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PURPOSE This study aimed to verify the criterion validity of the two-minute step
test in older Korean adults, develop an equation for predicting VO,,,,,, and verify

cross-validation. METHODS A submaximal exercise test and the two-minute walk
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test were performed on 150 older adults (74 males and 74 females) aged 65 years or
older. Correlation analysis was performed to confirm criterion validity. An equation
for estimating VO,,,., was developed through multiple regression analysis, and cross-

validation was confirmed by performing a correlation analysis between measured
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and predicted values of VO,,,,,. RESULTS The correlation coefficient between VO,
and the two-minute step test was 0.457 (p<.001). The adjusted R* of the developed
VO,,..« prediction equation was 0.430 (p<.001), and the explanatory variables finally
selected were sex, age, number of steps in the two-minute step test, and percentage

of body fat. The correlation coefficient between the measured VO,,,., (19.08+4.36)
and the predicted VO,,., (19.73+£3.36) was 0.654 (p<.001). CONCLUSIONS This study
confirmed the criterion validity of the two-minute step test in older Korean adults,
and the cross-validation of the developed VO,,,., prediction formula was verified.
The explanatory variables of the prediction equation will be easy to apply in the
field, and more meaningful results will be derived if the validity of the prediction
equation developed for a larger number of participants is verified.
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Table 1. Participant characteristics (Mean £ SD)
Variables Total (n=150) Training set (n=120) Test set (n=30)
Male (n) 74 (49.33%) 56 (46.67%) 18 (60.00%)
Age (years) 74.89+5.71 7498 +£5.77 74.50 +5.51
Height (cm) 159.39 +8.37 158.89 £8.17 161.37 +£8.99
Weight (kg) 62.08 + 8.86 61.65 +8.30 63.79 +10.83
BMI (kg/m?) 2447+2.54 24.39+2.52 24.77+2.61
Body fat (%) 29.85+7.70 3032+ 7.19 27.97+9.38
LBM (kg) 43.08+9.03 42.47+8.48 4549 +10.76
GXT - VO, (mL/kg/min) 19.18 £4.33 19.08 £4.35 19.58 £4.29

2MST — No. of steps 107.56 £ 16.53

107.79 £ 16.70 106.63 £ 16.07

BMI: Body mass index, LBM: Lean body mass, GXT: Graded exercise test, 2MST: 2-minute step test
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H A H = ézé% EfEdg o83t ﬂEHOP—coﬂ/\l”— &
st o, T2 EZL2 Modified Bruce ZE2EZS ARE-5II T
Modified Bruce Z2EF2 7] AAZE 0%°]H, 2041} 30
A= 5%4 S71olt7t 44ARE 2%4 S71et 27] Hol =
£ 2.7km/hol™, 3GAI7IA] FAEH7F 4AARE 1.3-1.4km/h
A ket A FA4 Adk 2378 (Polar S610i, Kemple,
Finland)& F2otal tHS FHet H Warm-up DAONA 24
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5 Auks B ALAFFV0) B ol FtetA 28 o, 4
A7t F2 NS B 0 5 of e /4] 438 Teistel A9kt
(ACSM, 2021). Aeh4+9] G4 2k @A) mha et 18 59 4
3157} +5 bpm ool Y B9 33 GO B

3. 28 27

28 A7) 4tk AFEE Prieke dAolH, 7Rl Aok
o2 5l 6& A71E F3at7] off Aol tete g s
Attt Rikli & Jones, 1999). AATE R £o|& TEA 5t 2
£ 5 Aol A dwgt MA S 5 S5k, AT Fo
o Y& F2o| BE Wzol TEetE 132 St F2S £
28 Eole WA &78E(Patella, kneecap)¥ FZs5(lliac

crest, top hip bone) AFo]9] &7t 2] o] th(Jones & Rikli, 2002).
A A4

E AFoA £+ AFE STATA 17.0(StataCorp, College
Station, TX, USA) 54 21} o]&sto] H, IFZHAL, H]-&
= AAst ot Hgata g H =T 28 2719 AT EE Slst
7] flste] AHEAE Pkt A HE 4= Wds
7] 98 AA] dlo]EE A9 & Training set(80%)2} Test set(20%)

