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Correlation Between the Predicted VO,max and the One-Minute Sit-to-Stand Test in Healthy College Students
Jung-Woo Shin PT, MS', Sung-Tae PT, PhD', Joon-Hee Lee PT, PhD?
1Physical Therapy Section, Chungbuk National University Hospital
2Department of Physical Therapy, College of Health and Medical Science, Cheongju University

Purpose: This study aimed to analyze the correlation between the exercise capacity test for the 1-min sit-to-stand test
(1MSTST) and the predicted maximal oxygen uptake (VOamax) during treadmill exercise using the Bruce protocol (BPR) in
healthy college students and confirm the feasibility of using it as an indicator of cardiopulmonary function in the exercise
capacity test of 1IMSTST. Methods: The study participants were 49 healthy college students (25 males and 24 females).
During the 1MSTST, the number of repetitions was recorded. During the BPR, the total running time was collected and
calculated using the predicted maximal oxygen uptake formula. In both tests, the ratings of perceived exertion were
measured using Borg’s rating of perceived exertion scale along with the heart rate of each stage.
correlation coefficient values between 1MSTST repetition and VOsmax were calculated using the Pearson correlation
analysis. The correlation analysis revealed that all participants and male participants showed a moderate positive
correlation, whereas female participants did not show correlation between the two tests.
indicate that 1MSTST repetition and VOxmax Were moderately correlated, with a more favorable correlation in male

Key words: Cardiopulmonary fitness, Aerobic capacity, Graded exercise test, Treadmill test, Chair test
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Results: The

Conclusion: These findings
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Al A #(cardiorespiratory fitness)S A7+ T AHo 71
293t FAHQAaow, B3]  Alg|R|GLEl(cardiorespiratory
endurance) -2 ANl S-2(aerobic capacity) 02 E8]7]
%= aithHeyward, 2002). AlSjHES 2A5}7] oJst uby =
7P et A2 Eged B AAA o 2AmEE o83t
A5 F Rl A Hgraded exercise test; GXT)ZE Z|TAAAF
“H(maximal oxygen uptake; VO,max)& =435= Ao|t}
(Dourado 5, 2021). HchAtazIeRe Aleto] A4 2144 5t
= B AeE FIelo] o}gat o Sl T ARK Zojikaol
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Hrl= 65 B3 HAN6 minute walking test; 6MWT)U AHE
B3Y ZAl(shuttle walking test; SWT)Q} -2 = A AN field
test) 2 AL QTHKim 5, 2023). E3 AR Abdameo]
gk 27 270 ofeie BHolME A 2] s 24l
L 53 o] Av|EkS tjA|5te] Borg’s rating perceived
exertion; Borg RPE scale2 83 4= JIt(AHE 5, 2019).
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ARMEED 9= Eftd HAEZ:= Balke, Bruce, Ellestad,
Astrand Z2EZ0| QITh(AEYl 5, 2023). 71 F ekl
TSN YRR AMREE S HRA Teege, T
BH3} glo] 9l 2 7ot Bruce 5, 1973). BEEA I2E
F2 A AR R HOAAHERS 9T 4 Qe E
lo] W E]o)(Bruce 5, 1973; Foster 5, 1984) -5HA} A|7F
I} AR 71 AL H A 5 S 5] wiel] AEA
| obd @A E HA o8 = e Aol ATEAIA
5, 2014).

