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The Comparative Study of High—Intensity Interval
Training and Moderate—intensity Continuous Training

on the Oxygen Uptake Kinetics

BAEEIS 2, 8 BR, d WE i WY B
HU Guo-peng'?, ZHENG Yang’, MENG Yan*, FENG Gang', FENG Wei'"’

B E. B 6. A K5 B BRI % (High-intensity Interval Training, HIT) Fe " 4 5% 4 4: 9|
% (Moderate- intensity Continuous Training, MCT ) &} 4+ 3% X (Ramp ) . ¥ 5 3% & & 3 5% B 4F
415 F) P A A E 3 /1 F (OUK, Oxygen Uptake Kinetics) F A2 ey %, 7 i%:36 4 HF 5
2K o A % iR LA BRI 4R 48 (HIT) | P 5 5% 2 4 48 1l 45 20 (MCT, ) #= 23 BB 28 (NOT) ,
MCT #= HIT # F A28 5147 6 B BB 3 RIBE R R Ml % EAF 6952 F 7, &4 F ]
AT (Pre) | F (Mid) . J& (Post) %~ #) # 47 Ramp 77 58 M 3%, & P | & 1% B4 4555 3 %9 OUK 1l 3%, .
%R .68 FE,HIT 5 MCT & F il VOmax/kg( & K#£ 8.2 ) . VO,-VAT (il &, L& 4
£.%) . VOu/kg-VAT (i &, K & B A 8.5 A0 44 ) . Waat-VAT (18 A 28 25 % ) 35 R I A F 77
Je B & T F AT (P<0.05) . F R PAL(P<0.01);3 A% KA XA Lk A £ 3 2%
(P<0.05), /24L& L HIT MCT 45 NOT 42 [\ £ 7 2%, HIT5 MCT B2 9 £ 4~ &
#(P>0.05) 5 Ay (Delta 2 5 ) | Aques (FERACF IR T ) A ) 38 R 2% (P>0.05). T $3&E
T OUK &£ 4424 ©(Tau, OUK B 8] 40 ) 1A 40 18] 2 &2 2 % (F=3.652, P=0.04<<0.05) , HIT
5 MCT # T 248 4 %) 5 NOT < Ia) 41 Ja) 2k & 2 % (HIT vs NOT, P=0.027<<0.05; MCT vs
NOT, P=0.027<<0.05) ,42 HIT \MCT # T 78 Mid . Post - £, 28 18] £ 7 R £ % (P>0.05) , &
20 &0 1) & TD AR AMRZL18 £ 7 R 2 F (P>0.05) ., KBEZFHTA (A, LA E)HA R
R 2 % (F=4.439, P=0.011<<0.05) , & T MCT % HIT % %] 5 NOT 4848 8] £ % % % 4, HIT
5 MCTZ 1 £ 5% 2% (P<0.05),6 )6 HITZ A A2 % & T R K2 MCT 41 (1 893.9+132.1
vs 1 632.3+340.0, P<<0.05) ; M 3¢ T ILMAL 1, 3 40 % 3K 4 Z 8 240 1) 2 & 2 % (F= 9.083, P<
0.01) , MIT Z HIT #84= NOT 48485t , 1) % 3 4K, 5F EL MIT 4= HIT 2118 £ 3} % % (P<<0.05) ;
3AEHITATAE 2 2% % T NOT 41(Mid: 42.5+3.8 vs 53.7+4.3, P<<0.01), % MCT /£ 6 3]
J& dt L (Post: 43.1+4.6 vs 53.426.0, P<<0.01) . 3 &5 HIT 2L A, 14 b NOT 48 2 F A% (P<
0.05) , 6 J& J& Post 16 2 & T MCT 48 % NOT 4Ll B B4 (P<<0.01) , fs MCT 48 £ &-Fr 8t 5
NOT 48X 8] 2 F R 2 H(P>0.05). nRAMA & A2F L EHFZL(P>0.05). 4k K%
JE 18] B S Ae o 45 3R E A 4] 4639 TR & VOumax VAT 58 i ) 7 37 52 A 3, 42 7 A9 4
B LEARKEFALFREHN ; BINGRXS P FRETHRAD N AR HALEEFR
A e KIEFEE BRI GAERGRZEZHIR TR LR RERR T RAZTIIRS S @A
E R LEALEA R

SEGR A B s B S S RS A R AR R

Abstract: Objective: The purpose of this study was to compare the effect on oxygen uptake kinet-
ics between high-intensity interval training and moderate-intensity continuous training. Methods:
36 subjects were divided into high intensity interval training group (HIT group) , moderate-inten-
sity continuous training (MCT group, ) and the control group (NOT). The subjects of MCT and
HIT were trained respectively for 6 weeks, the four tests were performed before the intervention
in the middle of it and after it, including the ramp incremental load exhaustive test (ramp) , and
oxygen uptake kinetics of moderate intensity and high intensity continuous cycling. Results: After
6-week , the intervention showed higher post value than the mid and the pre of VO, /kg, VO, -
VAT, VO, -VAT (P<0.05,P<0.01), Waat-VAT in HIT and MCT; There were significant differ-

