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S F A3|2e) B2 ASAAAL AAE 2
g3} thele] 2449 HlE

ZuR* - AEY @=EoEm)

A= Ao A AA TS o] &et A3 AL 259 post-exercise recovery (REC)®l
A Yl Auhd o] & (heart rate variability, HRV) 9] Zfo]& A B0 24 2417 3FS et 58
A TEREE S5 Y3 Aoz S£YHY. A0 A2 3 118 S Uz A uAdAE &

48 (50% heart rate reserve) stellA] 30% ZF Arm ergometer(AE) 9 Leg
cycling(LE) 9] H3de] &% (steady state exercise) & REC1(0~10 min), REC2(10~20 min),
REC3(20~30 min)®] Al F2tellA R-R intervalsE g5ato] Azt 2 Fob¢¢ Bl AP A5 (Poincaré
plot) & A& }Oﬂ‘:} Ade thsd 2 HRVY Al GA 78 o] &8 5 RE 119 ato| & Hriet Ax)
post-exercise recoveryolA] AE <8 ol B3] LE 43 & ANS ZF%(SDNN) % PNS A&A 3}
(rMSSD)7} =74 Uelstth. Poincare plot< ©] &3] $FZ= 7t =
recoveryollAl AE 38 Fof vl3] LE 3 $& ANS 24%(SD2) ¥ PNS #4243 (SD1) & wdst=
HRV parametersd 3&E°] =4 YElTl. Spectral power #479] 1
2 "9l HF7} 27] post-exercise recovery(REC1)9A AE 473) o
7veton | w-n|FA7% WA A (sympathetic-vagal balance)? w417 & 2l
LF/HF ratio ¢ LF nue AE 8 & foatA =& T4& Ui v Fuhil7d @435& wt
A14=Q1 HF/TP ratio®t HF nue LE 8 & folatA & F2& Yehldtt. o)<l 2= Aldt
AN telo] 544 EFo| B waA o v +5 § F s &

A& dAlgth weba] Ao vl st & o] &eF fAth #5S

H“}% o2 ]E &l A A < %ﬂoﬂ THAQ G VA, &F F a4 8 5ol AL (events)
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A 2 (fluctuation)= #4177 (sympathetic nervous
system, SNS)¢ Fu 7:1“1 A A (parasympathetic

QEA w: YBrA zZo] ot Alulgo] Ho] nervous system, PNS)Z o] Folxl 2-&21 A A8

(autonomic nervous system, ANS)2| A8 & gto

=8 £319:2015. 04. 21. n, olg]dh ANSY €A A 3 SNS9 &EHe

S b 05 20, 2 z2E B#9e Rl A9 Bt ¢
* 24 AekA : AT (kimmk @knu.ac kr) 214 dtH(Thayer et al., 2010).



ANS &%) H715 93] v]dFAoH v &84 7|
ol Ale o) = (heart rate variability, HRV)7} %
| gawjojxz o™ (Task Force of the

European Society of Cardiology and the North

(o]

ol
ol
X
e T

American Society of Pacing and Electrophysiology,
1996), AA W= 48 Framingham 417317l A
2501 (mean age of 53 years: 1101 men, 1400
women)< U)oz 5yt M8 A3 RV 7+4A 2
2390] 49Ansl 43371 Bese A0 e
WoHTsuji et al., 1996)

3 A A A v)Eg=

2001). FAHE FALE 5 A LELEES A
7] 98 A o HAAESE (maximum
(

heart rate, HRmax) F+v oAFAH=(hear rate

reserve, HRR)H & %%X}Efoﬂ o Aluk (heart

rate, HR) §H&-< o] &3t (Mann et al, 2013).

