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Relationships Between Cardiorespiratory Fitness, Resting Heart Rate,
and Heart Rate Recovery in Elementary School Children

Yeon-Oh Han'*, Sangh-Hwa Lee’, and Tae-Seop Park’

Abstract : This study was investigated the relationships between cardiorespiratory fitness, resting heart rate, and
heart rate recovery in elementary school children. A total of 567 elementary school children (398 boys and
169 girls) voluntary recruited from G-gu, Seoul. Body mass index was calculated as weight in kilograms
divided by height in meters squared. Cardiorespiratory fitness was assessed step test, resting heart rate and
heart rate recovery were recorded with wireless heart rate monitor. One-way ANOVA followed by Bonferroni
post-hoc test, if necessary, was applied to determine significant differences in dependent variables among
cardiorespiratory fitness levels. Also, multiple regression anlaysis was used to determine significant determinants
of cardiorespiratory fitness. The results showed that boys with better cardiorespiratory fitness significantly better
resting heart rate, peak heart rate, and heart rate recovery in 1% minute, 2™ minute, respectively (p<.05). Girls
with Dbetter cardiorespiratory fitness significantly better resting heart rate, peak heart rate, and heart rate
recovery in 1% minute, respectively (p<.05). In addition, multiple regression analysis revealed that height
(p=.008), weight (p=.029), and resting heart rate (p<.001) were independent predictors of cardiorespiratory
fitness. In conclusion, resting heart rate found to be independently associated with cardiorespiratory fitness in
elementary school children, and it is easy to measure and it can be used as a tool for monitoring
cardiorespiratory fitness in the education aspect.

Keywords : Cardiorespiratory fitness, Resting heart rate, Heart rate recovery

LM B nate Z2FshaelA o] ARG THATL EAshe 1-2
Shd & AQetal, wSsFUE A ks AT Sl
2% AFE F77F Fgk HEol 93] A= o Fus ojAstd 3~68hdol ARt o] FolA|aL glo] HIA| Kol 2F
AN ASEE AFoE 7IEAL w¢e Ao th AT 5, W 3~63Pde]] SAEHA 2Ee 1-28Rd SAE] SRS
2018). Alswge] Fwbglojx} PA Ax=zo] Fojg -y A g BT 2SR Aaaddel gk A g
v 2% ASE 2Aske] 98 et s AR =Y A7b 2bAE) Aokl B 4 Jtk(Park and Son, 2012; Cho
o] A|&AH 07 o]FojA] gtow FHOT StwAXZIF, and Shin, 2010). oFeF e AA&F = = 3d
ishe AT S A, AT AsEs @3t A H YrE 9% w5l A WeE e5d whe] Yo of
A7 A2 3 71A (physical activity promotion system; PAPS), Uth AHoMT HR}F AslEs ofsade] Age F2a
A7 Agwd 5 vere] S AR & AThEST, 2019). A& 91Asla PAPSE 43Pdo g AW Fsle T =¥8S
AR 9lof o] dAwdk FAEe] 25 AS st HF 71&0|al JARE oY ofFo] AAGEH AYAE T
Hojglval BIle ofele o] 25 ashd, 28 o A QL AL obF mEFE dAo|rt.
Hthe AW E F e s e 53 A7 W& AA ST AHAEe AES A2d g, ddet, &
ojth. ShaA|&e] WF <t =7t FF] wEI el <A el & A wES dks 93 Sesk 248 Tk
sl RE SIS0 FHo =z Yol sk ASAE 9 olojgt . L#A Urh(Lee et al, 2012; Ross et al., 2016).
A7 2 S5 A -4 27 (Corresponding author, Head of R&D, Health Physical Activity Institute, E-mail: healthlab.han@gmail.com)
2o 8 A9 (Researcher, Seoul National University)
‘A ) &kl 2.4 (Professor, Myongji University)
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HeE7H o2 B2 TS g acle] ofsr]o] yeRtar
)=l (Bernson et al,, 1998), o= & WAAZS osl] 9
g AL oFs7lol AlFEojof $H ARG AlHAE S
olsgade A% W T3 AR T shtolth(Lang et al,
2018a). Al ol A g T A Aol o]shH u
2 AFAEE A7 BE A9 AM AF 2119 St
o} #Ho] Qur RIS THHOgstrom et al,, 2014). S| TH
A AAReR ofsHdide] AAAY 52 AEHIL U=
A o)™ (Tomkinson et al., 2019), $-2|Ueg} o534 A
196513581 201437kA] 9] a5 St B ARE ©]8-5to
Ago] Wzl Fol& A A3, eyder]-Ar] AALE &
gt AHAES 25 o] BFA Sketehe 341 (Chae
and Shin, 20155 Ho|iL Sth= oA F¢ ZA duro}
o & JQ7} Ut
AFAY SH2 AP 79 A @*}i Z3s5t=

