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Body temperature and dehydration rate in adolescents
undergoing the Cooper’s 12-minute run test
William Alves Lima(1), Yara Bezerra(1), Viviane Soares(1), Iransé Oliveira Silva(1), Grassyara Pinho Tolentino(1),
Jairo Teixeira Júnior(1), Margareth Faria(1), Patrícia Espíndola Mota Venâncio(1).

ABSTRACT

Background: During the practice of any physical exercises is produced heat. About 30% of this heat is transformed into work and the
other 70%, distributed to the body, thus increasing the body temperature of the individual. Objective: to identify changes in body
temperature and hydration of adolescents classified as physically actives or inactives. Methods: This is a cross-sectional, quantitative,
descriptive study with 40 students (13-17 years old) from a private school in Anápolis-GO. The tympanic and forehead body temperature
and body mass were measured. The urine produced was then collected and the hydration state was estimated before and after the
12-minute run test, which was used to calculate the VO2max. After checking the normality of the data, the paired “t” test was performed
to compare the pre and post-run data and a “t” test for independent samples to compare the groups denominated: active and inactive.
Results: there was no significant difference in relation to the temperature pre-and post-test of the Cooper protocol in active and inactive
individuals, but the active group had a higher central temperature. The active group presented a greater reduction of body mass and
a worse state of dehydration, evaluated by the urine color, and also by the calculation of the rate of sweating. Finally, although both
groups received the classification of “weak” regarding aerobic capacity, the active group was significantly superior to the inactive group.
Conclusion: the group of actives adolescents presented higher central body temperature, with a higher rate of sweating, due to their
greater physical effort (better test performance) and their better training, which can lead to a better body cooling system.
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INTRODUCTION
Physical fitness is conceptualized as the ability to perform
activities of your daily life without too much fatigue(1). It is
composed of physiological and psychosocial variables which
help to balance the well-being and lifestyle of the individuals,
since a person with a good physical aptitude is more likely to
be healthy in the development of hypokinetic diseases(2,3).
In order to maintain or improve physical fitness, it is
necessary to practice physical exercises. That is, systematized
activities aimed at improving health(4). One of the physiological
factors that limits good performance in physical exercises and
improvement of physical fitness is thermoregulation, defined
as the physiological capacity that the body maintains at ideal
temperature(5). The ideal body temperature should remain
between 36.1°C-37°C. The practice of physical activities is
one of the variables that remove the body from homeostasis,
causing this temperature to reach up to 41ºC(6).
During the practice of any physical exercises is produced
heat. About 30% of this heat is transformed into work and
the other 70%, distributed to the body, thus increasing the
body temperature of the individual. To occur the reduction
in body temperature it is necessary to use one of the means

for heat loss. Among these, we have convection, conduction,
radiation and evaporation. The most used and efficient is the
evaporation(6), in addition to these means, the blood flow
also controls the loss of heat, as the measure of the central
heat increases and this blood flow is diverted to the skin(7).
However, among the aforementioned means, evaporation is
the most efficient way for heat loss. This occurs when the sweat
glands transfer the “water” to the exogenous environment
(without the loss of cytoplasm or organelles) so that this water
evaporates and carries with it the heat of the body surface(8).
The study of Gaspar et al.(9) demonstrates that triathlon
athletes show a drop in yield because they have a high
production rate of sweating and poor water replenishment.
From this premise, it is of great importance a good hydration
for the practice of systematized physical activities.
Thus, it is necessary to study the aerobic capacity and
thermoregulation related to the changes that occur during
the practice of strenuous physical exercises. Thereby, the
present study aims to identify changes in body temperature
and hydration in adolescents classified as physically active or
inactive.
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temperature on the day of the test was at 26ºC at 9am (time
that the run was started), with relative air humidity being
at 58%. These conditions were measured with a Thermo
Hygrometer ICEL model HT-208.
Urine was collected in a sterilized Erlenmeyer, with a
capacity of up to 500 mL, as soon as the volunteer completed
the anamnesis (about 8:30 am). At this point he was invited to
drink a glass of 250 ml of water. After the race, the volunteer
waited in the shadow for about 15 minutes to promote a return
to calm and, then, the urine was collected again. It had to be a
minimum volume of 50 mL, and during this time the volunteers
did not hydrate. After each collection the urine was compared
to a colorimetric scale for the determination of the levels of
hydration developed by Armstrong et al.(14).
The percentage of dehydration was calculated from the
difference between the body mass pre and post-exercise:
Percentage of dehydration = [(Difference between initial
and final body mass (in kg)) – urinary volume after training
(in L))] / initial body mass (kg) x 100(15). The rate of sweating,
expressed in L/hour of exercise, was calculated from the
equation proposed by Horswill (16): rate of sweating = [initial
body mass (kg) + water ingestion (L)] – [final body mass
al (kg) + urinary volume (kg)] / time (min) x 60.
For the analysis of the data the volunteers were
separated into two groups: Actives- those who made up
the school’s Handball or Basketball team; Inactives - those
who did not participate in physical education and were
not included in another practice of systematized physical
activity. The descriptive analysis of the data was presented
through mean, standard deviation, simple frequency and
percentage. The Shapiro-wilk test was performed through
which the normality of the data was verified. A paired T-test
was then performed to compare pre and post test and a
t-test for independent samples to compare between groups.
SPSS 20.0 software was used, adopting a level of significance
of p≤0.05.

