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Abstract

In order to clarify the characteristics of the thermo-physiological responses of the child and to
understand the influence of the country where the child has grown up on the responses, the thermo-
physiological responses of the Japanese children(J group) and the Korean children(K group) were
examined. The subject wearing shorts was exposed first to a thermo neutral room(Ta=28.5°C) for 1 hour,
then transferred to a cold(Ta=22°C) or a hot(Ta=37°C) room for 1 hour. The experiment was done in the
climate chamber of Bunka Women's University in the summer of 1997 for Japan, and in the climate
chamber in the Keimyung University in the summer of 1998 for Korea. The subjects consisted of 5 boys
and 5 girls aged 7-9 years in Japan and 4 boys and 4 girls aged 7-9 years in Korea. As a result: 1) The
rectal temperature increased slightly with a rise in air temperature. K group showed a slightly higher rectal
temperature. 2) The skin temperature of the hand and foot decreased conspicuously during cold exposure.
It was more in the K group than in the J group. 3) Relative local sweat rates were similar in the two
groups at 22°C and 28.5°C, while they were considerably different at 37°C. Even perspiration was
observed over the whole body in the J group but the perspiration was large in the trunk and low in the
extremity in the K group. 4) The heart rate was higher in the J group than in the K group but it increased
with the rise of the air temperature in both groups.
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1. Introduction Most studies have been conducted on adults but few

researches have been done on primary school stu-

Many studies have reported about the relation dents. Concerning the child's thermoregulatory re-
between climate and thermoregulatory responses. sponses according to the season, Tanaka(1952a,

1952b) reported that an oral and tympanic tempera-
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the summer afternoon. In addition, the mean skin
temperature of boy's and girl's forehead, chest, and
leg is low in the order of spring, summer, winter and
autumn, and had a significant difference between
autumn and spring/summer(Tanaka, 1952¢). As for
perspiration, according to Shibasaki(1997), the per-
spiration quantity per sweat gland is less at the boy's
chest, back, thigh, and forehead compared to that of
the adult under hot environment. That is, the child's
perspiration reaction is not greater than that of the
adult. As for this, Falk et al.(1992, 1998) observed
that the sweat gland and perspiration quantity per
body surface area increased with maturation for the
boy in exercise.

In relation to the children's thermoregulatory
responses to cold stress when air temperature dropped
linearly from 28°C to 15°C, the rectal and skin tem-
perature of the boys became significantly lower
than? that of the men, especially on the limbs such as
the thigh and forearm(Inoue et al., 1996). According
to Inoue et al., boys' heart rate in the equilibrium
period was significantly greater than that of the men.
However, there was no significant difference between
these groups in terms of decrease in the heart rate with
decreasing air temperature.

According to the above report, the children have
the thermoregulatory responses that are different
from the adult. But there are few measurement parts
in any research and the subject of the experiment is
focused on the boy. In addition, the report on the per-
spiration showed the thermoregulatory responses
during exercise. Therefore, further investigation is
needed to examine the thermoregulatory responses in
the children including a girl in the equilibrium period.

On the other hand, Nagata(1954) reported that
dressing habit has an influence on basal metabolic
rate and made it clear that dressing habit is closely
related to thermoregulatory responses. The Japanese
and Korean who have yellow skin and live in the
similar climate form a different culture and habits.
For example, as for the dwelling environment, Japan
has the habitude to use the TATAMI for the floor in
Japan, but Korea does not have such habitude to use
that. In addition, through the education and so on the
child in Japan learns to rarely put on clothes, whereas

there is no such habitude in Korea. What influence
will the difference in such growth environment con-
dition have on the thermoregulatory responses of the
child We have an interest in seeing how the children
in Korea and Japan have differences in relation to
thermoregulatory responses.

Both to clarify the characteristics of the thermo-
physiological responses of the child and to under-
stand the influence of the child's native country on
the responses, the thermo-physiological responses of
the Japanese children(J group) and the Korean chil-
dren(K group) were examined. This study was con-
ducted to investigate the thermo-physiological re-
sponses of prepubertal children during neutral-cold
exposure and -heat exposure.

II. Methods
1. Subjects

Subjects in the experiment consisted of 5 boys and
5 girls aged 7-9 years who live in Kanto district in
Japan, as well as 4 boys and 4 girls aged 7-9 years
who live Dea-Gu City in Korea. The I group has
rather more than average height(123.8cm) and weight
(25.1kg) in comparison with the same age group in
Japan whose average age is 7.9. The K group has
more than average height(129.7cm) and weight
(28.9kg) in comparison with the same age group in
Korea whose average age is 9.0(Table 1). The aver-
age age of the K group is 1.1 years old higher than
the J group and the physique is rather more excellent
than the J group in terms of the height, the weight

‘and BML. Prior to measurement, the subjects and the

children’s parents were debriefed about the research
and then given written information about the research

~ procedures and possible risks involved in the study.