Table 2. Correlation between VO,,., and 2-minute step test

Variables r P
Male (n=74) A28** <.001
Sex

Female (n=76) AB2** <.001

65-69 years (n=35) .504** .002

Age 70-74 years (n=39) A59%* .003
group 75-79 years (n=46) 325% .027
over 80 years (n=30) 418% .022

* p<.05, ** p<.01
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Fig. 1. Criterion validity of VO,,,., and two—minute step test
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Z YAt (Lee et al., 2019). Training setE ©]-&5t] th53| &
A (Multiple regression analysis)2 $33F%1l, Durbin-Watson
Aoz A9 A7 RS 153, VIF(Variance inflation
factors) gt 2 thETAA(Multicollinearity)& &Q18tAtt. Test
setE o]-&oto] MEE HHAAEHTFY WAEFEE FRIsFG
o, BE BAH 59 52 ¢=.052 A5t

ot Fat
28 27] EAYE 24

Q4 gdHFT 28 2719 EARTE £4 AF= (Table
2), (Figure 1)@ Zth AA hdA 1508 2= 28 27|19 &
AG =S B4 A3, 1oj& 4#A S (Pearson correlation
coefficient)= 0.4572 F-25HA HEFHITHp.001). g™ wpet
A ABAF7F A= 0.428(p<.001), 9A= 0.482(p<.001)2
ettt Aol wEbi s ABAL7E 65-6941= 0.504(p=.002),
70-74A1= 0.459(p=.003), 75-79A1= 0.325(p=.027), 80A] °l4
2 0.418(p=.022)2 5 9-9]517] Lhehygct.

AT =84 A

Training setE °]-83t0] AL HF A4S /a7 A9
9AA deor dyHas st sARAS 35k
o, A¥l= (Table 3)3 2t} A2 U534

of AP oF FF o, AAYFS A st A, AF, A, Al
AA =, AALE, BML 28 27] & 84, A4S 2
+=4A A Ad §F, v A §F, G A F7E
st 24 23, g4 WASE 0.65601 2P Y
43.0%(p<.001)Z YERT Durbin- Watson gto] 1.2752 Zt
S°] A2 EYA o] AAREUL, VIF g &3l Bs344do] v
ERbA] gioket. HEA o g e AALHIT FHAS O
I 2ot

VO, (mL/kg/min) = 29.255 - 2.678 (Sex[male:0, female:1])

- 0.180 (Age) - 0.133 (Body fat[%]) + 0.081 (2MST[No. of
steps])

AHFL 19.08+4.36 mL/kg/minC 2 YEFG oW, A=
0.654(p<.00DZE 9ot ettt
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Table 3. Multiple regression analysis for prediction of VO,,.,, by 2-minute step test in training set (1=120)

R Adjusted R? SEE F p Durbin-Watson
.656 430 3.230 23.25 <.001 1.275
Unstandardized coefficients Standardized p Collinearity statistics
I3 Standard error coefficients <.001 Tolerance VIF
(Constant) 29.255 5.197 <.001

Age -.180 .054 -243 .001 903 1.11
Sex -2.678 735 -313 <.001 .653 1.53
2MST .081 .019 318 <.001 .899 1.11
Body fat -133 .051 -223 .010 672 1.49

2MST: Number of steps in 2-minute step test

Table 4. Analysis of the cross—validation between predicted and
measured VO, in test set (n=30)
(Mean £ SD)

Predicted VO, Measured VO, r

p
<.001

19.73 £3.36 0.654**

% p< 01

19.08 £4.36
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Fig. 2. Scatter plots of cross-validation between measured and predicted
VO, in test set (n=30)

g2 £33 940|222 (Kaminsky et al., 2019; Nauman et al.,
2017; Young et al., 2015) °]& B7}st7] sl Ag {5 T4
ol FFEEFoAARE Hoista A submaximal test)E =5t
= YA oltk(Berlanga et al., 2023). L1} 1|7} 117}o]
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WA, 4 o] oL, & AT 57 Alzto] o 485
o] 74 Ago] EAstnE 7T E4 HALR AT B84
o] ithDourado et al., 2021). A 4T LG HFH ¢
HH o0& ZAT 28 27] 79| HEEE 7|EY APALES &
3 AFEE=H, 28 2719 Modified Balke Z2EZ-S o] &gt
st EFEUHANE F3H(strong) ATEA(=0.74)7F AJL
(Rikli & Jones, 1999), Bruce T2 EZ-S 0]-83t 2 55317
ARt 73t A A (r=0.70, p<.001)7F Aokl B E I oHRicci
et al., 2019). & AolA 28 27|19 EAHTGE 4 A T
AL7F0.4572 7129 APALE0] vlsf tha Zou BAFoR
T U Hp.001) =91 Y AHAES S350 B
gt wol 2ol ekE o)