Hd A2 9 A9 waF f 5‘-%% A HRmax 5
© HRRW we} HRS 9AAZ 745 5%l w

E} ANS 249 zto]7} Yehdtt,

22 gelo vl3] A SR active muscle mass
o] o] Y| “ﬂ%"ﬂ Z5 o &g HuUlEEAA A
o] el HE =2 dbeg Holn &5 & U
Ak F"‘ﬂ] LR Tﬂr(Vohanltls & Secher, 2002).

o & 50 Y4 2094 (aged 18 to 45 years; 11 males
and 9 females)< 422 A EHaAALE AAl
g+ 23l HRmax7} arm ergometer 573 2] leg cycling
3 Alel| vlaf el e e ERISITH Ranadive
et al., 2011). webA 23 tglo] 544 &5 Al &
U3 5 AHE AP fste HRe 4AAZ 4
T, AR tele FEiats 7hsstA s ol
AL & T ANS AT J&& w3t d & &
] ~HAEAUE (power spectral density analysis,
PSD) w4l ]3] 2t&4¥ total spectral power(TP)

& ARE Wt AFEA AT
A B4 ‘8] Z.}iﬂ% Ao g2 dHA JTH( Perini et al.,
Aol dA ey 1795 g 15

N

¢

te] HR(50% and 60% HRmax)< €27 ¥
el -5 (steady state exercise) &< AH&HE TP
& arm ergometer 9l B]3] leg cycling®l A %<JstA
2819 55 Eustdth(Leicht et al., 2008). ©]&
1& s Agen 5 Bl
F35t7] Witol ANSS & A= 2 &5
wadtte AE AlAbet

ZHO =7 14%9] 71473 FAd (aged 20 + 4

oyorr oHL Hm
ol

X &
=y

o

°

FHo
= o
mo il

=,
=

s
consumptlon) FEdM = 238 arm ergometer -

&°] leg cycling &l vl v|FAF LA 3LE whd ot
= Poincaré plot2] SD1(Mourot et al., 2004)¢] &
%3] 744" vhd | HRE f25H %1_ AOZ Yepyt
tH(Tulppo et al., 1999). Wetr] HRS o] &3 +4F
& TS I gl 144 A 5 Al T
2 FdE Blg

Aa HRe 4AAZ b9 29 &% = 2934
uhe- 9 ANS 28& AR 33 gl 44 &%
M 4= 44 Al HRS o] 88 4 54 &%
AEAN GEsEe BAs] A8l 2EO b %
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. 4o WA &% § HRVE
e 99 gelEEdM o 2 vebdth(Leicht
et al., 2008).

AT g HR We %

post-exercise recoveryolA 8% ALARE A|Z
3l=d), AA post-exercise recoverydllA SEA=Z0

2 §wE HRe| ZAE ANS 246 923, 53

$% T Adg 024N 2 AL£A NS &
& Ao olAX % (ectopic activity)S 7M1
A At 2 AREAA] S Eole Ao

nLHﬂ

dH A glom (Albert et al., 2000), 7173g A<l
U 24289 (aged 57 t 12 years: 63% men)9
cohort A7olM e AU &5 & 1% ¢ Ad€ HR
o g 3 Eo] BE Abge] e dEIAYE B
FtH(Cole et al., 1999). &% ¥ PNSe| A&}
¥33 heart rate Iecoveryﬂ lean muscle mass

#Agh= Hol M (Buchheit et al., 2011) ¥
HRE 42417171 fall vhelo] #5535kt &34t shd

ol

j‘e m\m



&% 5 AueEe) BE Ag A

2t Zof ]3| ﬂi:o‘*o] o)zt B7] wel AA
=44 A3l 345 (submaximal exercise)
% post-exercise recoveryoﬂ/\i PNS9| A&4ds 4
ANS 352 444 HZFol Basith, 28y HR< ¥
AA1Z1 23} g2l #Huldh(submaximal exercise) &
% ¥ post-exercise recovery°lA PNS A& 3 E
FHE ANS 7]53 59 F&E 4 vt gl
w2t £ AF= HR F55 €A HAdet arm
ergometer % leg cycling +% & A& w2
HRV parameter 7t9] Zto]& Hlwshe d] H40] glom,
o] ANS 7|58 SHdA &4 FE%E
g8y ek 712 FHE AFshe H 1 o7t

(
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w A7 D Aol 24 Kol Ajet 52 &
Ay 119 s ddez Faglnt. Foree &
AaeE s dFE vA F e 2EAA Felvt
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E 1. Clinical characteristic of participants (n = 11).
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Variables Values
Age, years 21.64 + 0.41
Height, c¢cm 172.34 * 1.69
Weight, kg 67.03 * 2.84
BMI, kg/m2 22.52 * 0.74
Percent fat, % 17.45 ks 1.29
Mean HR, beats/min 58.27 + 3.22
SBP, mmHg 102.45 * 6.68
DBP, mmHg 66.82 + 2.36
MAP, mmHg 114.33 + 8.47

Values are means * SEM.

