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IEXE
& e 20-40T9] RE Yl HYE e R S FORHANGXDE e, 5 T2 § 1E ©9=
245} 3E71R] 9] Ak ﬂﬁg(Heart Rate Recovery%, HRR%: 95 £& A1H AlEkol A 35 &5 77t AlF

_l_4

1, 248, 329 A o] QP A7 Esfor & 72| F of g AASh=A] Hg)S 24151
Aol a2 A Aol 5 Hlastal, HRR%el|l F3Fe vixls 2915 JHE E6to] tﬁﬁ}—fﬂ =2o] Qlek.
A oA A 1335, o4 94moln nBody 1302 o83 A4l 24 ARE SHsIRAL, SE9F FAETt
AR F7I8h= Bruce ZREZS ARSIl A dVdAks Ado] AP Exi(all-out) A1 W AARE Rsgst
AT}, SA A2 SPSS 235 o-g5to] 7] A, A4 A% (Shapiro-Wilk test), SHEE -4, U9l HEA S
AABIEoH, 9 w2 p<05Z AAsoltt 20, 30, 4ot E= ARl HA (51 60+7.16)2 o1/
(0TS T Fohkirgo] 2B S5O mip<001) 209} 306] o8 Alsct A B Eo] B
Selap S Lrebsiehp<05). 40cjoll Ak A48 7F HRR%Ao]7H Bas)7) sl wh4de] HRRI%E g Lol
(partial r=.164, p<.05), QPA] Alekpartial =331, p<.001), ZAIEHpartial =170, p<.05)7} =S HFAJE}
$X(partial 1=-.334, p<.001)7} ¥24-2 HRR2%+= Tt Lo](partial =205, p<.01), Z|JAAA | partial r=.177,
p<.05), QPAA] AH(partial =364 p<.001)7} =11 Hal4E(partial 1=-291, p<.001)7} F25 HRR3%+=
L}o|(partial r=.232, p<.001), Z|thAAA |2 partial 1=.235, p<.001), QFAA] Al8kx(partial 1=.426, p<.001)7} =1L
HaAE(partial r=-261, p<.001)7} W34S =olx= oS BT oJA49 HRRI%E= HakAHH(partial
=375, p<001)7} L% HRR2%+ SHPYA] AHl(partial =268 p<01)7} =11 H-AlEFx(partial =338,
p<001)7} &5 HRR3% = QFAA| AlBk(partial =288, p<.01)7} =1L HAl8(partial r=-.277, p<.01)7}
Hor s woMle A3e BT of2fet Auls AR 3l shA Al A A4S atefet Hdo] Baghks A
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Aolg|E tuto] 25 2gsf 7H3 5
= Aol Sle), FAEzop)
59 BEYA ERIE A} Aijo]
E}E‘?ﬂ, AolgE 71&019), 2o &5 W29,
glolgl 7uk Edold 7]&(7$])0] 109} Qbofl £
0w o2 S} S5 A% Fehe) wate 3
9] & 4= 9JtHA'Naja, Batrakoulis, Camhi, McAvoy,
Sansone & Reed, 2024). A€ 7|4t &%& 2] &
7301]/\1“ 4J8F~(Heart Rate, HR), -5 4%, &%

de) 28, 4 A9 5 ke A Hole)
/\‘/\] l-f,\— 2 @ BAo] 7ks5lch(Hughes, Shandhi,
Master, Dunn & Brittain, 2023), €3], gold&
ol S 47 279 2 dole] B2} s
AlA| 24 2|3, A8F(Heart Rate, HR) Z|TjAkA
NHHVOman S & % 4% W 9 9EE =
ol M2 o] 4 P4 oJchCarrier,
Marten Chaves & Navalta, 2025; Jung et al,,
2021).