METHODOLOGY
This is a cross-sectional, quantitative, descriptive study.
The convenience sample consisted of 40 adolescent students
aged 13 to 17 years old, from a private school in the city of
Anápolis-GO. The study used the standards for conducting
research on humans, resolution nº 466 of December 12,
2012 of the National Health Council and was approved by
the Research Ethics Committee of the Centro Universitário
de Anápolis – UniEVANGÉLICA, protocol number 2.147.331.
The invitation was made to the adolescents, sending the
necessary documents to the parents and minors. After they
signing the free and informed form the tests were started. In
this way, the volunteer received a folder explaining how the
tests would be like and how they should behave before, during
and after the test. There were also directives regarding the
type of clothing and footwear.
Then, was measured the body mass through a Filizola
(Filizola LTDA, Recife, PE, Brazil) stadiometer(10). The body
mass was measured as soon as the individual arrived (after the
first collection of urine) and raised in the scale again about
15 minutes after the end of the run, shortly after the second
collection of urine. On average, there was a time interval of
58 minutes between the first and second weighing.
The comparison of pre and post effort body mass can
be used to verify rapid changes in the hydration of people
submitted to a systematic effort(11). This methodology is
based on the estimation that 1 gram of lost body mass
equals 1 ml of lost liquid(12).
For the estimation of VO2max. was applied the 12-minute
running test proposed by Cooper(13), measuring the distance
traveled in this period of time. This test was performed on an
athletic track, counting the number of laps in the established
perimeter with known distance. The measurements of the
perimeter, and the distance of the incomplete turns were
measured with a 50m (Brasfort) (Brasfort LTDA, São Paulo, SP,
Brazil) line. All measurements were made by a single evaluator
accompanied by the annotator.
In order to quantify the volume of water ingested,
volunteers were asked about the doses of water/infusions/teas
and industrialized beverages consumed daily. The water
counted via questionnaire was designated for the purposes of
the analysis as ingested water. A food recall was not quantified
to estimate the percentage of liquid per food, eaten in the
volunteers’ regular diet. It was also asked about the use of
dietary supplements and medicines.
For the day of the run test they were asked to maintain their
natural routine of fluid ingestion. On the day agreed for the run
test, as the volunteers arrived, they completed the anamnesis
and the water ingestion questionnaire, were weighed and
had their body temperature measured through a G-Tech
digital clinical thermometer with infrared sensor, being this
one used to measure the internal temperature of the ear
and the forehead, before and after the run test. The ambient

