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Cardiac Output, Stroke Volume, and Heart Rate during 30 min of Exercise in
20°C, 30°C, and 40°C.

Tetsuo KATSUURA
Department of Industrial Design, Faculty of Engineering, Chiba University
Yayoi-cho, Chiba, 260 Japan

Cardiovascular responses during 30 min of exercise in 20°C, 30°C, and 40°C(R.H.50%) were
measured in six male Japanese. The subjects exercised on a bicycle ergometer at the two kinds
of work loads, i.e, 300 and 600kgm/min. Cardiac output(Q) was determined with the CO,
rebreathing method at the 5th, 15th, and 30th min of exercise. Oxygen uptake(\./oz), heart
rate(HR), rectal temperature(Tr), and mean skin temperature(Ts) were also measured. ‘}02 and
C:) did not change significantly during exercise in all environments. Analysis of variance
showed that the factor of ambient temperature had no significant effects on \}02 and Q HR
increased with time and SV decreased with time during exercise. The largest change in HR
and SV occured between the 5th min and the 15th min of exercise. Tr increased with time
during exercise. The marked increase in Tr occured between the 15th min and 30th min of
exercise. The regression equations of HR on Q and SV on Q in each time of exercise were
calculated. The analysis of covariance showed that the elevation of regression line of HR on
Q in the 5th min of exercise was significantly lower than those in the 15th min and the 30th
min of exercise. Similarly, the elevation of regression line of SV on Q in the 5th min of exercise
was significantly higher than those in the 15th min and the 30th min of exercise. From the
regression equation of SV on Tr the adjusted values of SV for each time of exercise were
calculated in order to exclude differences in Tr. The adjusted values of SV in the 5th min of
exercise was significantly higher than those in the 15th min and the 30th min of exercise. So
the alterations in HR and SV observed between the 5th min and the 15th min of exercise may
accounted for by other than the change in internal body temperature.

BAADOHEBHEEREN T5 201X, WEEORHEE IFEELCEELY, LErbomKREEE TS
LAANELDODERBEA T HICIBELTH I BEARELTWA. £oC, AFETE, EBE,
PHETHBEBRbRA. 3k MEHOEEEL LT OHEE LI OAEELRIIEL, SRBETIFEEFO
REFE, B LERELLAT, DBEEOBEMENH BEBEEREE O InT 5 b, fFE&EEIcHE > ERE
WhH T & (Hori, 1978). (OHEBUIEREREKED EHEOBRE, »rWR#E, SR LBEREEOHN

NI | -El ectronic Library Service



Japan Soci ety of Physiol ogical Anthropol ogy

30 20C, 30C, ®IUVH0CKBIFTA05HEERTOLBEERE, —EHREE, IO DOWT

FROBMAEHE T LENEL T 5.
B &

FBEEIBERCEAERE 6L TH - (Table D).
EEILKE20C, 30CTH I TH0C GERBE X ThHh
L #150%) CRELIALSREATIT - 7. BERHE
= AT A= ETORE O, 300kgm/min &600
kgm/min © 2 EEOIFEXER L A=, K& 8 ~107
B, fF¥5~7%H, {E¥15~1748, {F¥X30~32%
BIeBg x4 752y ZIZERLE. BEELYER
HAA—ZZIDBEEL, FREATEVAETAF—
X h oL, BREREYEHLL FRERG DO
OEZEYRBFEOER L bR, BRI oD
BEERLEASYAE L. EBRIEREOH10cm
DBEXCEALLY— I A 2BEFII VB LN,
BMEMIC L DRD D KA - EBEER - KBASS - THR
BOEFEH S, Ramanathan(1964) DX % B\ T¥F
BHEREBYEH L. RREEE, BEHc COFRE
Bk b DHREEY RS Thbb, Bikm CO.%
ERgRFICOTELELVWbDLREL, BFR
g COBE D LA 5 Defares (1958), Jerné-
rus et al. (1963), I X ¥ Klausen (1965) @ HEIC
I hBEBRN COLEXBEH L. BHnEikM
CO. 7 & BA#ikm CO 45 FEA B, Root (1958) @
it v HRMCO, 5B+ EEH#IRMCO.EE XK
@, Fick oRic X h DHBHEELEH L. K CO.EB
E ookt CO. 5825 (AIKA, RAS-41) X
DfTntz. BRBRIIA e/ — 2l TESS0E

Table 1. Physical characteristics of the subjects.
Subject Age(yrs)  Height(cm) Wieght(kg)  BSA(m?)
A 22 168.0 60.8 1.644
B 23 170.4 69.7 1.763
C 23 170.0 57.2 1.613
D 24 179.2 66.4 1.785
E 27 165.0 56.8 1.576
F 31 169.5 58.5 1.626
mean 25 170.4 61.6 1.668
SD 3.4 4.76 5.32 0.0855

BSA =body surface area, calculated from the fomula of
Fujimoto et al. (1968)
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Fig. 1 Mean values for cardiac output(Q), oxygen
uptake(Vo,), heart rate(HR), stroke volume
(SV), rectal temperature(Tr), and mean skin 38.0
temperature(Ts) during exercise (= =300 kgm/
min, 0 =600 kgm/min) plotted against time
course under three ambient temperature
conditions, i. e., 20°C (——), 30°C(------ ), and 40°C
(—=-—).
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Fig. 2 Regression lines of heart rate(HR) on oxygen
uptake(Vo,) at 5th min (—), 15th min(------ )
and 30th min(——-—) of exercise.

* P<0.01.
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Fig. 3 Regression lines of heart rate(HR) on cardiac
output(Q) at 5th min(——), 15th min(------ ), and
30th min(—-—) of exercise.

*P<0.01.
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Fig. 4 Regression lines of stroke volume(SV) on
cardiac output(Q) at 5th min(——), 15th min(---
---), and 30th min(— —-—) of exercise.
* P<0.01.

Bl o iz L TR, EEARREKST —EEEE
DR & 31z Fig. 5 @R L7 BEFBEOEE
EREOKRE, F¥15% B L3045 BoBIEFHEICIZ
FEXIBFHLAT, Thb LFES T HOBIEFY
MicEEZ (P<0.05) 2R ohlk. T L, A
— UL EKECK T A1EE S 4 B o—EHtE A E
#1559 H, 00BD0LDLhEVWZE, FLTELS
Fl— O EKE, R—BFREREKECRCTEE

NI | -El ectronic Library Service



Japan Soci ety of Physiol ogical Anthropol ogy

Bk 33

T T

EglOO ~ —

()}

£ O

—~

E

g

[ép}

50 L -

L |
37 38 Tr(°c)

Fig. 5 Adjusted means of stroke volume(SV) at
5th(©), 15th(g), and 30th(A) min of exercise
and regression line of stroke volume(SV) on
rectal temperature(Tr).

* P<0.05.
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