BMI, body mass index: HR, heart rate: SBP, systolic
blood pressure: DBP, diastolic blood pressure; MAP,
mean arterial pressure
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HAE ATHD A2 AALEL FHES AN
oA 2 AZE RS ALY L AP A G 5
£ 2933 e 44 F AolE 3N FHE ¥
oIt} et £F A 20% o8 A 9P T e

Al R-R intervals® &53
Ak, 72k WA A (randomized cross-over design)
of 93] arm ergometer® o83t A +F(AE)I}
leg cycles ©]&3t sHAl &% (LE)S 242t 381t
AE BE LE 9 & U2 &% F47A] Hoj= 157
9] 3] &7| &5 Holed ). post-exercise recovery HRV
parameters® 92 AAdA REC 1(after exercise
at 0 to 10 min), REC 2(after exercise at 10 to
20 min), REC 3(after exercise at 20 to 30 min)
o Al AI71A g 53t

3 post-exercise recoverylA PSD £X4& &
3 frequency powerS AtEeH wj Wkt A] mEsjof &
?Ho] 9tt. ¢bY A LF= Al 9 Byz
& ’5”:413 Al RHdst= v HF =

0

FA M= TPE 60% I #&A71H, HES 7
b Al A A7} 5 FEA AE&He=w 7}

A 70% VO2maxE 233}

7P UrE}Uer 7] w B 17}
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& 4 §lth(Perini &
Veicsteinas, 2003). ®WabA post-exercise recovery
o] ANS 255 3 o2 g|Xel7] glsled AE ¥ LE
9o £% =5 50% HRRZ heart rate reserve,
HRR)Z A%sta, HRel &% €8 4% 30 sec~1
mindA 7leEFdeR fadte de aelsh
(Imai et al., 1994) REC19lA4 €% 2% 0~1 min
<9 R-R intervals2 HRV parameters®] 2F=H
oA ALt



MH=M 5
AT £22 A o 5-S gojsta Wde=
AFeA1 - A A (GL-150, G-TECH International
Co., Uijungbu, Korea) & °o|&3l 243} A5 2zt
28l 24 &4 F Has Agsda, SHE A%
Ae e ol&dl ALFAF(body mass index,
BMDE AH&3t4
nja23 201818 (American College of Sports Medicine,
ACSM) 9] A% A el 3-point skinfold ZZEZ] u}
2t AR &S AEesTh FAH SR HAYH ofdR
2] skinfold caliper(Dynatronics Co., Salt Lake City,
USA)E o] &4 7= (pectoral), H%-(abdominal),
W8 (thigh) #91& 23] 34 F, F 4ol 2 mm ]
745 A&4 HFeH(ACSM, 2013). SHE @<=
43 Jackson & Pollock®] F4ol wet AAEES A
Z3}9th(Jackson & Pollock, 1978).

Blood Pressure Measurement
12A7F 5 el = 204 o4 AEA oy & ke
A2 AF5EAS47] (Beurer BM16®, Beurer
GmbH, Ulm, Germany)Z o|&d] A1t 1145
350 & mean HR¥ 37 systolic blood pressure (SBP)
4 diastolic blood pressure(DBP)E 23] 24 =
gotatt 54 @9 247F 10 mmHg ©] 3 7%
3] o Z4ste] QA o] A& 2/ @ = He e
&2 ol g3lsith. AlEE SBP ¥ DBP #t2 Hige
1/3(SBP)

o3

MAP{mean arterial pressure, MAP =
+ 2/3(DBP)} & 4t&3kiHt.

z|chset 2 protocol

RE HAY3t +5& 132 ergometer(Aerobike
75XLII, Combi Wellness Co. Ltd., Tokyo, Japan)
£ olg3td Syt on, AES 4F ergometers
glol & 9o &2l AP 3 AGAY oA 5 5%
o7 dAYEE AHAS9(Schneider et al.,
2002), LE9] A% 5589 A 2 =23 A A3 o
& & F JEF ergometer S Eo| 5 23

ACSM] 7tol=gele] me} 74E Wl (Karvonen)<]

F4% Agde 50% HRR 702 2% Aus

&

Ho

(target heart rate, THR)S A3t 3087t
5 FIPIIATHACSM, 2013).