1% At YoleiE dulol2E B4 Bl
T % S Y e AR AN A 2

o) s ol BHE B2

ot WY T2 7)58tH(Duking, Giessing,
Frenkel, Koehler, Holmberg & Sperlich, 2020).
Ak g H_4 oo ow =

42> 26 T ke 2ol B

E]E‘ (¢} P S = A 'LO__‘ T%%— Z]:‘?‘
3% 7oA U 4841744, B3] Hugt
NAA BE 5EE wfste Axa sHEr

(Pierpont, Adabag & Yannopoulos, 2013). Cole,
Blackstone, Pashkow, Snader & Lauer(1999)+
AESRI 18 A1) 42 A

o] 12bpm ©]3}Y AL RE o] AjE} AlEE
3t APYE 0] 713 galxq o Zo01z}e)S AA|E+A
o oJA™ o $4 TR EeolE ekl &F

AR o A -2 1|83} (Pecanha, Silva-Jimior &
Forjaz, 2014) 2% Ha|¥qt olye} -5 &3 A4
Aol A T S840
B2 8-3K2024




B7h A x= AASHAT,

Ak 35 1k mi AU S teljA = ohefet 9
|AE 2L 9t} Miao, Yan, Zhu & Li(2024)=
2 A0 HUE AR 20 U2 37 15
E

T Fa ST AAARAHZ VO,

i
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max)Z} HRRE] A& 2498t 23}, Fofitaid3]
F(VOzmax)o] =245 AUty & 5Eo| 94
o, whE AEke 382 fAL &5 5E Y S
At AA8E Husiqh AN, AdF, sk
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Govindasamy & Geantd(2025)= o} 3 gA A4
oo A 9l A s 0] PAS 2
Mgk AT}, o] A4 2 E7 HRR1 2 HRR2
o 59 Ahs Helon| 53] HAHEo| AHte
S o] RN QL v 5 92 AN
of, o449 35 Ae] ¥k H 25 Aol AR
139 FQ4S 7%t} Bouakkar, Pereira,
Johnston, Pakosh, Drake & Edgell(2024)0] @2
W, AAE 2aF0A o4& EAET HRR
9 A A o] B BTHA Lehre
B, ol AAE, TEE B, AeildA 24 A

o] 5 chaFat Ayeld acle] 7]91gh 4 ikt 5hg)

G2 vAE 299 48 Fo] B4 165

L0 A SRHRR)Y 2 1F BEY
|71 433 glou, HRRe o 74
dlolefte obx) 8] 2huelx] ghe A3FoIchPetek
et al., 2029), WebH HRRS A4 47427 2
AEE BEH7] A S B4 e 4
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o] 'yl ApolE Hlatstil, 34 85S
2 Auk 3|2 (Heart Rate Recovery, HRR)
of M2l Faks ol met EATOEA TS
3 Edohd % Suol B0 7|2 A4

shA} g,

olN
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=
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I, 9+ 4y

& 20~40d)f B|$A} FTko = HA 133
H, o 947 F 22T R FHAHSIT 20t 38
(16,7%), 30t 1317 (57.7%), 40t} 58'3(25,6%)
ojn A A 42 G DI Ao A o
A= Al o] A PAR-Q(Physical Activity
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£ AL Zastglom, AddA, 35714, 3¢
A A B= v o]Zo] Q= 7 didellA
AlQlsteint, A o FoX= A HA
£ 9% 714, A3l U 5L o) 4T T
AHOE FOHE 2y Wk
B 1, 97 jAKIe] EA(Mean+SD)
Variables HM(n=133) 0f-4(n=94)
Age(years) 35.19%6.70 34.17%6.25
Height(cm) 173,42+£5.34 162.30%5.36
Weight(kg) 73.8818.78 57.7416.92
BMI(kg/m?) 24.53%2.40 22.08%2.65
BMI: body mass index, SD: standard deviation
2 &% £7 9 2 4%
w2 ATE A A AA 24 A A
A7, A 28 e 245 il A 2
A H7ke Ao F e AHGKT) & AAsHITH
AR 24 20 BAL 93] AAR | HG A
(Bioelectrical Impedance Analysis, BIA)S 7]4FS.