58

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



73 [0 , 26 < DA B2 ) BRI 45 5 v A% EE R N o0 FR 4 3 ) 2P R A 9 L e 7

ence between the above parameters between three groups (P<<0.05) , but only between the HIT,
MCT group with NOT group, no significant difference between HIT and MCT. There was no sig-
nificant differences in A slop and AOUES between three groups (P>0.05). Only 1 ( Tau, OUE
Time Constant, ) value showed significant difference between group effects (F=3.652 P=0.04 <<
0.05) , in moderate-intensity OUK parameters, which was the two intervention groups of MCT
and HIT with and control group respectively, but not in pre and med between HIT (P>0.05) ;
TD and A value, in each group at different stage between groups, had no significant difference

(P>0.05). There was significant effect between groups on A; (A, oxygen consumption ampli-
tude) value in high intensity exercise (F=4.439,P=0.011<0.05) , not only between MCT and HIT

with NOT groups, but also between HIT and MCT (P=0.011>>0.05), A; of HIT group was signif-
icantly higher than the same period in MCT group (1893.9+132.1 vs 1632.3 + 340, P<<0.05) ;

and for the 1, after 6-week intervention, there were significant group effect (F= 9.083, P<<0.01)

in three groups , 1 value was decreased significantly in MIT and HIT group (P<<0.05) ; t; value
of HIT group was significantly higher than that of NOT group (Mid:42.5+3.8 vs. 53.7+4.3, P<
0.01) after 3 weeks, but after 6 weeks in MCT group (post: 43.1+4.6 vs. 53.4+6). A, value of
HIT group has significantly reduced (P<<0.05) after 3 weeks (mid) , and the post value was sig-
nificantly lower than the MCT group and the NOT group after 6 weeks (P<<0.01) , while there
was no significantly difference (P>>0.05)between the MCT group and the NOT group in different

stage. T2 value was increased with no significant difference (P>>0.05). Conclusions: High-intens-
ity interval training and moderate-intensity continuous training can improve cardiopulmonary en-
durance evaluation parameters of the VO,,. , VAT, but the improvement showed no significant
difference between two training modes; No significant effect was found on oxygen uptake kinetics
in moderate- intensity continuous cycling, but more advantages were showed in increasing re-
sponse rate of oxygen consumption and reducing the slow component of oxygen uptake kinetics in
high intensity interval training.

Key words: interval training; continuous training; oxygen uptake kinetics; VO,,, ; anaerobic
threshold
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78 LA & A S 7708 B AR IR, A I [ o S 5 5
F5 22 1)l 25 (Moderate- intensity continuous training, MCT) &
i P 4 BN 57 v, (HLT 4F DK 9 4 [A) 811l 2k (High-inten-
sity interval training, HIT) 7E 4 & R 122 FE & i, JLIAE DL
fmi Sy IR gz R . AR EIE 3 AR
FIIE N AL R E , CRIE ATP [ BRI 55 40 A2 il e 4E R ALK
BBIAE I SSHE , BRI, 3 Ff SR F) ATP A= i A sQ R0 1) 22
J, e B AR AR N 8] (4T . B0 2 A7 SCHRATT 780

Wi H#A:2016-03-23; 11T HHEH:2017-02-27

ERTH B % s R AR 55 98 5t B H (13SKGC-
QT14) , H KAk F & 7 = 5 BF 58 03 B % 2R
(2012B067) .

RIS E MG, 5 r RN, W, T, R B TR

A5 O V] )1 20 R 4 88 1 0 0T A A A B AR A IS AL
AR ASAH R A [R5 2 v o 52 ) ) 5 T LA SE A 280010
18 7)) G AU S T AR BT R R 2 B I [ P A
LA A B PE SR D A B EE R, (]
ISR AT LR 738 2)) 1 IRCPR ¥ B 3R 8 0 B Cratings of per-
ceived enjoyment) , 4 B #% #k % ¥ 14 (exercise adher-
ence)™ . HAR, HIT X238 77 ARG SE J5 s A T
F S BT AN [F) AT S AN (7] 7 2P R 5 2 T i )1 225 T 51 it
T IR 200 R 5 A AE e e T ol ) A ke L A 3
AR EEEIFARTEE . S50, N Mata 43 HT K&, K58 S (6]
BV R S U okt o I AR 50 0L T R ) 52 IR B AR SRR
B 8 BN WY AR 3 8 7508 T e A 2
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& 5 I LA AR B 1K B 3 AR AL SR 2 A HILAR AE A R )1 25
TR o ) A T R R 7 X T e o R AT SR A ST I
B AEATRE RIS, B gk ae Ty R AN,
JLFACBENFURB B, WA M 1R S SR AR 8 3 3 —
Wl R B B R B, FERE ATP [ HE AL, HLAFE A ( VO,
Oxygen Uptake) 1 1 DUKR 5E I 7] £ (Time constant) Jy 4%
JiE B F8 B R B N 22 F2 35 (Steady State) , 3 F FE & & (19 3))
5 ¥ W 2 N FE A & 8 J) % (Oxygen Uptake Kinetics
OUKO" ™, W 7115 2 U B Wk 52 I FE A B 3 A 72 4L
R AIE AL 2, RS SE 10 i K FE R ( VOmax, Maximal ox-
ygen uptake) « JG %A B8] (AT, Anaerobic threshold) %5 #4) hl FE 45,
¥R G, AF R EEF) T, OUK 2 HLA [ 1) 2 Bk
E™. 2GR, KR 77250 LB B 55O
G5 F1% 550, BME VO.max AT #8457 350 H (K
B3 RFE ) FSEE R E R OUK H (10H &
Z: $ B [8] 5% % (t, Time constant) 7F 1% AUk i 78 HH A % &=

