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Abstract

Objective: Using the secondary power cycle test to determine the maximum oxygen uptake of young
people between the ages of 18 and 25, this study examined the relationship between pertinent in-
dices and maximal oxygen absorption, established a simple and easy-to-use model to evaluate car-
diopulmonary function. Methods: Healthy young people aged 18~25 years were enlisted. They were
asked to carefully read the informed consent form and sign it once they understood its contents.
Their height, weight, and BMI were also determined. VOzmax was determined utilizing the Italian-
made COSMED-KS5 equipment as part of a progressive incremental loading exercise regimen called
the Modified Bruce regimen. The loading exercise was done in two stages, with each level lasting
three minutes at 60 rpm and the first level lasting three minutes at 60 rpm. The Modified Bruce
protocol, which involves progressive incremental loading exercise, was used to assess VO2max us-
ing the Italian COSMED-KS5 equipment. Throughout the test, HR was continually monitored, and the
heart rates at the conclusion of the first and second levels (HR1 and HR2, respectively) were noted.
The maximal oxygen uptake equation for the secondary power cart was modeled using stepwise
regression analysis. Conclusion: Body weight, end-of-first-order heart rate and maximal oxygen up-
take showed a correlation; the models were statistically significant, with Rz = 0.64, RMSE = 7.732 for
the male model and R? = 0.53, RMSE = 6.024 for the female model.
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1. 518

Ol ) RARERIZNE B T, HUASS 3 ORFF N -l AR 1 3 7 R I SR R e RS I RE I [1]. A%
WAL, O 772 R AR EZL R R . KK .0 i 2 B (Cardiorespiratory Fitness, CRF) 5 .0
MG A RIPETE DS FisiE (PR T3 (Al B m AR [2] . PG “fdReh [E 7 g, AT
R BN EAW . 18~25 B HFEANTEN DL P S EE g, A0 M BRI B B 5 5
AN NBEI K . @R IE T NG 2 ANEE Z N E, AT MR kg, X —#k
FR) B RS AR AT AT T, AT DA 8 B PR AR R (2 2 SRS S (AR A, B 3R T M A I BR R 7 .

e K B0 S B A — P A 0% v A e g B RO it Th e A2 B BRI S, )2 B TR IR R T
R, FEAN R AE VAL B B ORI BN 2 75T, A e A AR O 0 “ ShniE” [2]. KA E
(Maximal Oxygen Uptake, VO, max)ME&x F 1923 4F i Hill Z N$EH, $87EA KNLRAEEZS 5 1K a0 R 2
s, BRIt D e AL AR 8K B TR IS B 7 AR BRKSIE, B r I [) A BTt B AU [3] .
KB A S A 1M T7 v 2 ELAENAE o HriZB s 3 7 N (GXT), RU@ B e mig s vk i B 42
MK B IR AT %6, BA A i KBRS hnitE, O 2 ORI T IR KA RA BN E
& (HHTHZMAT . SR RBRE], AR m & T ges, JF H b Tash g Rr s
R, MR, M DAZE AR

BT B AR 2 BRI, XA T K& S8 T i KB B (A 7 VA R 98 o X [ 42
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DA AL AR 2 BE 038 RN AR PR G fir ik . AEIXRP i, 3l Rk e — e 2 1 AR
BRUUGTIZED, (R DAESE o KIS R I AT AT P T3 S B 5 A DAy B 0 2 ) (Y 2 15
Fo BENBCEEMA G IRAT S, aahpit. eSERk A fier, JERYE e 0 o
NG R A B R AR bR, BB AS R G T B0 3R] DL SEAT 246
AR GEEENK R, MMHES 1 VO.max [4]

B TERI I AAT E IR i i, B0 R . — RAGETRBE DA DU g fi
i AR Co AN T ZW Fe A bR . R 2 TTmlA X 18~25 % 75 4 N I e K3 S i el S A R I AT il
o TRANRIF B0 ZFEARAE I i K30 A B R AT AT 4 B HLAE R