2 3= InBody J30 o83} A4

A S5 332 SEHIIAL
Bruce T2EZS AREdlo] &9ls}¢It} Bruce X
REFL 3H0lth &5 AT XA o7 £}
st A 9 A 715 Bt de AR H
= ®231E HAfolck(Bruce, Kusumi & Hosmer,
1973). ZHAAAFH S COSMEDA} Quark CPET

A|AEI(COSMED, Rome, Italy)& AREdlo] -5

& T

(all-out)d w74 NAR F, LRES] TFH 3
£ EYED $5Q.Mkn/h, 022 54 FAS §

o oi2e] o,

AA 24 A #e
Zoj2 AL}

At e dloje) e ot g, oA
(Resting Heart Rate, RHR)+<= Bruce L2 &
A &% *W A 157 Aﬂiﬂ delete sfelst
of S AH w4
4*(Mean Heart Rate, HRmean) -r%—‘jré 7&*}
AA 28 Aol Bagrolnt, Ao
(Maximum Heart Rate, HRmax)+
AAIA 7 =2 & ARgsiglet A
T wE TR S 98 2 e 54
OF 1 9| Z EAsto] 33 #4
BAe e 2,
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3. Az &

LE 270 B4 A2+ IBM SPSS 23 273
S e

71427 (descriptive statistic)S £3f, Hdat
3 AARE ARSIl HlolE 9] A5 (normality)
AAL Shapiro—Wilk testS *]—9- to] AEEE
st

4‘41’:}5:@5‘4%‘:, ot
2 A0, 2, A 3%
dent samples t—test)S AA|oFGch Al w2
A 51880 U A4S 245 913

23| A2 A (multiple regression analysis
Sion, UFEAE BAL ST BAPAS
(Variance Inflation Factor, VIF)= X% 10 u|qt
oz et

2 A A 9] 2 p 052 s,

o
>
>
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1, I_M-Ij_ 1|. 0;|A-Ij_

A A AR QQlof| gt dak= (E 2)
o 21t

A% (Weight), AH|A|%eF(Fat—Free Mass), &4

Z(Skeletal Muscle Mass), #|2%A|4=(BMI), 3

2J-o3do] & Waisi—Hip Ratiol 1ol ol
BT} 901317 H9heh(p( 00D, HAME (Body Fat

9| LrZge| xlo]

F2 UL 299 4

49 o] 24 167

Percentage)-> o]4do] YT} FoJstA &=9kon
(p<.001), AAWF(Fat Mass)> 323t A4 o]
7F YRR kTt

i

oL

2 g0 UE MHzY

Variables =4(n=133) 0M(n=94) t o

W(kg) 73.88%£8,79 57741691 14,853 000%***

FM(kg) 14124562 1531+4 65 -1682 094

FFM(kg) 59.76%6,04 42 441416 25584 000%***

SMM(kg) 33,78+3.78 2311+2 51 25550 000%**

BFP(%) 18701588 26,11%5 77 -9,439 000***
BMI 24531240 22,03%£2.65 7,417 000%**
WHR(%) 0.83%£0.05 0,80%£0,04 3,829 000%**

#EE p(,001

W: Weight, FM: Fat Mass, FFM: Fat—Free Mass,
SMM: Skeletal Muscle Mass,

BFP. Body Fat Percentage,

WHR: Waist—Hip Ratio

2. 2551 = g2
dal XE xto| 24

| wE 23

s
(VO2max) 0| +9J31A| =3kth(p<.001), AlEk: 35
F(opm) 2t AlHHe S E-E(HRR%)S W5 oj4o]
5t &kTH(p(.05). QA AUHRHR), Bt
4lHh4=(HRMean), Z|tj4l8H~(HRMax)= A48 7F