RO HE I R R A BRI RE R B B 12, VO A
FIFAAS M ol 0 Rk A 12 R FE S By, TR G
I [A)9 BIAR S , BT AR 1 %0 it (Oxygen deficit) #2277,
M K 8RR 2832 3 vh i 319 #E %018 4 43 (Slow Compo-
nent) 5 LA US4 4 0 L 92 97 00 SR T S O B DI IN
KEF. W, HEED) X sz e BA ke e
™ CEA LI, 6 i (142 A S I 25 T LIS
FE AU ) ARG r &5 5 B R 838 By v i 8] 2T 1Y
SN, H AT ALT R A — SR g5 R R, T e o 1] B 2R
A AR FER B ) S8 R A T K B S FE S
YIZRAH L, X 3PP & G s FE O AN s 2 . R,

5 W] LU B FE 430 71 2 BOR IR BT HIT A1 MCT Y Z- % &
PRHLBE AL BE e ? T ROR AT, ASHIE 5Tk T R R
B Fo— , BRI A0 ) B 50 R A Bh ) 2 R G AN
PRI, 3 8 B I 51 RS 1 I 2R B0CR A 22 575 L, o P )
B S50 T 38 I RE S B ) 2 R D R A A
M4 = A i 717K F

2 MRXMNKSHE
2.1 BERAM %

36 ARG RIF IR E HE Lol 51 KEAE 2K
EREHR S (5 176.044.9 om; FE S 21.4+1.7 % 5 #R H 66.5+
74 kg) . SZIRE BN B3 AL - () BRI 4R 41 (AT,
High- interval Interval Training) . * & 5 B ¥F 42 1)l 25 4
(MCT, Moderate Continuous Training Group) & X & 41
(NOT, NO Training) , S 5 {if 21X % 78 7 1 M X 562 F9 XURG:
5%, T miERE .

22 ARt

HIT 2 MCT P+ 548 73 730 2847 6 i B AT 2l 4R+ T,
B 2 43 5159 90% VO,max . 60% VO,max, NOT 415 ][]
AN A A T A W AT H A 7735 3, 3 121X iR
ZHE NG GNE 1. gad B+, H SUUNTO O 2|
AR GRoRE o 52303 00 Ze T 5d 1 Ramp 3
FEAEE A O 2 BB 00 &, HE S H A 52 33 A [ 5 FE 1)
B0, FRAEES YCE Jy B0 6 X TH] , 5 F TR % B Bl 5
A E G RoR B < Y GhFF s 7D . ZiXEHE KRB R —%
b, PRAUE 207 Ik i Je N 25 A )5 [ B 7™ M 48 52 X5 1Y)
RO BN O, P 1 8 T PR 2 152

F1 SHNEGITHRHE—RE
Table 1 Training Schedule of Experimental group and Control Group

il -1~0 A 1~2 7 38 4 )3 508 6~7 4 8~9 J3

HIT 3% % (% V O:max) : 90 90 90 90

K (s): 60 60 60 60

K 20 30 o 30 40

18] % (s) : 5 B 9K, 60 60 i?ﬁ\j 60 60 52 35 = K,
MCT 3% J£ (% V Omax) : 60 60 . 60 60

it & (min) : 30 45 45 60

i 1 1 1 1
NOT RN ARFEFH A ED

3 2H %2 038 LE T AT (Pre) « 1 (Mid) « J& (Post) 147 5K

5 =, B R S 4 AR TTH S 28 1A TH

Ak 36 1 470 798 W38 (Ramp) , #i 2 VO.max GBS %

% B (VAT , Ventilatory Anaerobic Threshold) « 80% VAT 5i &
60
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B R Bk 6 g R 2238 SR (LT, 3 58 2~4 AN IR
BTSN S BT = VAL T R DN 2 R ke
P2, o 1A Sy B R A 8 2 AN AR 2 [ Al Bg 48 h DA L,
H AR T H 1816 24 h UL E, TR, 248 E A 15T
BAN R 50 I SRR L 28 . AR SEE6 8271 5 T Burnley'”
ZEHE T 4518, 7575 Berger'™ \McKay %5 7 R i3 it
23 FEREMRXFTE

231 A3 A& A7 F (Ramp)

WA 71T 32 38 7E H/p/cosmos 1 & I L 6~8 km/h [ i
FE B S min, 2 JE BT E LA . HE RGBS, 52
# (M 3% iF Cosmed K4B, & 4t % # LT % {7 £ 347 IE X
MK o WG ZR N 40w, 852 min G R A3 s N1 w
(20 w/min) , Z R #F 2 2) Z2 Syt . W R, B VO,
RER (PP 22 #%6) VHR 4645 8., 45 R I HR J2 52 i # R I
SR L& R MNR . 123025 RS 1 min SR AR T 44 4R 4R
J M A FLRR A o W Ry 32K 5 S it B R 57
F (RPE) , 1t 3% 22 # 2% A I 7] B (1) RPE E (7~20) 1E N
HIWT B ILF VO:max 1 — NS HH . Zik#E 12 3h 3 i
I B A R 4k LB B I J i 4 1k T # B 4T %5 K4B, AL
e PC 3, FEARAF LI HAE o BRI IR AR 5 7E
1E 5459 1 min P H/p/cosmos Il 3L & I 45 A3 32 47 1 L R
WA, 0 FH - 9 A 2 K 25 58 19 LS T R AR E
IR AT X4 H/p/cosmos Il 7L B2 I % 43 358 77 2% HE 4T b B
o L PR R 7 5% 4 RSB SRR B AR A7, A5 FH AT 30 min K 3L
B B TR .