2. MRMRELWHE
2.1. HRIMK

%5 18~25 S HHFE N 88 N, MR ARGE 86 N, HA 5B 43 N, L 43 Ao B R{@ERE, Jo.0o Wi 7
R, TIEshRaE, il iEsh e . 27480 TR A TGS EMERER. 2ilHE
AR GIRTEH W2 1o

Table 1. Basic physical condition of subjects

® 1 ZERRSKER

B (n = 43) 2 (n = 43) BFEA(n = 86)

£ i (cm) 176.89 +5.73 162.54 + 5.49 169.63 + 9.13
£ 7 (kg) 71.54 +13.54 56.71 + 8.21 64.04 + 13.37
BMI (kg/m?) 22.84 £4.09 21.43 £2.49 22.13+£3.43

2.2. ARG ZE

FRETEIAT GEHARTHENE) & GIRED) 55 sk, B =g
REHERK, ARSI ARFRET A, MR —RIERIZUES, IR ER ER b T 24
hy REF—AH, CMRER IR 2R G ki A 5.

221 Bz
WA, SRR S Rl 1 s,

Eﬁﬁg

[ ABE, FAGA ]
(n=86)

BEAERRS

[w%%%%ﬁ\ﬁﬁhﬁ]

I
{ l

B3 B
[ |

vy

Figure 1. Technical line
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2.2.2. GXT R

AT R P SR 2 33 436 47 Ay X 06 T v 0 o J R 00, SRR B 5 VA (P R Bruce 7%, WL
2), fil3# COSMED K5 AR T BB 5 32 1 (1 B KB AU, Wl A2 S Polar (0 36 3R k4T XU
e, AN R AR AL ) RPE. 4 ELLAR 4 TP 3 Iar &b sze[5]: © HokdR
AR IR TG0, BE AR INARE N @ MR ik B K036 (220-4F1#8) s B) MR >1.10;
@ =l E M ERAE 1R S5 .

Table 2. Modified Bruce stress protocol
2 2. R Bruce fifT AR

11924 1% FF (km/h) I % (%) FFBE[A] (min)
1 2.7 0 3
2 2.7 5 3
3 2.7 10 3
4 4 12 3
5 5.5 14 3
6 6.8 16 3
7 8 18 3
8 8.9 20 3
9 9.7 22 3

2.2.3. ZRHTFTFNK

PR TS 56 B i B AR B (W) KRE AR N VO max 124 id 338 61 gif o i g B B2 AR A5 40 1 Sl 4 AR
KEEAE ) 40%F1 80% ¥ S M B vH AR BR T # 2 — R A ik 7 %8 A — @ issh MM SEIm AN R T R 5
P25 90~160 W, Zft:2h 70~120 Wi JGiazh SR 1) sie N i 5 € 55 14 80~140 W, 22y 60~110 W
RRRWIZ 2 IR 60 F/r8hics) 3 b, R — AT 3B 5 #1E 30 s (60 /538 LA B Sz
B 5ilkn . (EiEshid it Polar Rid S0, [RIINHO % 52 R (10 R fu s 45 R ) RPE.

2.3. TEWEIEHR

AW LB SRIR N L FROH . RYPRESLH — R OFEHRL) . R OFEHR2). GXT
PRI B K3 & (VO max) »
2.4, Gt

AT ICRIGE B SAS IMP 17.2 XHICHE B S SR 7 3 R RE G FE. X4 USRI A
ARPEGETH o M DB Bl B — A i AR (0 E AR . it e R DUME £ e R AT 2B, BAE
TR B (0 20 An AR HORE AT EDUL R PR . ASBIETER I 1B mIH Wk, R R AR E N A
8, BKHURVOma) R, BS54 SR AL, LIRS SRR L
KIEA R E TR RN I8 R T A 56 PP AR (R AR 7

