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Heart Rate Fluctuation

during Ramp Exercise

Mitsuhiko Takahashi and Keiko Kato*

Ab

stract

The purpose of this study was to investigate the behavior of R-R intervals during ramp

exercise using spectral analysis. The ramp
subjects, aging between 21-23 years old.

exercise using elgometer were studied in 6 male

Electrocardiogram records were obtained from chest wall during ramp exercise. R-R

intervals were measured with analog to digtal converter and were analysed. The spectral
analysis was applied using maximal entoropy methods (MEM-Analysis, SUWA-TRUST)

every 1 minute during ramp exercise. A 1

ow frequency band (0.04-0.15Hz) and high fre-

quency band (0.15-0.4Hz) and these ratio (L/H) were calculated. Ramp exercise did not
produce any change in L/H ratio and a low frequency band, but power spectral density (P.
S.D) of a high frequency band decreased. These results suggest that heart rate fluctuation
during ramp exercise may be caused by decrease in parasympathetic nerve activity.

Key Words: R-R interval, Ramp exercise, Spectrum analysis, ECG, Autonomic nerve activity

-3 =1
AT VRN R FHWT S v BB AR O
DA B AR RE I L D s E
LPMETLE L, BIERELV T XA -5 —T7
v EHAR R 6 HDOBERACITo 7, K
Iy hub—ErH», 15HEEOR-RERO

AT b NVIEFTE Lz R-REFED AR + v
FEFTIC B W TR S (0.04-0.15Hz) &8
AMELsy (0.15-0.4 Hz) OBHMEL T2 DM,
(L/H) %3k o7z, EBBHIRR & TRICB W T
L/H i, BREESIEBEN R P10, B
JHRBS TREBE TR TERRIET L, MU
b &Y, I EHARS ORI RIS

JHRERFE R RS HERRER
# AL A F IR R R IR R BREFR

Department of Physical Therapy, College of Medical Technology, Hokkaido University
# Department of Nursing, College of Medical Technology, Hokkaido University

o7 —



EREE - Mgk T

FIEREE O T 3B 5 3 5 WREME S s h
%o

& L ®l

—, OIAEUIEE A B WL TRAIEL <
TS, EE ISEBTE OB e & b
WHH—EDOHEETHEINT 2 H 2R Tn5,
L0 oL RO R R % 1 msec 1T
HWET 2 L FDOHRME—E TR M2 TEH
L, ®50TWw5, R-REEEERY7F—5 —
ELTHEZRASMCELT o2 5 L,
IR S RS 5 2 L SHIRE B, OHILSENIE
EEMER KT 2 2 L BNHE I N TV S,
Akelrod 5V 13, A4 X DAL BIO A< bV
fEMT 24TV, AR, SRS B
BIZBEELTw2 ZERHE L, £ MzBW
T, Pomeranz 521 & 0 L3S B &M
BB L TWa Z 2R, BRERS DK
TR TEE 2, R & ERAE O (L/H 1)
DREAMRETEE) 2 N 5 LR UTc, KRR
DUHEF DAY bIVIEIT O 1B 2 D5,
HEFIROLAZEID A7 N VIR BT R
EBixdvn, £ IT, KPR AT T
T 7 > TEE A O HZEE) LY B A
BHEEIC X D LW EE SN TW 2 ERET L
720

i) %

WA 6 % CPFH 23+ 253%) 10IER,
TEREBEE RS, ZOMEONEZMEL,
HEEEL-BERATH 2, HHREITL
I A =% — (&) —2718 Elgomedic 818)
THMIW R YD, FEET X188 (Z5¢ Aerobics
processor 371) M7 = A4 AR Ao Z3EL, L
EHE =y —FE (ESrifA#E) OBm L8
TEATG, A5 12 BB SR 3R L 7z, I 13 0dalHE]
HARIMEER (2w 7 ZHECM-4001) % 7 bR &
DEH LU, REAERITERINER G D
PEIART & 0 RIEIEST 20 KO I Fie LT, s

EABEERE 2 2 cm o U TS LTz, WIS
i =5 AR AW THEIL 72,
PANRZ AL 5 0%k, TV T A—F— T
0.4Kp BRI 3 DY +— 277 v 7D,
1980 2Kp ¥ >ARE 2L, = F
RA Y METITI, T2 RRA > N SERER
S (BRER, R8O +10, JREREAIM
20 mmHg BLE, (OEMATRE ST 2 mm THE)
&Lz,
TR AR OHIEE Karvonen DR % Flva Tz,
—0.92Xage+216.2 (r=0.7)
E72 8 =7 v MOABIER A E v,
Target HR= (MaxHR —RestHR) X
0.6+RestHR
Bohi/oLER, BN —F—ild7—%—1v
a—=F = HRFEL I,

