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Abstract

Background and Purpose: Measuring or estimating maximal heart rate (HRmax) as a physiological
indicator is of great importance in adjusting the intensity of exercise training and rehabilitation programs.
However, due to the implementation problems of the standard HRmax measurement, sports sciences
experts recommend HRmax estimation equations. Most of these linear/nonlinear regression prediction
equations are designed using samples of adult populations (20 to 90 years old), which seems to limit the
application of such estimation equations to children’s and adolescents’ populations in different
geographical regions due to the intervening role of the biological maturation process. Therefore, the purpose
of this research was to design a native equation for estimating the HRmax for healthy Iranian children and

adolescent boys.

Material and Methods: In the present study, the HRmax was measured in a modified Bruce's test on a
treadmill equipped with a respiratory gas analysis device in 349 healthy boys aged 8 to 17 years in Hamedan
city. Moreover, for all subjects, anthropometric and physiological variables were measured in resting
conditions. Pearson's correlation was used in order to investigate the relationship between independent
variables and HRmax. Stepwise regression was used to design the native equation for HRmax estimation. The
indexes of coefficient of determination (R?), standard error of estimate (SEE), percentage of standard error of

estimate (SEE%) and normal distribution of errors were used to evaluate the efficiency of the native model.

Results: The average ergometric HRmax of the subjects was 202.44+6.12 beats/min. There was a weak
and significant correlation between HRmax and the independent variables including age, height and weight
(R=-0.131-0.198, p<0.05). The HRmax of children’s and adolescents’ boys could be estimated (p=0.0002)
according to the native equation "maximal heart rate (bpm) =208.015 - 0.452 x age (years)". However, the
indicators of the native equation did not have high power, so that the coefficient of determination of the
equation was equal to (R>=0.04) and the standard error index was (SEE=6.14 bpm), which was equivalent

to 3% of the average measured HRmax.

Conclusions: Considering the low power of the statistical indicators in the native equation of the present

study, the use of the number 202 as the upper limit of maximal heart rate for Iranian children and
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adolescents’ boys is recommended to control the intensity of training in exercise, sports and rehabilitation
workouts. Evaluating the results of the present study for greater confidence and generalization to the

children and adolescents would be very valuable.

Keywords: Maximal heart rate, Boys, Prediction equations, Exercise intensity

How to cite this article: Jalili M, Komijani R, Nazem F. Prediction of maximal heart rate (HRmax) in healthy
children and adolescent boys. J Sport Exerc Physiol. 2025;18(2):119-133.



S S l E P SN Cadled g 10359 (STolg b Ayl
\\T“Ar WY cloazins .Y o)lois VA 695 JF+F

Il Glg gl 9 S0g5 Ol 5o dden o8 (3 po 059l 2
B 21358 O GloenaS Loy O laler ama

Olnleolaes b (Jegr olasls (o859 pole 8aSLls (23559 (S3elon b 09,5

oS>

o

slaaoliy wad oula 1o Sjsls i Lled S lgreds (HRmax) aiein b (byd 0,575 b g (6,250l :3ud g o
Obre d)lalial (g ,Feslail o ol ! EMSie Jdods caa (pl bl 1395 5 (g ks ol 51 (ciSlsi g (oD359 (S S
Slediun 1) ity BB byo 3551 SVolae oI5 (0 g b9 psle Glaastie (g collad el ancin U5
Ulo 80 B Y2) JlaS i sloconar glodises oo, b oyl dos Soms,S, 655y S¥ola ol el 0t o
O UsS Ll Gblie )0 Hlszg5 5 055 Cumez (sl ) 60,915 EVle iz 3015 sy s Haia oS sl oa (S b
Sy b I8 ooy 055l Uslao (S gy ol Ba Calnliy 23l dgama e sl sl Uslas 285 Loy
el Olozgi 5 S9sS Wl ()l

odud s g o slwodile,o d}‘o)'" S L e ol Al VW B A Wl jn YFQ o acin A8 b s ila ghgy 9 olgo
5 g Sl 3l (g, 4 el il Lulyd o e gl Sussls b 5 5 yess T sl iie (eizpen S (5 pSejll
s oolitl (St g 5l eads pSeslail dnin B (b0 b g S 555! S sl it (Ssn (o) p sl
5 iz ol eoliinl o5 @ o5 Sge S LS)L"T o9y 5 A S8 b yo °)BT)-3 dolea ()b jglaieds die (pl o
lallas aob @555 9 (SEE%) 5,515 o Jailiwl glas aoyo (SEE) 5,415 o lailil glas (R?) crond oo slodsles
b ooliul St 658Ul SIS b5l sl

Soline 5 hand (Stan 05 488 0 40 Yo VIFFEPNY Lo goges] (o)l plSin aitin ol (Lo (oo gl
ey B 5l (P<eL+0) RemeVTY = +[VAA) sl Cansdts 35 5 98 ey Jolis o (sl it b diei B ol
LD=rfe e V) b gl it ol o = VoA VD = /AT x (s (JLo g Ty Dslas b lymrsi 5 5085 )y
RP=+/+ %) plyy gy Aolns (el oy 455 p5bots 0955 10,95 5 Vo 0508 5 alslas ol 55 oaony 35 loayles o
g1 08s S5l Aitogy B )y (yeSilas do ) Y1 ¥ b by o5 59 (SEE=FIVF aids 1 45,) 0501 o fuibins] (gllas
Lt < (byo Glaied YoY sie Cun)l5 ol iagh dolae ;o g kel sladles b @508 da>da b (g puf dzmuis
sebriedy yol> oo mll b))l el o Sleiny (SESSlE g (S5 Slaasly j3 (nped Dol S Cuz plle (e

g2 98l aiadl b Glszgi 5 Q5355 daslr @ Gl pras 55 5 b el

s DA (6,91 (slaalolas oyl yany s 8 b o s guadS glaoslg

ORI | RN PSR SO S JUWPRRP E S0 WP : I FYU-SON SV JPN X R PSUX PO S| PRV] [PPRR SCIW P51

APFINVGNANFF. Sy cudled 5 355 6585

f.nazem@basu.ac.ir : Jsius sdiwys asbll,”