3. MR

3.1 BT

e 3 frax, RO A, SRR VO max B3 E T, MO R AT Lot B4k,
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FEZRIFREATEIMR T, R FPEAE — PG AR A AR A DR BT ot X eess Rk
NAE RS 3 PRI o0 22 S o, 5 A B P PR Y s ) B KR S B M AR PR Lo BRI 18, S ke 17 4P ) 7
Lo fili T REATRS A3 75 T A2 B 22

Table 3. Comparison of indicators by gender

3. FRIMH S TIEFREEE

HH(n = 43) Lot (n = 43) SR (n = 86)
VO.max (mL/kg/min) 50.21 + 12.34 39.64 + 8.52 44,99 +11.83
L0 F (K /min) 79.14 + 13.57 85.89 + 10.76 82.56 + 12.70
— 2 ROFR (K /min) 129.30 + 18.55 151.65 + 18.68 140.48 + 21.65
TR OF (K min) 159.35 + 21.55 176.26 + 14.33 167.80 + 20.08
3.2. XM

A RNE T, B R SRR AR Z A S I R (% 4).

Table 4. Correlation analysis

4. BXMS

VOmax (B n=43)

VOmax (&M n=43)

L]
N
— AR LE
THROLHE
LR

r
—0.052
—0.573
—0.577
—0.503
—0.691

p
0.918

0.000™
0.000™
0.000"
0.000™

r
0.108
—0.245
—0.613
—0.614
—0.382

p
0.565

0.159
0.000™
0.000™
0.015

FE: "p<0.05; “p<0.01.

3.3. v masie

FEAWTEH, FATEPUR KR E (VO max) (F A AR &, DI VE S 3 dR briE oy B A2 B AT 18320
BIH, HEIERMZESR, KITES 5E M0 BEAM LA . FYEZEP R R RN RR R R
LR —RAROFR(HRL); ZPEIZ B G ISR IR R —ZR 0 AR (HR1) . 320 (8] AR it
FEAHEAT, AR/ DU BAE R (BIC) T s IERM (PE WL 5), XEAHSCTT REJT R UL 5 D0 BE (A 360 5 1
[6], CAMSKRFIBIFTANNR AR T R R RRARRE, MESRER(LE 6).

X 55 4

VO,max = 132.642 — 0.474 x {AH —0.343 x HR1 - 0.052 x Z iy R ()
R2=0.64, RMSE =7.732

DO i e

VO,max = 109.544 — 0.35 x £ —0.332 x HR1
R2=0.53, RMSE =6.024

P64 6 o, ERBMEER L, HRE, RO RE S RARBEEAETMRKR . Xt B

@
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=, WEMRIK 1kg, Tt KR ERHRTE 0.474 mi/kg/min; 2 0R AT 1 Imin, T & KR
B T 0.052 mi/kg/ming 7E IR ENIKF, —ZOROFFEML 1 Kmin, TH S KA KT
0.343 ml/kg/min. 2RI, *tctbskii, AEARFIK 1 kg, Tt KA ERKSRTF 0.35 mi/kg/ming —24 1
RN, —ZOROHRFERC 1 Xmin, kR RS E R T 0.332 mi/kg/min. 4 77 R AL & 548

EARENRECR R 7. % 8), X T Fk, MERR N R KSR

=
22

M f K (B = —0.520), H K&

— D FE(B = —0.516), ARG RLEOEPB = -0.057); X TLotk, —ZORAIF K (= —0.736), 1KHE

PRI IR Z (B = —0.273) -

Table 5. Regression equation

#5 EAFE
VOmax (514 VOzmax (Zft; n=43)
R? 0.64 0.53
RMSE 7.732 6.024
RSq 0.64 0.53
F Lk 22.682 21.583
BIC 312.535 281.871