o AAlA dojur] &5 58 HAKGsit-to-stand test;
STST)= Y/ A8golA 71 wol 35z 52 &2 (Anders
C %, 2007), 4ke] & fAof uj$- Fa38 8 Aot Guralnik
5 1994). ok Aol dojX7] 5 T8 AAY] A9 o
ok {Ro] ARGE|AL itk 53] ok AMAlollA] dojA7] 5 9
AN five times sit-to-stand test; FTSST), 30% 529t ok =}
Ao A dojx7] &% S8 ZHAK30-second sit-to-stand test;
30STST), 14 &<k 2R AHAlolA dolA7] &5 52 At
(1-minute sit-to-stand test; IMSTST)7} tE& o]t U221}
Sk=A, 2019; Bohannoni} Crouch, 2019; Bowman %,
2023). L 5 12 o AAolA dojA7] &5 8 AARe
Zrekstar whEm OfRje} AFQIANE YR Shal F& FHtolA]
& 7Fss] &5 HAEY A wtE 555 ANE o ok
< HolE7] wjZe] AeHAl A HrkE ffgt ok E HAES
mj2 22l tietolthHalie 5, 2021). 15 FF b2 ApAol|A]
UoJA7] 5 8 AARE 1= B¢ 3R A4 dojA71E
W57 wfiZell AR Al di o2 AlA| AREAQl 5
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52 XL wiel il qEke S8t Guralnik
5, 1994; Guralnik 5, 1995).

7120 Bruce ZREZS AR EFEY LEHotgARet
20m = ejdeE)r] AAHESR &, 2012), 6EEYHA}
(Laskin, 2007), AERYPAAKLim 5, 2022) 7H] AFIAIS
Hgh Aqso] Qirk. e, HEA 2RSS o83t o5H
Faba g F gt 182 B ¢k Al A HojA7] &5 &8
HARR] Al 715 AaAlel] et FljolAe] At Hare
vzt glck. ofofl & Ate] AL 74703 dighE dioeR
12 59t oR oA dojA7] &5 58 AAlef BRA =2
EZE o]gsh Efud 5olAe dSH ik F=kte]

l

ARAS BAIsle] 18 B9k gk Aol dolA] 8%
2 AL AT 715 W AERA A RS elstnn
soict.

I. %7 b
1. HAl

2 Ae] #A Bagt didAE Astr] $lall G*Power
(version 3.1.9.7)5 ARESto] AJHREAlS 913t #29] 275
AL AdaAlS= 0.716, &3+ 57] 0.05, 74 0.95% 4
S 4R 197808 Alte|Slet. AdHo] w2 AktAlolA g
£ 25%E J1eisto] WA 251, o] 24908 F 49%S mAs)
o] AF-5 AFsRTHReychler 5, 2018). o]Zo] LA 20
o] 21745t e, ol diiFe R didAE HASHAL Helsinki
9] Fejtrdel wheh it Aajel diste] AR =il Aol
AR O R Fofslr|2 Fogt AE mysHh

A7 AR A2l o 2k

1) 670 ool Tl e W ddol e #
2) @A stAjell S50l e A
3) EekAL Aol dFE & ¢ de T AEE 9l
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(Fletcher &, 2013; 24| 5, 2014).

2, E¥x7
1) HojaraidFsF &4 (Predicted Maximal Oxygen
Uptake Formula of Bruce Protocol)

ATEREL FAE A TS 255 91 71
AMg3H= AAtoln] AT Yk S S48 4
HRA ZREZS o] §dle] SANAIL, ALY
42 olgsto] A aHARS ASSATHEIAE 5, 2014;
A4S 5, 2016). 958 EY=U(MT-4000, Sungdo MC,
Korea)Z ARS8t &0t HA=E HSA7|H g SARS
71238}9E &= 0.1~20km/h7HA] A% o] 7Fs3al 0.1km/h
u Z7keht, AR 02507 40| 7H5ali 0.5 Z1e
CHAlEAT 2%, 2014).

