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Background and Objectives: Accurate and rapid measurement of
cardiorespiratory system performance by estimation methods regardless of basic
physiological fitness level, geographical environment, culture and nutrition is of
paramount importance. The purpose of this study was to design linear regression
equations to estimate the aerobic capacity of healthy adolescent boys without the use
of sport tests and validation of this equations.

Methods: In the present semi-experimental study, 156 healthy adolescent boys
aged 13 to 17 years with a mean body mass index of 21.43 £ 4.5 Kg / m? were selected
by purposive sampling method. To design the non-sport equation for estimating
maximum oxygen consumption (VOazpeak), @ multiple regression linear model and
Pearson correlation were used to validate the equations.

Results: Significant correlations were observed between the measured VOapeak
and the anthropometric and physiological variables (R=0.122 - 0.799, P<0.001).
Also, a valid non-exercise linear equation for boys' VOzpeax prediction was designed
with variables such as age, BMI and resting heart rate (SEE = 3.59 mL/kg/min, R? =
0.712, P<0.001). The estimated VOpcax from equations had a significant correlation
with the obtained criterion value. (R =0.707 — 0.730, P<0.01).

Conclusion: According to the results of the present study, it is possible to use
aerobic capacity estimation equations, is a simple, accurate, safe tool in assessing the
baseline cardiorespiratory fitness (VOzpeak). The use of non-Exercise equations in the
planning of exercise in large populations of adolescent boys and even as a daily
clinical practice in the elderly and heart patients with the goals of promoting health,
cardiovascular health, preventive actions is very important.

Keywords: Aerobic capacity, Respiratory gas analysis, Non-exercise testing,
Validation

Copyright © 2020, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License
which permits copy and redistribute of the material just in noncommercial usages with proper citation.

How to Cite This Article:

Nazem F, Rezaei A, Jalili M, Saki H. Design and Validation of Non-Exercise Equations for Estimation of Aerobic
Capacity in Iranian Boys. Iran J Ergon. 2020; 8 (2): 50-60



http://dx.doi.org/10.30699/jergon.8.2.50
http://orcid.org/0000-0002-0866-0404
http://orcid.org/0000-0001-7816-3385
http://orcid.org/0000-0002-0198-9899

E-ISSN: 2345-5365 | 1744 (yLuasli ¥ o kot (A Jlw | (09995 ] alxo

Sl ol 33 63lep Cadybs 0yl 3 (259 jul Y Blro B bkl g &b

¥ Y Y . *y e . s
S s (il oo (T g Loy (wles ebG ol3,9
Olpl clen i ey olSadls ¢ o5 pgpole 5 (o 5 0uSaild ¢ o859 S92 528 09,5 IS 9 SB3)9 Sl sed Sl )
Olpl e dipw Jogy olSails ¢ o5 pgpale 5 (uon 5 0uSails o o55)9 S5l2 52 09,5 iy (Silsnied A plii )5 LY
Ol eohas Lo egy olKasls ¢ o555 pole 5 (Gaens 5 00Sails ¢ o355 (S3lseed 09,5 (Bipg SiPmid 650 T
Olellen dis ey olfails (o p0le 5 (Saens 5 00523l ¢ o559 (55052548 05,5 «(obyg Sil it 5550 gty ¥
oSl Alie Sled|

4 42F O eSS Slaghy) 4 (hSold olfss QL g g B0 Shomis 1 8AR g 4o
ol I8 595 0 oYU Caenl 5l 0l 31 L da5 5 Kim b ol i Lo « Sjelgr b (Solel L mlaw
AU N SRRV Y SO RCRE NI KRR TSR PET

ol Yolao ol o )liel 5 (8555 slagyges] 5l oolaiul gy

+ 710 Kg/m? GTol o oSl b JLo W BN b fsmgi s VOF il o p6das Gaios o 15 g,
e ST jESTa 85900 59,8 Aolae ()b e dind Sl siedan (5 S diges bg, 4 YVTY
1523, 03l ygun o Sno | IVl i Liel (0 g Al iz Ggan S, - Je 51 (VO2peald)

5 Seregg il slo e b jlne g 4 0ains 5 o5l VOipeak o 5 yloline (Sianan :oaidly
e e ot Aolae (ruizmes (P< /o0 ) R= (AVY — </¥A9) 0l svmline  Sojels b
mL/kg/mm) A ‘5>|).|o ¢4>|)‘1.M:| Mlﬁ ul’)" 9 6]f|$3 (w 6L®).3.§2.o l» Q‘)"“i V02peak L_g’iMM
Ko wdalewsdy SYolao 5l 0aisd,gly VOopeak (P<+/++) « R* = Y ¢ SEE = v/04

Rz VY = VY P<ef)) cils jlms suiis puSojlal Jlade b (g lobixe

IRl S Gl slse byl sl S¥olae 5l e 0l Bl s & 4z il 1 S Azt
SYoleo (5,5, 5,5 oolitul (VO2peak) (owiS AiSolel b obj)l 5o pesl (58 wole
bl Gl (S g Dlorst Gl S slaaner ;5 (o859 4l wela 55 (898

Byl oYL Coonl

7 )l (55908 303 1ok S ST slse cod b o lgunls

EYVARYES PO
VYR OIYY 1y
VWA VIYE T Lecs!

1] ghmns B 99

bl 15,8

09,5 I 5 Bhy it ol
SNy oSl (2355 STzt
b egr olKails (55 p9p0le
ol ean

1S S oy

f.nazem1336@gmail.com

1y 325 A5 lio ¢yl 3gbls (gl
43S Swl 395 Jabge L

f‘ peoy
%22“‘?&%‘"

Erant

doddo

oy 1P V] als oo VOnpeak by (8 pan (35S S T0
VOZpeak ‘«,M Lg)jo)bu‘ CRF LS’L’))| QJJ)LM»‘
3 etd lE Ll o olfiss leslanull

Maximal graded ) jlwesile,s &5, lagee;l
Sl w5 oz, b ooy 5,k (exercise test

Y Conlas g o solais] ue jo aygesl ool (Al
6Lmu..........S.. ol u‘,..@:;u W
Lacve] el Veoag Voo slajl5 saums 56T 5 jabe
655 Ia M ae sl o lasliwl laygesT cnl cipminan
OSM aS dlewd @9‘5 VOZpeak L @sto 6‘).) a)s

Ly oley Spo aiejls

(Cardio-respiratory w5 8 Solel jiol38l

Slor Solol a4 atisly oS Jalge 51 S fitness)
oy Sdgilin slogs Lo § yrageSye Lials b a8 cuu
39 5 B QUlg ;5 (aee a3l CRF V] ot o
ol elm el a4 )5St 5l (22 G55 ol sl
ool Sl (ol )0 O3S i 4z 58 Sras 5 (o5
ol IYe¥T el 65500 b os,e st 45 CRE (ol by
5 e Comdy Gimie a3ll plgea a3y
I¥eol calonss (2155 (Bs,e ol slogs Lo smin
I, CRF b)) oDlb ojuilin] asls ol Singy,


http://orcid.org/0000-0003-4040-0837
http://orcid.org/0000-0001-7816-3385
http://orcid.org/0000-0002-0198-9899