THR=((220-age)-HRrest)x50%(+57%) +HR rest

TAHCZ AE= 15 watts, 60 rev/min9] 33&
, LE= 30 watts, 60 rev/minZ Z}7 383t 34|
=, 2t 70 rev/ming &S FAG oA
o7 B35 F7MA 50% HRRel =&3l=%
519121 (Leicht et al., 2008), +& 5 F
A48 (Polar RS800cx, Polar Electro, Kemple,
Finland) & ©]43le] HR W35 A &H 02 RUEFY
St T

HRV =%

HRV £4< 918 tolg 452 98 229
Aojgk zrgo] o T Add4 S 2ASHHH
3} A=t 2014). Interbeat intervals(IBls)< SFg Al
108S £33 AE 9 LE AlA 28 ¥ post-exercise
recovery?] REC1, REC2, REC322 449 A A
7194 Z42F 1087 o2 A= 71550t HRV &
g Al TEA tigt =Ao] Jov, F4 AJH
HRV &% A ©§ W=7t 43S vXA gevhe %
g8t 75 (Thayer et al 2011)°] #AAI=E ] 317] ]
ol ¥ Al A= IBls 715 1 A7MAES APl
5 FARIESE A [Blse 1000 Hz2 A%
Polar RS800CXE &3ll, 283 chest strap(two-lead)
o 2HH FA 715¥ A

Polar IBIs®] ¥A] tlo|E](raw data)= Pro-trainer
Polar 5 software(version 5.40.171, Polar Electro,
Kempele, Finland)<l 93} text file(( HRM)Z %
% HRV analysis software Kubios(version 2.1,
2012, Biosignal Analysis And Medical Imaging
Group, University of Kuopio, Finland, MATLAB)
o olgatitt. AlZt # Fupr ajm HAY AFE
b3tz Aol artifact corrections Ed o]&A
beatE #jAlst @712 HRV 24 AH5 min) 2
EZ| w2} 256 points/Hzo] A422l IBIsE A¥
3le] Smoothness priors(Lambda, 500) 7S o]
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43 & 733 (detrended method) <
gt th(Tarvainen et al., 2014).
ANS 715 9 Bl ~E Hrtebr] flste] Altd g
SDNN(Standard deviation of RR intervals)2} 7|
FABEENGA = tTMSSD(Square root of the
mean squared differences between successive
RR intervals) 2 pNN50(NN50 divided by the
total number of RR intervals)< A&3I3ith T3
PSD #4593 n&sFefel ®WeH(fast Fourier
transform)H-& 4-8-3sto] A3} (low frequency power,
LF, 0.04 - 0.15 H2) A+ % 2579 (high frequency
power, HF, 0.15- 0.4 Hz2)& -7}—%3}@‘4 34 7,
2006). g9 HIHFA AN SE Iyt
73 (non-stationary)= Wxe EHg4 ‘37—%‘% 7}7<] 7]
ool #H2 HW‘”]“&% o] &
o] hFH 1 glem, 53] Poincaré plot EAHE A
Z¢] R-R intervals 7+¢] ﬂ%ﬂr"é < B4 3}eto] 712
% 9 Z(transverse axis) #Hol& YEM = SD1
AZ2% & FZ%(longitudinal axis) ¥o]E Yehj
SD2E &3 ANSE diXete 7IWoz Wzt
HRV 2% (5 min)ol #&7Fs3thH(Voss et al.,
2012). wepA] & AolM e AIRE B Fag, 3714
© 2 Poincaré plot®| parameters= %—9“0}04 T4
2ol mE ANS 28<& HlagAetgitt.