B ATl AMgE HUANAT o2
(1973)0] o8} AAE FAlO=, A7k} vle-S Hoksl7] 9]
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HEA mRes 20 ARl 90.7%E

R H(Lopez 5, 2015), Bl == 91%=2 B

24 I 5, 2019 oH e A
Ag1o] HpLAAI SIS AR,

VO,max=6.70-2.82(Gender: M=1, W=2)+0.056(Ts)

2) 15 33t ¢k AAofA dojA7] =5
Sit—to—Stand Test)

B 552 952 Aol olAs] 25 AL AREE 96%
20 AAS Bolon, HRE SS%E Eko] S Ao
UebsteHWang 5, 2022). A1 Aaiet ol ol} gl
AL, oA 7} S ohe Al A dojxf7] FE o]Eof
24 7hsst B4 flsto] o] 2] Tksgt
Hlole< *PQ'ETPME} 54 & Y AU WA[EILA; Hojl
2ojA] ARESFETHBohannon} Crouch, 2019; Kuhn 5, 2023).

= AAH1-Minute

3) &% dlojalE 7]7](Wearable Digital Device)
s Hupet ekt 27 ATRES EaR o
A b Qs 25 9jo]# 7)7)(Galaxy Watch 4, SM-R870;
Samsung, Vietnam, 2021)& AREslo] HulE 7| &390}
(Kim, 2023). Galaxy Watch 49] Alake 27 HlA= 7]Z0]
W} A 27719} Sols] s ol AW Wisle) 1l 58
e sl AEleE 2451 shAlubALA (Photoplethy-
55 Carpenter®} Frontera., 2016).
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MEK‘MI@ S 2014). GAF A di/gAtellA] vk 8l Hhepx]

SFEI} Al Wio] Bl HyslE ZulsiEs 8].011;].
(Fletcher 5, 2013). Al @abo] njctal 9bds] HEsh=

sht BEAb Q7EA] s A §9 Mﬁl{Worobets =

2014; Kim %, 2017).
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2) AREAHF 2%
BE FAbs Aol AMgE HEA

B2 Ak FARE Alel7lol ShA AARIZH Aol Tl
RSOl gt e AR Alaiglk 1) o] TR Hrjike
A S5 915 A4 B0l 2) EdEelY Hojg
SEO Tefof sn] & T A7 SHT Zolch 3) A
% 92, 4 7ML 7 55 50) 240] Uehd 4 9l w
Zofsof sful, FA T EAE B AN Aokt 4) Al
st S8l AL A el @ AESIRL 9l Aol
5) gL 8 A ZAE Sl FssithBruce 5, 1973).

A TR 5 RE s B ol ) A
S2o1Z 21 A] e mE e P Aeolx] 47kt 3 At
Ed=y ggolo] 29 AR HES A Ask{cFletcher 5,
2013).

HEA IZ2EZS AHAE 10%, £% 2.7km/h=E A|Z8}o],
3ROl AAIEE 2% 275k, £25 2.7, 4.0, 5.5, 6.8,
8.1, 8.9, 9.6km/h 2208 H}Ao® Zrlele A wck
(Bruce 5, 1973). & Q1704 A8 Ed=wo] B4 &5
9] 27+ A7} 0.1km/ho]7] fjFof BEA T2 ]| PYA|H
S5 ghe a4 o) SARellA wreelglh. 1A & 57
Hoj2 A3 gigton), The WA A Aol tae
A S 9 AR WSt 93on] 22 Y& mE S3o)
WAL ohh 25 2R AR Heb] e 2 Ao
SEAEL WAL Wssie et S5tk Bore,
1982)(19 1).

2] LERAPAE nEA TRERe A8sie] § 9 A

748 E3E9o0, WHAT} o ol 25 A4 4 gl
Slallou) Ay Ak 5 52 A 2 ek
O] BS 71 9% B} SR AL 50

S S7FHA] oh2 W, B LA AollA] sidshe A
7F 1750} 28 Ao, 281 AR EH aFo] 9l Ao
Z AASATIAE 5, 2014).