VEYNAYY o pdy fo)b VEYINYSE sy )l VEYN /oY el s )b

'YV


https://orcid.org/0000-0003-4040-0837
https://orcid.org/0009-0009-9656-9659
https://orcid.org/0000-0002-5690-8611

ohSen o Ll

Olyz 9 5 S95 50 ety 8 (byd 34l

load (> aiion b8 0l po 5 e Glee 49l
Oy slobos S JLuS )5 Conaz )0 4S5 5bas
Cool o0t 0l e Gl Slslae 4 a3
Siddpid ez gl Jln )0 Geizees (V)
lp CBLEY 5 €« WS S¥slas i ped 9 G059
(V) Cosl ool Byme aicin <8 Lo 5,605
b atedn <8 lyo 05515 5 Aol 455 5bay
O ygods €S i dobe YooY Lo 5l iy
B Glys VY = ) Sl dae Sl e SOl
LS 5 UL s (8) ool 0053 ko (A
Gy b |y esSiin ayoz olaa Yoo\ Jlo o
(e 8 (Lo = VoA = IV x (o)) 230,5
a5 25 Giagh YOV (Juloxilyd )l 5l easly o8
(F) 85 con 5o 1) JUS,5 VANIY adpaiss,
i dolee jiin &85 5l bagwn cnl i
Sz )0 €SB i dlayl) 4y coed «SULY
5 BLL Limgh ;0 .(WY-1Y) o)l colsls LS5
b olye o @V e (Ser S
S B ws LT R = =/ g At
O Ay 50 (o SR g% b Ll e (3,158
OYLS ) iy QB 0L po 2 (o I8 BalS
Aoy A Jaise Jule «SULY doles [0 04
O 1y QYL 5 Aty S8 (byo olyss )
3 00,8 solatwl vezg b R?2 = +/A%) &S e
o eadoly Aty o8 ylys 5,01, ¥oles
Cladises 31 6Xiy OYolrs caws ol 2k iy
o5 s oolizal (Jlo 4+ B Y+) JUuS, Conax
5 S0 Camez ;o 1) Ll o)l sy e Sl
slagiogh 4S5 sba (1)) sjlu sgame lozss
«BLL 5 S oYoles o)L 51 (Sl o
el Glozgs 9 5095 (i 5 1SS ooz sl

ohBan g SlraaS ipgh i)l ,o (V)

\YY

dodio

U“‘"L’ 6‘)" Ls“’))‘L’ Ll \(HRmax) Ao A8 u'—’f‘
(SEp gyl )0 Gyl DAl g Suisle i Lis
Smo Jdoar (B9 Sdmnd 9 A5l
Erae GiemSl g b 0lyo Olss Gl SR
@ aion ClB bys () conl (o 5 plKe oy
Colad plSin 5,8 Baday o B ()L po o SV Al
B by 05510 L g o T e3lail 0s o DT Sy
sladsly mals g e yo @) Jool I anci
i gl aled SO lgicay ol 5l as el 33T
Pl b sl 58 g G W i
A7) 350 o0 ool Gmli.ip"uﬂ o lastiwl 6LQQ9A)'T
Obpd oo b ain B b s a0 diged gl
dalipy Oud peod 0 coxiin glaasles w0 ,d U8
S (S rimen il Jledar (3555
4 0,8 olowws ojlasbinl o355 sloygesl cades
Obo el oo 0591 ancin B by 5l gaw o
L I S glsieas HRmax &les 5l S0
hm ) ()5l G I (i 5]
oolazl "(VOnmax) dicins (o 5umS| e
syl acin CdB (b s o uSoslail o laslinl b,
asle GG slacaadge jiin jo o labiwl b,
S 23Sl ST g ole (B sl
gloased 5l (Fibay 5 ¢ F) g S, 55y
Sl o ancin B Lo 8,910 lp (V) smac
"\'HSLSA oalazwl

SYolee (ygSE aS aiS o ST code sla 155
lacarez diiay 8 0lyo 050 cuz Sl
R?=+/F2 =+ /AY) sl onds (b e g ol



Y O)Lo..,:: AA 0,99 AARAS

o Cedlad g 5559 (5505 5 4 i

Sgaze ) 58055058 Ollszsi 9 L9sS Comex
VLI

UL 5 ST ¥obee 5T & 4z g b g 5
Cens 00 55052 58 5 V0) Llozg5 5 S095 Gl o
30 Olszg g SogS  aw dly et OYoles
Usbo (2Ll sl i ey (V) 35S
ol e as ligel zils dcin I8 Lyo 0,60,
Sl ale WY B A e dals b sla Sogesl
oS Al b 805508 9 5800555 slalerex
Golel D508 wls (3lr 5 rb SEY Dgline oy
) oo Aol ndio )5 5 peesd Sl
=Lk hegn cnl Baa nlply ols salys gl
Oy 835 At B plyo o)l Woles
Pl jlre gy 5l xS b jsel il
el 0aiyl3h (oS plSim

OMRIF P9
el G Jalis (5 el nal gy (sloaigas
30 Jwass 4 Jorieo Al VW U cuze ol
Py olhes S ysn s Ghisel 50 9 S (>l
b coin ol pay 500,50 PR el (o Lol digas
0,5 S S gy 50 ailldbgls aS 0e Jlu VY
Jol dawsie (ool (Jeaxs ablis (w)lae o
sy VA 438)00(69)) Ao i IS 5o ipgo
s golasil y Sim b i gli L
50 Al ol wedae glades Dygod (laes
Joloe 6 ) pae Jdody anjon e oyl oy
Nad )5 Ghagly 5l oKdjsel Ll ezl 5 ol 2]
G Tacl jo o Sl oK jgel Vo Coles jo aS
Solee ysbay (S3905] lans (g 83, 50 5l a5 as
slecosgame Jdody e ool b wed ol
56 5 Oliselmls Slsl (san o Kem pas 5o Sloj
oo b 5,02 pas Jdoas badogajl 28, ,LS