28 A71= 68 27] 30| oj8 %ol ttoE AR E =
d ol (Garcia et al., 2013), ©] & 7FA AHAL 7] =S
WA 59 el A7 =90S e R HST A AR
$7F 247k 0.87(p<.001), 0.696(p<.001) & 738t A7} vret
W(Berlanga et al., 2023; Chow et al., 2023) & HAAE A5 1
H o2 AgHE EA7F §itk= 2ol SlE T IR Aol A
= 28 2717 AHAIE $250] 2ol o 2l ofEEol A 1L
E(Pedrosa & Holanda, 2009), #4591 3K Oliveros et al.,
2022), Yz A3KBraghieri et al., 2021), AFH(Alosco et
al., 2012), & Z#ZA(de Morais Almeida et al., 2022) 5°]
U RloA 6= A7| ok ¥ Agheirtal stk itk

2 AFoA 5A ©9je] AF Yooz ot HfirAHF
T 28 2719 AHEAE £ AT} oJZH(=0.482)°] Hls &
AHr=0.428)9] F:AF7F Foroy, A7t S7ME+S 75-79
Al 25 Aot A@AG7 At Rotx] e AP ATt
A g H S DS DA oHA FAokA = ARE uf 1090}
o} 7h&3tE] o] A4S AL ofApE T FAFY] HAgo] T A Yt
WohFleg et al., 2005; Izquierdo et al., 2021). HAH= o &FH
Z71°] it H o] o =A% 109 59t AAEol 14.7%
Q] whslf ojZb= 55A10014 844 Atolofl Fagol T%E LrElRL
=4 (Stathokostas et al., 2004) °]&st 237} 2= o|F+= 3
o AErEFE 5 AR A4S i olth(Weiss et al.,
2006).

Milanovié¢ et al.(2013)2Q] @Foj|A] 28 A7] 314 70-80A4] 1
0] 60-69A4] 7ol vl f-oJotA RA UeEbthp<.05). 404
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O|FRE f4ta o] @A FAET] A&ete] 65Aoll= oF
30% HE=7F AAHEHKosti¢ et al., 2011). °]& k9lo] Yo7l &
o7t A FH At F=Fo] wid oF 0.5-1.0%7F Z4st7] W-Er
271, 9871 59 €52 & & AU fAth 5ol AstHEr =
< 9ujstti(Martin & Morgan, 1992). o]&gt o] F-& AT o] 37]'
Holl wet JLAS7E Fobsls Zolgt Algdnt £ AtollA] 28
A7) 35 65-69417F 112+15.493], 70-74417F 113.67+14.61
3], 75-79A417F 104.17+17.28%], 80A ©]/do] 99.77+14.953]
2 APALe} FASHA Aol wet st AF e Elou
75-79A1 19 EE2HAZE o2 AW 250l Bl ZA Ve
7] W&ol AL e g 2500 Bld] AR ¥ 2
o)zt Yzt

A HFY 44 NS Ao ABHsE 4, 99,
A, AF, AAYZ, AXHE, ARG, BML 28 27 F 35,
AAY, 2244 43, 18Y, T A of R, 1¥Y F F
oRiE HF Fdstlovt X 18 oF FoF of & ¥l
o 3440 EA ey o] F 7HA] WQlE AlQjsta dAA A
E"‘?‘JOE IAEA S St 1 AT HFHeR 4, A9, 2

2 a7 Al & 35, AXGEe] AHsE A E AT Adjusted
R2-0.430, p<.001).

