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=Abstract=

Differences of Cardiovascular Responses to Hand Cobling between Male and Female

Won Gyun Park, Young Suk Kang, Oh Young Kwon, Hyoung Tae Kim, Geun Soo Park,
In Ok Seo, Hyoung Seok Son, Won Kee Lee, Jin Kyong Lee and E Up Chae

Department of Physiology, School of Medicine
Keimyung University, Taegu, Korea

The response to thermal stress was studied by many investigators for sex differences relevant
to the subcutaneous fat thickness, vascular reaction and hormonal levels. There have been many
studies reported on women’s response to heat condition, on the contrary relatively few study
was reported on response to cold condition. Recently, interests on women’s response to cold
condition has increased.

This study was investigated to evaluate the differences of cardiovascular responses to hand
cooling between the male and the female. Thirty four men and thirty one women whose mean
age was 21.6, were exposed to 10°C water by the immersion of the left hand for 5 minutes,
Before cooling hand, the hand was immersed into water of 32°C as thermoneutral zone to neglect
the effect of hand immersion without cold. The measurements were made to blood pressure, heart
rate, Galvanic skin resistance(GSR), amplitude of photoelectric pulse(AP), sublingual and skin
temperature, and skinfold thickness.

The results obtained are as follows:

In resting state, blood pressure was lower in female than in male, particularly systolic pressure
was significant. During the hand cooling, the increase of blood pressure in female was less than
in male and the recovery was faster.

Changes of the heart rate were not significant in both female and male.

GSR was slightly decreased in both male and female at the first minute of the immersion, but
decreased more in female at the third minutes.

AP was decreased in both sex during the hand immersion and there was significant correlation
between the mean decrement of AP and maximum decrement of skin temperature in ipsilateral
finger. This indicates that the skin temperature of immersed hand in both male and female is
depend upon the amount of blood flow. The recovery of AP was faster in female during the third
to fifth minutes of the recovery period, and the skin temperature of forearm and finger of the
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immersed side was rather higher in female than in male.

Mean skinfold thickness of female was significantly thicker than male, but in forearm the
difference of skinfold thickness was little. Mean skinfold thickness and maximum decrement of
skin temperature of the immersed hand were not related to each other during the immersion,

In summary, the difference of responses between male and female to hand cooling is seemed due
to the difference of vascular reaction since the female has less peripheral vascular changes and a
tendency of their faster recovery. The difference of the mean skinfold thickness between both

sex did not influence on the response to the local hand cooling.
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Table 1. Changes of blood pressure(mmHg) and heart rate(per minute) during hand immersion into

cold water
Control 32°C 10°C water immersion Recovery period
water 1 3 5 1 3 5 10 min,
8.P. M| 119 117.3 129, 7*%*  130.0%*% 126.6*% 119.8 118.4 116.5 116, 3
n=31 SE 2.03 2.08 2.47 2.60 2,21 1,88 2.18 1.95 1.90
Male D.P. M+| 67.1 67.1 84,8%%  83,6%* 78,0¥* 69,9 68,4 67.8 70.2
n=31 SE 1.57 1.42 2.29 2.58 1.89 1.58 1, 50 1.78 1.26
H.R. M+| 68.3 67.6 70, 1 69.0 68,5 67.5 66, 1 65, 4 64.6
n=:34 SE 1.70 1.49 1.51 1.45 1.39 1.48 1.42 1.63 1,28
S P. Mzl 112,7 112,4 121, 4%%  117.7 115.3 11L.9 111.0 110.4 111.4
n=31 SE 1.72 1.77 2,07 1.93 1,94 1,97 2,16 1.91 1,92
Female D,P. M+| 65.7 66.6 76, 2%%  72.3%* 67,4  66.0 64.0 64.4 64.9
n=31 SE 1.31 1.28 1.69 1.36 1,18 1.36 1,51 1,14 1.17
H.R. M| 72.2 71.6 71.0 72.0 71.0 69,6 70.8 69.4 69,6
n=31 SE 1.89 1.85 1.86 1.98 1.93 1.83 1.89 1.72 1.84
Note: S.P. =systolic pressure, D.P. =diastolic pressure, H.R. =heart rate
Significance vs. control: *p<0.05 **p<0,01
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Fig. 1.
pressure, D, P. =diastolic pressure.

Changes of blood pressure during the hand immersion into cold water:

"Recovery period  _

S. P. =systolic

Significance vs. control: *p<0,05 **p<0.01
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Fig. 2. Changes of heart rate during the hand immersion into cold water.