\YY

i iy 5L g S8 S¥olas a5 ols oLis (VE-Y)
B plye Jloliae 60,5105 5 500k 4
e e Oloz g 9 S99S il (i )3 aden

V0) ws
Syalp SWolwe >hb a4 sogame sla jimgh
9 S35 (P dials i i b plys
5 Ol Liash (VASVE ) wilos S pladl ls> s
@ JLAV BV plszg g SosS OV ) ol
e gl iy B lps 051 Wolee (b
fien B by g sS) Aol cnl jo il
B Glre s o sbaseite Sl eslinal b p0sS
AOE dids 1o a5,0) o9 00 0,51 bl col il
g OplS immen (VA) R? =
Boles Wl VA A ,I8055,5 TP sy b o], San

«IY# « SEE =

Sl pste Glie p 1) atcin B lyo 09l
ON sF Meyd g O ey el b plys
SEE = Y/OY aids ;o ay,0) s s &l)l 5 )b
g Y eSls aiw) ol e (VP RP = 4/
Slie p ancin B Lo o9l Aol o),
S, Ao YA B VY candlsed llg>gi 659 oy
(VY) R?=+/+V.SEE = V/# i85 ;0 ,5) 4is,S
oL oI 055 9 Sy LRgl gl s nl b
Al VY B A ol s 50 oalioly SVolas a5 ols

() cewl sl 56
Yol yo ass L5)L,<s] slals dba>de L
Sl (oS sl g o) oﬁf\).b S o
5 555 Cumez By (o5 bl Wged 5 YL 3505
69l Yolae pl a5 céb o Oleise Ole>ss
s 19,55 1 (60L 5 (B pmens D8 5l oalioly
gl 4 p50sS <8 by 05l 5o Llised s
aw opl bl Bgas 10 K0 (Ggw 3l 0,5 slazel
S35 iS85 5 il ol o3l | 55ie tags,
A (BOpmerd ol a5 Conl ouls colaiul g5 g



ohSen o Ll

Olyz 9 5 S95 50 ety 8 (byd 34l

Sl o ol ol acal ol L:a‘_;;oj.o)’—l a5 0l Jes
o Jpni (g (53559 93] il il 4 055
pow B gl Jolpo sl (gladBoan dl> o & ol
VIV Coli Ceym) o5 5oL JLad shils gyl opf
Vo9 d o cud ey laced g cele o yeglS
oot B adioe o Sy onl el (o)
@I sl ol el i b slasge)]
Ll ol Jls sy el 0% e 5 9500ks
(VY ) s plodil o yiwl g (Say jlad o eSS
h/p/cosmos ) o5 g (59, (i, yge;]
Sz ol8ws 4 jexe (Saturn300/125 Germany
Power Cube, Ganshorn ) owas sbajl5 s 4
Medizin Electronic GmbH, PC-GMEG
D9 o)) sl pKie i bl (Germany
g lrd b gy 95051 0 Gl (L5 ki
Polar Heart Rate Transmitter Model T34 )
00 diuy o Soge;l A &udb g9, 45 (Germany
Cudled Sad il jelateds oliws Sisled jo g
il ab e S g og s BB e Sogesl
Gixs 03l szl plie VOLVCO2 sy
HansRudolph, ) Sy Sule dlwgay o kel
g yw 83kl L cwwlie (Kansas City, MS, USA
s b s 5 Spslaez o gosesl g0
S bl byb e Jelmipe s 53U
Shre VOuma (mes 5 ol ()5 (g0
55 05 Ced (o3l 8 50 a5 Ao aine lSin
Oy W) il e amlice (3 S Sl 5l 4T
it B by woj3 AD I i B8 Lo &
i JolS S ¥ () UL dlaly gillao (s ke
¥ g omge o Jobs pase saslis Y N/Y < (RER)
3929 b LIS Aalol 51 glisal § Sogesl ol Saslelg
e shieay (YY) Sigejl (M lagigs

b vy. o D pan 5emS I Jlade oy ydion VOomax

\YY

20 (59903 YO (Sl jebay (iagh k]
codles 5l eMbl (gl aid S sl e B,
JolS M e (S Aabiculs, da Soge;]
(eSS 1 QT b o eole lassally & Qliju‘;ﬁlo
Aol y 3l oolaul b oS eSSl 5l g Ladl
Ggh Sl b (6 S ele Splie 5 (Seegsl]
pole oBisls iogh yo S LS hwy yol>

.(IR.BASU.REC.1398.006
9 (Jlo) G loyaie el gl2l g,
(S 5kS)

W) (_g);o)’\.)d‘ o)l..\.SL‘;w‘ 009 N (BMIkg/mz)

N 8 Ales 039 CRagil)
Sl by b gl colinl BB olys
Polar Heart Rate Transmitter Model T34 )
©S9y 4add Vo oS el sl 5l e (Germany
Cardy Guzins Gl ol 6 pSoslul anid Jocs
5 b gl g0 0 bgsgeil s sl
2 (V) gy (B9, b (o) 9 05995 2kt
503 Gy Oloy e 5T g5k Sl 5l Al
i b 455 b 285 plowl 05 e gl @
il dy Jobo 5 et 08 (339 3 (e slaadlle
$ge3] Eske (o9 sl D (e g5 51 Sl
o5l e = sl 51 Bl izl o3Ity Al 5l ool L
S g R O R S I
Blas sl 1,3 S VF-1Y dls jo 8 Ce pus
e l 5l o SYL L Somb 85l s xedo E5
(0225 5 02095 wod Fa) (rmb i E5ly Ao o
B by 5 pSojlal o BB loT slaie,
oS b Gog (5309 03a31 5| VOmax 5 4t