RESULTS
As a result of the application of the questionnaire,
53.8% of the sample consumed 500mL-1000mL of water
per day (Table 1), and the European Food Security Agency(17)
recommended the ingestion of 2.5 L/day of water for male
adolescents and 2 L/day for females, thus demonstrating
that the sample was not hydrating correctly. Soon after, the
ingestion of soft drinks/teas was quantified and was obtained
that 79.5% of the evaluated ones did not ingest any of the
analyzed drinks. It was also identified that 89.7% of those
evaluated did not drink any sports drinks (isotonic), since, if
consumed in excess, they can make it difficult to lose weight,
increase blood pressure and overload the kidneys. Thus,
analyzing the results, it can be noticed that the sample studied
performs little ingestion of any type of liquid.
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When comparing the water ingestion between active and
inactive groups it was possible to verify that the active group
consumes about 300 mL more water per day than the inactive
group (data not shown in Table), which is relatively small this
difference , although statistically significant. The ingestion
of so little water refers to the concern with the ingestion
of dietary supplements. However, only five individuals
(all in the active group) reported using food supplements
(two reported using creatine, another two whey protein,
and 1 reported using maltodextrin). Regarding medication
use, only one individual reported regular use of antihistamine
(inactive group) and another two (active group) reported being
treated with roacutan (data not shown in table).
The difference in physical condition between the so-called
active and inactive groups is explicit (Table 2) by identifying
that the actives ran an average of 389m more than the inactive
ones in the same 12-minute period. This represents almost an
extra lap on the track. However, both groups present a bad
aerobic condition. It is only possible to point out that the VO2max.
of the active group is 25.81% higher than the inactive group.
Table 2 also shows the difference between active and
inactive individuals regarding body temperature. Thus, it can
be observed that the temperature averages of the Pre and Post

run test were not significantly different, even though there was
a different physical condition between the groups. However,
the tympanic temperature was visually lower when compared
to forehead temperature in the two groups analyzed, but this
difference was not significant.
When compared to the temperature between the two
groups, the active group presented, in a significant way, a
greater tympanic heating, both in the pre and post test.
The same did not occur to the forehead temperature in any
of the analyzed moments.
On the other hand, when the dissipation of the heat
produced by the production of sweat was analyzed, was
obtained the data of the pre and post-run body mass.
With this it is possible to notice that the body mass of
the inactive group reduced on average 100g, while that
of the active group reduced 360g, on average, being
this significant reduction only for the active group.
This indicates that heat dissipation through sweating
does not actually promote a significant reduction in body
mass, but with a significant difference between active and
inactive, in which the active group produced about three
and a half times more sweat.

Table 1- Descriptive Analysis of the “Quantification of Daily Ingestion of Liquids” questionnaire.
Water Ingestion

Soft drinks and teas Ingestion

Sports Drink Ingestion

≤200 ml

12.80%

None

79.50%

None

89.7%*

200 - 500 ml

12.80%

One cup

0%

≤200 ml

7.70%

500 -1000 ml

53.80%

Two cups

12.80%

200-500 ml

2.60%

1000- 1500 ml

17.90%

Three cups

2.60%

≥500 ml

0%

≥1500 ml

2.60%

Four cups

5.10%

≥1000ml

0%

TOTAL

100%

TOTAL

100%

TOTAL

100%

Note: *statistic significance
Table 2- Comparative analysis of variables between trained and untrained individuals.
Variables

INACTIVES (n=23)

ACTIVES (n=17)

33.49 ± 3.78

35.92 ± 0.49 †

Post-tympanic temperature ( C)

33.8 ± 3.40

35.35 ± 1.53 †

Pre-forehead temperature (oC)

36.03 ± 0.69

36.00 ± 0.67

Post-forehead temperature ( C)

36.1 ± 1.07

36.08 ± 0.99

Pre-tympanic temperature (oC)
o

o

Pre-body mass (kg)

65.20 ± 13.40

64.10*± 9.49

Post-body mass (kg)

65.10 ± 13.41

63.74 ± 9.22 †

Pre-urine

1.17*± 2.39

3.31*± 2.71 †

Post-urine

3.60 ± 2.20

5.00 ± 2.42 †

Distance traveled (m)

1616.9 ± 333.18

2005.9 ± 243.12 †

VO2max (mL/kg/min.)

