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Effect of Water Immersion on Heart Rate Responses
During Arm Cranking Exercise

Masaki KIMURA*, Masato SUZUKI**, Makoto YAZAWA*** and Isao MURAOKA***

Abstract

The purpose of this study was to examine the influence of water immersion on heart
rate (HR) during arm cranking exercise. Six men performed the exercises with (WI-con-
dition) or without water immersion (C-condition) to the xiphoid process on incremental
loads. Constant rate exercises for 10 min were performed in both WI- and C-conditions
at each work load corresponding to 10, 30 and 50% of the maximal work rate (Wmax).

Compared with C-condition, no difference was observed in Wmax and the parameters
of respiratory functions under WI-conditions, while water immersion-induced bradycardia
(WIB) was observed at rest, 10, 30, 50, and 100% Wmax, by —10.4+1.9, —12.3+
4.0, —9.5+3.7, —13.2+4.8, and —7.7=%3.4 bpm, respectively.

These results suggested that the WIB was similar (average — 8 ~—13 bpm) at rest
and at any level of exercise intensities in water immersion.

Key Words: water immersion, arm cranking exercise, heart rate(HR), water immersion-
induced bradycardia (WIB)
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Fig. 1.

Experimental systems of arm-cranking exercise during wa-

ter immersion. Dashed lines mean offline analysis after the

experiment.
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Fig. 2. Experimental protocols of constant rate
and incremental arm-cranking exercises
with (WI) or without (C) water immersion.
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Table 1. Changes in cardiorespiratory parameters during rests, submaximal
and maximal exercises with (WI) or without (C) water immersion.

Rest-1 Rest-2 10%Wmax 30%Wmax 50%Wmax 100%Wmax

VO, (m0/min)

C-condition 243 + 21 281 + 17 526 + 69 935 + 45 1493 + 90 2163 £ 149

WI-condition ° 247 = 17 275 + 20 572 + 38 876 + 61 1468 + 74 2172 £ 131
HR (beats/min)

C-condition 68.5 £ 4.8 68.4 + 4.9 90.3 + 6.1 107.1 £ 6.5 1479 + 7.8 169.9 = 4.7

WI-condition 67.7 + 4.6 58.1 £ 3.7%% 78.0 £ 4.5% 97.6 + 6.4% 134.7 £ 5.9%  162.2 = 4.9%
VE (8 /min)

C-condition 8.3 £ 0.7 9.2 £ 0.5 15.0 + 2.0 26.2 £ 0.9 45.6 + 2.3 79.9 £ 4.3

WI-condition 8.5 £ 0.5 9.0 £ 04 15.9 £ 0.9 252+ 1.5 44.1 £ 2.3 76.3 + 4.0
TV (2)

C-condition 0.50 + 0.04 0.55 + 0.03 0.72 +£ 0.10 1.06 + 0.03 1.49 + 0.07 1.75 £ 0.12

WI-condition 0.52 £ 0.03 0.55 + 0.04 0.81 = 0.06 1.03 £ 0.06 1.50 + 0.05 1.63 £ 0.12
RR (breaths/min)

C-condition 17.1 £ 0.7 173+ 0.8 212+ 1.1 24.9 + 0.7 30.8 £1.0 46:4 + 2.5

WI-condition 16.9 £ 0.7 16.7 £ 0.7 20.1+14 248 +1.3 29.7 + 1.7 47.3 + 1.8

Vo,; oxygen uptake, HR; heart rate, VE; minute ventilation, TV; tidal volume, RR; respiratory rate. Values are
means+SEM (n=6). Significance of differences between WI- and C—conditions represent, " %: p < 0.05, %%: p <0.01".
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Fig. 3. Changes in VO, (left) and HR (right) during rest and submaximal

constant rate exercises with (WI) or without (C) water immersion.
Symbols and bars represent means = SEM.
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Fig. 4 Relationships between VO, and HR during
rest and exercises with (WI) or without
(C) water immersion. Symbols and bars
represent means + SEM.
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