slogSa 3559 Qyoﬂ Sl jo (B) i eolarul



Y O)Lo..,:: AA 0,99 AARAS

o Cedlad g 5559 (5505 5 4 i

oo 45 Eoe 10 s ol c Limgly Al by oy
ROPAE

S esls (als @395 oy p sl iyl Jukond
O (23,1 jsliieds g Byl el By S 90dsS ga5]
o by 9 (y 0 9 b (0)09)) Esk
Olymy (Hls A I8 by 5 (lsz 9 5 S365)
Jitws 5 9 9SS Gll bl og; 5l s s
ur Slr O Sees 10l eolanl
L ooabgpSojlal iy Cdi o S
(O 8395 &iles 5 (359 3 (o) Jias sl o
Sysly Aolee (b sly uized ol solatul
el a ol g )T 5 Ol At B (Ly2
23S e g8y Aolee 5 O] S b oolitl
3,90 p o, astiw] las & R?) yuns o po sloadlie
x Veo) o 3,9lp ojlailiwl slbs 5 Y(SEE)
MY%SEE = (SEE /6035 503! VOnpeak (eXils)
3l oolawl b laosls (g kel Judowigds jo5 (Y F YY) o9
flol P<ef0 ml jo Y¥ i SPSS f3la
O

Crizmed b Bl (3555 8auliE ges] ol
Banl3E (303 P oy 2 B by o i
iy B8 (Lpo (o8ly Gromie &LiS 4 ()

o bl
P O Ry FE I I OTIP L SV LW P l.m@oj,oﬂ 3
S Selad 455 se el alRanlesl by, @
Wik 4l cele FA GL was L
R PTRLIV WP UWIPN SLAWR S JRCYESMR T REPIUEE SV
Slge 59355 5| s 5 955 e Gh3ps 090! |
ot 05355 glitel Soweln] O bl 4 olde
e o aieo Lyl s dasdle b )5}.3")“.31 58 oK
Joddljgiws Billas 5SSt JounS o35 Cad g
3 oolarul 51 s g Gt dlhg; condjle &Sl olSiws
Lngg_g).:fo)’\JJ‘ g.,&)fc;o S0 PC-GMEG oKiwo
>0 VY U VY ko gl o GbLiw.)Lo)T
eyl g aoy FY LYY s Cugb, )5 ile
S5 sdpsed oKtalogl 55 s b | e VAP
28,5 ool g 51 ey St 3 L ey Sl

Slcasgime (S 5 b goseil sk Slsl s loa

(55 YFR) (w22 3580 o pamy 30 (20w ) pl8d S 5al 92 13 9 (5 Fog 9,501 Wlasin ) Jguor

Yo&ls  omb &l sl Syl E (Sl L it

VVAY YIfY VY/YEYY/A (JW) oy
Vaf VY- VOV OEYO/VA (o il o8
Ny Y10 FYIVEY /04 (05555 o33

Yovy VYIS VA/FEOF/TY (s e I35 5LS) oy 8055 Ayl
VoA OA INIRE 224 (ad85 4 p5) Col il b8 Ly

OOIA- YY/ - FA/PEYS/Y (4835 38y 359/ yied Shoo) Ao (B paan (eS|
Vo Ve VEYA[A Wty b yan 5emS] & sy S kS ol Cend
YyYy 4. Y-Y/PEFENY (4835 )0 4,0) (Zuiww )5 pl ainn 8 Lo

YO



oo 5 Ll

Oloz g 9 S0 ;0 ainiin B b yo 24l

awlS oeS dinn B Lo 5l aads o s
OB0sS (adly Ain B Lo G e
(Y VWVEENY) Glozei o8l o (Y-Y/OYEP/VY)
P<120) Jolixe Jg Sy AN ouin )5 s
ol L) USS) al ongs (AL .Sk = Y/FY
33 oline 55U b Soge)] taw) Esb mshaw o
e aS g sbay a8l A (B8 LS
Eob b loog)S o anin B plyo (xS
g (YoYIVPEENT) oo (V- YIDOEFIVE) o ,04;
Lol Ol (VVEFEATINY) o) pmo Eols

() USs) P=+IYOA) aslas 5508,

3O Lot 0,90 slaxie g Lo Joge;] Wlasin
i B Lo uSile 09 0 oddline ) Jgoo
e Sgy By o 4y YeV/SEFENY ol
2 Olers 9 S9s8 plle lyey HRmax (:S0ks
Y Jgaz 50 lizme jebas Jlo VY B A s slaes,
S5l b el aseiie a5 j5biles el onis 4l
by o pSedz i @ lagogejl
Sbyo 0 Sl jmals Ll aweloes ol s &t
Sl Fy S Wb cae 5l ol Az (38

TRV s ¢ o Gl s e sl 4 4S5 s

(R FFR) Al IV G A oyl paay jlvosiloys szmiow )5 o8 diiion ol b pss ¥ Jso

v \# 0 ¥ Y 'Y )l ). a A (JW) (o
\ YA YA A \Nd Yo \a \Bi Yy \Nd (%) @Q}c)]

Y. /OY Y-V/oY Y.V YVvs Y.YNYE Y-YNY Y-y/vAa ARAVAR Y-¥/70 YfIvD * Sl
fIvyY via- FINE #INY ZIVY INARE O+ A #IVY YIY - OINY * lxe il il
4y 4. 4y ARA AR \af ARTA \4Y 4y 4y FaeS
Y4 M Y10 s YrY Y10 ¥ Y1A Y4 s faiy

(4833 50 4,8) (28ly dintin B by sl
Y0

Yy

(A8 )0 0 po) didon b8 4Ly
s
[>4

T

I

L]
Y.
4.
YAD
YA
\YO
\Ye.
SosS Oloz s o

995 £

oS &gk

(GAIBY) (e gi 9 (M5 1AY) 995 ()l juuny 53 00yl 3d (2w )5 p L i <l (4L pb (1255 Loo duny Lo ) S0
(P<e[+d)) (o)l o2 (4l a5 )y b doclion B (4L b jloliro MBS 3