24.86 ± 7.43

33.51 ± 5.40 †

Note: n= number of subjects per group; * represents a significant difference between pre and post test; † represents a significant difference between the active and inactive groups.
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10% of the said triathletes dehydrated, whereas the inactive
did not reach 2% of said dehydration rate. This express the
low intensity of the effort they produced. In order to avoid
a misinterpretation of the data presented above, the rate
of sweating was calculated, in which it was detected that
for the inactive group it was 1,275 L/h and 1,405 L/h for the
active group, which is in agreement with the cited results
per Vechiato and Costa(15). This shows that the weight lost
is irrelevant when taking into account the amount of urine
produced.
In another study related to hydration and aerobic and
anaerobic exercises (26) have been reported significant
differences between weight loss in aerobic individuals up
to 0.8 kg, but it is evident that analyzing only the reduction
of body mass without the respective sweating rate is
contradiction.
Analyzing the color of the urine according to the parameters
indicated by Perrone and Mayer (27), the adolescents in
the inactive group were, in the pretest, classified as “well
hydrated” and post-test as “mild hypohydration”. Meanwhile,
active group components presented “mild hypohydration”
and progressed to “moderate hypohydration” with the test.
According to Alvira et al.(28), adolescents usually present
themselves with insufficient hydration, especially those that
are insufficiently active. This underscores the importance of
an educational process on adequate hydration and how much
regular physical activity can favor the need to hydrate.
By culminating in aerobic capacity, Bergamasco et al.(29)
measured the VO2max. in handball university athletes and obtained,
as a result, that of the 10 athletes analyzed, the average for
the VO2máx was 23.88 mL/kg/min., which was in agreement
with the very low VO 2máx detected in the present study.
However, the volunteers of the active group presented
better results (33.41 mL/kg/min) than those cited in the
present study. But regardless of this, there is an emerging
need for training to improve the VO2máx. in order to achieve
a better sports performance and also to ensure a better
health development, both in the motor system and in the
improvement of the cardiorespiratory system.

DISCUSSION
The studied sample has as one of the negative factors a
low water consumption, both between active and inactive.
The interesting fact is that they have stated that they do not
compensate for this inadequate water ingestion with the
consumption of soft drinks and other industrialized drinks,
since these can favor the development of chronic diseases
and also lead to a reduction in physical performance (18).
Adequate water consumption is essential for a number of
natural biological reactions in the human body. Water ingestion
may be inversely related to the volume of sugary drinks and
other fluid ingress(19). Water still has a key role in facilitating the
transport of substances into the kidneys so that they can be
eliminated, and the low water consumption combined with the
ingestion of protein supplements may favor the development
of kidney stones(20).
A reduced amount of body water can still hinder the body’s
cooling system through sweating. It is well known that repeated
sessions of vigorous physical activities result in hemodilution(21)
due to the expansion of plasma volume(22). However, it is
unclear whether moderate-intensity physical activity may
result in plasma volume expansion. It has recently been
discovered that strenuous physical exercise training expands
not only blood plasma but also water within the exercised
muscles(23). This indicates that stimulating the regular practice
of moderate to high intensity physical activities may induce
a greater water ingestion, converting individuals to a better
hydration profile.
As the active group produced a better performance in
the run, its central temperature (tympanic temperature),
consequently increased more, which led to a greater production
of sweat, causing a greater reduction of body mass, due to
dehydration and, a most representative darkening of urine.
As the ear temperature represents more central temperatures
relative to the carotid blood that bathes the hypothalamus and
the temperature of the forehead represents the peripheral
temperature, which is the one deviated to eliminate the heat
produced by the practice of physical exercises (24,25), and it is
natural that those who have tried harder, raise the central
temperature higher, while the peripheral temperature is more
susceptible to climatic influences.
Vechiato and Costa (15) evaluated the percentage of
dehydration of triathlon athletes, which resulted in a reduction
in the percentage of body mass of the individuals, and the
mean loss of 2.2 ± 0.7%, placing these individuals in a state of
minimal dehydration. In the present study, the loss was only
0.04% between the inactive and 0.23% for the active, which
characterizes that the 12 minutes test did not generate any
type of shock in its state of hydration. However, it must take
into consideration that the evidence analyzed by Vechiato
and Costa(15) had an average duration of 78 minutes. As the
duration of effort in the present study was only 15.4% of
that study, it was expected that those evaluated in the
present study presented at least 15% of the dehydration
percentage of triathletes. However, the actives dehydrated

CONCLUSION
Through the research, it was concluded that the active
individuals present significantly higher internal temperature,
with a greater reduction of body mass after the test, resulting
in a greater percentage of dehydration and a higher rate of
sweating. Finally, although both groups present a bad aerobic
condition the active group denotes a higher aerobic capacity.
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