Written informed consent was obtained from both the
subjects and their parents.

2. Experimental Condition
Thermo-physical reéponses of J group were exam-

ined in-a climate chamber at Bunka Women’s Uni-
versity in July and August of 1997. The test for K
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Table 1. Physical characteristics of the subjects

Age(yrs) Height(cm) Weight(kg) BSA(m’) | BMI

AVG 7.9 126.4 28.2 1.0 17.6

Japan S.D. 0.7 8.3 55 0.1 23
Standard 123.8 25.1 0.9 16.4

AVG 9.0 131.2 318 1.0 18.4

Korea S.D. 0.8 5.1 6.4 0.1 3.1
Standard 129.7 289 1.0 17.2

BSA: Body surface area estimated by the method of Fujimoto et al.(1968)

BMI: Body Mass Index

Standard: Japan - (Research institute of human engineering for quality life - Japanese body size data 1992~1994)

Korea - (The Korean society of pediatrics 1998)

group was conducted in a climate chamber at the
Keimyung University in July and August of 1998.
The experiment was conducted over 2 days per one
subject and began at 9:30 a.m. or 1 p.m. Each subject
wearing shorts was sitting down and watching ani-
mations, so as not to get him/her tired from the long
test. The subjects were exposed first to a thermo-neu-
tral room (air temperature (Ta) 28°C, relative humid-
ity (RH) passive) for 1 hour, and then exposed a cold
room(Ta 22°C, RH 5010%.) or a hot room(Ta 37°C,
RH 5010%) for 1 hour.

3. Procedure and Measurement

The procedure and the measurement are shown in
(Fig. 1). During the test, rectal temperature was con-

tinuously measured with thermocouple thermometer
for J group, and for K group with a thermistor ther-
mometer. The rectal probe was inserted 12cm deep
into the anus of children.

Skin temperature was measured at four sites(the
forehead, the chest, the finger, and the toe) using the
thermocouple thermometers which was taped to the
skin, and the skin temperature was measured using a
thermo camera in J group at the front, the side, and
the back. The skin temperature was measured at
seven sites(the forehead, the chest, the upper arm, the
thigh, the leg, the finger and the toe) using the ther-
mistor thermometers in K group.

Local sweat rate was measured every 2 seconds for
30 seconds on one measuring point by an evaporime-
ter(type EP-ID, Sankou Co., Japan) and computed

28.5°C 22°C - 37°C

0 30 60 90 120

I | | ]
Rectal Temperature [ ] 60sec [ J
Skin Temperature [ ] 60sec [ J
Thermograph(Japan) ® ®
Evaporation Rate-Evaporimeter(Japan) @ (2sec) @ (2sec)
Filter Paper Method(Korea) @ e @ ® o @)
Body Weight Loss [ [ ®
Blood Pres. *Heart Rate [ ] ] ® ®
Sensation ® ®

Fig. 1. Procedure of the experiment‘
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the average of 6 data in the latter half of the data set the K group than in the J group.
in J group. In K group, it was measured for 20 min- <Fig. 3> shows the relationships between skin
utes after 20 minutes of each exposure by filter paper temperature and air temperature after 50 minutes of
method(three pieces of filter paper(2cmx3cm) each exposure in J group and K group. Skin tempera-
attached to the skin). The measurement sites in both ture on the forchead and the chest increased with a
groups consisted of 13 body parts that including the rise in air temperature, but the skin temperature on
forehead, the chest, the abdomen, the back, the but- the finger and toe increased rapidly in air tempera-
tock, the upper arm, the forearm, the hand, the palm, ture from 20°C to 30°C and then didn’t increase
the thigh, the leg, the foot, and the sole. beyond that because of vasoconstriction and vasodi-
Blood pressure and heart rate in both groups were lation by arteriovenous anastomoses. Therefore, the
measured using an automatic tonometer(type HEM- relational with the environmental temperature was a
737, Omron Co., Japan). They were measured three secondary curve, respectively.

times at the 20th minute and the 40th minute, respec-

tively, after each exposure and the study looked for
38.5 O Japanese

the average in the measurement. & Korean

380t

O ars|
IT1. Results < e

= 370F

1. Rectal Temperature and Skin Temperature 3651
36.0

. ° 5 ar°c
<Fig. 2> shows the rectal temperature plotted after e 25¢C
Air Temperature

50 minutes of each exposure in J group and K group.
The rectal temperature increased slightly with a rise Fig. 2. The relation between the air temperature and
.. . . the rectal temperature for Japanese and
in air temperature in both groups. According to the

. . . .. . Korean children
analysis of variance, it was significantly greater in
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r=0.80"
36 = < Y . e
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Fig. 3. The relationships between the air temperature and the skin temperature on forehead, chest, finger and
toe in the Japanese and Korean children.