Table 6. Parameter estimate

6. SHLIHE

A VOzmax (53 1%; n=43) VOzmax (& :; n=43)
oL — -
AR -0.474 -0.35
YR —-0.343 -0.332
ZRRLE — —
9 e —0.052 —
Table 7. Male VO2max model regression coefficients
#= 7. BUERAESEREEARK
RAREA R E (ARG Lk it
B PR iR 2= B Pl B VIF
L8 132.642 10.850 12.225 0.000
AR -0.474 0.124 -0.520 -3.828 0.000 0.506 1.976
— R E -0.343 0.104 -0.516 —-3.294 0.002 0.381 2.625
9 e -0.052 0.169 -0.057 -0.308 0.760 0.270 3.706
Table 8. Female VO2max model regression coefficients
8. MRABEERBEERYK
RAREAL R EL FrUEA R 5L . o fi Lk it
B PRk iR % B B VIF
W 109.544 12.457 8.793 0.000
fAEE -0.349 0.145 -0.273 —2.408 0.021 0.948 1.054
— R -0.332 0.051 -0.736 -6.500 0.000 0.948 1.054
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34. KT

FFEQ)ZM VOmax 5 5 4 FETRIMMEA XN 0.797, A EEIAE] 0.64; J7#E(2)3LM VO,max {5
JIRETEA RN 0.749, WA EILF] 053, J5 ZIZAK RE(VIF)Z M T I 2 B AL 1 m] e A v 3t
Lo EAR LI AN RS . AR R I 2 ALV R, W U7 AT VIF K. IR
PIESLTTRE S, VIF G/ T 5, SRR SL A AHE UM B PSS R ANAEAE 2 FARZR M [7]. 3
ISR TS T REREAT R G . XN TR R AT T (LI 2. 151 3), RS LT RE R
PRIEVI RIS AT, RIBAE —ERE EAF S GRS, RERS By HE i S R R AR B AT 5 AR 2 [A)
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Figure 2. Male-Residual normal quantile plot
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Figure 3. Female-residual normal quantile plot
3. Tt - REESSUHE
4. i+1ig

B “faReh E” X - EEME IR, FENRRTCROH 2 22 5 A )z k. il
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RERIVPEME IR S RVE P OB B BN S, ORISR T & B RS BN 1 2 B SO0 35 45 N0 il
IHRERE ST N BT T AHSEIOHRIE . VO max 1 A0 ilid B8 (CRF) I flbedE, R BEMARR Y, 6
8 R ff 1t s S ik JE N o i ) B ) A BRAR SR K, A2 VPN o il 77 bR #E[8] . VO-max 382 i O ifl
ELOPRSIIN RS R O A AT ARE, AR B A FOIRS I — AT R TR, CIME RO B
SE RO B DL R AR RN VPSS 2 TR T IZ MBI [9] [10]. 1E TR ARG REIRES . filE
Rl B B A T7 DL TR O L4555 7 T A A 2 R R .

1B RN O I T RE K O Rteds, e ik 2 M Ere. Hal, KT RRKBRARMNEE:
B BRI BN, VF 2B At R, B N () ] B mT AR S 4 Dy Pl e K B8 S )
JiiE[2]. BN EVE R IRIE ST I, A B AR 5 ASE TR A AT I . R R
ZRE T EAT IR AT R SHE ), B2k B AR )E) . fEHIRE T, waa HEE R
I 1) P G DA 238y B ) P B R A 4 B (VO max) [11].