S5l cud )l (5508 8900 | o Sen 5 WL ol 3

(B39 srogel sl Jlae Ghgy b i liel g
2 omiS o35 BT ol jen jluesile,s cullad ol

Dgdir oy p Olez e Ol Corex

SLIETP)

WG s g 55002000 VOF (60,8 dlllas oyl 4o
St eoie dhwgle loass alade o jlae (e 1) e
Dyt (e Gl b 93 9 So (Pl 5l aiedan (gladys
oS Dbl aslllsgls

053 pdlly Oygie b ool atwles lgel il 5l !
oS5 1, PARQ 5wl iz _ciodls Comdy ol
(i (B9 yo ld ML 358 (Al 0 3)lge b wiS
by 5o (9,008 o oSl 5 (Sengill ( Dl cae
9 x>l ol ¥ 0 Gl lons )3 gyt alils poe ()39 (228
St 2 Fso o)l Brac b wal (Soj3lese pos
olly ol mien JAl aisdS dis F s adllaes g
Wil 1y adllas 4y 0959 sl Y Lalyls a5 Sligel jiils
Ll o bl 3l lgel jils o il yo =S dsbcols,
b Slege olSils (o)55 (s5elg2 58 olStalesl ,o sgugs
5 Seteg il Clarie whe Syl Gu S S,
A (5503l YT s g, 4 b S0g03] VOnpeak

Pk Sue Joe (b oS 0 58 F Badod ) o
@ Ojge Gl 4 S jslate VOnpeak (o))9,08 alolee
(ol BB olyo il ¢ o) s e 10 S]]
i 3 55 OF paizead 03,5 bl (g Lol Digas YO S99
oz DYoles ol ol pslaiea; el (tomins 055 sie
by pol> agh anlp b Bld VO (o2))9,:
Sl Ghes (Sip psle olails pagy 0 DI dieS
(IR.BASU.REC.1398.006 : )1 405 05) 0,5

Solg s jloslaiull 98 ¢ (Jlo 1Y) G (sl it
Caml b Lol el SlSa (555155 jlesliiulls y59 (cm)
PSS o 39 e 3 STelsr 5 (k@) 25V (i
el gy & M%) s s, gl 5 @yeyie 2 8
s Al 4y ol B s [A ] was 6 155l
G5 oilul a8y Cae 4y g arBo) 0 Lo 4 Jais (9,
SRy S8 a5 o alh Gaeps 48, Wl
A% dawlee WHO_AnthroPlas_exe

seme 05 s s 09031 51V Openk 503 s
oSl S5 b i (oS Loyt 25 ol

9,8 ld DM 4y Mie o131 5o ol il ylas !
QS oll s 0131 5 Al U gt a0 b oS
xS S cge Ly, ol szl Cusgame [VV Y]
S slopsesT Gkl CRF 0 515 (n il sla s
VOzpeak 9551y (o598 SYolro 3 ooliinl g aicin )
Do wvar] sl was cldbs 4 g5ls a5 wouds
kS"J))B alises 6l.®u9.o)—‘ )‘OQL‘L..M:H) w...a.,.m.,o)...c 6[&&5)
50 O 4.1) Cond cL):um))) ‘).La;)‘ ‘u..é)ob sua.\)ﬁ\) ‘.\.L;Lo
(LS Blewl 5 YL g ool) dicion p) g adon S0
ool sl eslital Gl Lol VA VAT wigs o (6 o505l
38 5 (o855 agian ol lans sl (55559 S5
saaloblie wiloaile ;98 3,9 Gl yed 5l oe SYgb a5
L Gl o855 Glaggesl 0,5 ol (San et (25
Sldlas 5 00, laciaes> o ikl
VO2peak & 9)5])-’ M)L»-) J@LA) lJ ‘;AJLW).»EW
S cnl 5l VOzpeak Sy5lp o5y e oVolee Y]
ool (o) g e (Fam e STl s e aSLIYL
ol VOzpeak (55559 35915 U3y 3l Fauis o8 5 ol3)
LG oasl op 1, wois pole Glaieils aS g sbay
25595 VOpeak 5952y SYolas 5l s sla >1)b
sbasls 5l Sy Jele opl eyl 51 ITVEYYT w5jls 0
Clamdy (Bea 5 Slopd (b3 pole aba> 5o (ol
o liel 5 >lb Cas e cpdione JACTY] W
PR LN @5.»...);) Coi @l VYol
L. o ves O é.ao).a bls,| ‘Q;U; sbcosres
BSA iz i aiile (Sfslsnd o (S yens Sl
M‘ob; L.\.u VOZpeak L: 6&‘,&0‘ u.b ul.u]..o sd]ra“ss
G5t Y olas 5l ogad il oy oo ka5 4 [YYL YF-YF]
O 53 1y 0l 3 VO0peak Sy Sodlad (505 457 (L5559 58
o949 el 0,81 o Wilgs o 0iS co 8,5l caliseo
SRt Ghlew 9 Vb 93 5Lad (B9 e 8 Ol jlow 5o
5 eliios elwly LV YY) sl solaal LB 5 auie
g DYobee (i jliel 5 (b S Gl
9> g0 SYoleo )..5| 9 Sl 00U w\of VOzpeak dsiw.».’
3 onlpl ale Jlael [¥e-YAl > )5 sla,9iS ol
b 35008 25510 oo D¥olae (b ol ey
VOnpeak 952 (b ot sl 9 YU (et 22

oy L



ey

1va4 ul.a.m)l) | Y O)Lo..‘f.' A 0,99 | ‘5434;)‘ ‘5-&5).) (5‘"]‘: dolilas
Ao 4 ol (9031 ool JAl ays 51,21 (GmbH, Germany h/p/cosmos Saturn) Joo xS Jeods (55, 5 oS
e ol b dad sl Ll cdggun (gl oS sl (gl Boan, lylE Jdovsds o0 olKws 4 jexe (300/125 Germany

Al oo (il gu 054y g 9,0 1 e g PowerCube, Ganshorn Medizin Electronic )  ow.is

.

hp Hmns"f

*
i 53 oo g 505 o 4 o (3105 lgd (59 o o w3903 (61l ) SIS

Sbpo Al (5565l (Rudolph, Kansas City, MS, USA o903l Jsb 5o by goge;] cwds slojl5 g b8 Lo
85, olisd b gutiS (5l yusin g 4l 2 10 polo jgloay U3 Polar Heart Rate Transmitter ) ,Yg; g ybypo b oo jay