=27
o] 7bg SUT 24 WyelA)

=
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=
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7
S
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o
o
Ry ol

e HAE Ag FH) 2 SF 5\_.»/\]@ L
Haflof 7]l (Silva et al, 2016), S T XY AlF 7|4t
AME = HEEE ol&ate] AT + At ol
SRy A7z 9 AT7xRe] 3] g oAst] Stz
ArE mid Zoll AAstal, AAlsE A e ¢ HoE s
o2 AHAES 43l Jde A FEOZE 20mE
S 15m) FEegdE)r], edgder]-Ar], 28AA T
S zls arEste] AARHRSY 2019, St Zd AT
2, WEHE A 188%). = AL F =¥ ARs 33 Ao
glo] ZeetA F8E 7 dv AARE, A7 HFe] A
AF ol grapo] A5k E Szt vA] Yeles 54
W AAISE F obY Al AubrE SAsiH, AAREAT
(Physical efficiency index; PENE ©]&3le] Hrlgk 4= ot
(ACSM, 2016).

iy

& 4%, WY e, Fd
e AP A Axs}
] ‘E‘r(Chrlstofaro et al, 2017; Rangul et
<3 02 B9 Aoz ./gyﬂ e
r’/ﬁ%} —’F Je 75 /\F&??F}OE] ofFdade] 17 A &4
7153 948 AWHEle] HAs =) Hhy bl
2 BASH] flsto] obd Al Aubeeel AAEE Al 4
848 AIS ot ATt 3‘430}‘34 olrs tdew
& ATE REG otk o, AU B g e
A 7 e R BT e Amoln], 4B
Aol F4A91 AFg HYHOZ o F 7Fstth(Peganha et
al, 2014). AU S WSS N0 Ha AUl
+5 T 15 o Aue xolE o v §hrk(Shetler et al,
2001). Cole et a1(1999 2 Alukr 3lE ghg Jﬂ7}7} Aldhdo)
W= e] HriHoh 2AgAIAA 7eE F
At wjoll o ol OPK‘rJ_ SR, olw|

5-6A w FuzE AZA 2ol st tiab A S W

(6]
II
=

o - o

af - ey

Blle 55 vt 58 F57185d0] #do] vk A
AZ7F BiE S ATk Vrijkotte et al., 2015).

zslA o7 A MAZFRORE ofEHAdY AATEE A
o] 2, FAF H HNkE SR QI SR -] AlA
&5 A, A3 AgS SN H2 AAIEA7] A
%= global action plan on physical activityE HIE3FHAIL
(WHO, 2018), =ujellAE A8 100, SPAZIZAFE o
A tids sk FHoF Jes 913 Z2a3s AN A8
skaL ioh olE e SAUS S8l AN H A ALEe] A7
24 AoAEe] DA (surveillance)’t F88F A E7F E
Aes AAREEE A7 Al 9 AAads tide R 4lH

AT g A AR, AU HY 0L 2ARE oTE
MR gon), obf, 53] 2ok Ashde) A &
F2 Whe ofgle Agoln, AMA} o A A 3
o AWYL 2T ATE $EG otk W] ¥ AT
t 25%a S olES O 29 NS B3 A9
A oy A AU, 2R AN B WS duiny
A st

1. AN
2 A+ FzeE AL Gt skl 1~3%}
W 567H o R Fol 3987, ofof 169 o2 AL,

a4 de 2T
Js 9]

Ab AZFE BoolUgl 2017 Lol Ad AAEEE J|Fo=
=

[elR=1 o—1-iL=
A AR WMELS 5th o4 85th o3k HAd AF2
SIS AT & Aol PM BE AT FoiRiet BE
QA ZAoMAM s oF sk A, A=A Foll st
Aol WA 52 g AEE Axje] djs] FEg Awel
ATHJL ApEHOoE o] FojMo] Mg g F skl

o} A7 FARe] BAL <Table 157 2Th,

2. FY=ET ¥ XEEdy

1) AR 24

A (em) AS(keyE 7M1 58S 42 FHAA A5
A AR ZA (DS-103, Jenix, Seoul, Korea)S ©]-&slo] =431
o, AAZFAF(Body mass index, BMIy= A (kg)A17(m?)
g3t AbEstTh