VAT FI 1% F V-slop 7150, vt Ja) i b v 12 5 K FE
S T o A 2 R R RS S A S R AT
232 AAPEREFEGEHELANR+EATATFE
12 20 WK 7 E (MHT)

PL 20 w £ fif 5 7 3 min J& ) 33 0 2 AN & 80% VAT,
42 B 6 min, F H 2 K 80% VAT 12 3 , 1 /8] 4K & 6 min
Q20w) , 2 J& 1 AR BJG » #E47 17K 6 min 90% VOzmax 5 [
Friiz s, B K4b2 WAL &, 31K 6 min 12 WA 1 HF
U Jo 45 HAE FHL_E A4 Marks Fric .

233 BAPEBREFEEHNA+EABATFEEY
MK 77 (MHT)

LA 20 w 4 §5 ZE 3 min JiF 2 3 3 0 £ A 80%AT O
A D, B % 6 min J5 AR S 6 min, 2 J5 3 AT — K 90%
V O.max 38 ¥ 5 4232 3 , 45 /K 6 min 32 3 1 5 76 =41 -
Marks AR~ -

234 RABATFHEEEZHMIKXF EHT)

PA 20 w A7 fif #6253 min J& T 238 B0 2 A 90% VO
5, B 45 6 min J5 8 B WK E) 20 o

4 YRS 3 0 3 259 FET i A 3R 2 AT 2R G 0 e
RS . AL SZ W LI R R T R
S RSB R — B0 B Ramp MR AM , Ho 4 T 2 42 IR
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A543 i £ 60 £ 5 rpmo.
24 FHAEH A F ARG
2.4.1 Ramp M| iX #F A % F K OUES L &

Ramp M A, X 248 3E A7 B AL B1S 3E4T 5 i 3035
OV, SR 5 R FH A 15 s I (8] 18] B& ~F 253k b A7 Ab B, 3% 2%
1T 2 min $OHE 5 CZ 5 FFUA i 1 A7AT ) 32 57 Ty 2% A0 FE S 5 1Y
FPAME , I8 TR A LT G

VO.= VO,(b) + Aypx (W) (D

X B VO, RN T ZTF IR I I G A FE R ) A R7R AL
# (Delta Efficiency) Bl A VO/AW HIZEPEIL &, W £ R
Ijjz[s,mo

FEA R Y % (OUES, Oxygen Uptake Efficiency Slope)
FKHTFHAR A

VO,=Aoueslog 10X VE+Db,, (2

X H Aouss {83 OUES fH , B} VE/ VO,, VE N4} 53l X
, bowe AEED
242 WEBEFSENNHFSEINAL

FEIWCMLH T A1 M HLT 38 47 32 150 3 /> 6 min 80%
VAT 58 J¥ 12 2 f) F6 8052 088 (MM, 26 BL s Sy [a] B it 47
LR P F A 3, 73 0B AN I IR] BEIRD B 1 s 7o ] -8 S
Fe BIE , 98 J5 ¥ 6] — B 18] 2 1 VO, M8 BEAT 7 35, 45 31 5. 41
t- VO, F AL , 2 J5 4 3 s BT P15, % 1B T iR 45 H
HOIFATIRL MRS 152 1 TD FI A3 AN .

VO,(H) = VO,(b)+A (1 - ™) (3

tLIREFA], VO, (b) R R I8 3 77 52 5ok &S T 1 2 ml
{H (baseline) , A 7 = T FE AR (1 52 R AR SRR S B 15 0k
fil {8 2 % , TD 3R /R 2E iR K] /] ( Time Delay) , %7~ 4E IR #F A\
6 H ek HisE Xk 1 R 7], B 7] %5 45t (Tau , Time constant)
R 22 o 0 R A 8 T ) R, A R BT LAA AL R T R
EEH
243 KBEFZEZHNHFSHEIUA

FEHMH T M H,T A H,T 3 AR 9 3 4~ 6 min 90%
VO.max K R B S0, UL s A 1] Bk A7 P9 4 40 3
) — B 1] 2035 )5 P8 3 s R AT S35, BREL— Bk 1] 7 510 4
I8 EAT 18 Bk B G, e ) BN SR B B ok L 1 3
min N B, J54~6 min N — . EARWT:
VO,(H) = VO,(b)+A,(1 - e“™" ) (§—F 0~3 min )

+ A (1 - ™) (45 B 4~6 min )

KERPEIZ I 1 Bk BN I8 3 5 10 E R
B, &R LR SR ERE A 12 S8 H 2 Bt
F) 2 #E 58 5 18 i 4 ( VO, Slow Component) , A, 718 18 il 5
TE BRI 2, TD, 38 7R 48 B 43 B AT (1 B SR I [, 7o o 18
JIR 53 T R I ) A
25 EBMNEREEL