L3P g wet AHAE, 28, A4, U384, 1948 5
o] Ag aRlo] Aotz Aol gloH, o|& s FARI 75
of A7} HAYsto] AFgEol| ojH&E Zeh(Riebe et al.,
2009). Hurley & Roth(2000)9] o]l wh2H A& 015 5 ¥
2 504 o]&0j 109 uft} F 12-14%7F ZASHchal 819931, Daley
& Spinks(2000)2] AollAlE 283 L55F0] 30-804] Atolof
30-50% B& FAgha skt o] A &8 Ee LSl A
St A S S 45 (Sarcopenia)ol Al A5k glo
™(Marzetti et al., 2017) o8 AFPAFNA A9 o]ghE, AT
= Al x-ﬂz—] zl—oH u—u— :ﬂ_é-]_ Qo8= /d—g] A ;qa]_ E;q_ 31_].3:]0] olq.
3 B35kl lek(Landi et al., 2010, 2012; Lang et al., 2010). L
Rt ofy gt 2445 2 Aol ARE AEAY 54 =42
28 27z B A :

1o 1© né r:

A&HHeR 3‘?1"? st g
o] 74| W& o}2]7) QFY A 0 2 | A|Ffof 5= A|7to] " Q3
7] g2l ol 2x F&l vs) Z=7t ¥rhZhao & Chung,

fllo

2016). =91 518S Aoz 28 A7} 62 A7|E % L33l
AP AT (Berlanga et al., 2023)°014 2& A7]9] S5AZTE(5.82
+ 1.87)7} 68 2719 2EAAE(4.11 + 2.03)0] Hls| EAHC

Z 395H =2 02 YERHTHp<.001). Senior Fitness TestS
W3t Rikli & Jones(1999)9] ol =™ 22 27 &4 A, H
A7 AAR B &E(cadence)E RENA 28 5 FAISHoF
SHAIRE B I AE A3 @2 Q50 B £28 274 74
517] olg ¥ Ao Yehgth E3F 28 A7](=0.61, p<.001)=

& 271=0.48, p<.001)°ll wlsf sHA] 2} A FHEA
7} 8% sl vebdetl ol 62 2717F BEE AW 9E Ae
SE2 £4o] o] Fo| A W] 2& A7 BA7F obd Ade
L2s A L2 82 ASH 2R 5o stEz A¥A Y 3

7HERE ofyzet SHA] ZA|FE BrlolE ARt £ =4kl B
S th(Wegrzynowska-Teodorezyk et al., 2016).
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WAEGE BA A3t AL 0.654(p<.001) R et A

449 Bg=rt A5 E0] FolA &8o] 7 AoE A
FEoh d2y 28 A7) WA A48T F70] o] RojA| = 28
W B3 £e5 wEdA e dgsHA FAAI71A] Z3ThE Fg
g Z7o] o] FofAA] &E 4 ek BT A S, oFA 2T
Ha, ZEAA A To7 st 5HA] LEo] AstEd &S S
ol &= LFEY TS A&KHeE Skt o=l UL
o2 AHAgE 544 o] 282 A7) Zlpof] o & JFE |
4 A& ol SRRk 2% 7= F2 TIAE F7g0] 7Hsot
I &7 A7to] A7) w2l B2 AAES FA 5o Bt At =
T Zlolet e 2 AolA B2 FE Aol et A4
sto] B o & tiA 71 1509 02 ohket 54 7Hd
=QlE BF fiEsh]ole ofFge] ke AlRiel ez o
W2 AAE s ST 2o o] Qe 282 =T
& A Floj YzHE
d2 ¥ M
B Qe 3 191 Yo 28 AV HYEE HgoE A
g Aok A T A FFT 28 2] 9] EAE
FrE A5 23 AT FosHA vEhen, # A7E &
3 e A4S AT AAEHTE B3 BT JBA ST 9
SHA Uehg FEH ez Jidd ﬂtﬂ“*ﬁ%% 7419 49
W A4, A, 28 A7) Al F 35, AAEEQ] AR UEhge
], o] M52 ZA57|d 2heksta dRoA] &-8st7]o] &olst
WS Zor wotEh 2y & A9 At eEY o B2
9 PFAES S99 & NEE 2449 B FFo] g ¥ T
ojFolFtty Hr} dgoA F-&5tA 8T 4 g Zol A
et
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