o] ojat #o|7t YAHE 3.
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B 3, 4ol w2 20the] 25 Me| X|= B 4, Q0| ©E2 3001 2F M2l XE
Variables HA(n=22) 0M(n=16) t D Varigbles HM(n=74) 0{&(n=57) t D
VO2max 53,3615 68 43191422 6,050 000%** VOsmax 51,7216,95 42861566 7,829 000%**
RHR  89.32%+11.14 85.56%1521 830 .385 RHR  82.57%13,73 80,93%£9.17 817 416
HRMean 149,05%12,53 14500%12.68 978 335 HRMean 143,16+10,98 138161859 2,837 . 005%*
HRMax 190,00+11,31 183,75£9.84 1,774 085 HRMax 184,14%9.15 179.3017.03 3,307 .001%**
HRR1  20,64%544 25501612 -2582 014* HRR1  23,23%577 2556%7.37 -1,773 079
HRR1% 20,60%5,07 26021586 —-3.050 004** HRR1% 23,30%5,66 26151764 -2.360 020*
HRR2 44,148,738 50,4418 67 —2.204 034% HRR2  48.70%8,97 52.5619.66 —2.360 . 020%*
HRR2% 44.04%8,08 51,48%7.30 -2.918 006%* HRR2% 48,2918.71 53.89£10,32 —3.365 001%**
HRR3  55,18%9.90 6250859 -2.375 028* HRR3  61,23%9.05 63,58%+9,82 -1419 158
HRR3% 55.11%9.40 63,8416,37 -3.212 ,003** HRR3% 60.7619.09 65121410.26 —-2.571  011*
*pC.05, **pC 01, ***p( 001 *p<.05, **pC 01, ***p( 001
RHR: Resting Heart Rate RHR: Resting Heart Rate
HR: Heart Rate(bpm) HR: Heart Rate(bpm)
HRR: Heart Rate Recovery(bpm) HRR: Heart Rate Recovery(bpm)
HRR%: Heart Rate Recovery% HRR%: Heart Rate Recovery(%)
00 12 UAo| o4RT HYAbaAHeE 5 Ao 2 0t 25 Me| XE
(VO2max)©] %254 I =FH(pd 001), Ha-AEk: Variables =M4(n=37) 0{M(n=21) t D
(HRMean), ZtjAldk~(HRMax) = BAd0] o] K VOsmax 50,3218,23 42191705 3.804 000%**
q_ ‘ﬂ“’lo]'}” %%q< <01 p< 001). E][Eq__/’: §] 2 RHR  80,73%12,70 79,33%t8.45 501 618
(HRR%) o 3%—?}4 ne A]X‘loﬂ/ﬂ 0% O] 9]6‘]—7—“ HRMean 140,46%9.24 139141868 533 596
HRMax 179,08+10.15 176481712 286 304
=R (05, pC00L, p(05). Aldp 5T HRR1 23.037.40 2486804 —877 384
(bpm)> B o4 5ol kAT 28 AT HRRI% 23504684 25531692 —1.078 286
oJa} 2po] 7} LHERITHp( 05). 04 A] Al8H2(RHR) HRR2  48,19%11,06 49,86%10,46 —563 576
L A9 ko] ©.olat 2o|7} QIATHE 4. HRR2% 49,19%£9.55 5152+9 42 - 899 372
EH % ]}\v]]_ 14—/\40] Oi]/\“EE]‘ _-,]EH,_ /f;,]—’f—]%‘: HRR3  60.57x10.82 61,29%10.17 - 248 805
HRR3% 61,90%£9.22 63,3518.34 —-.595 554
(VO2max)o] 25t =9h(p< 001). YA AlEk %p( 05, ¥ p 0L, **¥p( 001
(RH )’ u:liLﬁH HRMean JJEH/Q ( RMaX), RHR: Resting Heart Rate

H

o =T
< et BE8=F (bpm) 2}t A8k 25-E(HRR%)
7

g 74 frofRt Afo7h YA QIIEHE 5).

rlo

HR: Heart Rate(bpm)
HRR: Heart Rate Recovery(bpm)
HRR%: Heart Rate Recovery(%)
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Variables B SEE 8 t cor?jl;ttliaoln ; Tolerance VIF