4L ©]
2) AHAE
*‘fﬂxﬂ % AL F9t FAEAN =R EES o]
e

o]tHOrtega et al.,

=7 A =3 A 35 S
g A~ 3R ERAA o 182838
A 57 4 g A A 5

Fig. 1. Step test process
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Table 1. Characteristics of participants

Group Total (n=567) Boys (n=398) Girls (n=169)

Age (years) 7.8(1.6) 7.8(1.6) 8.0(1.7)
Height (cm) 119.6(11.6) 119.4(11.5) 119.9(11.7)

Weight (kg) 24,.6(7.3) 24.8(7.8) 24.3(6.0)

Body mass index (kg/m?) 16.9(2.3) 17.02.4) 16.7(1.9)
Resting heart rate (bpm) 99.7(12.8) 99.3(11.6) 100.7(15.2)
Peak heart rate (bpm) 155.3(16.7) 155.0(16.0) 156.0(18.3)
CREF (PEI points) 56.8(8.5) 58.5(6.6) 52.7(10.8)
AHRR in 1* minute (bpm) 46.1(12.8) 46.2(12.1) 46.1(14.5)
AHRR in 2™ minute (bpm) 53.6(14.7) 53.5(14.0) 53.8(16.3)
AHRR in 3" minute (bpm) 54.1(14.3) 54.0(13.8) 54.3(15.3)

Values are presented as mean(strandard deviation)

CREF: cardiorespiratory fitness, PEI: physical efficiency index, HRR: heart rate recovery, bpm: beats per minute
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FAY 5 dws
HESACE AEE WS B4 UG 2747 Bodypro

DSM100, Du-sung Technology, Daejeon, Korea)E ©]-& 3}

Aek 247178 S w ¥4 PEI=D / (P) x 100 [ D :
2B 95 ASAZKR), P 13182 AuR) + 288 At
) + 33(GE A 285t A=A

3) P8 Al AdkE B Aube B1E wkg

S Al AldEEE 127 AR 5 SIS 9Jv]EH (Diaz
et al, 2005), HEAE FE WYse Fo AHE 2 o
g Al AEkrs e AlEAEs Aol dth(Higginbotham
et al, 1986). S8 Al AUl @AE 4 Aukg 2747)

o] W=

7] A8} (heart rate recovery, HRRYE Z¥17AA)F 8% 2
SHE & A 387 g2 A2 dstEE AYEE 10
Z 9912 SAST Ak 35 kg2 28N F 5
3 Adpola] 7 3 17, 28, 3R] HutE Wl
S AHE-3I TH(Spies et al., 2005).

3. XeEY
AT FARe] 24 Ase Hdd ZFUAE A6
ok A, A FEe R E4E AAlste] §k9] A
&

o
= =
A Hklow 25 percentile), =9 AHAZ FH(middle 50
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A% Aol T AFAF
Stk A, ALY L olgstel A s o)
3 =Y o2AAE APtk ¥ AN A WE AR
= SPSS ver23.0(SPSS, Chicago, IL, USA) Z2 1L o] &
sfel AL, BAH AR KO15F o = 052 AP

et

nm.g

shd ok 5678 WdeE 2F
& AHAE ol ARTFAS, S Al A,
2 Ak 35 ikl viAle 9 Agske Ae T2

1. Xt obSol MEHRZY =0 wE BMI, OFY A] &btz
Mk 5|5 HHS HI

<Table 2>& WA} oFzel AHAY 5o we Hd 7t
BMI, ?F4 A Aluk, Ha AlEke, vk 35 whgS
A Foltt. 2 Ak, P Al AERR(p<001), FH AldhE
(p<001), 3]E7] vy 18(p=023), 357 44 b
(p=003)°4 Het 7+ FAHSE Folgh 2pol7} = HoRE
YERsTE BMISE 3571 AlukE 3% AlRA = AEAE
o e Jd 7k FAXCE fog Aot gl Zo=

et

2. 0%t obSe| MHFME +T0| HE BMI, OFF Al Aluts
Auts 52 s bl

<Table 3> o3} of5e] AMAY Fzo] e Pt 7t
BMI, P8 Al AT, H3 Alue, A 8% w0ee
Bl Zlolth, T A, g Al AlMHp<001), Ha A
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Table 2. Boy’s body mass index, resting heart rate, heart rate recovery according to cardiorespiratory fitness levels