(Y JS8) ol cd il Ve o g Judodiods 1o (6 piag ] Hans) Joo S Sl 3 (Model T34 Germany

Wasserman 3= VO2/VCO2 f{t)
V02 [Umin] VCo2 [I.'minL
40 4
AT
33 33
27 Vozmax o | 27
200 20
13 13
0.7 I 0.?
Time [min) o :

0.0 - - - . . . . —- A2 00 o0:00 05:00 10:00 1500 2000

0.0 50 100 150 200 25.% Purten ()

oadiJsani g (39051 50 Wl 18 jay S Callad (B pao (iS5 B (4l pd Ol i Y S




S5l cud )l (5508 8900 | o Sen 5 WL ol 3

0)9]).3 dolas L5>|).'a 6‘)‘3 A oolaiwl D9y M
Ghey & Spediz GgesS) 5l VOnpeak (£8559 508
e .o ooliiwl Jow >,k (gl (step-wise) ' plSasplS
3 laibwl ez g "(SEE) 5,91, o lubinl slas (R?)
(SEE Jouis s 15 031351 VO2peak u..i'L..a) x Vo) o aﬁiﬁ
oo Wolao )5 g Como oy sl [TY] 09) T (%SEE =
3050591y VOpeak ¢yl anlllas j0 oo >yl 55,9 ,u8
By VOpak b (cb5y908 (oop OVolae 1 Jol>
(a5 OY) Jlael jromiw 09,5 Lgb@ayﬂ 39 0ads g S ol
gy (Somad 9031 jloslitll dwslie oyl 0l duslie
ol Sl Jltig iz 285 O g dnan S (365
SPSS Inc., Chicago, ) Y¥ as.s SPSS ,l58le 5 sloslatull
A3 plol P-value < ¢/ 0 gmhaw o o (111, USA

aassly

O3l @B g Soidansad g S tegg il Slasis
w‘ OJ.A] \ J}J.> )é u‘)y]wb SJ.M:J.:M Y9

o3l Okl s (Bl VO 4 pliws Llys
Dee Gz ) S 5590 95 Jpax b jluonileyo
ol S (V eaeBs ;o 4,5 V30 516 G olyps O
(F omge pe e Jolss (Y VY < RER) owis
Slodists o ssde O3l Aabsl jf glial 5 (Gogeil (Suilels
Celo YF ai aulss b Sogesl 51 VAL Fiyge3T oS
S (5)l0g3 o slacedled sl 5l gesl sl 5l S
0905) 5 b el ¥ BBlas 1) 095 o138 Buey e
et glie ol j2 055 5 O 5l Gy 5 9 e
)T gl a3 YY BV sloo jo (yg03] cpl aisles gl
Lyo gaw 1 e VAP elas )| cao o $Y L YR s Cagbs,
Basiils oliulo;l jo Jloy o 48 l9a slaoss¥T mlaw b g
2 Ll b (eg oCails (22559 pole 5 (S S
S5, 50lS (el 5 edls sl w358 oein Sl
ool 5 el el 51 ot oslisl (K-S) gy
ab oolitul B Sled ¥ el Gln ceslio oy
r) Fias 5l i b VOzpeak b3l ooy 2 (sl [¥Y]
S Eoliml B glpo 5 o0 Ly, e wslele <0

Ol g, S 5909 3ud9 55T lasien N Jgur

YLALS ol NS Sama Gyl £ e Sileo
\YAY \Y/IVO VF/AEAT/YY
\ay \YY \PY/AxFAIPQ
VY YA/« FeNFEANS/- 7
YOIYY \Y/EF YV/FEEY/F4
Y/ff4 V7Y \/-2PYIVE
VoY OA Ya/axH4/7A
V44 \4¢ VavY/-2HF/AY
YIVE - AN Y/ exfY./2Y0
OF/A- YY/\- TV /eEPa/tY
Vb \[-# VxYF/ AN
VAR AR Yf/eE¥IXY
A\RA 4. YoV +QEP/\ Fu

09, o.\&&;ﬁo}‘.\i‘ VOzpeak u,..f_,Lug O ‘5)|¢[;M
o9 u:'?)l':’ SYoles b o\.ul)a)ﬂﬁ VOopeak g oaeiiamno
(Y Jgaz) (P < +/+0) & salive

2 Standard Error of Estimate (SEE)
3 SEE% = (SEE /HRmax measured) x 100

(JWo) oy
(o Hlw) ud
(p5545) sig
(@300 31 05 9kS) slpls
(&30 5%0) (o T 419
(4he 50 415) ol ool ol 3l
(a5 53 4 8) (6 b 4Ly iSTo>
(L/min) gliae (8 pao 5! domlins
(MV/K/MIN) s (5 jo 5o | Sy
(RER) ousiii Job conns
(mUkg/min) LSY BT 15 o3 pan oo
(ado ) & ) oisl3d (9031 bl o
i 8 Lys iSlas woye VoV Jobee %

LJ‘“"B) ] OML§);°)‘-\-’| V02pea.k o= d)‘QL\M M
sadlie >, Voles 3l oaiss gl VO2peak b opbins
Solis Jlipl bR = VeV — VY P<e/o)) o

! Stepwise Regression Model

oy L



vaa uLA-AMJL\ |Y O)LA-A«JA 0,99 | 6‘5’;)‘ Ls.‘&s)a‘-;o..l.ca.au..as

T e

‘5“).3.‘ O‘)’“‘& BN ‘!'?)L‘; VOchak AS“"))B)"‘C 0)5-‘—);. OYoleo o LS?"..).)‘ Y Js..\.'?

Verma et al. (1986) Erdmann et al. Bonen et al. VOzpeak
(Y4) 1999)(¥-) a1979)(YA) 0 6 g5 0 31031
/- £YY/OY O+ /FENVV/PF fa/0x39/¥Y f\/exPa/fY VOzpeax (ml/kg/min)
SVFEFE/VE NFEFV/AY® NEEY - [55* — S el
(ml/kg/min)
ST SIVY . SY Y = o Smodd

oSl 2oy AYO Jolee Y/0 mL/kg/min R=-/A¥4)
(F Jso2) 9 oo Sy |y (VOipenk

SYoleo 5 VOnpeak 3yl (092 (o) yg s SYolre Co
ol b il G5 OY) el (tomis 095 10 ()5
VO 5 00i65o)ol VO dglio aloussts )
ol 285 s Dint Vsl gy 4 eadoyly
SYole b ol 0 09 R= +/F8F — ¢ /VEF dals o Sion
Aslas btsliio s (542 9, 5ke VOnpeak (535506 35512 5032
VU825 ¥ Jouo) aiidls (21 (2255908