B A &

R-RIEWEO T F a7 —%—% 1 KHz ¥~
7 > 7T AD g, PR 7 b (U=
A TR 1) WTH—=YNMZT 1 LED
R-R i@ #5H0L 72, R-R RO @8R5, K
UR-R MIEORRY 7T — 5y —ldmAL > o
V=i & B Ay Vg (MEM R,
MEM-Calc 2000, it T A M) TTolz, A
X7 MNVENTIZBT By b u—EHEIZ B W
T 7 ZEORE R FHIERSE, RO EHEE
g, HO YRS, FriEAE R &
DT Ml 40 L Uleo A2 M VIEITIC B
RIS 2 0.04-0.15 Hz, &8 B s
0.15-0.4 Hz & LT A7 b AHEIRE DR E
AR & R AR O (L/H H) %3k
Wiz MERERMRE & & AR O X3z DnT
EHE WD 0.15~0.2 Hz TR SN B Z &
N0, HAR BRI B AR RaRR
T 2 B DMETIE, 0.04~0.15 Hz &3
%53, 0.15 Hz DL E 2 BRABEES & LTwaY,

HEMOFEBABEERAT Y t e -2 k5
AR N VIEYT (MEM figdt, MEM-Calc2000,



7 > T EE PO LIEE D A2 b RT

MEE A M) BITofee 7—8—% 1 KHz D
Yo7 v T ET AD B, TAF—T 7
A NMIZRFEL MEM BT O 7 7 4 Vi 25
L 2 MRE (72 — #2000 ) DA
WIEHT BT o7z, BBERITIEZ 7 198 CTIENT
L, 10-50 Hz, 50-100 Hz, 100-150 Hz, 150-200
Hz OB OEZ DT — 27 M VIR (PS.
D) OESMEERD Iz,

WEHLIE E paired Student’s t-test % v T
ERBIAE R TR D W T ERORER T
720

HATE BRI I RTE5%E L,

b X

B2 BT v S EB AR 1T 2 7,
BoGEB ARSI 4.2 kp (3.6~4.4kp) T
HY, BTHEETCTPROIHECE - 2 7 B
T L,

7 ¥ BN A A O DB B GR TE B Y
89 [dl/43, T W F 178 @/ Thote (M
1), MBI AR o R-REE O % 8 1% K
(CVRR) 3BHAE#9.1+1.8 ThHY, ATk
FETLULETEIZ1.3620.3 THo7z (¥
2)o

R-R D A2 b VT C UK 35 i
0.04-0.15 Hz & B A #4148 0.15-0.4 Hz O 1%
SMEDLL (L/H L) 1 XBHiAEE 2.561+£1.15, #
THF1.6440.44 TH Y, HEVER & ORI 72
otz (K3), BRI OFME IXBHIA
0.00066740.00028, # T i 0.00000016+
0.00000012 TH VIETEMTH -7z (H4),

TEH R O FEIHOL FLERE 17+ 3 [\, $& TR
24 4B E R DIEIMERTH -7 (5),

BRI A7 b Vi B 5 &R B EE20-50
Hz & &R EEIR50-100 Hz Ok (L/H L) ik
ARF166.14+12.4 TH D THRFIX 118.6+21 12
OEE (P<0.05) b L (M6), L/H
HIEERE (P<0.05) Wi Uiz (BiaR: 3 43
157.2+11.3, #&THI 34 107.6+10.1),

/min

160+

140

120- /(}ﬁ/ﬁ%
1004 5 3 . ¢
NEAEES TN

Heart Rate

CVRR
w
1

T T T T T T T T T T T T T T T T T T T T T
1234567 8 9101112131415161718192021
Exercise Time(min)

1 7 FEMHO LR ORERZL

1

Aeeas

~
w -
e
w1 -
o -
~

T T T H T T T T T T T T H T
8 9101112131415161718192021
Exercise Time(min}

H? OOz (CVRR) ORERFIIZE(L

%’ TH 11T £

9

1‘ é é lli g é % é EI) 1‘01‘1 1121’3 1‘4 1‘5 1‘61’71‘81‘92‘02‘1
Exercise Time(min)

R-RBEED AT b VEITC5T 5 (6 E

1% (0.04-0.15 Hz) & &SRB (0.15-0.4 Hz)

DOk (L/H  ratio)



H N,

T T T 3 3 T T
12345678 9101112131415161718192021
Exercise Time{min)

Q\@’@\nw

4 RRREEORA~Z bVEEICB T 5 0.15-0.4
Hz #BoN Y —fE5E (P.S.D) OfRENEL

/min
30

JUEsY
ol A AT M

Respiration Rate
?