& A=

N

fr & e Jp

22 (ratings of perceived exertion,
RPE) &3
159412l Borg scales A3d A &3] <l
stgeH, 5 A, = 9 &5 &, 474 10% 14

A 8eti vt (Borg

784 Aeg

Az A2 o

i3

ZE A5 A2]e= SPSS Statistics 21.0(Statistical
Package for the Social Sciences software, versions
21.0, SPSS Inc., Chicago, Illinois, USA) X271
W AHEste 2t 5 Hdt(mean)d FToA
MR ERE AR

AL |

(standard error)E AHEEHS

AAAL AANA 24 B3} tee] ZAACl Hlm 223

(repeated measure ANOVA)E &
Z(Arm or Leg) 7to] maz4S Ao, obF
Al & post-exercise recoveryol4] REC1, REC2,
REC39] Al 73t B¢t AES} LE 7t Aol& % 8&%
t-74 (paired t-test) S o]&3] EA3%. =

AR o4 @ = 0.05 Rtez 4 @O}Oﬂr/}

2 3

oy A(AE, 67.03 £ 2.95 beats/min: LE,
66.80 = 3.09 beats/min) ¥ Arm ergometer$t
Leg cycling &% &<t 0~10%(AE, 124.45 + 2.48
beats/min: LE, 124.03 *+ 3.40 beats/min),
10~20%(AE, 131.84 + 1.56 beats/min: LE,
131.24 + 1.54 beats/min), 20~30%(AE, 133.79
+ 1.58 beats/min: LE, 131.11 + 1.42
beats/min) &9t mean HRel #2l& Aol Y}
WA] ekom (p).05), wf 10+ tA2o2 =343 RPE
A= BAARL kel (p).05) = YebtA] eksith(data
not shown).

o Al ¥ post-exercise recoverydA 25

20 2 HRV parameters 7te| AOKE 2)

oy Al AIZF 2 3= 2]3 Poincaré plot
indexesol Al EAAQ 2to]= YA &9ket. e
post-exerciselA SDNNS RECT (€. 05) 2 REC2(p<.01)
2] REC3(p(.05) A 2tz frelgk atol7h vhebyt
om, WHESHEAEA A &5 I:S’Jr AIZHA W sl
A ol waAg-o] Za7F YERTHpC.05). 1IFA
Aggsts Bdste rMSSDE REC1(p(.05)%
REC2(p(.05)¢] F Al7]elA Z4z} LE7} AE #lel
el =2 F5& Uit &3 RECIAAME
Spectral power parametersollr EHA o & PNS
WY3tE wigete TR (HF) 9 Ao gh(absolute
value)o] BAIAY Aol & HeEPATHpC.01). PIEH7HA|
2 REC1 ¥ REC291M Z+7} Poincaré plote] PNS
A ix| 42l SD1o] AERY LEAA & 7S Jet

JNr

o2

gl
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I 2.The difference between arm ergometer and leg cycling on HRV parameters at resting and post-exercise recovery