\Y#



Y O)Lo..,:: AA 0,99 AARAS

o Cedlad g 5559 (5505 5 4 i

R2=+/+F) l5355 diciy L5 L ,b 5,51 5 Aolae
aiBs 0 w) oylp ojluiliel  las
eSiles 2o y3 ¥ L il Isgas a5 5y (SEE=$/\ ¥
oeze (P Jgo2) canl (oaBly bty B 0152
b 59 5l Ggee)S, Wslae oyl s

(P<e+0) 545 10,95
iy B o (Ao o 40,) =

YoM N = [FOY x s (L)

O bl g hers (Sen 7 Jou> Billae
S 5o Jitas sl pito 5 (o8ly At 8 010
R=-1NTY = <VAA) o)l sgmg s ygmms S,
Gt o Jole 4z ST s cnl 5o (P<2/00)
il oysln Aty B Lo b ) (Seen
(P=— < 1VAA) 391 Cpnds Soamai 8301 Lol sl
FJB ol (b Bl ol i S8 LS

30 e o o 4 (5 yabody (P=+/ 0 2 V) 0y e)ﬂ).g

AL WY B A Gl 50 g 5 8591 Jiliaoo gl iio by (20w )5 S0 s <l (4L pb (Snod Y Jgur

REETETS KG) uj9 (CM) u3 (JW) e b it
—+/-Y¥ AR AT ARV (b/min) acios I8 by
P<+/+) :®
Ao Y B ol g Bt B (3 0551 2 (a5 (ygmm0 )5y 595U Jguir
SEE R? R p Coefficients (B) * alolro
#INE o/ ¥ ARYA ofee
oo YA Constant
oo —[FBY (L) oy

Bt B Ly oyl a5 S (lgiee sy
o..\.’bo_'>|).b oleo 5l oolazwl b U‘Pﬁ" 9 S0gS Q‘JM\.&
S 19595 32 comslin 891 )08 51 s slie
salys ST glaiagh 4 byie of el b5 s
ol sae jl eolainl a5 vy o i e (I Loy
Obyo Gle (1 Sle pggde 4 aiBS )0 o VoY
Slaal 6l gz 9 S0g5 Gl S Ao B
ISl g By (e sleasly Dol LS

Asb LeXal,
5 O03a9 Bip> 5o 45 93 oe ST ale (slaadly
el o sbale 5l e S il
VO2MAX%, VO2R% , HRMAX% , HRR% , )
Oesals Jlasl o ieils G A, 0 (MET

P azryg bcwl o Ay b8 by dle

(4838 10 4,0) At B Lo 0551 = Yo A V0 — /FOY x pw (Jlo) *

\YY

S 35 Az g Sy
S el ey o GRS L pole Gieghy o
Lol gy gl dis Cl8 Lo )0 (6 St
Sly2 3 TFY L il Jlo 52 5 o Gial5H b caon
Olrd O orized b oe lS o] Aty B
SogS (G ghi
G (Y- VNVEFNY) sz g (Y YSEAYNY)

2 Ol i B8

0 00y (M uSilio = V/FY P<-/+0) loline
o gioge3l (s €5k gobaw waop (b () JS2)
il lagogesl At B Glyo o 5k b
SgesSy sl az S (VS5 (P=+/YOA)
Lol (P<+ 1+ 1) 091 loline (ko] Bl 51 sty >,k
slas s R7=+/+ %) oad o o sl Lol Al b

sles ol ,o SEE=FNF aids s a5,5) 50,



ohSen o Ll

Olyz 9 5 S95 50 ety 8 (byd 34l

2 dps YV E s Wl VY G s ol g o250
Ol (Ol en 5 g3lale (OVA) 0l (5155 adSs
o ARES 3 b Vo YER Ay B ol
(Y9) 00,8 )55 1, b V8 B Ve ol ey
At QB L po oo 5 ol (55900 SR
GAAD dwls jo dlu VA bz ol 550 5 ol
Sy oo iy (YY) ol plad ], ag8s o 4,5 V-0
S92y i B (L po (S0l )3 £955 590 o
o Aald iz gzmen else o OS]
3 it olled Bl o (o S 7 o]
339 035l g5 DBl da gogeil oy (Sl
el ol (i S A5l a5 el

Y A A aisl 55

Ao gogosl o RPN L guer ol agh o
el glhag anion B8 bye Swsl rals sals
JEY Ls Jlo 2 50 aS 5 9k (e S VY L
als Loyl &cis b8 Lo 5l aids 0w,
e dals jo aS cl >y (Y Jguz) wl se
Jlo 2 bawgie jsbay iy (b by (VLS5
&ly 0 (Ve F) Wb oo ol asds o a0 S
&S oo olid,ble aS ols semg S s 5l S
Jole 5l Jae (Ul gs 5 50s8 At 8 ()0
OB 05 pw iulidl L HRmax galS ¢ cewl

(YY) s 8T lass
ON 039 998 (o sla e g At S8 Ly
Joaz) R= +\YY — «NAA P<+/20) ol oao
Olye Siluise ST &5 coul (g laiaghy
Ulgzes g 50eS s Als o arian (A3
(o B0 5y el b pSedar (Sewes
— B Solel 5 o cudled mhaw 0I5 (i

S9=9 ‘°)-’54-’ (Yt\ AV AT ef) s))‘di L@tj ‘Sw.n.u

\YA

pole ol Simgh i B plps (5 pSejlull
Obrd 35500 Caz 1) (g S, SVolae (s jais
o pl b (Y0) oS oo olpiiny aniy U8
() (i Ao B Lo (69Kt Yol
JLA-Mf))J u‘o).a 9 QL') Coros> L_SLQOQ‘.) :\.‘L‘ » fa.m.»_}
w)ls 6]..0‘ Coogdowe s)ug‘)‘ ] 00 ‘5‘>|).Ia
o] ol HRmax (53,51, Yolae (i
S ssba el Jlo Ve 5 JUL lacere sl
G Ol 0 (655 A B )y 3591 sl
(V) el ouls )58 o2 ai By o ws Ve
Obre ot zul, OYolre a5 o)l ISl (] L

sl L lo>gi 9 S055 Coumax (gl aiin 8

Sgus a4y a5 b ease )0 .0l ol ped (6 yiin 0,90
IR CORNERUN L I W o)ﬂﬁ 30 yuiao gladloles
8 5ol gl sloatil olyrsi 5 S8 ol