SRR 2 HT R 48 (Cosmed kiB. > Ttaly) , Il 5 H
B B (Swordsman, CM-280, F1[ED) , [ BA I 2 0o 35 W 4%
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% (SUUNTO t6d, Finland) . Jj % %4 (Monark 894E, Swe-
den) , iz 3l ¥ & (h/p/cosmos, German) , F, & I i {X (h/p/
cosmos , German) %%
2,6 EZMXAIFZIRATALE B

FEA R (VO,), VO:max, VECGES &) .HR.RER. A
3 2 (A gp» Delta Efficiency) , VAT CE S, T K ), VO~
VAT GE S LB AE U i) « Waat- VAT Gl U 58 T %)
SRR B (OUES, oxygen uptake efficiency slope) , #E %A
3 1% (OUK,, Oxygen uptake kinetics) , T (FE 4% 7 5 ) 241
&) %%, Time constant) %5,
27 %itaik

FEA B ) A A 7E MATLAB 7.0 3H47, e 4eit
73 R HI SPSS 20.0 G i F A Xt S5 7T (Pre) « H (Mid) &
(Post) H 4t 147 F & M (1 07 22 43 M 4L 18] R 3R 9 U 2R 55
41, o b an BRE AR 56 AN il 1, SR B Greenhouse - Geisser
HEATREAE , I X6 [5] — Z AN [F) I (8] 2 B0 AT P PR LU, =5
12 1E & #1 Eposilon<<0.7 I} , i% $¥ Bonfoerroni 7% , P<<0.05 Ny
i K, 95 43 4 % H L (Post Hoc Tests) 3K H Tukey
HSD V% 3 41 8] 7] — I 8] s Z 8B, SR 2 o 7 07 2%

ST, K LSD vEEAT 35 P I L5, P<<0.05 24 i # K
T Bl 3205 N T S E AR e 25 B AR UE 75 2, N B S
B 0~3 17,

3 HMRER
3.1 AR F B A & T A AR AT
HIMR T 22 TR, 6 FANZSS 5 VO VOua/kgs
V 0,- VAT V Oy/kg- VAT . Waat- VAT 41 [A] 2 B & & (P<
0.05) . #4LIZ BT (Pre) « H1 (Mid) « J& (Post) % F8 br Lb ¢
W2 A, Hodr, 7 HIT MCT Aok F, Eikfatriy
TN TG Post B 2 3% i T R 4 F ¥l § (Pre) « F Tl A
(Mid) A (P<<0.05) ; 1L IF] 43 T % B, % F VO.max . VAT #
KARHr, B MCT VHIT W 41+ Tl 5 Post {H B & LL NOT 41
15 (P<0.05) , {H MCTHIT 412 18] JE & 3% % 53 (P>0.05) ;
4, FiRYERR Mid 5 Pre fEH LL , B} T Waat-VAT 1) Mid
B2 EET Pre s (P<0.05), BB ks BAR A W B4
W ABTEGE it 53 Lo TR T Auop~ Aoues » 25 18] 2008 A . 2
(P>0.05), FHIZFN T J5 BRI BB A4
R L (P>0.05),

®2 BRATWATPEEURERE LS

Table 2 Comparison of OUK parameters before and after Intervention

HIT
Pre Mid Post
VO,max 3 269+528 32024522 3 49243287
VO,max/kg 47.6+4.5 492445 55.044.47¢
VO,-VT 2 092428 22184412 2 6824352 ¢
VO,/kg-LT 33.6£7.9 34.548.1 40.2+5.5"*
W aat-VAT 105.04+35.4 126.9+30.0° 143.1430.5%° 7
Auo 12.1£1.2 11.4%1.1 11.6+0.76
Aouss 1 515.74329.4 1 586.6+275.5 1 690.6£200.3"
MCT
VO,max 3 151607 3 2194566 3 4442344
VO,max/kg 50.2+5.4 51343 54.8+4.57¢
VO,-VT 2 1524381 2 2084309 2 59543527
VO,/kg-LT 33.16.3 34.946.1 42.8+2.77"°
W aat-VAT 108.126.6 119.4+22.2° 143.1422.5%° ¢
Avep 11.841.3 11.5£0.9 11.5£1.0
Aours 1 529.7+378.0 1 620.34316.5 1 636.6+243.3
NOT
VO,max 3 2604682 3 2462521 3 2904579
VO.max/kg 47.843.9 47.8+4.7 48.242.9
VO,-VT 1 996+295 2 194354 2 110319
VO,/kg-LT 32.8+5.1 35.8+5.0 33.6+5.2
W-VAT 111.7428 4 108.3430.1 115.6£25.4
Avor 11.940.5 11.8+0.8 12.0+0.6
Aous 1 575.0+286.8 1 584.24244.4 1 580.4+280.1

EFR R ANOT AR BB a8k, 27 2 3 (P<0.05);** £ 75 R M ENOT 448k, £ FEF 2 F(P<001);#k T5RAEE P
(Mid) A £ F % (P<0.05) ,## &k FIE £ FEF 2 H(P<001); @ A =RIMAL S35 14 (Pre) )8 £ F 2 % (P<0.05), ? ? &