0 T T T T T T T T 7 T T T T T T T T T T T
128 4586 7 8 910111213141516171819220
Exercise Time (min)

5 RO 143 O RERE

180—(; 7
16047
140 %\%%\H\@,\ T
g
120+ IXX: ?\%%\
L ;O
¢

100

EMG L/H ratio

123 456 } é é 110 1‘1 'I‘Z 1’3 1‘4 1\5 1‘6 1‘7 ‘I}B 1‘9
Exercise Time(min)
E6 AELSGOHERA Y bVERIZB T 2EH
BT (20-50 Hz) &R (50-100 Hz) @
H. (EMG L/H ratio) DO#RIZE1L

% £

R-R MBI R IO ARHEF R T —0.066 X

i =y

FElE6.84 DTFERD e hHTHED 5 &, KWT5E
DX RE DDA OEEHRE (CVRR) 33
5.38240.05 TH %, CVRR 1T ZEHER 12 1 B 52
HREDOIIE L 2T w59, CVRR IEH) &
DEINT B, WAERE R U, BB

f 5 3 PAREIL CVRR 284 L, Dia#s E& L
TWwbZ e &Y, RSN ITEL TE T
EEZHND,

DEBOR-R HED A~ b VT L/
Hibe—g2OHAPs R o aro7 (K3),
Pomeeranz &2 b & B3 5L 23 23 2K & #4815 0
%, (KA LSOO TEE) & SR
D elE Lz, BAFRICBWT, R-R
MR A ~=27 sV T 0.15-0.4 Hz O & & 3%
WA Uz, Ly UZe s & @S o MRS
DS 1724 [BITH - 120 WERJR SO
237 0.28-0.4 Hz TEBBOFICER 5 2 &
o, WEREEREOEBISLIEB D AR b
IVAEERTT O (e FR I R 73 v 5288 % AT B0 R I &
NDWEHBI ST 5, 7 v P EHEE I
&0 L/H EDZEAL Uk ol & D, EEF)
O CHZEENC B BGE B O T 238859 5 7]
BEMERHE Z 5D,

B D AR N VRN CHEE . L/H H.
DWPDHE, S iz, FiBEIEO AT VRN
KHBWTRAOEI Y —27 D20 Hz F 0
RS, 80-100 Hz o, % 5 & M,
s, SRS ORI S A4 7 T E
LU Tw» AR ERE U, HENEO L/H
HOWABARBEDOEINC LD &4 7 T

BB ESMLI: B2 N5,

Sisto & i @R IR BT, HKEM
BOEMMET 35 2 L BHE L, £7- Appen-
zeller 132 25 SR ALIE B B B & i 2 1T
vy, ARARE & B EAHE OWEE ME TR LT &
ERWE LT, R-REEO A7 M VEITICE
W T ¥ TEERE TR B 5 E RS O
B EFEE O ARy PV B 2K THS
D L/H HOWAL, 5857 P E 2 AP IE & 12



7 > TEEAR P ODHEE D A7 bV

B 54 A TREMEDE Z S b, SHOFET
H5b,

i Bt

KW O—EBIE, PR 7 FEE O LHREREER
BEEAN AT B e T e 2 & %
BIfRE DERRICEERN A 2 LR T,

1)

2)

3)

4)

(@]
~—

6)

7)

8)

9)

10)

X B

Akselrod S., Gordon D., Ubel F. A. et al:
Power spectrum ananlysis of heart rate fluc-
tuation: a quantative probe of beat-to-bheat
cardiovascular control. Sience 213: 220-222,
1981.

Pomeranz B., Maculay R. J. B. et al: Assess-
ment of autonomic function in humans by
heart rate spectral analysis. Am. J. Physiol.
248: H151-H153, 1985.

PRFS, IIEARE D DHEBORART MLk
75 78N, FEORIF 41 1 515-523, 1991,
HABEMET S BEERESE 2, »
40-64, 3OEHE, 1995, HEH,

WEANET, SAHBARK, IERE-F i 1 ER RR
flEOZEE % Fv7- BEREEREE O IEF 2%
B B OEHE I, BEERIR 30, p.167-173, 1987,
Kuroda E., Klissouras V. and Milsum J. H.:
Electrical and
J. Appl

and metabolic activities
fatigue isometric contraction.
Physiol. 29: 358-367, 1970.

Serge R., Carlo L. and Jochen S.: Effects of
electrode location on myoelectric conduction
velocity and median frequency estimates. J.
Appl. Physiol. 61(4): 1510-1517, 1986.

Gerdle B., Edstom M. and Rahm M.: Fatigue
in the shoulder muscles during static work at
two different torque levels. Clin Physol. 13(5):
469-482, 1993.

Badier M.: EMG power spectrum of Respira-
tory and skeletal musclrs during static con-
traction in healthy man. Muscle Nerve 16(6):
601-609, 1993.

AKH R & HT I OB, p120-140, B
H, FE, 1984,

11)

12)

—6] —

Sisto SA., Tapp W. Drastal S. Bergen M. et
al: Vagal tone is reduced during paced
breathing in patients with the chronic fatigue
syndrome. Clinical Autonomic Research.
5(3): 139-43, 1995.

Appenzeller O.: The autonomic nervous sys-
tem and fatigue. Functional Neurology. 2(4):
473-85, 1987.