Sy dalg> JAL,
Olezs 9 S9g8 ol diiin I8 Lo (2SSl
3 Ao YeVIEFEENY L ol ol gy o
b lye e Gemes () Jgaz) 0g aido
Slszg 5 (VYIOYESNY) SogS Glomy dipin
P< /) Holise g Susl Bl (Y- V/FEVI/NY)
5w 93¢V JS5) 0 0y (M (5 Sile = YIFY
09095 % s Esb zobe (Grizmen (ol
o s (Ve YIVEEEINE) arlo (Y- Y/F2DO/YF)
Lt B Lo 5o 5L sl (VeVATERYY)
O dw ) JS) (P=+/YOA) cunlas o Soges]
ol> iegy ;o HRmax sle Sl (g oS>
20 09 ryglS 08 10 iy Sl tagh b guen
VAFNEVIEE lo VALY - (250 g ol pan diden
oy g0 Oezee (A) 0l (5155 asds jo a0
i BB by Sle o Ken 5 o9ebe



Y O)Lo..,:: AA 0,99 AARAS

o Cedlad g 5559 (5505 5 4 i

P p e A G byl ofan
Vb Gty sl slls GLU ol (oo slaeg S

Y ceol aiBs o a,o Ve L oplp
HRmax a5 ols oylas 55 Jad Sgww )5, Lol ol
e eiie Bl b Al VY b cete Wl ol e
dal, ol 5o el oyl LB ) Wk b
2oy ez dgum s M e o(Gge S
Ol iy 8 0l p0 uilyls 51 R = +/-Y9)
las a8 oo e ) (o) 2 0590 Oloz s 9S85
FINY ol ddoles ool ;o (SEE) aﬁif_ o laslewl
B bre (Sl wo)d s S 4B 50 450
oS el I o ol (F saz) ogr adly Aty
Sy o mhb Wsles o a5 YFU L] diges
G b gmeen (V) e sladiy 55lel Coe
) sXin dolae (a5 eale 29y ol
HRmax . ;o a5 wis,S b ollg>gi g 5 0sS
JB coliinl b8 (Lo g e sl e A
= +IY% < SEE = AIOY aids ;o a,0) og o9l p
S9y hegh o oles 5 o8 (0N R
B lyo 0,51 Asles sz g 5 Sos8 IS5 5
039 el QB 0l po slo e Lb 2 ) aden
b alie i cupo b gd (22 200 9 o
(R? = +Y0. SEE = V/OF aids ,o a5,0) Xio,S
3,900 Uolae o), 8ep 5 Ve cruiman .(VF)
LTy o YA B VY cadligs ol 1555,5 HRmax
G S s oty b o el 31 el
R? = +/+Y ¢ SEE = Y/# aids o 4,5) &d,S
5 g Omion Sl jmegh OYolas el L .(VY)
s glel sloadlie lls yol> hagh Uslee
cbale sl bl Vb GLSLL o a5 j5bylan
5 rol gk GFeee)S, SWobe o bl

sl Sz Vo 0,8 5l ety alie slatags

AR

e deld o HRmax gy yboo cns M
Wb pdy 5 iy SRR 53 Glezss 9 SogS
ol ele loariin, aScpsbay .l oad
Oblszgs 9 OB0sS diin b8 (JLpo a5 wad s
1S o Gl by el e el ) i
To Sl jsboay g5k 5,90 )0 anion CI8 Ly
Olre C8lol o 5l 5095 jgue b oS o o3
aaly> 4z g GLLE (o (Rl L ol e ariion A3

(X)) oy
o= Jele b HRmax ol Sen LYo
b o 290 OUlsz g 5 G355 53 R= =+ 1VAA)
Bl Cand 09,5l 5o oligS cw Al 4 g8 o
S lszgi g Q05 (g Al K00 e &
a5 GlagSay ol GYLS 5 e Al 5l S
YA L e 5l llgzes 9 58S s b0gdome
e LYo 5 VS5 50 bl Jlo Ve bl S
5 JE,L (T8 A ) el Lo Ve il Sl
WALSES 15 YA oo 5l G gt 0 o, San
S ol dcis B by Olss a5 wiols las
oeals Lo Jl A b Y. b0 nlS i Al
Jor Vgl Sy gy, s pSeir
e Ve g Al b ooy ,S 5,0 HRmax
Obsd s ol 4wl )3 n Sedle ot
i)l Sl DoeolisS (g Bogae S (SogS
(hlie jo sl aiion Cd8 Glyo 5 G e Al
PEISRTENPSIWE COY N VRPISY | PV S URpE SR U K
Oonb ghe & sy 4 (A) pezlse
2 1y o slee » HRmax 5,50y « SKiwaon
SISLL ) a5 35luioe Sguzme Gllgzgi 5 (L5358
3,90 p SYolrs ol ol w10 e STl 4 ay
by T 5 ol oo Lo (5055 Ak B (50
Sies 10,95 0 YU 0yel a8 g g,

SYolee el a5 was o plad Ko b oy p



ohSen o Ll

Olyz 9 5 S95 50 ety 8 (byd 34l

Jlisay wlie pl (B nl 2 ogdle .(VF)
B plre ot sl 388 Ly S plels
B 0lyo p S Belse mizmen 5 GUlsz ancien
O3Sy Jelos SeS @ lag] oy bl Aoy
O S 5 il G L ys gl st S iz
Ssin Jolse Olsear ) 20z we)s 9 o 09
4z ST ein,S (Byme abdoy 8 (Lo sl Hloline
5 S a3dyenss) o] g ,S 5 Uoles ik 5o
orlaidl anin Gl olys by 5l se o Y
VAY ol 510l 5l eolazwl culys jo (B acun g .cuils
Jodoar Ulszg 5 O0sS slp 1) adBs oyl
Sty gy Slossl o i ol 2Ll
(F) Lo )5

iy Aol o bl slals dbsde L
aypo Y0¥ 2ol 85101 51 onlicial alis oyl B i s
S At B L po (uS0le plgrear ) 4dBs o
Sz ol Olerg 9 S35 Gl Cunex
Ol 5o s ge sleiing (oB)5 Sly yed Dal U8
AiBo 0o Vo) g Ve ¥ Cull polie cunn)5 le
Gy i B8 Lo Sle Gl iy
o ped Sad pelais )0 plezgs ol (IssS
S5 aaly oy L5 355