VOt e 6 oline Soglis o8 ol s gmlis o eizmon
EYoleo b 0o jgly VOoak g pfians yg, 45 00 g S 05l
oot 6 oline gl gl b (P> o[+ 0) 85 395 o Al
b oay9] VOopak g i g, 40 006 1503l VOipeak
AP o[+ 0) (V US) ol odaline o) o559, CYolae

VO2peak (mi/kg/min)
e = =
A o0 @
(=] o =]
e <9 <

S~

L ooadsySoilal VOgpeak (Ko ¥ Jou> o

osalive (HRest 9 BSA «sTel s ¢35 e0m) S (sl it
L g )bliae (Sior (o))558 Slopite don 9500
R = —+/Ya% = Y P<¢/+)) sxils VOopeak
o Aolee YV GV F) Jow (i 09,5 ledbl jloslauly
b5 OsesS) Jesliily VO (o3ip9,8 )l
5 (F Jga) ol gl step-wise g, o prionis
VOnpeak (il ,ls 5l auo o PYF Slasas slal o V-F doles
aoys YAV Jsle SEE=F¥/-0 mlkg/min R=-/Yaq)
“F sl 0 S o Cpeed Lo Aalllas 4o 1, (VOnpe (Silio
olylg duopd FAY s 4 0B Slel o g e (sl yuriie oY
MA® Jolee SEE=Y/#4 mL/kg/min R=+/AYA) VOnpear
(o Sl pusie Y-F aoles 10 0009 (VO2peak (puSilie s yo

VOZpeak LJ“"’L’)‘ﬁ Qoo Y\Y w‘w‘ u.LQ UL’)"" 9 61(:“3

42.00- =

40.00-

1 2

1

3

1 I 1 I

4 5 6 7

Measured (1) and Predicted (2-7) VO2peak

VOzpeak : F-Y oo ylosis «jlzo susis g 350 3103l VO2peak : 1 0 ylonit) (i jLais! 09,5 4o 000 591 31 9 0 ylasli! VO2peak dung o .Y JSi

VOchak Hlobze wylas * .(‘s?)L& ‘5..:))5).‘\.: wYolzo b o..\..i':.:)s.l—).g V02pcak 1 V-0 o ,los =YY ‘5“"))5}“" wYoleo b o..\.,i'aa)s.i)g

P-value<s/+\ a..hi’:.b)giﬁ 9 005 yS 0 31




S5l cud )l (5508 8900 | o Sen 5 WL ol 3

B Jo 50 addllan 950 gl puiite (Kot (i 5lo ¥ Jogur

ERIAYA A -+ [FYQ* —+/¥aq* -+ [FARF

-+ [YAF** <IEYVF ANAY DAva
—+[+\Y +[A9V* <AV = \
RIRINA < [AAY* \

—+[+Y0 \

\

VO2peax (mL/kg/min)
(JW) oy
(55915 (339
BMI (kg/m?)
BSA (m?)
HRrest (bpm)

swxP-value <+/-\ . *P-value <-/-0

VOnpeak (o439 5 351y ¥oleo F Jgazr

3,97 3 Joleo

VOspeak (ML/kg/miny = £¥/YY) — V/+8Y x BMI (kg/m?)

(R2 =./5v¥. SEE = f/- & ml/kg/min . P<-/--\)

VOZpeak Gﬂ))g)-»&
)]
\))5“’).’ aJoleo

VOopeak (ML/Kg/Miny = SO/FVA + VFYY x s (Jlo) — V118 x BMI (kg/m?)

(R? =./#2Y. SEE = v/#4 mL/kg/min . P<-/+-))

VOZpeak ‘;n::))g}o-ﬁ
)

3,91 3 Joleo

VOipeak ML/Kg/miny = OY/FVY + 1/+ ¥\ x cp (Jlo) — V/+3Y x BMI (kg/m?) — +/-94 x HRrest (bpm)

R?=-/v\Y. SEE = v/64 mL/kg/min . P<-/--\)

LA 5 Camx o Solal zhaw 0wl (See S
VOipeak 5 (o0 ot 8 )0ne (Koo (Jg 3k n Gogas]
b Iy g [YA] o Sen o Wei gl b aS” ats oualine
ol Jdo Vet o9y guneal [Ya] ]IS § Fleg gl
S iz el b gogasl Esl ()0 5 e el
Sl Ol 0329 VOrpea 955151 (s032 (50,58 S¥olrs
VOopeak (e Sylobos (Kwad aS (5 sbay ol ol
ol Cewds a4 odddyglp VOnpek b edis pSeslul
R=/TFF — - IVEF P<-[-+Y)
LU, g Sl CRE b5, sl cyioas Lo S5 VOipea
Olsiedr CRF plate gy [54] 0)ls g Sya b (o0
5 b g plle B3 (6l (soges Sl Sl (G Siees
S Slerd slosig o > g Belijgal ¢ 259 slalad
351 38 CRF bl [FA-FY] el o955 (oYL el
g A oBrsd (S s dsslome Sz o Jloyd g (Al
LEVOFF ROl ol agie o) Lo aliae § e (i «3g,e
420 Db o jlastinl gy 4 VOgpeak (a3l (5,503l

VOZpeak Gﬂ))g)-»&
)

z .

ol 5o el Jloye5 s RE=4/EY=+ ¥V g P<+/ ++)) YL
Sl VOipea 9,512 S (sogt (235508 Aolae ¥ (295
Lo mli polinl b bl g b Wlle ol
VY b £Y dsls jo HRrest 5 slel o (o Jiiae (sl pusito
S e o Ol VOspeak Spdipet o)
Ospgs o (SEE= /0 — ¥/- 0 mL/kg/min, P<+/--))
Sl Cews & VOnpeak 3 slpl e o (Vb (Koo pol>
ol g Schembre o [V#] )l Ken sGeorge gl b a5
s Jbs .8 G oy 0 sTolt 5553, VOipen
Sl W b blay Yzl ol gios slaaily |
U ON S L¥ol cedl VOgpear 2 AVl e o eSS
Lg as o u»)‘)f VOzpeak 9 HRrest O Ls)YL: M
[v#] o) Kea 4 Schantz ¢ [V#] George G.iow gl

ol 09 el [YY] Sl sios @b b Jy guon

[os L



\V‘HQMU|Y¢)L¢,~L/\%5Q|6¢5§;J taghs PRADE

_ Tav

oo Al sy e ka4 (SEESY/FA R=:/79)
17 5 (B9,0 8 Cod )b Gl ol Bako sla Soges]
il 3836 s 5l 56 Vorpeak 50,2V 5o SHas