- 1530 -



Thermo-physiclogical Responses of the Lower Grade Bementary School Chidren-A Comparison Between Japanese and Korean Chidren- 5

2. Local Sweat Rate

<Fig. 4> shows the comparison on the relative
value of the local sweat rates at 37°C air temperature;
the measurement of those was different but the
experimental condition was the same in both groups.
The relative local sweat rates were similar in two
groups at 22°C and 28.5°C, and it was proved that
both measurements were reasonable judged by rela-
tive values. In both groups, the relative local sweat
rates in the palm and the sole which show mental
perspiration at 22°C, 28.5°C were the highest, but
they were considerably different at 37°C. Even per-
spiration was observed by the range of 8+3% over
the whole body in the J group, but the perspiration
was large by the range of 10.5 ~ 16.6% in the trunk
(the forehead, the chest, and the back) and low by the
range of 3.3~ 6.6% in the extremity in the K group.

3. Blood Pressure and Heart Rate

According to analysis of variance, blood pressure
did not change with the air temperature in both
groups and there was no difference between two
groups.

The heart rate was 81.82 beat/min - 89.43 beat/min
- 99.37 beat/min at 22 - 28.5 - 37°C in the J group, it
was 75.92 beat/min - 84.11 beat/min - 94.82 beat/min
at each exposure in the K group. The correlation
between the heart rate and the air temperature was
significant in both groups and the heart rate increased
according to a rise in air temperature. The heart rate

30 ¢

- - A - - Japanese

5l —e— Korean **
*4p<.01

N
o
T

Local Sweat Rate(%)
> o

w
T

was significantly greater in the J group than in the K
group at each exposure.

IV. Discussion

Falk et al.(1992) showed the change of thermoreg-
ulation accompanying the increase in age. They
reported that rectal, skin temperature, and heart rate
of boy's group(aged 12, 13, 16) were high in late-
pubertal boy during exercise at hot exposure. And
they observed that population density of the heat-
activated sweat glands decreased with age in groups
of boys aged 10, 13, 16, but sweat rate per gland
increased with age. This research examined the dif-
ference in thermoregulatory responses according to
the subjects’ ages because the subjects' ages range
from 7 to 9 years. However, analysis of variance in
rectal temperature, skin temperature, and sweat rate
and so on showed that there were no significant dif-
ferences according to the age, while there was the
range of difference among individuals in each J
group and K group.

The rectal temperature in both groups decreased
slightly at the cold exposure and increased slightly at
the hot exposure. On the other hand, concerning the
rectal temperature of the adult, there was no change
in the rectal temperature at the cold exposure(Inoue
et al., 1996), and the rectal temperature increased
slightly at the hot exposure like in the case of the
child(Shibasaki et al., 1997). It makes the children
increase metabolism at the cold exposure like in the
case of the adult but the rectal temperature of them

0
Forehead Chest Abdomen Upp.Back Loin Upperarm Forearm Palm Hand Thigh Leg Foot Sole

Fig. 4. The comparison of the relative local sweat rate of the Japanese and Korean children at 37°C air temperature
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falls because the heat loss is greater than the
increased metabolism. It is easy for the children not
only to take the heat in the hot environment but also
lose the heat in the cold environment than the adult,
because the ability to maintain rectal temperature of
the children immature and the surface-area-to-mass
ratio of them is bigger than the adult(Bar-Or et al.,
1989; Falk et al., 1998). K group showed a slightly
higher rectal temperature and maintained rectal tem-
perature to the change of the environment temperature
rather than the J group did. It was suggested that the
possibility contributes to thermoregulatory responses
of the K group, that the physique of the K group is
rather more excellent than the J group, that it was not a
significant difference, or that it was the thing with a low
of 3 ~5°C in the air temperature of winter in Korea,
and so on.