TEFEFRE(P<0.01),

62

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



73 [0 , 26 < DA B2 ) BRI 45 5 v A% EE R N o0 FR 4 3 ) 2P R A 9 L e 7

32 WEREEHVHEADAAFENR

Tt R, S5k E OUK % 2 A b n 2k 3 fin
Hor A o8 4 TR N R 3 (F=3.652, P=0.04<<0.05) , Post
Hoc Tests 43 #1 % B , HIT 5 MCT P T Tl £ 5> 7 55 NOT 41
2 1) 40 18] 2% 3 ik 3% (HIT vs NOT, P=0.027<0.5; MCT vs
NOT, P=0.027<<0.5), & F Fil £ S 56 o (Mid) « L 5 J5
(Post) fH 5 % K20 NOT [ 3] (B #H tL , 22 7 &3 (P<<0.05)
CE 1), 11 4T 4L Mid - Post B B, AR Lt Pre [ B &5 3
P>, {H HIT A1 MCT 2 8] 976 2. 35 72 53 (P>0.05) ; & 44
AL RE TR B L 3 G, HIT & MCT 21 {5 34 b T T 6l
Pre W 47 40 (P<<0.01, % 3, & 2) , B Il it s 8 ml i o
AR, AR BB iR T R A, R R i 2
MR (B 3) 15 3 ISk, BRiE s &3, B IR A
fd o 4l B — 5 2> (Mid 55 Post 2 8] 2 5 A & %, P>
0.05)) 5 A, & 4% W) 55 TD fH A {4 1) 2 7 AN B 3%
(P>0.05),
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Figure 1. Comparison of T Value between groups
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Figure 2. Changes of 7 Value in the Experiment
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Figure 3. Change Curve of Moderate—Intensity Oxygen Uptake

Kinetics in One Subject before and after the Intervention

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

R3 BEPERERENNEFSHEN
Table 3 Changes of Oxygen Uptake kinetics Parameters of

Moderate Intensity in Three Groups

pre mid post
HIT
A(mlmin)  915.6+2664  846.3+186.9  852.34224.8
TD(s) 8.442.8 8.142.3 8.0+1.6
(s) 65.0+8.4 519446 °° 488458 °°
MCT
A(ml/min)  898.7+287.0 939.94263.9  938.54257.2
TD(s) 7.51.8 7717 77+1.8
(s) 62.5+8.0 53.149.9"° 50.0+8.0"°
NOT
A(mlUmin)  992.84254.8  973.5+160.3 914.7+153.4
TD(s) 7.842.3 7.142.3 6.6£2.9
(s) 63.5+7.5 64.245.8 63.3+4.1

E AR TFENOT AR MBI E £ F 2 E(P<0.05),** %75
BB NOT4 R 2 FEF R EH(P<001); S A =5 R %R
A7 (Pre) iz 2 F 2 % (P<0.05), 2 R A7 £ F ¥ B HF(P<
0.01),

33 KBEZHTHAS A FEN

K5 FE 32 By I OUK A8 5 ik H 5 W 5% 48 A5 A8 A 15 150
mFEAFR. 6 UL, BTN AEZZFEm, 4
5] %% 3 45 3 (F=4.439, P=0.011<0.05) , Post Hoc Tests 7 7
W, BR 7 MCT & HIT 437 5 NOT 41 [A] 2 5 i % &b, HIT
EMCT 2 A 2 7% & 3 (P=0.011<<0.05) . A 8T Filid
e n, 6 A J5 HIT 1 % 3% i T R B BE MCT 4H (2396+
134 vs 1 890+189.0, P<<0.05, B 4 /&) 1fij % T WL E 1., 6
JE N A8 %1 5 B2 BR AR (P<<0.05, & 5 72 , 4L 18] R4 v7 i 3%
(F=9.083, P<<0.01) , Post Hoc Tests 43 Hr  1 , MIT & HIT
UM NOT 4L AH EE , v f2 25 BRI (P<<0.05) , H. MIT MITHIT 41
] 22 5 Wik 3 (P<<0.05) 5 0 T T il 2 Mid By Bt , HIT 41 5
MCT 2 [8] 2 5 5. 32 (42.543.8 vs 49.4+4.9,P<<0.05) , )5 3 J4
BT 4k R s B HIT A5 MCT 2 8] 22 348 3%
(Post: 37.5+6.5 vs 43.1£4.6, P>0.05) o 1, 2 4% K I 25 4 X
DX ) 7t B AR A A B AN T, HIT A o E 3 8 )5 B &2
2 =T NOT 41 (Mid: 42.5+3.8 vs 53.7+4.3, P<<0.01) , ]
MCT 7£ 6 J& J5 Hi L (Post: 43.1£4.6 vs 53.4£6.0) . X T 52
BS R 8, AU AL (B 4 ) 2 5 B3 (F=3.792, P<
0.05) , BARL I HIT 21 3 i 5 Mid {8 £ 28 B K (P<
0.05), 6 Ji 5 Post {8 & X T MCT 4 &2 NOT 4 (P<<0.01)
(Bl 44,1 MCT 275 % [y Bt 55 NOT 41 2 [A) 22 S A i 2%
(P>0.05). ©BH &, HRH TR R L(P>0.05)
(E54). M 6L, HIT I 2548 52 38 3 %6 52030 1 2 il
2 16 45 i 7 W 3 B S b MCTT I 538K, 18 23 T/
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Figure 6. Change Curve of High—Intensity Oxygen Uptake Kinetics in Two Subjects before and after the Intervention

