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ABSTRACT 
   Thermoregulation is an effort to maintain body temperature within the normal range, it’s achieved by 
maintaining a balance between the heat generated in the body and the heat released. The purpose of this study 
was to analyze the physiological adaptation response in a hot environment in the sub-elite athlete's para-
swimming. The method used is quantitative with pre-test and post-test design, which examines five para-
swimming athletes. The data were collected for nine weeks and includes body weight changes, temperature, and 
relative humidity during exercise. The analysis data used are mean, standard deviation, Wilcoxon test, and 
Mann-Whitney test. The results of this study are that there is a difference between the training sessions in the 
morning and the afternoon on the loss of body fluids of para-swimming athletes (p<0,00). The amount of fluid 
loss in athletes decreased every week (p<0,00). The temperature and relative humidity in the morning session 
was higher than in the training session in the afternoon. The decrease in the amount of bodies fluid loss is caused 
by various factors, including the drinking pattern strategy applied by each athlete and the athlete's body starting 
to adapt to the conditions of the training environment. 

Keywords: Body fluid, environment, relative humidity, temperature, thermoregulation 

1. INTRODUCTION

The training program is made 
systematically and continuously based on the 
application of various aspects such as 
physiological, psychological, and biomechanics, 
which aims to obtain functional training results (1). 
The training program has the aim of improving a 
training effect caused by the adaptation of a given 
training variable (intensity, frequency, volume, and 
so on) is the definition of training load (2). Training 
load is needed to improve positive exercise 
adaptation and training load can be used to prevent 
athletes from fatigue, physiological disorders, 
injuries, and even psychological disorders (3). 

The training load monitoring is needed in 
the training program to get maximum exercise 
results (4). Physiological markers are measurement 
parameters for internal training load. These 
parameters are used to provide an average measure 
of training carried out over time for monitoring 
training sessions (5). Measurement of internal 
training load is recognized as a measuring tool that 
is valid and reliable (6). Internal training load 
measurements such as the measurement by using 
the rate of perceived exertion (RPE), heart rate, 
hydration status, and so forth (5). 

The inhibiting factors for the exercise 
process in the training environment are very 

diverse. One of the kinds is environmental factors, 
namely temperature and relative humidity 
conditions (7). A hot environment can affect the 
condition of athletes because a favoured training 
environment becomes an additional training burden 
for athletes so that it requires greater energy 
compared to athletes who train in a comfortable 
temperature environment (8). Core body 
temperature is strongly influenced by 
environmental temperature and exercise intensity 
also has a direct effect on body temperature, the 
higher the intensity of the exercise, the taller the 
increase in body temperature (9). 

The consequences that occur if a person 
exercises in a glorious environment are that it 
affects the decline in achievement of the sport and 
can increase the risk of injury caused by hot 
temperatures (10). These conditions include heat 
cramps, heat syncope, heat exhaustion, and heat 
stroke (11). Losing excess body fluids during 
exercise can lead to dehydration. Dehydration 
occurs when the body fluid expenditure is greater 
than intake (12). 

Exercise in a hot environment can lead the 
body to increased stress physiological, and it’s can 
significantly decrease exercise capacity and 
potentially lead to fatigue, injury, and hyperthermia 
(13). A previous study by (14) shows that athletes 
who exercised in hot environmental conditions and 
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did not apply good hydration strategies experienced 
a decrease in exercise performance. The effect of 
exercise in a hot environment is an increase in skin 
temperature and core body temperature resulting in 
decreased exercise performance caused by 
cardiovascular tension and changes in heart and 
blood vessel function (15).  

Exercising in a hot environment can 
increase the metabolic rate so that it can increase 
the accumulation of lactic acid in the blood quickly 
(1). Therefore, a study by (6) shows that hot 
environmental conditions are positively related to 
increased levels of lactic acid. So it can be 
concluded that environmental conditions have a 
major impact on a body fluid expenditure so that a 
hydration strategy must be applied to avoid 
dehydration (16). 

The purpose of this study was to analyze 
the physiologic adaptation response in a hot 
environment in the sub-elite athlete's para-
swimming. The physiologic adaptation response 
that is meant is the amount of bodies fluid loss 
during nine weeks of training. The novelty of this 
study is to compare two different environmental 
conditions to the loss of body fluids. This study 
presented trend line data on body fluid loss during 
nine weeks of training. This research is expected to 
be an effort to prevent dehydration and benefit the 
community and sports players to apply the 
principles of a good hydration strategy so that the 
risk factors for injury due to a hot environment can 
be prevented and minimized.  

2. METHOD 
The method used is quantitative and 

presented descriptively. The research design used is 
a pre-test and post-test design which examines five 
swimming athletes consisting of four male and one 
female athlete. The age range of the athletes was 
from 19 years to 33 years. The limited body mass 
index data is due that the athletes are swimming 
athletes to the fact who have limitations in their 
bodies. 