bgie s (Sinon o giogal B yd oo
L a5 R=-/Y%) ols ;lis |, HRew b Vozpeak o
Slidod ;o ol guod iy (nl 5o (S o iagiy
b HRrest Jitns piite (Staon jladle Olpss iz
B85 5 K3 Tl o s (Tobel a5 (s &2 VOspan
oo dolee Lo VYY) OF OF] cl Lo 1o o oge)]
v 5 Slalg sl iie 4 HRuey oosailsl ¥ oo les
S lwibiwl laz g8 p oo YU I (raes 0 8 (5)l0lins j5boas
5 (RP%=+/Y) ,SEE=Y/04) aas o ol |, eg dolee
5 Vorpeak o 2V L ogSian (Sines aslllas 0l
YU (Sian o 42338 Slalllas a5 0l saslie BSA
g gl Lol waisS o ol | Vopeak b ke o
Esl i 59 Seiststied e 4 ool s (Shran
Lyeo00-0v] wal adl

eite SOl Glon 5l eslaial aas o lis Lo slaaily
O BL, YL polie sbwl 4y Joled sXany Yoles o
Lol (F Jgaz) 0,10 oas s puSo3luil 4 00 it iy VO2peak
opriodiz g S ) SN o e sleadlie (o)
b2 5z 5 QLS VOspeak (55595 9515 S¥olaa
2 039 9 BSA «slelg s slayita (I35 50
Ol s DY olae 5l psie ] B> Casly a5 5 DY slee
9 ,lusl (tolerance = +/« - Y VIF= YAAY) ol inghs
b oo 255008 9%t Aol 4w YL oo
cslin (g lol Bgai b Jlono (b9 42 0060503V Oapea
— +JA¥ 4 SEE= ¥/-0 — ¥/0) wi anl aslllas ol yo
By b peiiie LSl L oY o ,lets Asles o (R= +/VA
S HRuest 5 Sleligr (o Suislinsed 5 (Sosed
9 SEE=YI0R) (235,908 (9,4 S3lop Syl (oo i
Uoleo ¥ b dglie ;5 a5 0 Jol> lwe bs, g R=+/AY
3 S Gmiie sl ol ) (s (e S
392 1,55

3 ol § b sages] shudss Al pac pol> gais
Ayl dxgil 0y pol Gudod Glacudgass ) s oz 1add

Sz a3 VO (535908 93515t 5> (599000 Slallas

Sldlas b sl Sy sladiges yo [F7] wins slajls
P sieils (ogpanie g pS ke pogdle (bl pSacs
5 0l ) (2974 ye o8 b VOnpeak poiiions joé (550503l
b Loy alyg, colled slaasl iw p oSS aiile ais 30
Joe sloyie CBtl b oS Gion (Sgem S, Yol
Cnl 00 45|)‘ ‘S’LMJ‘ aliseo LSLQW B ss_i.:).uoﬁ.ajj.u—‘
bl 32,5 5 Syl ¢ Soles Jdody VOpeak 991 2 (5259 €
JS )5 b Soss Jliwgn S o ol gludl lacuses o
Tshw o SRl slapseil peSilr Wgie sl
Slagiaghy )3 g sty Slallle ;o Al ) g dde
NN
09e SYolas 3 0l a3 I IS sla pite 42 5T
welad 5 ol o 50 B oy s ¢ o Ragyg ]
e B 5SS oy Sy (S Gl
DYooV VOV EP] el 039y VOrpeak 55, 8 56 (sl Jole
00wl Csdds VOopeak (s (6 oline (Kiuon pol> dalllas ,o
Jo97) el Cess &y oins 1S o3lil glo o 5 jlome (3,
Sz doy0 o yi9 Al s oS 5 ele cade Dlallas (Y
sladolee o azg JB glayite 5l 1) Glele 5 o
lgi o 45 il Vorpeak 951 5 o yo 5 (Jas sew )5
asls [VVe FY-Fa] sl asls e b cuie  Son
Sl imgy ;o b Soge;l b culled 5 Solel mlam ¢ s
g L O P T LIS UIT- PR gk g1 b
\ o)l.o..i'a S dolso e M] Cawd A (R=*/V"’\)
wa5 oo Las ol (SEE=F/-0 ,RZ=+/#Y) 55 Vo
8 ladlas 05l (650l Vospeak YU sTpl o b loasy
Vo sy haugie jebay JluS )5 ol 3l Vogpear oo oo yLis
a8 55 e s S 5kS o il e T ogas (Lo
9, )‘..\.EA U"‘ "\‘i’)‘bﬁ) O 0 Lgs ‘[YY4 A’] AJLQSA Mls
23 oy Jele ol gz e [YVeoV O] el il 4
Sarte JLY BT G ey siln bl o0
9 (¥ Jgaz) R=211Y) ol ails oS 230 255,98
cel slpl o ol yapds s (3,55,15 ¥ o Loy sogs dolae yo
358se ot Sl peliml 5 Gt e G




S5l cud )l (5508 8900 | o Sen 5 WL ol 3

Oy o= 8 s S sy s 3551 31 5355 903

9 s95y9 sy o) Cax 5 (sem Aolae Jleslarull

A:Jf 052 .>|)é‘ w}{w)‘ Ql.l.gb‘s IVCN |9.s

o> cVolre (Wb Ll o oals plol j9iS z )5 5 b
b G W BT g 8525 VO (555958 2512 4l s
5 Oledre ) Kizgh docle o I Koy 4 wlgi oo Wb Ll
465, 3l oslail (g0 W a8 0 a5 WS SS9 by

VOnpeax (mL/kg/min) = OY/FAY + 1/« VY x s (Jlw) — V/-AY x BMI (kg/m?) — +/+41 x Hrrest (bpm)

&8l o,

)05 0929 @il ;3 (28)la5 AgSgen (s

S &b

Sigles 039> cele Cie ailagyy liel I asdllae oyl

285 plowil L ey oSl (5,5L8 5 g3y

References

1.

Booth FW, Roberts CK, Laye MJ. Lack of exercise is
a major cause of chronic diseases. Compr Physiol.
2012; 2(2):1143-1211. [DOI:10.1002/cphy.c110025]
[PMID] [PMCID]

Lavie CJ, Arena R, Swift DL, Johannsen, NM, Sui X,
Lee DC, Earnest CP. Exercise and the cardiovascular
system: clinical science and cardiovascular outcomes.
Circ Res. 2015; 117(2):207-19.
[DOIL:10.1161/CIRCRESAHA.117.305205] [PMID]
[PMCID]

Reis JF, Fatela P, Mendonca GV, Vaz JR, Valamatos
MJ, Infante J, et al. Tissue Oxygenation in Response
to Different Relative Levels of Blood-Flow Restricted
Exercise. ~ Front  Physiol.  2019;  10:407.
[DOI:10.3389/fphys.2019.00407] [PMID] [PMCID]

Kodama S, Saito K, Tanaka S, Maki M, Yachi Y,
Asumi M, et al. Cardiorespiratory fitness as a
quantitative predictor of all-cause mortality and
cardiovascular events in healthy men and women: a
meta-analysis. JAMA. 2009; 301(19):2024-35.
[DOI:10.1001/jama.2009.681] [PMID]