3 S S Gagh ool samger Olyed
O e g 9wl Jloar (Slyzgi g (S99 Gt
(6 iy <8 Lo b (pe ens LU 5 s
3553590y s o8 ¢y Sgan )5y SV olre IS
i 03 L (g Al ol o it S8 0L
@lis cpl (B ot g ol iagh mls 4 sl b
Oleyd 955l Alid |y s po @0 VoV (1 Siks
Jlo WL caa olle glra 5k dncty B
oegn @l Qb Geimes e e olpiiny
Bl 0 ()T oot 8 5 s el jglanedy 0l

S M‘9>' M})‘ )L*-M*‘ u‘ﬁ’ﬁ" 9 QLSQ?S

Moys> e Oblezgs 5 0sS HRmax (5.8 [C
Ol SYolee (nl el G po a5 (55 s
L oKin oYolee caws ol 5l Wb ases jo o]
Sy 0 4 ( IS Hebar (YY) 0,5 eolasl blas
@9y Sy o Olez g 5 Sog5 (w ghaile j0 oS
At 8 (Lo 0yl SVole (iS5 5w
Bl iz 0 ped Dol i et S 510
PO P ANS VRSOV S R JCX FRECIe
Ol s (Shad 4 355 0 |y ity Dl
955 Ly )y (6,18 Aoy BB ()b po b s ke
5 0B35S HRmax 55 (yle 4 20ls S Slo g3
(s 80y (nl 53 g Censl o Jale 5 s (lg g0
V) S peRoizr G b it I8 (L5 bLS)
SoySy Aol S a5 cdlb azg Wb (VP
slopiite Gloe Vb (Sharod 0929 sl ciadlys
Al 0l y2) SV e g (o Lo g ) Jitens
Fb omb @D Gl es s jo el (annten

Coraz 6y s B s 0551 SYoles (i

3 s 55kl slales Abiwgts |y Glyzgi g SogS

0,5 ol oKty SVolee
O il Slilse 4 dtin B Lo Sl tals
ol 2l Boary Fp @l slocuses o
30 a,5 VAY culb 31l 5l solanwl a5 cuwl ails
Comer (nl ) aia Gl8 Gl Glea ) adds
5 JB L [ SKanads iagh (VY O F) oS olprin
L, VASNE VI i b 5l el o)
eilo b Gl 5 oliizo (6,8 FOOY Corez o
orizman () 35 Ui Jlo VOBEVE
) aiBs jo a0 Voo nSho f)See 5 golzle
Ao V8 B Ve Wl e HRuax &les lgicas
ooy SaadS egh (VF) wo,S olgriny
Olszss 5,0 YT (g9, ohlSen 3 0,05 S5

3,5 IS ) akds 5o 40 VAV £ AP SLs



Y O)Lo..,:: AA 0,99 AARAS

o Cedlad g 5559 (5505 5 4 i

10.

International journal of sports medicine.
2018;39(03):198-203.

Tanaka H, Monahan KD, Seals DR. Age-
predicted maximal heart rate revisited.

Journal of the American College of
Cardiology. 2001;37(1):153-6.

Medicine ACoS. ACSM's health-related
physical fitness assessment manual:
Lippincott Williams & Wilkins; 2013.

Fox 3rd S, Naughton JP, Haskell W.
Physical activity and the prevention of
coronary heart disease. Annals of clinical
research. 1971;3(6):404-32.

Cundri¢ L, Bosni¢ Z, Kaminsky LA, Myers
J, Peterman JE, Markovic V, et al. A
Machine Learning Approach to Developing
an Accurate Prediction of Maximal Heart
Rate During Exercise Testing in Apparently
Healthy Adults. Journal of Cardiopulmonary
Rehabilitation
2023:10.1097.

and Prevention.

Shargal E, Kislev-Cohen R, Zigel L, Epstein
S, Pilz-Burstein R, Tenenbaum G. Age-
related maximal heart rate: examination and
refinement of prediction equations. The
Journal of sports medicine and physical
fitness. 2015;55(10):1207-18.

Robergs RA, Landwehr R. The surprising
history of the" HRmax= 220-age" equation.
Journal of Exercise Physiology Online.
2002;5(2):1-10.

Gellish RL, Goslin BR, Olson RE,
McDONALD A, Russi GD, Moudgil VK.
Longitudinal modeling of the relationship
between age and maximal heart rate.
Medicine and science in sports and exercise.

2007;39(5):822-9.

AR

ol ol Ly

Sl colo>
Ay o)l (wlid )5 bbb 5l as S ragsy oyl
09 9 Sl (2D359 Siedeid (IS (D39 pole
S5yt il 23,5 oll e Cgla WisSgued

2,105 3925 alas pl jo xélis

‘IJ?.l ‘g_s"‘)l" BN ngL.M.a )5194_3 ulfwf EUN-Y
aadle &8 lie dlde (yides g ool oo

&8Lw olay
8l olay Az a5 aiS o el By

.»))L.\.; 39?5

! Maximal Heart Rate (HRmax)

2 Maximal Oxygen Consumption (VO2max)
3 Maximal Graded Exercise Test (GXT)

4 Maturity offset

3 Stepwise Regression Model

¢ The coefficient of determination (R2)

7 Standard Error of Estimate (SEE)

8 SEE%=(SEE/measured HRmax )x100

&lw
1. Gibson AL, Wagner D, Heyward V.
Advanced fitness assessment and exercise

prescription, 8E: Human kinetics; 2019.