VE D9t RAG AR S b, BT OB R G . SER PRI IR, M DAE S R AR VE A Lo fii i
TFEBATHE . Rk, fEEBNRVERSERE L, AR AR 2R VO max [R5, BI7ERLE /Y
Bufaf IO F . DhFEERRAR, MR T VOumax [4], HAr U2 il LR AT IR ffiarizsh, it
PAT— T R =T AT 2SR, FHRHE sl fE s A2 8 5 0 R A, X VOmax HEATHEN .
HAT, B A& Z 8 S s asm 2 g g, SRR %40 Astrand-Rhyming
FILL L, ShREZEMRMEEE YMCA K. PWC170 K. FOX ik LK BSOS . tkah, it —
RHNETE MG 5%, 0 20 KATiRE. 12 4 #h s, 1500 KA A 2000 Kbk, BT E
Wik, BT AR PR fmr 77 22 B IR VE R A VE 2 AR a, WA AR . Ml (R BE A, B 50 )
i, HTF2RE LT ERRBRRE, KR 520 MR & TR #5128 8h fuer 7 VE A 2 R
— P A A B R Y B DR A, ) — R AR SE R E PR RS BT BB [RLEAT AR, I — 2
T IS VPARAE TUE I 1A) A AT SE KBRS o SR A D36 BT ZEAE A SREe TR, AMYBEA RcHh 5 I8 TAF 5 far 5 3k
B i Th e, HAREE )OS AR A R R A LT B R 5. et oy, EH%EE
TR, BTS2 I A LR RO AR AR AL, AT R itk — 20 PRARIZ B 72 o g XU o ZE A
DR B AT 4 B o KB E B (VO max) AR I 78 1, Astrand BEitH 7 —EIEH T 20 £ 65 ¥ 2 & 1
Ti %o EJTRWE T HIRHATAN 50W, FHESRZXF AT 8 B HAT . X T ARILBIRIRI)ZE, &
HRSRESE, S INE 75 W, BT 8 B %AT . WRSZRF AL BINIR, KTE 24 /NI S
BEAT 100 W 1) 8 - BhI5AT, Sk 4k st & 125 W, EEIZIAHIE R 8, BUkE 3L VOmax
[12]e AT 2 3 E (ACSM iz Zhillil Sz sh by fema ) w4, HEFEAE A Dh2 B 47 42058 VOzmax ]
Guar 77 2B 2 min B3 25 W [11]. 4k, FRES#H M R A = g0E & A5 VO max 7 T .
FRAE [13155 NARDE 148 FH Z 40 & 50T DI 2R ZE 0P A b 8 4 AR O 0 B Pl ATE, IR010 T 1 PAh 2
SENFEONTTN 73K S SR . EA[L4)55ENMXT 20~39 5 NBE 1T 56 42— g e & 47 A 7 BB e K
AT T B 5T,

A AFEEN RV, S0tk Gt WMES T HEER, R R0 TR 47 Rk A7
o PRI O 7 0 R R TR AR AL b, X PR Ay SE AT R A, I LR
OB T REIRES 5 — R DN F AR 1) i KA, BRI IS R G T VA VPN O B g i — Sk, i A ok
PEAM AT B [R5 7RI A B AR TR AR B v R RS A AR R 0 F S B AR E R bR, DM
WIS BRI R E AT IS, 18 FIED M S D)2 2 IR A A SEERVPANY 18~25 2 T 4 N Lo Jififiit /7K~
MBI SRE, FEX 7 FEHEAT AR 56 .

VOmax & — AN LR RE MR 24365, I EM TN FEERANE EALZEMAE. P VO.max
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I, LR G R H A — LT R I B A R AR, Bl AR S0 1) LS BBt S 15 45
VO,max SRR AR, HH KU, ERELRT, FOFNRARAER A GHREFNIRRE, BEF
B TZHG K, AL 16~24 D IL A, MR 5 56 2LV SC AW T B 521808 4R B T 18~25
%, HTEREEDN, HAEXNFERE, KEHNOHMIREAA THXIEE, FERTRIFAS S
BURE [ VOmax 257, B b S KA EA RIEZE MG, MMV EZRPALI,
PRI S i KPR R R 2, VB RE[15] 5 AR o4 AR W], S5 i B R B A B il v T 22 1k
FEASER Y, BERRIAE R ERT L. Bk, DIV d B2 S 31 .

