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1. Introduction

Global warming has caused a rise in air temperature. Damage to health due to global warming includes
heat stroke as reported by the fourth IPCC evaluation report of the Intergovernmental Panel on Climate
Change [1]. The rise in temperature increases the frequency of heat stroke outbreaks resulting in the death
of children in school. According to the Ministry of Education, Culture, Sports, Science and Technology,
(MEXT), the incidence of heat stroke has been increasing annually such that 1,935 people in 2009, 4,591
people in 2010, and 4,668 people in 2011 suffered from heat stroke [2]. This is the number of students
that paid medical expenses for heat stroke that have taken place under management of the school (2011
preliminary figure). However, it is believed that the number of heat stroke victims is actually higher. It is
believed that the rise in temperature due to global warming is the major cause of an increase in the number
of heatstroke outbreaks. It is being dangerous to making the same conditions. Japan set up heat stroke
relevant ministries and agencies in a liaison conference in 2007 [3]. The purpose was to spread knowledge
about heat stroke for both prevention and emergency procedures. Securing the cooperation of relevant
ministries and agencies to promote the measures, examination of the enforcement policy of heatstroke
measures and exchange information. The Ministry of Environment provides weather information, increases
awareness, and has prepared a “heatstroke environmental health manual [4].” In Japan, this manual has
been distributed by local governments and the Board of Education. The Ministry of Health, Labour and
Welfare has prepared a leaflet on heatstroke measures for everyday life. And, The MEXT has prepared
a pamphlet called “Let's prevent heatstroke [5].” The preventive measures for heat stroke in schools are
carried out by MEXT. The leaflet was distributed to the Nippon Junior High School Physical Culture
Association, the Nippon High School Physical Culture Association, school, and the Board of Education. In
addition, the MEXT provides lectures on heat stroke measures at school and Board of Education meetings.

The Japan Amateur Sports Association shows an exercise indicator (WBGT) of heat stroke prevention
[6]. As mentioned above, although various heat stroke preventive measures are being taken, heat strokes
continue to increase every year. Therefore, some new measures are required. Heat stroke often occurs
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during sports activities at school, particularly
high school students. Therefore, it is important to
consider the actual water intake of these students.
A previous study examined water intake and
changes in body weight of high school basketball
players at one of their official games. Thus, it
is necessary to obtain basic data to help with
prophylaxis. The present study examined water
intake and change in body weight of high school
basketball players at the spring games. This study
is descriptive in nature, and the purpose was to
determine hydration and changes in the body
weight of high school basketball players during an
actual spring game.

2. Methods

2.1. Subjects

This study was carried out in March 2012 in a
locker room and at a basketball game held in a
gymnasium. Eight girls and nine boys participated
in this study [mean age * standard deviation (SD):
165 *= 0.6 years]. Informed consent was obtained
from all participants after explaining the purpose
of this study and the potential risks of the study
protocol. Thus, each participant voluntarily joined
the study.

2.2. Measurements

The subjects’ water intake was monitored
without forcing fluid intake (KD-173; TANITA).
Body weight (HBF-359; OMRON), pulse rate
(palpation), environmental temperature (WBGT-
103; Kyoto Electronics Manufacturing Co.), a visual
analog scale (VAS) [7] for measuring the subjective
sense of thirst (SST), a rating of thermal sensation
(RTS) [8], and a rating of perceived exertion (RPE)
were measured. These factors were measured at
the five following time points: before the warm-
up: point A; before the start of the game: point B;
halftime of the game: point C; just after the end of
the game: point D; and 30 min after the end of the
game: point E. Body weight was not measured at
halftime. Players took off their uniforms, and body
weight was measured in undergarments (Tablel).
Body weight, pulse rate, and RPE data are
presented as mean = SD and analyzed by one-way
analysis of variance to examine differences
between measurement points. Results of the SST