Bruce 5(1973)°] <Jal] AlAlE AJHat & 29l AES BipR
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2HE 19]2 QAR Woigle AlRF ApAls 7 velE 9
4 , B = 23] H’??PO% &
T Bflol ZRl== AABIAEHCIE 2B). Bash 7 el
ohoh FAZ FE o glont Fdfeh e oA Aeishes 9t}
Ak HARRE dldRRe] gk ApAlolA &3] dojA7] SAte]
e MR 7153 A 5 571 ol B Welaas
AEsHA ¢71 s AAME e 28sH Alsk e, 45
7F A Aol “FE7MA] 152 ek el el
(Crook 5, 2017). 35 AIE JLE}OVI 3l 12 &2t o
X}*ﬂ o LojM7] -5 HAE & 28] AAlste] Aol Hatgh

o o

.ol

ot (B) 4 XAl & Z4slirhRadtke 5, 2016). 5 ] HIEE A} Ajo]
8 2. 12 o2 RPMIOIA QLOIAT| ZALS] XA 4 104 59F S-453E F4] AIte] Al itk Kuhn 5, 2023).
Sz PR oI2AS Agelel o) Aeyiag oy 4 HEES
22 Arksteich H Ao A 3% A== SPSS ver. 22.0 2 72(SPSS
Inc., Chicago, IL, USA)& ARESto] BA519 T, 99 4F(p)
3) 18 Fe ke Aol doln7] 25 5 274 = 0052 geigicy, Bps 2RRIS Fof S Hrjks
BE AR GhTof ] ARREE 15 Eok oo Aol olo] I el EAICH 18 gk APl 7] 8% o) Al
H7] SE AN mEEIe x5k A Aasinl gt A& Glstr] Yl Tojs AaAa(Pearson’s correlation
el Aol W 4 Folg glatol ke Aol A glal  coeflicientS AT
B2 #3247} 907} HEE ol AT WEo

WSS AR FA| dkoLt, 249 FolE 2AslaL, i
A} FRHOR T L YR W wiXThe AL BER 39 . Az

o A% F WA A% B FolE AxYsckKun 5,

yl A

—
o
re
MY

m

2023)(2 2A). . ey S8
AAE AR o] Qb AR = 12 B2t eE2 AA|oA o lé s H 257} o4 247, F 492 T o= Zlggst

lﬂ

F_B.

7] &5 %&é 33] AlE didRtolA] Hojsm] vhHe Ay , AT Rl B o), 7], BEA, A AEA|4(body
Sl AlZF Alsol FAlo] 182 E9F 7hssh wEA FEHET mass index, BMDQF 72+ oubd EXO <; >3} 7}
IS oA 7 dojx @7} Ofztof| Fol7t FA o=

H 1. g4 EY (n=49)
Gender Agelyear) Height(cm] Weight(kg) BMIi(kg/m ) Total
Male 22.442.1 175.3£5.5 75+9.4 24.442 4 25
Female 20.8+2.1 164.7+6.2 54.5+7.3 20.14£2.7 24

Values are expressed as Mean®SD

H 2. 12 RUCH LojM7|2t HEA T2ES

1MSTST
Gender
Repetition End Time (sec)  VO,max (ml/kg/min)
All 49 59.2+10.5 138.7+16.4 612.4+112.1 36.8+7.4 176.6+16.7
Male 25 62.1+£12.0 133.2+16.8 697.7+84.0 43.0+4.7 176.3£20.8
Female 24 56.3£7.8 144.3+14.3 523.5+£52.0 30.4+2.9 177.0£11.5

Values are expressed as Mean®SD, TMSTST: 1—minute sit—to—stand test, BPR: Bruce protocol, HR: Heart rate, VO.,max: Maximal
oxygen uptake

10 = Correlation Between the Predicted VO;max and the One-Minute Sit-to-Stand Test in Healthy College Students