R4 BEHRBREFLZEINEEDNESHTL
Table 4. Changes of High—Intensity Oxygen Uptake kinetics Parameters in Three Groups

HIT MCT NOT
pre mid post pre mid post pre mid post
A . 106064+
1606£107 1894£132 2 396+134™ 1 757272 1890+£189 1514.7+£310.5 1 514.44288.1 1 534.6+282.3
(ml/min) 275.0
TD.(s) 6.5+£2.9 7.1£2.5 6.2+1.7 7.0£1.4 6.8+1.8 5.7+£2.7 7.5¢1.2 6.4+3.4 6.0+3.0
T (s) 53.1£5.9 425438 375465 53.8+6.9  49.4+4.9 43.144.6" 54.7£5.6 53.7+4.3 53.4+6.0
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gxRa
HIT MCT NOT
pre mid post pre post pre mid post
17162192 1474+145 119121057 18174231 1780£209 17504243 1646+237 16824236 1 667+188
(ml/min)
TDs(s)  96.1+159  92.8+18.5  92.8+285 97.5£18.6 88.8+149  88.9+11.6 87.3+11.7  94.139.8 92.6£10.3
T () 42.6£7.0  43.6£7.0  51.2+10.9 4314122 45.1+122  49.4+6.2 442438 452483 46.7+5.2

V& #& 7 HIT 4= MCT 48 B) - Boml XA v 45, £ 5+ 2 3% (P<<0.05), ##4 = HIT /2= MCT 20 B - Boml 3R AR Yo 4%, 2 F 4B % 25 (P<<0.01) ;%
F A NOT AR B2 il XL b3 £ F 2 2 (P<<0.05) ,** &k 7~ 5 NOT £L B - BL il XA Y 32 2 F4E % 2% (P<<0.01),

4 H5ite
4.1 RE DGR AR R PR RS AT
FEW) o8

VO,max AT J& P4/ O il AL AE 1) 55 22 /4 B4R A, (] I
RPRET FK P EEERSHZ —. BRW T RAKFE
&30 A VOmax [ 7] B — B AFE S, HX TR B s
B A B R — R e B, I )1 50T LAAT 2508 R VOamax
B AT. A K0 S 4% VO.max (15 WA 78 &L 447
TARZ AR ZRIK AN [F IR 0 I K8 & 1 5
W A ], DR, A g D] BRI 25 B 280, o A ) N T 0 2800 5
AN —FERT RSk R 2 R TN A S DK 5 I R RO A
A U ) T B, U H R HIE VOmax R E IS S . W
AWEFCIN N, R [ B 25 AT DA i i 55 K B2 3l A
VO,max", 3 H A 75 K #iig 2 i VO.max (2 FHE I &
245 3 2 T ST IR > ), T SRR 5532 30 61, HIT il
SRR I A — B, BRI AR BENLHI A R IRIE 2 .

FEAWE T, T T & B BUE 3 8 A 2 (I8 5)) 58 B <
BANITIAD | 2% B8 3 5203 HROE A L, & B Bz 2 5 F
R AR P AL ORI R AR S o AT IS X RO
KE, 6 F KR XF HLAR VO.max . VAT 4 %5 AU i 82 i,
S ATl 3R AH 2 25 55 Lk B 20 886 i, 50 1) 288 1 & 5|
i 1) AR A 5 T8 B L DX 5, NS R BB R B U
VO.max J VAT [ 5035 K& , T30 F A W9 Rk I 2R 50
i 2 51l , 1X A1 Beauchamp'"' . Berger"" 45 [ iff 71 45 & AH AL
MRS B FERE , 3 AL G b T R Th %
HIT 25 99 52 L6 I 5w 38 In 4k, 48 06 2 5056 o0 (R 4R
B 2RI R & VIR 180, 6 8 )5 35 el 25
I 35 3, JF HOX P RCRAE 5 3 A ro 3G m S g B . B
DL, BE 5 55 2 M BLEE B 5 3 n G FE AN AR, 32 Bl I [ 38
Ko, 0t IR A VR S B R AR K. 7R LR
VO,max /K- I gk, R Af e 3] VO,max /K -F =2 1
B, T HIT 1125 AR A% O 35 2 AN B ODL A s 1) v 7K1 11
FEAURAE , L VO.max (138 B JE 4T K3RE I 45, 1 120 s
T T5% 1 52 6 4 FE R Bk B s il i KAE . (N
AHTFERA , HIT Y S o o 7 2 5 K 3K A0, B A RIS
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[t 2 S IR 0O B TR T, v o R ) I 5, AT LA
R AL AT S A T A T 2 o, Ay A IR o g % AT T IR e
SR VE VE IR $2 e, IR SE AU A 1 4R v R AR R R 18 Bl Rk
FIFE T, T3 5 VO.max o VAT, 54 S CH B it
HE 2% T AR LB PR3 38 o AH MCT 115 103 B2 AL i) 19
S AU T S G 0 L A AR R R R, G A I
RS AR IO I A BEATL ) T B A A ) RO
AN 3 HTHENA A, HIT kb, B 8 6 AT A
RAFN B R, FE, RVLE4E S 5 e, xR ULLE
AL RE I & R A2 ;i b S5 R 1 2, PR 1Y
Al B P AR AT 4 LB T I PR . 534k, HIT W
St O L TH B8 F2 B MCT #2123, B %5 18 8)) 0 38
i i KRR SR L LIS 4E 77 % 4 5 = 2 b
e e DT NN 5 5 29 i = i 2 R SR
BFEMRm . F U, A BTN, G O UL A
AL BN A3 2 A RAE S LA T T, A 4R T BT 225 B R
I GREL U