Prieto-Benavides DH, Garcia-Hermoso A, Izquierdo
M, Alonso-Martinez AM, Agostinis-Sobrinho C,
Correa-Bautista JE, et al. Cardiorespiratory Fitness
Cut-Points are Related to Body Adiposity Parameters
in Latin American Adolescents. Medicina. 2019;
55(9):508. [DOI:10.3390/medicina55090508]
[PMID] [PMCID]

Rasch-Halvorsen @, Hassel E, Langhammer A,
Brumpton BM, Steinshamn S. The association
between dynamic lung volume and peak oxygen
uptake in a healthy general population: the HUNT
study. BMC Pulmon Med. 2019; 19(1):2.
[DOL:10.1186/512890-018-0762-x] [PMID]
[PMCID]

Poole DC, Jones AM. Measurement of the maximum
oxygen uptake VO2max: VO2peak is no longer
acceptable. J App Phys. 2017;122(4):997-1002.
[DOL:10.1152/japplphysiol.01063.2016] [PMID]

P gy 0
G9nsotgel S poe S 5l Bt g5 dlwy l 4
5 5 Wollijgel luye g sl ezsl (laen Gl
lie 6 50n 035, ol 12l s, e a8 Slisel 2l
Asles oo ,S0ES 5l

8. American College of Sports Medicine, editor.
ACSM's health-related physical fitness assessment
manual. Philadelphia: Lippincott Williams &
Wilkins; 2013.

9. Cade WT, Bohnert KL, Reeds DN, Peterson LR,
Bittel AJ, Bashir A, Byme BJ, Taylor CL. Peak
oxygen uptake (VO2peak) across childhood,
adolescence and young adulthood in Barth syndrome:
Data from cross-sectional and longitudinal studies.

PloS One. 2018;13(5):e0197776.
[DOI:10.1371/journal.pone.0197776] [PMID]
[PMCID]

10. Jurca R, Jackson AS, LaMonte MJ, Morrow JR, Blair
SN, Wareham NJ, et al. Assessing cardiorespiratory
fitness without performing exercise testing. America
J Prev Med. 2005; 29(3):185-93.
[DOI:10.1016/j.amepre.2005.06.004] [PMID]

11. Shenoy S, Tyagi BS, Sandhu JS. Concurrent validity
of the non-exercise-based VO2max prediction
equation using percentage body fat as a variable in
Asian Indian adults. Sports Med, Arthroscopy,
Rehab, Ther Tech. 2012; 4(1):34.
[DOI:10.1186/1758-2555-4-34] [PMID] [PMCID]

12. Sartor F, Vernillo G, De Morree HM, Bonomi AG, La
Torre A, Kubis HP, Veicsteinas A. Estimation of
maximal oxygen uptake via submaximal exercise
testing in sports, clinical, and home settings. Sports
Med. 2013; 43(9):865-73. [DOI:10.1007/s40279-
013-0068-3] [PMID]

13. St Clair Gibson A, Broomhead S, Lambert MI,
Hawley JA. Prediction of maximal oxygen uptake
from a 20-m shuttle run as measured directly in
runners and squash players. Journal of Sports
Sciences. 1998 Jan 1;16(4):331-5.
[DOI:10.1080/02640419808559361] [PMID]

14. Bradshaw DI, George JD, Hyde A, LaMonte MJ,
Vehrs PR, Hager RL, Yanowitz FG. An accurate
VO2max nonexercise regression model for 18-65-
year-old adults. Res Quart Exercise Sport. 2005;

[or L



https://doi.org/10.1002/cphy.c110025
https://www.ncbi.nlm.nih.gov/pubmed/23798298
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4241367
https://doi.org/10.1161/CIRCRESAHA.117.305205
https://www.ncbi.nlm.nih.gov/pubmed/26139859
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493772
https://doi.org/10.3389/fphys.2019.00407
https://www.ncbi.nlm.nih.gov/pubmed/31031637
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6470188
https://doi.org/10.1001/jama.2009.681
https://www.ncbi.nlm.nih.gov/pubmed/19454641
https://doi.org/10.3390/medicina55090508
https://www.ncbi.nlm.nih.gov/pubmed/31438456
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6780837
https://doi.org/10.1186/s12890-018-0762-x
https://www.ncbi.nlm.nih.gov/pubmed/30612551
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6322288
https://doi.org/10.1152/japplphysiol.01063.2016
https://www.ncbi.nlm.nih.gov/pubmed/28153947
https://doi.org/10.1371/journal.pone.0197776
https://www.ncbi.nlm.nih.gov/pubmed/29795646
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967725
https://doi.org/10.1016/j.amepre.2005.06.004
https://www.ncbi.nlm.nih.gov/pubmed/16168867
https://doi.org/10.1186/1758-2555-4-34
https://www.ncbi.nlm.nih.gov/pubmed/22998672
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3579753
https://doi.org/10.1007/s40279-013-0068-3
https://doi.org/10.1007/s40279-013-0068-3
https://www.ncbi.nlm.nih.gov/pubmed/23821468
https://doi.org/10.1080/02640419808559361
https://pubmed.ncbi.nlm.nih.gov/9663957/

raq

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

e

76(4):426-32.
[DOI:10.1080/02701367.2005.10599315] [PMID]

Schembre SM, Riebe DA. Non-exercise estimation of
VO2max using the international physical activity
questionnaire. Meas Phys Edu Exer Sci. 2011;
15(3):168-81.
[DOI:10.1080/1091367X.2011.568369]
[PMCID]

George JD, Paul SL, Hyde A, Bradshaw DI, Vehrs
PR, Hager RL, Yanowitz FG. Prediction of maximum
oxygen uptake using both exercise and non-exercise
data. Meas Phys Edu Exer Sci. 2009; 13(1):1-2.
[DOI:10.1080/10913670802609086]

[PMID]

Rexhepi AM, Brestovei B. Prediction of VO2max
based on age, body mass, and resting heart rate.
Human Mov. 2014; 15(1):56-9. [DOI:10.2478/humo-
2014-0003]

Klusiewicz A, Borkowski L, Sitkowski D, Burkhard-
Jagodzinska K, Szczepanska B, Ladyga M. Indirect
methods of assessing maximal oxygen uptake in
Rowers: Practical implications for evaluating
physical fitness in a training cycle. ] Human Kinetics.
2016;  50(1):187-94. [DOI:10.1515/hukin-2015-
0155] [PMID] [PMCID]

Davis JA. Direct determination of aerobic power.
Phys Assess Human Fit. 1995:9-17.