The skin temperature of the finger and toe changed
according to the air temperature. As a result, the skin
temperature in the J group and K group suddenly
declined when the environment changed from the
thermoneutral to the cold. Inoue et al.(1992) have
reported on vasoconstriction of the children that
compared to the young men, the decrease in skin
temperature was significantly greater for boys espe-
cially on the limbs in the cold environment. This is
because vasoconstriction on the peripheral is excel-
lent for boys than the young men. There is no corre-
lation between skinfold thicknesses and surface area-
to-mass. Also, Smolander(1992) and Falk(1997) are
reporting a similar result. Previous studies support
the results of present study. Compared to J group, the
temperature of the finger and toe was lower in the K
group under the cold stress. Accordingly it is possi-
ble that the vasoconstriction on the peripheral for the
K group was somewhat more excellent than the J
group.

Even perspiration was observed over the whole
body in the J group whereas the perspiration was
large in the trunk and low in the extremity in the K
group. Kuno(1963) reported that the perspiration for
the adult individual differed according to each indi-
vidual, that a sixth out of 105 subjects has perspira-
tion over the whole body and the rest have little
perspiration in the extremity, and that both sides of

forehead, neck, and trunk and forearm and hand are
easy to evaporate because of their exposure to the
outside environment. Shibasaki et al.(1997) reported
that in relation to the children the local sweat rate on
the forearm and the thigh were lower than on the
back and the chest when the subjects’ legs are placed
into a 42°C water bath at 25°C. In addition, Tsuzuki
et al.(1995) showed that concerning the child, the
local sweat rate on the back was greater than on the
upper arm at 35°C. Most studies report that the sweat
rate on the trunk was greater than on the extremity.
As a result, the distribution type of the K group of
this study is supported. However, in consideration of
the small number of the measurement parts and the
different experiment conditions in the previous stud-
ies, it cannot be concluded that the uniform distribu-
tion type of evaporation in the J group indicates
certain characteristics of the child. More study is
needed in relation to the local sweat rate of the child.

The results show that in both groups increase of
the blood pressure and decrease of the heart rate were
based on vasoconstriction at the cold exposure, and
that decrease of the blood pressure and increase of
the heart rate were based on vasodilation at the hot
exposure. Toselli et al.(1997) examined the school
children aged 6 to 14 years and showed that there
was a strong relationship between systolic blood
pressure and BMI, and that systolic blood pressure
increased with an increase in BMI. However the
present study results do not show that there is a clear
relationship between BMI and systolic blood pres-
sure. Araki(1980) compared physically trained chil-
dren with untrained children by exposing them to
heat and cold stress alternately. The results showed
that the heart rate tended to be lower in trained chil-
dren. The result of this study shows that the heart rate
is somewhat lower in the K group than in the J group.
Such results may have come from the difference in
the activity degree of the subjects in both K and J
group.

The study examined the thermo-physiological re-
sponses of the children with the same age in Japan
and Korea to thermoregulation in both countries in
the same season but differing in the year in order to
know whether the children have a different ther-
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moregulation or not, and how they differ in terms of
responses to thermoregulation. In spite of the fact
that research facilities and instruments in both coun-
tries were different and the fact that the average age
differed by one in both countries, the study results
showed that the responses of children in both coun-
tries to thermo-physiological responses were fairly
similar, thus statistically produce no significant dif-
ference. However the study results generally show
that compared to the subjects in Japan, the subjects in
Korea have a rather high rectal temperature, a
decreasing skin temperature, the high local sweat rate
in the trunk but less high local sweat rate in the
extremity, low heart rate, and a significant change in
the blood pressure. The results show that the children
in Korea have a more adaptability to the environment
in comparison with the children in Japan. Future
studies need to increase the subjects in the experi-
ment to draw significant results. Based on the present
study resuits, the authors will examine more the rela-
tionship between the living culture such as the cloth-
ing, eating habits, and residence with the children’s
adaptability to the environment.

V. Conclusion

In order to clarify the characteristics of the thermo-
physiological responses of the child and to under-
stand the influence of the country where the child has
grown up on the responses, the thermo-physiological
responses of the Japanese children and the Korean
children were examined. As results, 1) The rectal
temperature increased a little with the air temperature
rise. K group showed a little higher rectal tempera-
ture. 2) The skin temperature of hand and foot
decreased conspicuously during cold exposure. It
was more in K group than in J group. 3) Relative
local sweat rate were similar in two groups at 22°C
and 28.5°C, while they were considerably different at
37°C. Even perspiration was observed over the whole
body in J group but the perspiration was large in the
trunk and low in the extremity in K group. 4) The
heart rate was higher in J group than in K group but it
increased with the rise of the air temperature in both

groups.
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