A R #E (Delta Efficiency )t U # 4 &2 - Ty 22 4 FE AR
S8 F I ¥ (oxygen uptake efficiency slope , OUES) #&
Ramp MK A BE T AESE . ABMEIA VO/AW
2 M B VA A, A& 7E Ramp 33 35 47 far 05K P 4 587 B KR BT
5 1K) BE BV FE AR UL PR T 1 Th 380K S, 4N 7 s
BT 0E LA BB AR K 2480, W] DA B30 ILET 44T 20F)
FAE 3L, 1T OUES 4R3438 2l i 7E BE & IFE <& K VO. )
BN, RS B ORI R R B, BT VO.=
Aouslogl0 X VE+B™ ., OUES 2t VO, Hi%t T VE (1118 <
RO THE , B VE B3 0 10 £5 VO, [ 2553 38 Jn 2, /) 2
K, R R MBS BERY . WA KRG , WAl A [H]
PN ZRA5 S FE R 51 R W S5 B3 8. MCT IlZe+,
18 LEF 4k 2 5 1 L A5 L HIT Y Zhorb (R B2 i, )2, HIT I 45
IR 485 5 LB B2 L MCT YR i . FRATIHEAR,
FEAUE IS vy B8 S B Dy B B UL I B 0, B A 2%
# (Delta Efficiency) i il & i T 2 % OUES ) 24 3% , (A A
SEUG A R AR IR FME R TN, A R (Delta Ef-
ficiency ) 11 OUES ) 4= BR AL nf Be 4 K B 1 73 )1 25 v
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4 BB S AT 90 0 520 5 B PR R 21 S IR I )2 75
FIRESC MR % S B L4218 7 Bk — B AL .
42 FARNAEX N RRAREHGEH FRAD N S
AL R0

/K SF I VOmax H AN K E B IZ8IRE )] . 1Ei8
Zr, fe AR AN I DUE 3 R AT, T N W B 3
WA, AR R FER SN T 5 W T I G SR A e A T A 5
JEE A i P RR SRIE B o, SR NIZ B T IR Bk B 1
I PPl AR S HO o, R MR 3 4 T HE
SRR I . 1E VAT LU R SR BEZS B I, FE U W IT 4h
12 38 B £ 5E 1) A R o T AR FE SR I G I
PR 38 o T B R o D T 75 465 IO, 3R TR B
WHTRELIMERA. KT AT LR s, X
ZY4E 2~3min 34 N B FR A, WA B A O il L
ke S 3 S S (i N T S S R0 3 IS Y
BRCUINZR AT 58 B 15 22 I 20 LA AL e ) I il #6403
SR LI A ABAE 2 o MASHIE 5T r ) rh S5 i A B ) B A
TEKE , P Fh IR X BT 51 ¥ 3 ) 2 1 B A8 A 9 06 9\
DX, (BN S2 86 o] LA SR 21, 3 4 5, HIT 4 o (i N PEFERE 2
2 MCT 2K, 81, BARJG 3 F I it S35 38 o, (HL
HAR G T P ol R — AR, X AT RE R, 455
FERE S BN ) B R 1 R R . B TR A v e R I
SRl LU miUA M I A0 8 A & S A AR RS AR
THBR 800 m AT Y T I 1 A 1 XA L R e
BUAR BB RE 7 5 (E P I Rt 20t v 48 i 52 ) 77 23 R 1k
F 8 1 3 HE AR S 56 v X 43, R G , AAS B 8 R &, HIT
IERAT LA PR s LA SRS IR B8 ) 5 i ax Fol e g A
N GRRBCR R A , 18 P 25 0 R P I R 0 4 A g
JIFETE X

AT T RS R Bz s h F B I ¥ S HCkE
MCT S HIT Il 25 3 0] 4 6 e 6 000 A AR 38 I, 6 480 o T
B G E ), IF BN TR, 6 J8 I 25488 HIT 41 % i
A R v A A S L MCT 4R 224K, FF B b 22 J 76 3 Ja I 25
S B B, U B I RO S P R HIT I 5 20 H 31 B e,
AT DAHE , HIT Il ZRAE & 58 32 3 A & R 75 7 T BoA B 4f
SRR S AT DAY D e i B 58 B I 2 B ) 4 Y B R 4 it
AR E BT o TR TR RS B 1 2R 2 BUA A oA
HRE W AHEER. AERELAMREHELE, A
1B 980D KA T S B A 1) 9 b L 7E KSR S IE E
TE AT 7K % (I8 Bl 8] B A, RSB i 2 FE 4 3 ) 2
— P LAY IR, R AR AE KT U e P R IS B R,
AEPOE N CGE— Bk 0 J5 51 R FE A & 18 18 i CGF
2 BB R MBS ERE. EIEE T, 18 K 5k
Em AR R, R &AL & 2 T
U B AECE WK ERSRBEB ), FE A RS s
Fr 4R w5 H 2135 3 VO.max, VO.max [ £k i br & %8
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