AW FAEZ L BAGETH ok B GOR DR ESRIRGIREA TR, S BN AR R Tk ok
MBHAE: RE, ~ZOROFR, ZHRORIINTIEER . DT8R S SR BB, KM
ANIREF, “HRORG BRI E AR TEBAR, HAF M RIS 5 R R R i, X B0
PEHITTRR LUK FESRIGHEAT IR, ZARE AT — RN RGN, — R AT NI a6 A S A DL AE,
Lo R T RE SN AR S R Y B AR KL RE (A AR RS AE RS R o T AE — S SN, S AHLEEAR
XF RO AR PR E NPRES, B RNLRE AR E MR FT REAE AT — 2R LR AR BN, S BULXT
TS 3 S5 SRR AR K SO BE I A I — A DT . X AT R R E— PR ORI AELT R LR Rr AA
EREIIHE . AT, WA R oK 0 5 HAR R B 2R (Fn— 0RO ) 2 M AR SRR =, P
CAB G B o 2 F0 SR AR AR AE L PEAR R b 53 BRI AE DS PEAR R e g N o FE TV R o, e le R 5 K
PR ENMR, X5ZEE16]. SRHATIEANRTEER 8. AT, BN 2o bk
ER, BFRBK, LVERNRFOFRIRAEZ A, ZACRAH TP I Lot 2O R AR B0, BIkfE XL
PEABTR 22 o SR AR MR B K30 S ™ AR R B I AR, IX AT BE BB T LD R AR b kR . B4R,
PR L B S A SRR L, X AT RERMA 1L R S R KB B Z AR R . B AT EL B e
FIN, AT R R RS B, DA LERR N LB NS e X R R I A 200 U 75 oK
BAR, AHAERIIN T SR G, SO G S ORI DA SR SR B A B, X AT RERZ I
i RE TSN e K3 . AT U [18] 8, PR 2257 R NIaZ R L. BhAh, ZEFTEE 191k 1A i
FANN AR SR RP AR TR, o SRR S s R A MM B . X AT REZ RN
PG R BENS SN B AR R AR IR SR B A AT REAE IS SN 73 M FEE 2 I RE L, X AT REFR I 1
AT B KT . DUAIR FR A 9 M i K3 S R A G RAR 7 B R ST e RIS Ui, AL 4R s
T e KA A A Rk — P BRI

AT TEH BB IR R SR W BO T RN, AR T A A S BN S P PE P e 2 32 BIRR A . AN[H]
W B NBRAE SRR B AE . i ThBE A SR I BEAE T A AE 2257, DRI M2 T REAE A ) 2 HA AR 0 Bt
R EMRZE . FUE RS E R T S s RE, OREAIRMERERR, BARXLIEIRE
—ERESE L RENE S WL TR F3 7K1, (B AN REIRA 5 T RS Lo R AT B A . BN, MR AR R R
A 2B K IE Bl 28 I LKA DR 2 S5 AT R e X Lol i 77 A EE R, K S DR B A 4 R[]
TR RAER BTN HIE . ARBETCRA I R AR R T R B 2tk 20k, EMvkETrm
HA— @l (BiZllInEA G WA R IR DA 2 Ut i 45 R T e 2 52 2152183 50 % ) 24
BRERE . DL AR (O BRIR S LU DIHR 50 45 R 2R AR50, DT 7 - B30I VA 7 72 P8 T 46 2Rt B —
SEMRZE, AR AT T 18 £ 25 % 4F N iliifi 737K~ 1 181 VA 75 B A7 AE — 2 1) )R
PRAE

5. &g
AT T LA B AR, A T AN TR AR A AR, B E TR B B A (VO max) . IX
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PSR RL Y DL R A7 (L, SR AL IR 70 A, RITEATR LUA ROt il i K i &, BT
7 R 22 0 3 — RO AR AT DUB R R B MR 53R4T, 9 4R O TP At B 4t 1 — A (&
LA H G T8 RN, SR TREASE RG], SRR REAE M A TE 7. BRIk, HEREAE AR OR AT
FORIRFEAR, DUEXHX LA R AT IR A 20 M AN SR IE

EEWA
TLIW AT AE RIS S AT TH R KYCX24_2415.
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