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Fractuation of Heart Rate Variability is a Useful Tool

for the Safety Direction of Exercise Training

by

Toshitada Yoshioka, Katsumasa Yamashita - Goto,
Osamu Tanaka, Yasutaka Kobayashi
Department of Physiology, St. Martanna Unwersity School of Medicine

ABSTRACT

The purposes of the present study were to examine the relationship
between exercise stress and heart rate variability. The subjects performed
running exercise for 2km with maximal effort, having the interval that
was 24 hours, 1, 2 weeks, and 3 months. During and after exercise, beat
to beat heart rate variability, gravitational change were monitored for
48 hours after exercise. Spectral analysis- of spontaneous heart rate
fluctuation (1/f*) was calculated by MemCalc system, and total spectral
power was divided into high frequency power (0.15—0.4 Hz : HF : parasympa-
thetic nervous system activity indicator) and low frequency power (0.03 -
0.15Hz: LF). During exercise, both LF and HF were depressed. In the case
of 24 hours interval between exercises, the responses of heart rate fluctua-
tion (1/f*) to exercise different from those in other exercise intervals.
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On the other hand, the responses of LF/HF (sympathetic nervous system activity
indicator) to exercise after 1- week —interval were differed from those after exercise
with other interval.However, the levels of heart rate and gravity during exercise, the
time of running, and the responses of serum enzyme activities to exercise were
almost constant all trials, independent on the interval of exercises. These results
suggest that the spectral analysis of heart rate variability was a useful tool for the

autono-mic responses to exercise stress, the safety direction of exercise training,

and the effective direction for training.
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% 1 Physical characterics of the subjects

Age Height | Weight
Y. T 26 185 64
M. H 26 170 67
K. Y 28 173 75
0. T 29 168 74
T. T 30 170 85
K. G 30 173 72
T: K 33 170 56

mean 28.9 172.7 70.4

SD 2.2 5.2 8.5
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B 1 Changes in gravity and heart rate during and after exercise in the subject KG
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F4 v b ZAE—vEY¥ Vol. 17



2. % R

GEEBAAE R SETET 1 KR coilm
Hs L OmEEO—F 2R 1 IR L, EBER
X 0OEE, IR E bicEBIc LR L, O
31804,/ 4y, IR IZM1.3GIEL TV k.
IEEE, (OHREE S ICETRRBICELL TV
WTE»S, BE—EAWOEETH -1 &8

#Ean 3 BERE - KY, EFH : 99158).
B2 iETRpicKigic -2y v Lifl%
AUt Z O#ERE IEHBABE R I ORI
25040,74y, TEEIRM2GETERL, N569
RICKIBISET R — 20D L, ZOfEROLHE
3—B512040, 43, MEEE1.2G KB s/ &
ZRLTWS (BRERE : TT, EFTH : 134330
).

300 —

BPM| i

200

100 et ——

2 Changes in gravity and heart rate during and after exercise in the subject TT

Upper ; gravity  lower ; heart rate

1 sec

Lol M | ]l
i
'? it

atAd

P

"“v

B3 ECG record immediately after exercise in the subject KG

FH v b ZAE—-VEE Vol. 17



LT TOA FH Al —r A 6L

A
= 1AL ,!pm‘r :
321?‘2%* ") ] =f
s [ | 1 =
o
=, \ 1%
B 7 A
G 2|
L i
2 )
- L A A X e 'l i 'l A b 1Rl 1 T 'l il F
37860 37880 37900 0.001  0.01 0.1 1.0 10.0
Time Frequency
B
N . - -
=t ]
-+ b NE B
-
o o
=
Ag =t
o
Il . T
e L 2 L
38100 38120 38140 0.001 0.01 0.1 1.0 10.0
Time Frequency
C »
- .
: ]
Sl
1)
= - r 1
E =2 Y % 3 7] L 1-!_
1] [ a W \
] =1 :
1 L]
38400 38420 38440 0.001 0.0 01 1.0 10.0
Time Frequency

D
of | j
=1 i
-t | ‘.‘
ef Y WA
E:é o m\.\l i
S8t o M
C =18 |
- =
B4
|
38460 38480 38500 0.001 0.0 0.1 1.0 10
Time Frequency
E
i E i
L XN
sl S — SV Y
w L - }.l' 1 ;
[+ I 1 | 2— W r;\!, L
ST i
=k
gf ‘ = ! L
I e I =l e
» i
&F
40020 40040 40060 0.001 0.01 0.1 1.0
Time Frequency
F
g ]
7 1 .
- Y] f&] ‘Q ]
=1 3 4
o2 &
..ah- q 1 i ,.,gg.
QE ¥ ] ¥
1 st
= —
3 _ 1
40860 40880 40900 0.001 0.01 0.1 1.0
Time Frequency

B4 Changes in the R - R intervals,the power spectrum analysis of R-R interval during and after exercise
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The fluctuation (1/1% of R-R interval was indicated by the regression line in the power spectrum (left)
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Bd5 Changes in power spectrum during and after exercise
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B7 Changes in the fluctuations (1/f) of R-R intervals during and after exercise
R ; rest Ex ; during exercise 1A ; immediately after exercise lst; The first exercise
24 h ; exercise with 24 —hour - interval 1wk ; exercise with 1- week - interval
2 wk ; exercise with 2 - week —interval 3mo ; exercise with 3—month —interval
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B8 Changes in low frequency power during
and after exercise
Abbreviations are the same as in Fig. 6
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B9 Changes in high frequency power during
and after exercise
Abbreviations are the same as in Fig. 6
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(LDH) activity
Abbreviations are the same as in Fig. 10
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