Exercise Resting REC 1 REC 2 REC 3 Interaction
Variables
mode Paired t-test Paired t-test Paired t-test Paired t-test Group Xtime
Time domain indices P D 9 p
AE 49.57 £ 452 19.81 £ 2.26 27.12 = 3.01 32.94 £ 4.00
SDNN (ms) 0.334 0.020 0.007 0.033  0.024
LE 46.63 £ 449 25.13 £ 251 32.82 £ 3.36 44.15 £+ 506
E 42.88 + 576 14.12 + 1.90 19.93 = 245 28.59 £ 432
rMSSD(ms) 0.608 0.047 0.039 0.288  0.257
LE 41.61 + 579 18.05 + 233 25.07 £ 3.00 33.83 + 539
AE 23.04 £+ 5.69 1.13 + 045 3.43 + 1.17 8.89 £ 2093
pNN50(%) 0.716 0.314 0.062 0.207  0.236
LE 21.95 + 597 2.39 + 1.16 7.45 £ 226 14.03 + 453
Frequency domain indices P 9 ) D
AE 1398.78 = 184.32 280.47 + 77.05 579.72 + 156.69 792,56  + 200.19
LF(ms2) 0.557 0.129 0.836 0.081  0.212
LE 1259.96 + 234.97 472.51  + 158.01 592.03 + 137.75 110249 + 234.38
AE 866.17 + 227.23 76.24 £ 27.43 153.18 £ 34.59 333.64 + 9445
HF (ms2) 0.665 0.010 0.081 0.079  0.166
LE 818.01 + 216.23 230.05 + 67.27 241.14 + 48.01 506.68 + 143.01
AE  2387.17 + 384.33 388.15 + 99.01 783.64 + 191.89 1190.70 + 282.57
TP (ms2) 0.433 0.025 0.239 0.051  0.064
LE  2166.21 =+ 429.07 735.86 + 179.76 911.24 + 201.83 173761 = 396.37
Poincare plot analysis P P p P
AE 30.37 £ 4.08 10.00 + 1.35 14.11  + 1.74 20.24 £+ 3.06
SD1(ms) 0.609 0.047 0.039 0.287  0.257
LE 29.47 £ 410 12.78 + 1.65 1775+ 212 23.95 £+ 382
AE 62.86 + 532 25.99 294 ~ 35659 £ 3.96 41.68 + 501
SD2(ms) 0.300 0.025 0.005 0.022  0.013
LE 58.61 + 526 33.00 £  3.25 4279 £ 435 57.33 £+ 6.30
AE 0.47 £ 0.04 0.39 £ 0.03 0.39 £+ 0.02 0.47 £ 0.04 0.102
SD1/$D2 0.567 0.864 0.480 0.129
ratio LE 0.49 £ 0.04 0.38 £+ 0.03 0.41 £+ 0.02 0.40 £+ 0.03

Values are means + SEM

SDNN, standard deviation of RR intervals: RMSSD, square root of mean squared differences between successive
RR intervals: pNN50, NN50 divided by the total number of RR intervals: LF, low frequency (0.04-0.15 Hz): HF,

high frequency (0.15-0.4 Hz): TP, total spectral power (0-0.4 Hz): SDI,

standard deviation of short-term

variability in Poincaré plot: SD2, standard deviation of long-term variability in Poincaré plot: SD1/SD2 ratio, ratio

of SD1 and SD2

Wom (pd.05), SD2+E post-exercise recovery2l
A LEZF AERET  fefstA F7kselon
(p<.05), SERE} AIZke] Wt A foldt w s a8
e UERTH(p<.05).

UM mME QY Al Y post-exercise

recoveryoiM] Spectral power2| HIZ(ratio) g5}

ANS &2 gl Slo]M SNS +AIE Uehlie

An 43 179k AR v (LE/HF ratio) € &%
A oy AlelA AESF LE Zhell SA14 91 Afo] 7} ¢l
U4 REC19IA AE= LEO| ¥ frefsidl w2 +%
(p€.05)% YEATE REC2(p).05) ¢ REC3(p).05)
M= FAAQ Aol A AEZ} LE Hl&) =
< F2(p).05) & HeERIAK2E 1),

c

o

> 32

HF ratio)

Ratio of low frequency and high frequency power

Resting REC. 1 REC. 2 REC. 3

Z2{1. The change of L/HF ratio in two aercbic exercise modes at
resting, and post-exercise recovery (REC) 1, 2, and 3.

Significant difference between arm ergometer(AE) and
leg cycling(LE) was deducted from paired t- test.
Interaction was obtained by repeated measures analysis
of variance (Repeated measures ANOVA).

*n<.05, statistically significant difference between AE and LE
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ol¢} fxH R HFAALEFS TH PNSY A
g43l2 HolF = HE/TP ratios ¢Hy Al $5RE
98 =07} ¢Sl & B8t RECIAM LE
I AE®ll ®l8] HE/TP ratio® 717} frolstAl =&
FEE BAFAH(p(.05). AES LE 7+e] EAZF <
= Az A wet REC2(p).05) ¥
REC3(p).05) A= YA F}e(2d 2).

o e

N

Tateraction
0.40 Repeated Measures ANOVA

p=0751 »=0008"

&
o
b3

@
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Y
by

Ratio of high frequency and total spectral power
giF/TP ratiog
o
I
S

Resting REC. 1 REC.2 REC. 3

12| 2. The change of HF/TP ratio in two aerobic exercise
modes at resting, and post-exercise recovery (REC) 1, 2, and 3.