Ramsbottom R, Brewer J, Williams C. A progressive
shuttle run test to estimate maximal oxygen uptake.
British J Sports Med. 1988; 22(4):141-4.
[DOL:10.1136/bjsm.22.4.141] [PMID] [PMCID]

Kind S, Brighenti-Zogg S, Mundwiler J, Schiipbach
U, Leuppi JD, Miedinger D, Dieterle T. Factors
Associated with Cardiorespiratory Fitness in a Swiss
Working Population. J Sports Med. 2019; Article ID:
5317961. [DOI:10.1155/2019/5317961] [PMID]
[PMCID]

Neto M, de Albuquerque G, Farinatti PD. Non-
exercise models for prediction of aerobic fitness and
applicability on epidemiological studies: descriptive
review and analysis of the studies. Revista Brasileira
de Medicina do Esporte. 2003; 9(5):304-14.
[DOI:10.1590/S1517-86922003000500006]

Loe H, Nes BM, Wisloff U. Predicting VO2peak
from submaximal-and peak exercise models: the
HUNT 3 fitness study, Norway. PloS One. 2016;
11(1):e0144873.
[DOI:10.1371/journal.pone.0144873]
[PMCID]

Zhang T, Zhang CF, Jin F, Wang L. Association
between genetic factor and physical performance.
Hereditas. 2004; 26(2):219-26.

Hirai T, Kusaka Y, Suganuma N, Seo A, Tobita Y.
Work form affects maximum oxygen uptake for one
year in workers. Indust Health. 2011; 49(3):321-7.
[DOI:10.2486/indhealth.MS870] [PMID]

[PMID]

Chatterjee S, Chatterjee P. Prediction of maximal
oxygen consumption from body mass, height and
body surface area. Indian J Physiol Pharmacol. 2006;
50(2):181-6.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rao AV, Phadke AV, Patil PB, Joshi AR.
Comparison of non-exercise test and step test in
estimation of aerobic capacity (VO2max) in young
adults. National J Phys Pharm Pharmac. 2014;
4(3):218. [DOI:10.5455/njppp.2014.4.150420141]

Bonen A, Heyward VH, Cureton KJ, Boileau RA,
Massey BH. Prediction of maximal oxygen uptake in
boys, ages 7-15 years. Med Sci Sport. 1979; 11(1):24-
9.

Verma SS, Gupta RK, Kishore N, Sen GJ. A simple
relationship between maximal aerobic power and
body weight in Indian adolescent boys. India J] Med
Sci. 1986; 40(4):93.

Erdmann LD, Hensley LD, Dolgener FA, Graham
RE. Nonexercise Prediction of VO2peak in Middle
School-Age Boys. Meas Phys Educ Exer Sci. 1999;
3(1):37-50. [DOI:10.1207/s15327841mpee0301_3]

Haycock GB, Schwartz GJ, Wisotsky DH. Geometric
method for measuring body surface area: a height-
weight formula validated in infants, children, and
adults. J Ped. 1978; 93(1):62-6.
[DOIL:10.1016/S0022-3476(78)80601-5]

Hinkle DE, Wiersma W, Jurs SG. Applied statistics
for the behavioral sciences. Massachusetts: Houghton
Mifflin; 2003.

Montgomery DC, Peck EA, Vining GG. Introduction
to linear regression analysis. Washington D.C.: John
Wiley & Sons; 2012.

Kind S, Brighenti-Zogg S, Mundwiler J, Schiipbach
U, Leuppi JD, Miedinger D, Dieterle T. Factors
Associated with Cardiorespiratory Fitness in a Swiss
Working Population. J Sport Med. 2019; Article ID:
5317961. [DOI:10.1155/2019/5317961] [PMID]
[PMCID]

Dagan SS, Segev S, Novikov I, Dankner R. Waist
circumference vs body mass index in association with
cardiorespiratory fitness in healthy men and women:
a cross sectional analysis of 403 subjects. Nut J. 2013;
12(1):12. [DOL:10.1186/1475-2891-12-12] [PMID]
[PMCID]

Schantz P, Eriksson JS, Rosdahl H. The heart rate
method for estimating oxygen uptake: analyses of
reproducibility using a range of heart rates from
commuter walking. Eur J App Phys. 2019; 119(11-
12):2655-71.  [DOI:10.1007/s00421-019-04236-0]
[PMID] [PMCID]

Salehi S, Poursaeid Esfahani M, Hassabi M.
Determine the estimated validity of Vo2max based on
the formula in the female athlete and non-athlete. Res
Med. 2020; 44(1): 326-30.

WeiZ, Chen L, Hou X, van Zijl PC, Xu J, Lu H. Age-
related alterations in brain perfusion, venous
oxygenation, and oxygen metabolic rate of mice: a
17-month longitudinal MRI study. Front Neurol.
2020; 11. [DOI:10.3389/fneur.2020.00559] [PMID]
[PMCID]

Fleg JL, Morrell CH, Bos AG, Brant LJ, Talbot LA,
Wright JG, Lakatta EG. Accelerated longitudinal
decline of aerobic capacity in healthy older adults.
Circul. 2005; 112(5):674-82.



https://doi.org/10.1080/02701367.2005.10599315
https://www.ncbi.nlm.nih.gov/pubmed/16739680
https://doi.org/10.1080/1091367X.2011.568369
https://www.ncbi.nlm.nih.gov/pubmed/21927551
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3173948
https://doi.org/10.1080/10913670802609086
https://doi.org/10.2478/humo-2014-0003
https://doi.org/10.2478/humo-2014-0003
https://doi.org/10.1515/hukin-2015-0155
https://doi.org/10.1515/hukin-2015-0155
https://www.ncbi.nlm.nih.gov/pubmed/28149356
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5260653
https://doi.org/10.1136/bjsm.22.4.141
https://www.ncbi.nlm.nih.gov/pubmed/3228681
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1478728
https://doi.org/10.1155/2019/5317961
https://www.ncbi.nlm.nih.gov/pubmed/31355290
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6633967
https://doi.org/10.1590/S1517-86922003000500006
https://doi.org/10.1371/journal.pone.0144873
https://www.ncbi.nlm.nih.gov/pubmed/26794677
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4721596
https://doi.org/10.2486/indhealth.MS870
https://www.ncbi.nlm.nih.gov/pubmed/21273736
https://doi.org/10.5455/njppp.2014.4.150420141
https://doi.org/10.1207/s15327841mpee0301_3
https://doi.org/10.1016/S0022-3476(78)80601-5
https://doi.org/10.1155/2019/5317961
https://www.ncbi.nlm.nih.gov/pubmed/31355290
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6633967
https://doi.org/10.1186/1475-2891-12-12
https://www.ncbi.nlm.nih.gov/pubmed/23317009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3564926
https://doi.org/10.1007/s00421-019-04236-0
https://www.ncbi.nlm.nih.gov/pubmed/31628539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6858472
https://doi.org/10.3389/fneur.2020.00559
https://www.ncbi.nlm.nih.gov/pubmed/32595596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7304368

S5len Syl (558 8900 | o Ken 5 obL ol

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

[DOI:10.1161/CTRCULATIONAHA.105.545459]
[PMID]

Castillo-Garzon MJ, Ruiz JR, Ortega FB, Gutiérrez
A. Anti-aging therapy through fitness enhancement.
Clin Intervent Age. 2006; 1(3):213.
[DOIL:10.2147/ciia.2006.1.3.213] [PMID] [PMCID]

Dwyer GB, Davis MD. ACSM's health related
physical fitness manual. New Jersey: Lippincott
Williams & Wilkins; 2008.

