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(BEE] AWETid, RRM—EEMEDRFICES SN .08 (HR) O#iBI% (HR drift)
EOUE B AT B O BRI 2 MR T B 720, T A ORE R FRE N RIZ AR )L T X —
8 — % H\WT 60 5 DRIEH—EAMER 7 2 b & FEiE L7z, BHAEHEE) T HR Z28) % H Kk
TS B 2 LNk o TR L 720 KR —E AMGEE ORI (3-30 47) 126 W»Tid, HR drift
DFEHENITEARENTEY B, FIZCE AR B 12— AR L T B L E R Sz, HE) O
2 (3060 73) (2HB1) % HR drift X HEAMEEGENZ X > THINTEE, EHA b L A% EDN
T EBET B RS 2 b,

[F—7— F] RRHGES), C30%, AT E), BIZMRNE)

1. ¥

TEB)H 0.0 (Heart Rate: HR) &, BB ASRIERIIC RS L, & OMEE D — % H i
DT THholze LTHEELAIIHMT 5 (GBI FY 7 FHR drift)”'c ZOHR driftx b
O ERE LT, iR EAICHED BF it E (Skin Blood Flow: SBF) O#C X % —[El#H
H & (Stroke Volume: SV) DA DHEED S L < HMSNTWABY, FRISIZ T, BT DOfse
T, FEEBIE B L OEBIECIC BV A M & OB INAHR driftOZER & 7 % 0] g1 AT
HINTWD, TNOHOHFE, KM (KA, INEENR, [EE) 2B 2 My & o
BIZEE S A & O T AHR driftZ B35 Z & 2RBL TWh, 204 H =X LITIE,
DT ZZ5858 752 & ORAEA ¥ 7OV ZA DAL D AEMREB O 2L CRIEMREEE O TTiE
B X URIREARIEE OWEY) BSES LTwb EE2 605N, LaLidss, i 0ETH
ZE5CUE, 6055 O RREH — 2 B &R O T3040 12 81F A HR driftld & B M5 = o i
R L7225, #3040 CTld, HR drift2SEZ S 72120 b 53, SBF B X ONE BRIk
BICHERZAD O bz o7z (Fig 1) S OFEHIE, HR driftl2sh 3 2 O B AR
B0 M5 AEBEE O EIEo TEALT A ERRBLTVWEEEZONDL, T TIZ,
M —2 A EBRFOHR drift & BEMEGEI ORI BIAR % MG L 720F581335 5 O SCHikE
TWTIERBE TV, £ 2 TRIFZEIE, BEHERFEICBIT 5 REH—Ca M SRR ES
7-HRZH) (RRIINE) 7 — ¥ % 535 2 L 12 & b, HR drift & BAHRIEB) o B 1% %
a2 R HE LT,
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Fig. 1 Changes in the heart rate (HR) and deep temperature (Tm) and blood volume (Total Hb) in active muscle

during prolonged constant-load exercise.

B. E&7O O
1. && (E—7) BREDNE
Bk ¥ % BRI —E B EE 7 A N OEHREERET L2012, 3 Ea—7 —fl#o
HEizH )L T X — & — (232CXL, Combi) % VT T » 7HAMEE) 7 A N % FEhi L 720 SR
Zi, 30 r—3I 77y 7 (20 W, 60 rpm) 25| & i &, 20 W/min® T ~ 7 &t
B2 HENR Y IVEEEE (60 rpm) #MERFTE 2 %5 £ TITo 720 BB R b W B SR IE
F (0B T ) % S e MSBIG: (VO.peak) & L7,
2. REEB—TamEgs X ~

KR, T TRMER T A MR R E A3H R LT TH S B —E A EE T
AN &AT o T20 HHEERE X, 5 M OB Z & R o 721%, BT 72T v 7R EE) T A
R TR 5 A7V 0upeak D60% (2 HTY + 2 R HE (138 =19 W) T6045T BRI — 52 &5 B8 %
1To720 ZOBOXRY VEEERIZE0 rpm & L 72,