HRR1%
Age 165 080 185 2.057 .042% 164 788 1,270
Weight(kg) -.121 114 -.178 —-1,057 292 -.084 225 4,436
BMI 462 A9 186 966 336 077 172 5.811
BFP(%) -.108 138 -.107 -, 787 433 -.063 .346 2,893
VO.MAX 151 .095 180 1,590 114 127 494 2.026
RHR 218 052 484 4,148 L000%** 331 467 2.141
HRMEAN -.383 .092 =11 —4,189 L000%** -.334 221 4,530
HRMAX 187 088 325 2.126 .035% 170 272 3.679

R=.460, R®=,212, SEE=54712, F=4.159, p=.000%*** Durbin—Watson=1,780

HRR2%
Age .309 11 231 2,713 .006%* .205 788 1,270
Weight(kg) —-.253 159 —.248 -1,590 114 -.118 225 4,436
BMI 975 666 261 1,464 146 108 172 5.811
BFP(%) —.286 192 -.187 -1,489 139 -.110 .346 2.893
VO:MAX 316 132 252 2,397 .018%* 17T 494 2.026
RHR .359 073 533 4921 L000%** 364 467 2,141
HRMEAN -.500 127 -.619 -3.927 L000%** -.291 221 4,530
HRMAX .096 123 11 785 434 058 272 3.679

R=,566, R?= 321, SEE=7.6141, F=7.325, p=.000%** Durbin—-Watson=1,953

HRR3%
Age 366 113 261 3.252 L001%** 232 788 1,270
Weight(kg) -.197 .160 -.184 -1,228 222 -.087 225 4,436
BMI 942 672 241 1,402 163 100 172 5.811
BFP(%) -.184 194 =115 —-.953 343 -.068 .346 2.893
VO2MAX 440 133 .335 3.306 L001##* 235 494 2.026
RHR 441 074 624 5.897 L000%** 426 467 2.141
HRMEAN -.470 129 —-.555 -3.660 L000%** —.261 221 4,530
HRMAX 015 124 =017 -.125 -.125 -.009 272 3.679

R=.609, R?=.371, SEE=7.6852, F=8.972, p=.000*** Durbin-Watson=1974

*p<.05, ¥*p( 01, *#*p¢ 001
BFP: Body Fat Percentage
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3. JEO| W2 MA Edut 25 42| Xi=t
AlHEA

el 3RS 0[xl= St

AT IS AR Y] 1t Lo, A4
A & A5 (Weight) 2 A2 A (BMI) 2t A
(Body Fat Percentage), $-553}4Al &
&5 Al AHQ] FhAkA] FFHVO02max),
Al¥r=(RHR), 4 8=(HRmean),
(HRmax)7} 4JHk 3] 2-50of(HRR%) O o€
)2 =2] A 8] E A (multiple  regression
analysis)< o 2<lstaict.

H74 259 HRR1%] +2J3 9=

M

[RA)

(e}
T

H2= 8

o7 o yol7} =& (partial r=,164, p{ 05),
OFYA] ek} 534S (partial r=,331, p{ 001),
Bt W Spartial r=-.334, p(.001),
HAErs w25 S(partial 1=.170, p{ 05),
HRR1%> gobdlth, A, AZFAe, AALE,
e HES 9T AR $ken 2y
Z A2 21 2%ATHR?=212, F=4,159, p{,001),

HRR2%X.& 9] & AW 32 1%% thR?=. 321,
F=7.325, p{.001), T Yo)7} =242 (partial r=,205,
p(.05), HHALHHTHES o
1X.05), &5 2 (partial r=364,

= (partial r=177,

p£.001), B4lBtre WES(partial r=-,291,
p(001) HRR2%S oldlch A%, AA%A%,

AANYE, Hdddtes s F3FS A ¢
okt
HRR3%+— 4t Uo]7} =3E(partial r=,232,

pC.001), HrjabaF ol S (partial

ox

=235, p€.001), SPHA] AER7E e

r=.426, p{.001), Fa4ler=(partial r=— 261, p
(00D W& Foldh, A%, AdFAE, A
Folet JFS vlA|A ok

7.1%(R?=,371, F=8,972, p< 001)