Table 2. Changes of Galvanic skin resistance(GSR: k@) of middle finger during hand immersion
into cold water

Control 32°C 10°C water immersion Recovery period
water 1 3 5 1 3 5 10 min.
Male Mz 89.3 98.9 96. 3 95. 6 94.7 96.8 98,2 100.7 100.1
n=22 SE 13.68 - 14.33 14,33 15, 29 14. 80 15, 03 14.83 14.82 14.28
Female M4+ 88.8 93.7 91.6 84,1 90.5 90,0 89.4 89.7 84,3
n=25 SE 13.94 13.74 14, 47 12.61 13.13 13,86 13,53 13,53 14.10
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Fig. 3. Changes of GSR during the hand immersion into cold water. GSR was obtained at the
right middle finger.
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Table 3. Percent changes of photoelectric pulse amplitude of 4th finger during hand immersion

into cold water

Control 32°C 10°C water immersion Recovery period
water 1 3 5 1 3 5 10 min.
Male Right M+| 100 76. 6 18.9 30.0 45.9 56.1 67,2 71.9 77.0
n=33 SE 3.93 2.55 3.59 3.58 3.77 4,85 4,76 5. 62
Left M| 100 72,0 12.4 12,0 15.7 20.3 38.2 52.8 79.5
n=31 SE 5.30 1, 96 2,31 3.47 4,55 5.82 5. 86 7.08
Female Right M+| 100 86. 2 26,8 43.4 60,9 66. 2 94.2 100.3 83.3
n=29 SE 6.12 4.15 5. 56 5.67 6,34 8.44 10. 70 7.69
Left M-+| 100 65. 6 14. 2 10.9 12,7 12.9 38.1 64.1 79.6
n=30 SE 5.37 2,12 2.03 2.56 2.40 5. 14 9. 90 10. 39
g
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Control  32°C 1 3 5 1 3 5, 16 min.
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Immersion into 10°C water Recovery period '

Fig. 4, Percent changes of photoelectric pulse amplitude on the 4th finger during the hand

immersion into cold water. Left indicates immersed hand.
Significance of female vs., male: *p<0.05 *¥p<0.01
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Table 4. Changes of sublingual and skin temperature(°C) during hand immersion into cold water

Control 32°C 10°C water immersion Recovery period
water 1 3 5 1 3 5 10 min.
Male S.T. M+ 37.03 37.05 37.01 37.06 37.05 37.04 37.05 37.08 37.00
n=32 SE 0.047 0,045 0. 038 0. 051 0.044 0.043 0. 043 0. 046 0. 049
R.A. M+| 32.4 32,5 32.4 32.3 32.3 32.3 32.2 32.1 32.2
n=32 SE 0.21 0.18 0.20 0.19 0.21 0.21 0.21 0.21 0.21
L. A, M+| 32,4 32.2 32.0 31.8 31, 4% 31.0%*%  30,5%*% 30, 4%% 30, 5%
n=34 SE 0.24 0.25 0.27 0.30 0.31 0.33 0.31 0.32 0.30
L.F. M+| 32.6 32.3 17.6%%  14,5%%  14,6%%  17,8%%  21,0%% 24 7% 27 B¥¥
n=34 SE 0.34 0,29 0. 36 0.33 0.35 0.67 0.91 0. 91 0. 80
Female S.T. M| 37.09 37.08 37.08 37.06 37.08 37.08 37.07 37.08 37.06
n=29 SE 0,049 0.051 0, 051 0,051 0. 052 0. 049 0. 047 0. 050 0. 054
R.A. M+| 32.1 32.0 31.9 31.8 31.8 31.8 31.8 317 31.6
n=29 SE 0.21 0.23 0.23 0.25 0.25 0.25 0.25 0. 27 0.30
L.A. M+ 32,0 31.8 31.6 31.3 311 30. 8% 30, 6%*%  30,5%*% 30, 4*%*
=29 SE 0.31 0.30 0.32 0.32 0.33 0.35 0. 36 0. 37 0.34
L.F. M+| 32,0 31.7 16.5%*  14,0%%  14,1** 17.3%%  22,3%% 25, 4%*x 27, 1%*
n=30 SE 0, 48 O. 39 0. 45 0.39 0.35 0. 61 0.93 0.93 0.79

Note: S.T. =sublingual temperature, R.A. =right forearm, L. A. =left foream, L.F. =left finger

Significance vs. control:
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Fig. 6. Comparisions of the skinfold thickness between male and female.
Significance of female vs, male: *p<0.05 **p<0.01
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Fig. 7. Relationship between mean skinfold
thickness(in mm) and maximum decre-
ment of left index finger temperature(°C)
in male(A) and female(B) during hand
immersion into cold water.

Correlation coefficient(r) and signific-
ance(p) are included.
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Correlation coefficient(r) and significa-
nce(p) are included.
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