T v 7RMER T A MEB X OERKB— 28 ES T A MO, \'702, -l 2 460 L
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(RER) XM A8 E = % ~ 27 & (AE-280S, Minato Medical Science) & AT, 22D 5
JEBE TR E CHBAISIE L. B —E B EE) 7 A P OHR ER-REMBIZHRE= ¥
(S810i, Polar) |2 & » CH#BAIIZFLER L 720 Fodk SIZZHRIZ1EIZ T L 72,

C. BEMIZEH
fRHE 7 S O 5 XTIV A AfENT Y AT 4 (MemCale/Tarawa, GMS) % H W THx
KLy ho¥—kIZ X WRRT — ¥ & BB EURAT L 720 &8 K (High Frequency :HF) #°
01504 Hzz & L, EEH I (Low Frequency:LF) 2%0.05-0.15Hz% & L 720 RIZIEAFREES)
B Y L CHF, F72, 2BAMREEITRIE & L CLH/HF L% Hw72's S & h/-HF B X OLF/
HF X153 P L 72,

D. #GETEEART

FERITPIME = BEFEZE TR Lz, REFEH—ERAMEBRIC B 2 ZREHH OREEL
ZALD AT AL AR E — TCRLIE S AT & VW7o 2Ok, BRERENRO b NHEIC
Dunnetitx i\, BB ZITME L300 HE KL L THREXITo 72, Z2=HOMBEO
WS, €7V OMBRE (1) # HWTER L7z, BEHH BKEEIE5% £ (p<0.05) & L
72

. #&=R

R — 2 ATTEEN O HRIZ A 5 % B O E R0 R A58 5 17z (Frae = 13066, p<0.05) HR
(&, iR (67 =8 bpm) A & EBBIAA %350 (131 £ 14 bpm) F TR L (Fig. 2, P<
0.05), Dk, EBOFTF (3047 #5146 + 17 bpm) B X USEBFL T (6047156 + 13 bpm)
FTHEZIC LA L7 (Fig 2, P<0.05) . LE/HF I IZEERH 0 ERIEAERD 5 N2z 2o 7255, HFIC
\3A 77 B O R R AR 5172 (Frae = 2356, p<0.05)

LF/HF 3% (2.90 £1.96) 2 5 BB B4G %370k (935 +6.54) £ T LAT LAz D o 72
(005<P=0.087<01) %%, 305K (994 +524) F TEAL L oo Tze Z DIk, EEHET I (4.99
£450) T TOZEIL LR E e d o 72 (Fig. 2) HFIXEBIBAAG 2300 T CAMAR ML 2R L7z
(2 152128 £307.11 (beats,/ min)z Hz ;3%7H:: 5657 +4563 (beats,/min)2 Hz, P<
0.05) %, EBNBHMG 30 B A 53070 HE (088 £1.12 (beats/min)2 Hz) £ THEIZIKA L7 (P
<0.05) 0 ZDRBRIBEFE T (051 =055 (beats min)z/ Hz) ¥ TEAOMEIN DD - 72708, %
FHCHE B LA R E o 72 (006 <P=0094<0.1), ZEHIDSEHFGHEIDEE TO
HEDOZALDIEF IR E Do 72720, Fig. 20 & 5 IZHFOZA LI EZ | TR L 72, Fig. 412
IREND X )12, HRIZE0TEDOME#100% & LT, HF IZZeH: (B ) ofi%100% & LT
ML L7z ZOMER, EREM—E8WETT A D352 5304 Tld, HFIZ1I0%ET L,
HRIZI4%HIN L 720 & 512, B —EAMER) T A b OEEFF 2BV, HF L HRDPSEE
REOHBMRE SN (r=0993, p<005)  HFEDHA L & ICHRAHIMZ 2 5, L2 L,
3055 LARE L2 2B BN T E F CHFRIZZAL L 22 W%, HRIZ6% 3400 L 72,
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L7228 (P<0.05), ZDfk, ZAbL Z2h o7z (Fig 3)o
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Fig. 2 Changes in heart rate (HR) and the ratio of low-frequency area and high-frequency area (LF/HF), logarithmic
HF (log HF) from rest to the end in a prolonged constant-load exercise test. * : Comparison from the value at 3 minute
of exercise (P<0.05) ; ** : Comparison with the 30 minutes and 3minute (P<0.05).