E(partial

o:]/\tl—r.J HRR1% 23| & A7
ThR?2=,231, F=3.157, p<.01), %94
L gole gyAdtsg o WS 2(partial r=

—.375, p{.001) HRR1% oFRIT}, ¥k U] A%,
AR, AAYE, AR,

A At

&, At GO GRS wAA] st

HRR2% 2E 9 & AgL 22 4% th(R*=
224, F=8,8929, p(.01), P9A] At} 94
E(partial r=,268, p(.01), Batil¥tpe B2 E
(partial r=— 338, p{ 001) HRR2%+ HotAt}, vt
tol, A%, A-FA, AAE, HdiaH3w,
A O3 Y3 mIAA ookt

HRR3%°] 23t o< mAle fQloze o
Al AlekpE =24 S (partial r=,288, p{.01), Bt
A WSS (partial r=-,277, p(.01) ok
o, wkuol, A, A-ZAS, AALE, it
243, At 45} FEFE HAA &
otk & AdEe 19 7% THR?=.197, F=2.614,
p{05)C(E ),
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B 7, 014180 MAl 41 25 M2 XEt A4 =80 0lRls o3

Variables B SEE I t p corr::Irattlia(ln ; Tolerance VIF

HRR1%
Age -.072 17 -.063 -.616 .540 -.059 .863 1,158
Weight(kg) -.064 159 -.062 -.401 .689 -.038 .382 2.616
BMI 191 .463 071 412 .681 .039 .305 3.274
BFP(%) -.144 190 -.116 -.756 452 -.072 .383 2,609
VO:MAX -.070 161 -.057 -.438 .663 -.042 541 1,849
RHR .105 .087 152 1,197 234 114 .564 1,772
HRMEAN -.453 115 -.611 -3.939  .000%** -.375 316 2,658
HRMAX .106 134 116 788 .433 075 416 2.403

R=.481 R?= 231, SEE=6,5509, F=3,157, p=,003** Durbin—Watson=2,103

HRR2%
Age -.099 159 -.064 -.622 .535 -.059 .863 1,158
Weight(kg) .080 .216 .057 .369 713 .035 .382 2,616
BMI -.023 629 -.006 -.037 971 -.003 .305 3.274
BFP(%) -.060 .258 -.036 -.231 .18 -.022 .383 2.609
VO02MAX 182 .219 108 835 .406 .080 541 1,849
RHR .332 118 357 2.804 .006%* .268 564 1,772
HRMEAN -.552 156 -.551 -3.536 L0015 -.338 .376 2.658
HRMAX -.095 182 -.077 -.523 .603 -.050 416 2,403

R=474, R*=,224, SEE=8,8929, F=3,072, p=,004** Durbin—-Watson=2 099

HRR3%
Age -.067 155 -.045 -.433 .666 -.042 .863 1,158
Weight(kg) 225 .210 168 1,070 .288 104 .382 2.616
BMI -.166 613 -.048 -.21 187 -.026 .305 3.274
BFP(%) -.213 .252 -.133 —.845 .400 -.082 .383 2.609
VO2MAX 087 213 054 LAl 682 040 541 1,849
RHR .342 115 .383 2.960 .004%* .288 .564 1,772
HRMEAN -.434 152 -.452 -2.854 .005%% =271 376 2,658
HRMAX -.137 178 -.116 =710 .443 -.075 416 2,403

R=.444, R?= 197, SEE=8,6627, F=2614, p=,013% Durbin-Watson=2,121

#p 05, #*p 01, ***p{ 001
BFP:Body Fat Percentage



172 A4
V. 9

2 f7e i AS g R Qb B o5
TS Fall SAHE A 24 A Ee} 25 A
M AEES AYT) HR S ol I3
o}, e AR 95 Hgol| o 8.910] Y= 1)
A=A AEE Wrol vlal BAEIT S4E 84l
=9 A Aol= APl ubet th2A| veReH,
AR SEE(HRRY)| 9= vAle 292 AE
of weh AolshAl ebitt.