Significant difference between arm ergometer(AE) and
leg cycling(LE) was deducted from paired t- test.
Interaction was obtained by repeated measures analysis
of variance (Repeated measures ANOVA).

*n¢.05, statistically significant difference between AE and LE

2S24]| 2 oFY A| U post-exercise recovery
oM Spectral power2| Xa} x| His}

ANS B2 sjHdl glojd SNS +AHE dehl=
AFa JE9 Atst #(normalized unit of low
frequency power, LF nu)< ¢Fg Al BAHQ1 2ol
7F YERGA] 29kt REC1elA AEZF LEe] w8l
oA =& @& YeRllen, AES} LE 719 5AA
QL Aole AIZHe] ZAFe| wet REC2(p).05) 2
REC3(py.05) A= UYeEhA] FtKad 3).

post-exercise recovery°lA PNSe| A&43}E ¥
ot 179 A2 A3t #(normalized unit of
low frequency power, LF nu)< 9Fg Al E4% 9l
apo] 7F YepA] ¢kgkont REC1914 LEZ} ARl B3|

ABA BAH 28 B3t tele] Fh

Al Hlm 225

o 7S Uehilon] AESH LE 7t EAA 9 AjolE
AZte] Ao whgt REC2(p).05) 2 REC3(p).05)
oM UehA dgtad 4).

Toteraction
085 Repeated Measures ANOVA
o

e 4 o
9 = ®
3 o 3

Normalized low frequency power (LF nu)

o
A

0.60
Resting REC. 1 REC.2 REC. 3

2|3 The change of nomrdized low frequenoy (LF nu) in two aerdbic
exerdse modks at resting, and postexerdse recovery (REO) 1, 2 and 3

Significant difference between arm ergometer(AE) and
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Autonomic Nerve Regulation After Arm- or Leg Ergometer Exercising

Eliciting the same heart rate level

Maeng-Kyu Kim - Choun-Sub Kim
Kyungpook National University

Although delayed heart rate recovery (HRR) and impaired autonomic nerve system (ANS) modulation
after acute exercise are related with cause of cardiovascular disease (CVD) and mortality, studies evaluating
ANS changes with local exercise are still unsatisfied. Thus, this study aimed at investigating the modulation
of ANS-related parameters, followed by upper or lower body exercise. Eleven male without cardiovascular
and orthopedic diseases measured basic body composition, resting blood pressure (BP), and heart rate
variability (HRV). This study based on randomized cross-over design; AE composed with arm-ergometer,
and LE involved with leg cycling. Participants had at least one week wash-out between each exercise, also
there was no cool-down after exercise. All sessions were performed with intensity of 50 % target heart rate
for 30 min. With measurement of Rating of perceived exertion (RPE) during every 10 min, HRV was
measured Kubios HRV software using R-R intervals collected with Polar RS800CX in post-exercise recovery
(for 30 min). As a result, heart rate (HR) and RPE were same (p > 0.05) through the experiment. As results
of this study, SDNN and rMSSD in time domain on LE were higher than on AE during post-exercise
recovery. When LE compared with AE used by Poincare plot, both parasympathetic reactivation (SD1) and
autonomic nerve regulation (SD 2) on LE were higher than AE. Immediately after submaximal exercise, the
high-frequency component on LE was significantly greater compared to AE. Also, the LF/HF ratio and LF
nu reflecting sympathetic activity were higher on AE than LE. In contrast, the HF/TP ratio and HF nu
reflecting vagal tone were greater on LE than AE. In conclusion, this study suggested regional lower body
exercise recovers more sufficient than regional upper body exercise after submaximal aerobic exercise at
same HR. Local exercise like leg cycling needs a careful approach to apply for accurate exercise prescription

and effective training.
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