V. EE

A RO B & ORHMEE T HHR oriftlc 12 4 528

KIRFEC IR — AR EBI ORRIIE = — & 2 B+ 2 2 L 12X ), HR drift
YLl B BRI B 00 BN % M L7z SEATIFSE TR OIS BRI AL X - TERA IS
B AN, 8512, IREAHIT AURGEEB ORI A X2 M VIS B 2 R EGER
ST — BT B LS S, AR TR, BRI — R AR OB B G35 E T, I
WL 2RI L, Z 0%, A0 S ho7 (Fig 3)e L72A>T, KiFETIE, 4
7o < & b SEBIBAIA3 S UK T IR IEIE BT HF R LF/HE V2 R E BB b oo 7o b £ 2 BN D,
F70, EEPC RS (LB, B A, KA F V) 10 L BRI A I B
TEER AR & 48 L AT IG % B S 4, HROMWIR MEIGHE 27 X 232 L AE S
Twal, LA L, AW TIRRERS L VO EBI BIAA 15350  TRUBIZIIN L 7255, 20
% EEE T OB L 2 h o7 (Fig 3)e SO EDD, HNORBIEDILEEIZ D %
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Fig. 3 Changes in the respiratory exchange ratio (RER), respiration rate (RR), and oxygen (VO,) uptake from rest to
the end in a prolonged constant-load exercise test.

B. EENDAIF (0-304) (ZH T BHR drift & BEMEEE

HRIGEB)FIAE A3 58 (124 =17 bpm) F TR, L 721, EH)3045-F; (146 = 16 bpm)
T T4 L 72 (Fig. 2)o fit3k, BB CTI1Z100bpm LT OHROHE NI B2 &A% B
WAL > THIER I &R, 100 bpm %8 2 2 HROBENNE A AT B 0 Joe 1 B 2 &
EZHNTWABY, UL, K322V CLF/HF I3 EB) BIE %320 £ TR 5 A8 i
SN2, TORITEFIREZ R L 72 HRIGEE G308  CRIBICMA L, 2ok, &
305 F THELRK T 2R L7z (Fig 2).Fig 4R &4 & 912, EEIBIE%3-30512 207 T,
HFIZ109%MX T L, HRIZI4% ML TWw5, & 512, HFEHROMIZAE 2 HEIE SN (v
=0993)c L7z T, EEI O (0~345) TIXHROBEANZ 12 B 5 BAREE B o BIHIE
DETICE>THIESEI ENDLEEZ SN, E512, EHD304F THHR driftd 584 135K
MG B EE T, BIREMREBOMHIER ORI ICEET 20 aneEZ Shb,
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Fig. 4 Changes in the heart rate (HR) and high-frequency area (HF) from rest to the end in a prolonged constant-load
exercise test. HR is a relative value for 60 minute. HF is a relative value for rest (0 minute).

C. EEFD#H¥ (30-604) IZH 1 BHR drift& BEMEEED

EE) O %4 (30-6045) I2BWTIX, HROFE 2 BIIA RS & 725 (146 £16~155 = 14
bpm), LE/HFIZZAL L %725 72 (Fig. 2)o L7255 T, HR driftiZ 3B RE Sl 12 BEE L 7w
WHEMED S 5 2 L HIARIFZEL W R E Nz, T 72, EHIOKP:CTIIHFIME T oM@Em %R L7z
ﬁf%%%’ﬁivi&#otoLtﬁof,@%@%*deR&ﬂ@@ﬁ@%ﬁ%@@ﬁ