2. 12 42 AN LojAy| 251 HeA zzEezol
AmEy ot
12 9RS Aol UolAly] S 5e, HEA ZRERY &

ol

TE AL diE5E 2ok H 5] kg i 29 A
12 52t OR2 ZpAeflA dojA7] 59 582 AA|, B,
gl 22 59.2410.5, 62.1412.0, 56.3+7.87)ck &
Al, 93, o Rt BREA ZREZA Hd 5 A
612.4+112.1, 697.7484, 523.5+52(sec)®] AT HEA
2EZ dSA]o tfsto] ALK Bt ik FRRe] of|EA]
L 7}7} 36.8+7.4, 43.0+4.7, 30.4+2.9(ml/kg/min)olc}. Z& A
o) Ak AA|, @A, oA didAelA ZHE 176.6+16.7,
176.3+20.8, 177.0+11.5(bpm)S.2 LFERITHE 2).

A AR 15 FF O Aol dolA7] &5 Tt
Z| AR F ] A BA(1)=0.44 2 7 A= IS 7t
Ao GFo] AIIAR FAROE {3 S HolFidnt
(p<.05)(E 3)(2F 3).

A AR 18 B9 gk ApAlollA dojA7] 5 st
Z| AR F O] A BAT()=0.57= 7 A= IS 7t
Ao GFo] AIIAR FAROE {3 S HolFidnt

i)

s
€

2 o

Correlation of IMSTST_Rep&VO2max

Correlation of IMSTST_Rep&VO2max

(p<05)(F 4)(2F 4).

o AR 18 Bt o2 ApAloflA] dojAr] &5 st
A ST Abolof| F-oulgt AatA7E YepA] ookt
(p>.05)(E 5)( 2T 5).

(¢3

# 7] BAe A%t
APl Qoii7] £ 3 Ak B
EdlEy S50 24 A A
shof 15 5t g AAelA

52 W7k RN A GRS SISHA Sk £
of ke A el 13 ek 9k KAl Qol]
2% 59 FAj9} HRA BRESS o]$e EA=Y 2504
of o2 HTAEEAYTE S hRelAY] 18 B2k ke
AN BoiH7] £5 53 AAel HEA TEESS ol
Edlen $EoAe] dZE HrhHalAls ol
A LRSI ofd HARE B 13 5 ok Al

o

1T O

Correlation of IMSTST_Rep&VO2max

(All participants) (Male participants) (Female participants)
80+
904 . 90 .
aQ ) % aQ . . 0.70- ® * .
2 7o . Se o 2 70 . o 3 o * "
! ...S. *s . ! LY . |_| 60- . .
1'1_7 * e . o® . '12 (4 - & o ®
®» 50 o0 & at ®» 50 at ® ® « o %e*
= .~ % .« ® M = .« ® ® = 501 o « * .
30 304 40 *
20 30 40 50 60 30 40 50 60 22 24 2 28 30 32 34 36
VO2max VO2max VO2max
T2 3. HA ChARte] 1MSTST &4t 32 4. N ChAIX| IMSTST &40 T2 5. Of ChAIXEQ| TMSTST &40t
Z|CHAA M FZO| At Z|CHARAMFZEO| ARt Z|CHAA O] ARt
¥ 3. GISE A AA MERE 12 UUCH LOIAT] ZAL Sl Al0|2] Aty

predicted VO,max

(ml/kg/min)

1MSTST
(rep)

predicted VO,max

(ml/kg/min) )
total x
0.44 1
(n=49)
IMSTST male "
0.57 1
(rep) (n=25)
female
-0.063 1
(n=24)
* p{0.05, ** p<0.01, *** p¢0.001
LSt tisto| olSE Z|cHAAMFE 12 SOt 262 KoM oM 25 53 7] Asa » 11
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65 B3 AL AL 18 he AN Uojir] &5 5
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B34} Lim E(2022)94 Ao A= 65 W3 AL A7t
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O = ARl Fiata A E T vl 2 A, SR oA
oA AlgA|E o] Atjad oz o A= ekt skl
Ek AR} AAm|(2010) AtoldE o/d Hiehde] 8¢ et

