB E DR
LTCW2bDEEZLNL, HREOEVER,
EBET O AV F - EEBbEL L THEY LD
%ALY, B ICHE R AT 2 BT
BWC LY IREORMAEE 2 119 Kbigkic
BWC, EHH o RER B X U La i BWRE-slow
BNTW L) b EREICE»-722 &5, BWRE-
slow & TWIZEBH O BEIXFEEI2H 22 0b 5§
BWRE-slow (&8 o0 T 4oV ¥ — LB b= &
LT LD FHT 2 EBHATH L 2R L T
5. L7zhoTRE QBN (GRE) T~y —r%
T) =Tz A MERELTIEWEDD, BWR-

=16

slow 125 W T, EBH TRIZIEEOF A E
F LMD D 5.

Fx OWETIE, WODPDORARH L. F1
12, MR APHTIC & % VO, VCO,, RER X I
LRI CHRERLEZ G L T\ 5. IR
AGHTHEIC & o> THS N2 RER X, H22 54
T O B2, M A S 1I~D COy HE
HIZHRRRIE 2 A 5 DT, HAMRL ~Vics
AR (RQ) AT RMEL 2\ 19 L
o C, B OIEFRILO B AEH B L O
Sl D7 23 B WD 2 1215162 95
LT, FAITERE T ROBEHE R (ROC)
DPEIZ 3057 THh A 728, ROC B L ORI
I2x9 % BWRE @ & ) RIREHIZ BT 2 28 (6
ZAX24 ) BAHLEFECTHD. BEOWIE
IZBWT, R & ORGREEE ) o 3L 8 ik
{LAEBN LR (24 BER) ICHifE S B 2 a8
WS NTw2 T2 s, RO > T
VA RIS (n=8), fEH = EFHEICR
5%, BWRE-slow 1x, 47 { & b #EF R 454E
BYTIIBEDL S PEEOZRIETCTH > 7275,
BWRE-slow O i J& 13t 0 & 5 T A AT A9 12
VIR OB & 7 AT REMEDSH B, 2 1F 15-
20ml/kg/min @ VOsmax ¥ 72 1% SMETs O 4 & #§
AT & FEOERHE O 4, BWRE-slow (259 60%
VOomax B ZAHY T 5. L 72A5 o TREGER) G
E+% b L —F —Ik, BWRE-slow % i\ 72588}
TUT T AERMET D6, FICET LNV
WE A - i3Sk E (65 Ll L) 2 AT A M
ANDT 49 PAALNVEEBTLLEDNRSD.
INHDIIZONT, E5%LW%EMThbils 2
EHEETHD.

4. ¥ @

Z N % TBWRE-slow ® EE &+ 125X 5
NTWZLhosz. RUFGEIC L0 2 A4 H
BWRE-slow ® EE %, 35*0.6kcal/min 3 & O}
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31+03METs T& 0, &85 (d F# dkm O
HRETO®EEOHRITLIZEAETCHL. T2
BWRE-slow ¥t kD~ —> 71— = b
ZHWZRE L) b Af GREE) (/-3 vhs, i
B oL EMRIEEE LI VEE AL, S
T 25 UL RER 28R L7z, 2 offH1,
BWRE-slow # &) ZIHE L 72845 7)) 9 — 7
> R BN RITHE D 7o O I IRIRRALAMEAE L 72 &
A 51 5. BWRE-slow 1&, A4 2SH%HE O HEGE
FREB O T— 3 3 v ERIRAET S 20 E %
B TH D LIRS, R RIEOREIZ L -
THEBFEMDTE WG THE-BITRET, WE
7ok —F 2 7 EATITREE O EE TR O EE) T &
5.

#H O

ENTE AN SacaraYi)))) R ARV AR 3 AN i EIN
ARFLETT ¥ b AR — Y REEIREFE 12 Z DY
ZRED TG L BT 9. EARMRICSL
T2/ 7R B L O ER B O 75 4 12 %
AL ETET.
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