X0 TRREENRSHLLEEZLNL, L2LEDS, EED40~604H CIEHFIXIT &
A t AL L o720 T, BEIOFEE & & B IZHR driftl2xf 3 5 Bl &AM B O 522058 55
FTEEZOLND AT T, EHOE I BV OEBIN MR e 022 /i o ke w
s sz (Fig 1)o 22°C, BREH—E AN EE) Cl1L, EBIEZ T OB’ B L ORI
MEEHEI DD e B EHEZ BN D,

BB OB A b L AR T A L CRIB RN R L KT T . TORE, BIEHE
SIHICT L) ot S s, B, B —2 A &) CILEsofksEe L i12h 7
=T I VEENERT S, 510, AT a— T 2 R OBOIGEEICN L TRET S
P, T RLFYE VT RLFY YT s LicERIER LTI 2 5o, Oinfx
FAESEL, Lo T, BEREM—E8MER) COHR driftld AR IZ2 ) Th <, Kl
BEERFICHZEEINE D LI,
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V. &

8

W — B A B O FTE (3-3043) 12 BWTIX, HR driftd 564 13 28 B #3258 12 B 3¢
9, B EARIEEN I —EB T L T b EE 2 Sz, EEIO K (30-604)) 2B 1) HHR
driftid MRS BN L o THPTE S, EIA ML A% EORT & BEST B REMELSE 2 S
n7z.
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Relationship Between Heart Rate Drift and Autonomic Nerve
Activity During Prolonged Constant-load Exercise

Chang-Shun LIAN, Takuma ARIMITSU, Ryo YAMANAKA,
Roghhayye AFROUNDEH, Kazuki SHIRAKAWA, Shiro ODA,
Takahiro YUNOKI, Tokuo YANO

Key Words
1. Prolonged exercise 2. Heart rate 3. Sympathetic nerve activity 4. Parasympathetic nerve

activity

Abstract

The aim of this study was to determine the relationship between heart rate (HR) drift and
cardiac autonomic nerve activity during constant-load prolonged exercise. Seven healthy men
performed a moderate-intensity (about 60% of peak oxygen uptake) 60-min cycling exercise.
Autonomic nerve activity was evaluated by the frequency analysis of HR variability. The powers
of high frequency (HF, 0.15-0.4 Hz), low frequency (LF, 0.04-0.15 Hz) and LF to HF ratio
(LF/HF) components of HR Variability (HRV) have been shown to estimate cardiac vagal and
sympathetic activities. The results showed that HR was rapidly increased from (67 = 8 bpm) to
(131 = 14 bpm) at the 3rd minute after start from the state of rest (Fig. 2, P<0.05), thereafter,
at the first half of the exercise (the 30th minute:146 =17 bpm) and the end of the exercise
(the 60t minute: 156 =13 bpm), where HR was both increased significantly (Fig. 2, P<0.05).
Although the LF/HF showed the tendency (0.05<P=0.087<0.1) to increase from the state of rest
(290 +1.96) to the 3'4 minute of exercise (9.35*6.54), after that, it did not show any change at
the 30t (9.94 £5.24) minute and the end of the exercise (4.99=4.50) (Fig. 2). The HF was rapidly
decreased after 3-minute exercise from the state of rest; at rest: 52128 + 307.11 (beats/min)?%/
Hz: the 3'9 minute: 5657 = 4563 (beats/min)2/Hz, P<0.05 ). Although it showed significantly
decreased from 3'4 minute to the 30" minute of exercise (0.88 +1.12 (beats/min)?/Hz (P<0.05),
HF did not show statistically significant change from the 30t* minute to the end of the exercise (0.51
+055 (beats/min)2/Hz, 0.05<P=0.094<0.1). The HR drift in the first half of the exercise (3-
30 min) was considered not to be related to sympathetic activity, but related to parasympathetic
nerve activity. In the last half exercise (30-60 min), the HR drift seemed to be independent of the

autonomic nervous activity.
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