Table 1 The five time points of measurement

. Points

Measurer;rrl;er;rir:%% A B ¢ D E

items

Body weight O O X O O

Puserate QO O O O O

Water intake O o O O O
Environment

temperature O O O O O

ssT O O O O O

RTs O O O O O

RE. O @) O O O

O :Measurement, X :Non-measurement

Table 2 Environmental temperature at each
measurement point

Measurement
items  WBGT Temperature Relative humidity
Points B e) 2 (%)
A Boys 9.9 13.9 36.7
____________ Girls _...108 M7 385
g Bove 1.2 15.0 31.3
,,,,,,,,,,,, Girle M8 180 881
. Boys 10.9 14.0 408
____________ Gils M6 154 8
5 Boys 11.4 15.0 408
............ Gis 27 188 39
. Boys 1.2 149 347
Girls 11.5 15.7 30.7

WBGT : Wet Bulb Globe Temperature

and RTS are presented as medians. The Friedman
test was performed to detect changes in the SST
and RTS between the measurement points. In
addition, simple correlation analyses were used to
analyze the relationships between water intake
and quantity of total sweat. A p-value <0.05 was
considered significant. The data were analyzed
with SPSS ver. 19 for Windows (SPSS, Inc.
Chicago, IL, USA).

3. Results

3.1. Environmental temperature at each measurement
point
The environmental temperature measured
WBGT, temperature and relative humidity. WBGT
was 21°C, which was in the safe zone (Table2).
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Fig. 1 Changes in body weight, pulse rate, RPE, SST, and RTS at each measurement point
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3.2. Changes in body weight, pulse rate, SST, RTS, and
RPE
Figure 1 shows the changes in body weight,
pulse rate, SST, RTS, and RPE of the subjects.
The pulse rate was significantly different between
time points in boys (p<0.05). The pulse rate in
boys was higher at points C and D than at point
A (p<0.05) and higher at points C and D than
at point B (p<0.05). RPE in boys was higher at
point D than at point A (p<0.05) and higher at
point E than at point D (p<0.05). RTS in boys
was significantly higher at point D than at point
A (p<0.05) and lower at point E than at point D
(p<0.05).

3.3. Relationship between water intake and total sweat
quantity

Figure 2 shows the correlation between water
intake per body weight and the total quantity
of sweat per body weight of the players. The
calculation of total quantity of sweat was (body
weight of point A - body weight of point E) +
water intake per body weight. No significant
correlation was observed between water intake
per body weight and the total quantity of sweat
per body weight (r = 0.190, n.s.).

3.4. Rate of water intake and the rate of weight loss
Table 3 shows the rate of water intake and the
rate of weight loss of the players.
The calculation of weight loss was 100 -
(point A X 100 / point E). The rate of water intake
was 93.2%, and the rate of weight loss was 0.2%.

Table 3 Water intake rate and weight loss rate

of subjects
Measurement items Rate (%)
Water intake 93.2
Weight loss 0.2
( mean)

4. Discussion

Earlier studies reported a significant correlation
between water intake and total amount of sweat
[9, 10]. However, we found no such correlation
in this study. This may have been because the
present study was conducted in spring, whereas
previous studies were conducted in the summer.
Those studies reported that water intake was
appropriate for the amount of sweating [11, 12].
Thus, we believed that players could adequately
hydrate themselves depending on the amount
they sweat. We found that the rate of water
intake was 93.2%, which was higher than that in
an earlier study. Based on this observation, we
believe that players could adequately hydrate
themselves based on the amount they sweat. In
addition, the Japan Amateur Sports Association
proposed that players should not lose more than
2% of body weight during exercise [13]. In this
study, no player lost more than 2% of their body
weight. It seems that it was less likely that players
would develop heat stroke in the spring, but there
were players who had low rates of water intake.
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Fig. 2 Relationship between water intake per body weight and total sweat quantity per body weight
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5. Conclusion

Our results suggest that heat stroke can be prevented by players who adequately hydrate themselves

to compensate for the sweat lost during a game. Although it was unlikely that players would develop heat

stroke in a spring game, there were players who did not consume adequate amounts of water. In conclusion,

it is necessary to spread knowledge about heat stroke so that players can take preventive measures.
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