2. Kraemer WJ, Fleck SJ, Deschenes MR.
Exercise physiology: integrating theory and
application: Lippincott Williams & Wilkins;
2011.

3. Keiller D, Gordon D. Confirming Maximal
Oxygen Uptake: Is Heart Rate the Answer?



ohSen o Ll

Olyz 9 5 S95 50 ety 8 (byd 34l

11.

12.

13.

14.

15.

16.

17.

Cicone ZS, Holmes CJ, Fedewa MV,
Macdonald HV, Esco MR. The Validity Of
Age-based Maximal Heart Rate Equations In
Youth: A Systematic Review And Meta-
analysis. Medicine & Science in Sports &
Exercise. 2018;50(5S):665.

Nikolaidis PT, Padulo J, Chtourou H,
Torres-Luque G, Afonso J, Heller I.
Estimating maximal heart rate with the ‘220-
age’formula in adolescent female volleyball
players: a preliminary study. Human
Movement. 2014;15(3):166-70.

Cruz-Martinez LE, Rojas-Valencia JT,
JF,
Maximum Heart Rate during exercise:
Reliability of the 220-age and Tanaka

formulas in healthy young people at a

Correa-Mesa Correa-Morales C.

moderate elevation. Revista de la Facultad
de Medicina. 2014;62(4):579-85.

Park JH, Jung HC, Jung YS, Song JK, Lee
JM. Re-Visiting Maximal Heart Rate
Prediction Using Cross-Validation in
Population Aged 7-55 Years. International
journal of environmental research and public
health. 2022;19(14).

Komijani R, jalili m, Nazem F. Cross-
validation of Fox and Tanaka equations in
predicting maximal heart rate of Iranian
Children and Adolescent boys: Evaluation
by the respiratory gas analyzer method in the
exhaustive exercise test. Journal of Sport and
Exercise Physiology. 2024;16(4):20-30.

Gelbart M, Ziv-Baran T, Williams CA,
Yarom Y, Dubnov-Raz G. Prediction of
heart

children and

of Sport

maximal rate in
adolescents. Clinical Journal

Medicine. 2017;27(2):139-44.

Nikolaidis P. Maximal heart rate in soccer

players: measured versus age-predicted.

\YY

18.

19.

20.

21.

22.

23.

24.

25.

Biomedical journal. 2015;38(1).

Mahon AD, Marjerrison AD, Lee JD,
Woodruff ME, Hanna LE. Evaluating the
prediction of maximal heart rate in children
and adolescents. Research quarterly for
exercise and sport. 2010;81(4):466-71.

Heidary R, Zarrinkalam E. Evaluating the
Accuracy of Maximum Heart Rate
Prediction Equations to Adjust the Intensity
of Physical Activity in 8-12-Year-Old
Students.

Medicine. 2024;31(1):62-9.

Avicenna Journal of Clinical

Mirwald RL, Baxter-Jones AD, Bailey DA,
Beunen GP. An assessment of maturity from
anthropometric measurements. Medicine &
Science in  Sports &
2002;34(4):689-94.

Exercise.

Medicine ACoS. ACSM's guidelines for
exercise testing and prescription: Lippincott
Williams & Wilkins; 2013.

Winter EM, Jones AM, Davison RR,
Bromley PD, Mercer TH. Sport and Exercise
Physiology Testing Guidelines: Volume I-
Sport Testing: The British Association of

Sport and Exercise Sciences Guide:
Routledge; 2006.

Kemp F. Applied multiple
regression/correlation analysis for the

behavioral sciences. Journal of the Royal
Statistical ~ Society: Series D  (The
Statistician). 2003;52(4):691-.

Hinkle DE, Wiersma W, Jurs SG. Applied
statistics for the behavioral sciences. 2003.

Rowland TW. Evolution of maximal oxygen
uptake in children. Pediatric Fitness. 50:
Karger Publishers; 2007. p. 200-9.



Y O)Lo...':: AA 0,99 AARAS

S Sedlad g 5558 (658l 5 @y

26.

27.

28.

29.

30.

Machado FA, Denadai BS. Validity of
maximum heart rate prediction equations for
children and adolescents.  Arquivos
brasileiros de cardiologia. 2011;97(2):136-
40.

Cicone ZS, Holmes CJ, Fedewa MV,
MacDonald HV, Esco MR. Age-based
prediction of maximal heart rate in children
and adolescents: A systematic review and

meta-analysis. Research quarterly for
exercise and sport. 2019;90(3):417-28.

Londeree BR, Moeschberger ML. Effect of
age and other factors on maximal heart rate.
Research Quarterly for Exercise and Sport.
1982;53(4):297-304.

Nes B, Janszky I, Wisleff U, Steylen A,
Karlsen T. Age-predicted maximal heart rate
in healthy subjects: The HUNT F itness S
tudy. Scandinavian journal of medicine &
science in sports. 2013;23(6):697-704.

Washington R, Bricker J, Alpert B, Daniels
S, Deckelbaum R, Fisher E, et al. Guidelines

\YY

31.

32.

33.

for exercise testing in the pediatric age

group. From the Committee on
Atherosclerosis and  Hypertension in
Children, Council on Cardiovascular

Disease in the Young, the American Heart
Association. Circulation. 1994;90(4):2166-
79.

Robertson RJ, Goss FL, Boer NF, Peoples
JA, Foreman AJ, Dabayebeh IM, et al.
Children's OMNI

exertion: mixed gender and race validation.

scale of perceived
Medicine and science in sports and exercise.
2000;32(2):452-8.

Ogundimu EO, Altman DG, Collins GS.

Adequate sample size for developing
prediction models is not simply related to
events per variable. J Clin Epidemiol.

2016;76:175-82.

Machado FA, Denadai BS. Validity of
maximum heart rate prediction equations for
children and adolescents.  Arquivos
brasileiros de cardiologia. 2011;97(2):136-
40.