Hzyl B350l 507 Qlste] 7|2l Al 39|
%&3 Hogtal Hilskirt. A 5(2017)9] 7told= A
A, 22, ZAFE] adSolA FehAo] ofshAe] s
FECR A lthe A7t 2aE sl of=fdt 23
7h U2 dlez AlAlA 54 ool AlAldEl dshe A=4dol
"yl Afolof| digt 23 ® %%i% Zojetal Harskeirt. Leeo}
S0(2016)<] ﬂ?OﬂH & Aol A[&/do] ofshknt et
AolM B w2 BlEE Helvke 2398 Hasigith o|4d &
Aol A e TivdArel o wivdAte] it F ] A
gef Aol W vdAre] 71 AuAEe] wis) o4 iRkl
7| AuAEo] @AE] W3k, o didRkel 12 St 92
AAollA LojA7] & 5 HARE BRA ZRESS o839t
Efed 5ol Yohs A5A4o] Yol Uehd 73411}51 At

>

o},
ABQO0DS) A7l Yol el e g
S HGE WAk oo} SARORE o3k ARl ARl

wmslich. AHTH2004)9) AR AL thaoR At o
oAl SHA9] el Achian AT

52 ow nwx}sq 2 52 L;% AAA 0‘01*171 o5
Radtke 5(2016)0|4] 15 53k 9k Aol A
AolA7] 95 58 A} akA 2 7t Hmela vekd AS
EGQR 2 A o)A WA tiARte] a1x] o] oA oAk
a7 2gEc) Achs Ane dehick mebd, B ol
2eabarzire] Aol o4 diAle] Hdutanel 4
PART} £ Aolori Wy oo ahA) et oy ot
Ao] a2 o] 27] Aol <ls| Uehd Ao AlwHr).

B ATE AgshuA oheat 2 ARkl Aslth 3A,
7 7&*} o] SRR f4] AR 7HSeE =il Bl ks
SHoR ‘ﬂf‘& ohg %Jr%jol A = (U E=A, A9
=5 aAE AABIRAAI,
! '8}{— AR -5 BhA th= AR 2t o
= BAll et Algte] lglet. AlA, Exls Bshe 24
= A Aol B AT o g Qlsto] ATt tiAkA}
o] Aje1zlel Weto] ko] Qlo] Akt 2AHIE E2F) g
olggol ixﬁw 3] obd dPdRbse] A9 A oAk
Hlsh G S A% Adstele ol glol Al 9
AR <= SloATE % i Aol 2 A & 22
w2 AR E2S 719 12 B9 o2 AAlelA Lok
& o d= S5t Al 7| B7F B RN 1 Fet ¢
AR Loir7] 25 5 A d¥EE Y o 9=
2k ARE

F7180

oot
filo

E
PO <L 1)
flo X ©

s

V.ZE

re
2
e
)
ol
<
5‘.:

A WA 251, ol 241 & 49
oo 1 5k gk Aol ojy] 2% S B
= 23} EY= #EOHAH 0113-

r
jﬁ
i
23
B
x (T
v

AN 2olA7] £5 521 B B olZEl Hoa
52 345l 4o ARe Fehe mPH YAHoR 5

° ‘3} ‘x‘—_rLOﬂHL L“*Oﬂ H]sj

22 Hgspt a1 29 %‘71% o dre lsgfz.ziw
AJs 7V B2t EREA 1 59t ghe Al o] &5
52 AN AP £ 4 ol A0S S5 4 9S A0
2 AR A}

12 = Correlation Between the Predicted VO.max and the One-Minute Sit-to-Stand Test in Healthy College Students



=

8], A, AldeA. Ededs B S RekaAte] 22
EZ v|w B4 AS8askelt, 22;53-62, 2016.

CEAls AAIAA FeYe] shA)E ) A A €
AEA SR 88s] %], 40(2);915-923, 2001.
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