Solway S, Brooks D, Lacasse Y, Thomas S. A
qualitative systematic overview of the measurement
properties of functional walk tests used in the
cardiorespiratory domain. Chest. 2001; 119(1):256-
70. [DOI:10.1378/chest.119.1.256] [PMID]

Mackenzie B. Performance evaluation tests. London:
Electric World Plc. 2005; 24(25):57-158.

Boreham C, Twisk J, Neville C, Savage M, Murray
L, Gallagher A. Associations between physical fitness
and activity patterns during adolescence and
cardiovascular risk factors in young adulthood: the
Northern Ireland Young Hearts Project. Int J Sports
Med. 2002; 23(S1):22-6. [DOI:10.1055/s-2002-
28457] [PMID]

Anderssen SA, Cooper AR, Riddoch C, Sardinha LB,
Harro M, Brage S, Andersen LB. Low
cardiorespiratory fitness is a strong predictor for
clustering of cardiovascular disease risk factors in
children independent of country, age and sex. Europ J
Cardiovasc Prev Rehab. 2007; 14(4):526-31.
[DOIL:10.1097/HJR.0b013e32801 1efcl] [PMID]

Wasserman K. Diagnosing cardiovascular and lung
pathophysiology from exercise gas exchange. Chest.
1997; 112(4):1091-101.
[DOI:10.1378/chest.112.4.1091] [PMID]

Sloan RA, Haaland BA, Leung C, Padmanabhan U,
Koh HC, Zee A. Cross-validation of a non-exercise
measure for cardiorespiratory fitness in Singaporean
adults. Singapore Med J. 2013; 54(10):576-80.
[DOIL:10.11622/smedj.2013186] [PMID]

Sharma M, Kamal R, Chawla K. Correlation of body
composition to aerobic capacity; A cross sectional
study. Int J App Res. 2016; 2(1):38-42.

Wier LT, Jackson AS, Ayers GW, Arenare B.
Nonexercise models for estimating VO2max with
waist girth, percent fat, or BMI. Med Sci Sports Exer.
2006, 38(3):555-61.
[DOIL:10.1249/01.mss.0000193561.64152] [PMID]

Hale T. Exercise physiology: a thematic approach.
New Jersey: John Wiley & Sons; 2005.

Menezes Janior FJ, Jesus [C, Leite N. Predictive
equations of maximum oxygen consumption by
shuttle run test in children and adolescents: A
systematic review. Revista Paulista de Pediatria.
2019: 37(2). [DOI:10.1590/1984-
0462/;2019:37:2:00016] [PMID] [PMCID]

Armstrong N, Barker AR. Oxygen uptake kinetics in
children and adolescents: a review. Pediat Exer Sci.
2009; 21(2):130-47. [DOI:10.1123/pes.21.2.130]
[PMID]

53.

54.

55.

56.

57.

Nazem F, Saki S, Jalili M. Validation of Francis Step
Protocol by Respiratory Gases Analyses and Design
Native Equation to Estimate Aerobic Capacity in
Iranian Boys. Knowledge Health. 2017; 12(1):66-72.

Uth N, Serensen H, Overgaard K, Pedersen PK.
Estimation of VO2max from the ratio between HR
max and HR rest-the Heart Rate Ratio Method. Euro
J App Phys. 2005; 91(1):111-5.
[DOI:10.1007/s00421-003-0988-y] [PMID]

Narang N, Thibodeau JT, Levine BD, Gore MO,
Ayers CR, Lange RA, et al. Inaccuracy of estimated
resting oxygen uptake in the clinical setting. Circul.
2014; 129(2):203-10.
[DOI:10.1161/CIRCULATIONAHA.113.003334]
[PMID]

Tonelli AR, Wang XF, Abbay A, Zhang Q, Ramos J,
McCarthy K. Can we better estimate resting oxygen
consumption by incorporating arterial blood gases
and spirometric determinations? Respir Care. 2015;
60(4):517-25. [DOI:10.4187/respcare.03555]
[PMID] [PMCID]

Shephard RJ, Weese CH, Merriman JE. Prediction of
maximal oxygen intake from anthropometric data. Int
J App Phys Inc Occ Phys. 1971; 29(2):119-30.
[DOI:10.1007/BF00698022] [PMID]



https://doi.org/10.1161/CIRCULATIONAHA.105.545459
https://www.ncbi.nlm.nih.gov/pubmed/16043637
https://doi.org/10.2147/ciia.2006.1.3.213
https://www.ncbi.nlm.nih.gov/pubmed/18046873
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2695180
https://doi.org/10.1378/chest.119.1.256
https://www.ncbi.nlm.nih.gov/pubmed/11157613
https://doi.org/10.1055/s-2002-28457
https://doi.org/10.1055/s-2002-28457
https://www.ncbi.nlm.nih.gov/pubmed/12012258
https://doi.org/10.1097/HJR.0b013e328011efc1
https://www.ncbi.nlm.nih.gov/pubmed/17667643
https://doi.org/10.1378/chest.112.4.1091
https://www.ncbi.nlm.nih.gov/pubmed/9377922
https://doi.org/10.11622/smedj.2013186
https://www.ncbi.nlm.nih.gov/pubmed/24154583
https://doi.org/10.1249/01.mss.0000193561.64152
https://www.ncbi.nlm.nih.gov/pubmed/16540845
https://doi.org/10.1590/1984-0462/;2019;37;2;00016
https://doi.org/10.1590/1984-0462/;2019;37;2;00016
https://www.ncbi.nlm.nih.gov/pubmed/30892544
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6651308
https://doi.org/10.1123/pes.21.2.130
https://www.ncbi.nlm.nih.gov/pubmed/19556620
https://doi.org/10.1007/s00421-003-0988-y
https://www.ncbi.nlm.nih.gov/pubmed/14624296
https://doi.org/10.1161/CIRCULATIONAHA.113.003334
https://www.ncbi.nlm.nih.gov/pubmed/24077170
https://doi.org/10.4187/respcare.03555
https://www.ncbi.nlm.nih.gov/pubmed/25516992
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4778983
https://doi.org/10.1007/BF00698022
https://www.ncbi.nlm.nih.gov/pubmed/5135865