1. g ol Ao WE 25 42
X X0l

ol Aol oliuTt ATV,
max) 25k oFLie} B u4E(HRMean), Hh4le}
S(HRMax) A E 01317 & 3 Bgjor, 4
Ul S EHRRE)E ol 4ol S5 o ot
wh, 40t WhAo] ol 4mch A HHVO,
max)o] §o5PA E9LOL, Ak Bl A TS
A& A 7 Sofat Aol et gl

HE Aol SEA2R gAo] oAk A

iy

ox

rI_o

AAFEE ke AL $UaH
=7 Uebdth Mendonca, Matos & Correia(2020)
= g 2ol BuE dider, BF 27| HE7|
HAE B oA da} o) &5 Aefshd XS

Santisteban, Lovering, Halliwill & Minson
(2029) %] o39] AAH S} oA A E4
& defste], £ 9 I A Ak Ao oet

7 -

2k o) vhgo] WA R fofsHAl #A UERkith
Moodithaya & Avadhany(2012)& A|AEZAE H]
E3 A ma o] AgAEA|, 59| Fudily &
Ag 225kl 11819 01, da Fonseca, Gomes

da Cruz, Soares, Garcia, Porto & Molina(2024)

o 9% B AN B8 7} Bedt A% whgol
ofuje AHaAld 24, B4 Bz $43t 9
A welElo] 9on], HRR a4 A) 4 ol
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Analysis of Sex Differences in Factors Affecting Heart Rate Recovery After
Graded Exercise Test

Sungeun Shin(Dongguk University, Doctor’s Student) + Jinwook Chung(Dongguk University, Professor)

ABSTRACT

This study aimed to analyze sex differences in heart rate recovery(HRR%) across age groups and to identify
sex-specific factors influencing HRR% in adults aged 20 to 40 years. A graded exercise test(GXT) was performed,
and HRR% was measured at 1, 2, and 3 minutes post-exercise. HRR% is defined as the percentage representing
how quickly heart rate returns toward resting values after exercise, calculated as the proportion of heart rate
reduction from exercise termination to each recovery time point(1, 2, and 3 minutes) relative to the distance that
must be recovered to reach resting heart rate. The study included 133 men and 94 women. Body composition was
assessed using the InBody J30, and all participants performed the Bruce protocol until voluntary exhaustion.
Statistical analyses were conducted using SPSS 23, including descriptive statistics, normality testing(Shapiro-Wilk
test), independent t-tests, and multiple regression analyses, with the significance level set at p<.05. Across all age
groups in their 20s, 30s, and 40s, men(51.60+7.16) had significantly higher maximal oxygen uptake than
women(42.77+5.74, p<001). Women in their 20s and 30s showed significantly higher heart rate recovery(HRR%)
than men(p<.05), while no sex differences in HRR% were observed in the 40s. In men, HRR1% tended to increase
with age(partial r=.164, p<05), resting heart rate(partial r=.331, p<001), and maximal heart rate(partial r=.170,
p<05), and decrease with mean heart rate(partial =-.334, p<.001). HRR2% increased with age(partial =205,
p<.01), maximal oxygen uptake(partial r=.177, p<.05), and resting heart rate(partial r=.364, p<.001), and decreased
with mean heart rate(partial =-.291, p<.001). HRR3% increased with age(partial =232, p<.001), maximal oxygen
uptake(partial =235, p<.001), and resting heart rate(partial =426, p<.001), and decreased with mean heart
rate(partial =261, p<.001). In women, HRR1% tended to increase as mean heart rate decreased(partial r=-.375,
p<.001). HRR2% increased with resting heart rate(partial =268, p<.01) and decreased with mean heart rate(partial
=338, p<.001), while HRR3% increased with resting heart rate(partial =288, p<.01) and decreased with mean
heart rate(partial =277, p<01). These findings suggest that sex-specific interpretations are necessary when
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analyzing HRR%, and highlight the need for future studies to investigate the underlying mechanisms of HRR

responses by incorporating physiological data from daily activities as well as during exercise.

Key words: sex differences, heart rate recovery, maximal oxygen uptake, wearable devices
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