CRF  TOTAL LOW MID HIGH
Variables (n=398) (1=98) (1=203) (1=97) p-value Post-hoc
Body mass index (kg/m’) 17.02.4) 17.4(3.0) 16.72.0) 17.02.7) 076 NS
HIGH>LOW,
Resting heart rate (bpm) 993(11.6)  109.5(104)  99.3(8.6) 88.9(8.8) 001" HIGH>MID,
MID>LOW
LOW>HIGH,
Peak heart rate (bpm) 155.0(160)  167.2(10.8)  156.1(13.1)  140.1(142) 001" MID>HIGH,
LOW>MID
AHRR in 1% minute (bpm) 462(12.1) $B5(113)  459(127)  475(11.9) 023°  HIGH>LOW, HIGH>MID
AHRR in 2™ minute (bpm) 53.5(14.0) 496(125)  534(147)  55.5(14,0) 003" HIGH>LOW
AHRR in 3% minute (bpm) 54.0(13.8) 521(127)  563(144)  53.1(13.4) 119 NS

Values are presented as mean(strandard deviation)
CREF: cardiorespiratory fitness, HRR: heart rate recovery, bpm: beats per minute
":p<.05,":p<.01,"":p<.001;NS: Non-significant

Table 3. Girl’s body mass index, resting heart rate, heart rate recovery according to cardiorespiratory fitness levels

CRF TOTAL LOW MID HIGH
Variables (n=169) (n=42) (n=85) (n=42) p-value Post-hoc
Body mass index (kg/m?) 16.7(1.9) 17.02.2) 16.7(1.9) 16.4(1.7) 327 NS
Resting heart rate (bpm) 100.7(15.2) 102.9(18.4) 105.6(11.9) 88.6(10.2) .001™ Iﬁ%};{iﬁ\g’
Peak heart rate (bpm) 156.0(18.3) 161.0(17.9) 159.2(17.3) 144.6(16.1) 0017 ]ﬁl\g::;gg’
AHRR in I* minute (bpm) 46.1(14.5) 42.2(10.1) 45.5(10.0) 49.3(12.6) 035 HIGH>LOW
AHRR in 2™ minute (bpm) 53.8(16.3) 51.4(14.6) 51.5(12.6) 58.3(17.3) 205 NS
AHRR in 3" minute (bpm) 54.3(15.3) 54.6(12.7) 52.6(13.5) 55.3(17.0) 250 NS
Values are presented as mean(strandard deviation)
CREF: cardiorespiratory fitness, HRR: heartrate recovery
*:p<.05,"":p<.001;NS: Non-significant
Table 4. Multiple regression analysis for individual variability of Cardiorespiratory fitness
Predictors Adjusted R B Standard error t p-value
Constant 65.67 6.614 9.929
Age 237 418 .568 570
Height 203 .076 2.673 .008™
Weight -.176 .080 -2.191 029"
Resting heart rate 320 -318 024 -13.117 0017
AHRR in 1* minute -012 .035 -343 731
AHRR in 2™ minute .070 .040 1.745 .082
AHRR in 3" minute -.041 .038 -1.069 285

HRR: heartrate recovery
*:p<.05,":p<.01,"":p<.001

F(p<.001), ]87) 4uk

13 (p=035)°4 Het 7& FAA
o= Folg A7t Y e

G 2k, HUP AN 3 ARl ARAE el
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HA G FH FadA, AsH Al Aukre §4 A
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B ATE 250w Ashd o}%g gieR, AEzAE
B3 AHAY FFEF b Al Auke, Auks 58 wkgo
AP S stz stdon, e Al Auksrt xEekw
Ahd olEe] AdAY $Ee A wdsiex dzsie A
S F9 ERom Yk F 567HS toR AHAAE
23 AAAY £ AAFTEASFE AEsle] Jus 78
393, 2 A AYsFo] EowW HSFE Hols} ofo} ©
FollA] QB Al Akt ke Qo g et 28
AAAES 24 ¢ Jde Hols 9% A4 F shuz o
A A7 B BA ol zElalzo)y Hajd Wleg o=
Wd F 387 Aues 25 Hoh ¢ Yok 59, g2
P Aalel wla)] B Alzke] =Ho] golstw, 53 Bt
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(Lang et al., 2018c). ©]= ATA|Ho] 42 NA|SEF| o
95 dolA obsdade] el tigk F7HHd sEE S
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