The data were collected for nine weeks 
and includes pre-test weight data before exercise, 
post-test weight after exercise, temperature, and 
humidity during exercise. Athletes exercise as 
much as two training sessions a day, including 
morning and afternoon sessions. The temperature 
data and relative humidity data are always 
measured in each exercise. The loss of body fluid 
was obtained through the difference in body weight 
before and after exercise.  

This research is non-parametric because of 
the small size of the sample size used. Therefore, 
the data analysis techniques used are as follows; 

mean, standard deviation, Wilcoxon test, and 
Mann-Whitney test  

 
Figure 1. The temperature of the training 

environment  
 
Based on figure one, it has been explained 

that the average environmental temperature during 
exercise changes that are fluctuating. It is known 
that the highest ambient temperature occurs in the 
fourth week, 35 c in the morning session and 26 c 
in the afternoon session. It was explained that 
training in the morning session had a hotter ambient 
temperature than the training session in the 
afternoon. 

 

 
Figure 2. Relative humidity of training environment  

 
Based on Figure 2, it has been explained 

that the average proportional humidity during 
exercise changes fluctuates. It is known that the 
highest relative humidity occurs in the fourth week, 
which is 65% in the morning session and 54% in 
the afternoon session. It was explained that the 
training session in the morning had a higher 
percentage of relative humidity than the training 
session in the afternoon. 
 

 Session Mean 
Std. 

Deviation 

Sig. (2-
tailed) 

 
Temperature   Morning  34,  ± 

0,20 
0,000 

afternoon 25,7  
± 0,42 

Relative 
humidity 

Morning 61,8% ± 
1,87 

0,000 

Afternoon 51,6% ± 
1,4 
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Tabel 1. The description of temperature and relative 
humidity of training environment  

 
Based on table 1, it has been explained the 

average temperature and humidity for nine weeks. 
The table explains that there are differences in 
temperature and humidity between the morning and 
afternoon training sessions. The condition of the 
exercise environment in the morning has a hotter 
temperature than the training conditions in the 
afternoon. The humidity in the morning is higher 
than the humidity in the afternoon. Based on the 
web bulb globe temperature index (WBGT), the 
status of environmental conditions in the morning is 
categorized as dangerous. In this condition, 
someone who does intensive exercise without 
applying a good hydration strategy can experience 
heat exhaustion. The condition of the training 
environment in the  

Afternoon based on the web bulb globe 
temperature index has a warning status. Under 
these conditions, a person who does intensive 
exercise without applying a good hydration strategy 
can lead to dehydration and fatigue.  
 

 
Figure 3. The body fluid loss in the morning 

session 
 

Based on figure 3, the average fluid loss 
that occurs in the morning exercise session. Data 
were collected from the first week of training until 
the ninth week. Based on the facts during the study, 
it was shown that athletes did not implement a 
planned hydration strategy (ad libitum). Based on 
figure 3, it is shown that the trend line of the body 
watery loss during exercise changes. This can be 
proven by the fact that there is a difference in the 
average free-flowing loss every week. It has been 
described that fluid loss increases starting from the 
second to the fourth week. However, there was a 
decrease in liquid loss starting from the fifth week 
to the ninth week so that it can be concluded that 
the athlete's body began to respond to physiological 
adaptation but also the athletes did implement a 
planned hydration strategy. 

 
Figure 4. The body fluid loss in the afternoon 

session 
 

Based on figure 4 shows the average fluid 
loss in each week in the afternoon training session. 
It was explained that the amount of watery loss in 
athletes decreased every week. This indicates that 
the athlete's body begins to adapt to the conditions 
of the training environment. In addition, the trainers 
provide education about hydration pattern strategies 
to the athletes. Education on hydration pattern 
strategies was provided before exercise, during 
exercise, and after exercise. 
 

Tabel 2. The description and Wilcoxon test of the 
athlete’s body fluid loss which trained in the 

morning session 
 

Wilcoxon 
test 

Mean 
Std deviation 

pre-test 
 

Mean 
Std deviation 

pre-test 
 

Sig. 

Week 1 49.72 ±11.01 48.34 ±11.02 0,000 
Week 2 50.16 ±11.06 48.90 ±11.20 0,000 
Week 3 50.18 ±11.20 48.88 ±11.06 0,000 
Week 4 50.30 ±11.50 48.96 ±11.55 0,000 
Week 5 50.34 ±11.21 49.16 ±11.23 0,000 
Week 6 50.04 ±11.61 49.04 ±11.64 0,000 
Week 7 50.20 ±11.36 49.38 ±11.52 0,000 
Week 8 50.32 ±11.10 49.54 ±11.12 0,000 
Week 9 50.36 ±11.46 49.86 ±11.40 0,000 

 
Based on table 2, the description of the 

body watery loss in para-swimming athletes who 
are trained in the morning session. liquid loss can 
be determined by the difference between body 
weight before exercise and body weight after 
exercise. Table 2, it is explained that the 
bodyweight after exercise decreased (p<0.00). It is 
known that the amount of body fluid excreted in the 
first week to the fourth week is fluctuating. 
Meanwhile, from the fifth week to the ninth week 
of loss of body fluids, there is a decrease. The 
decrease in the amount of bodies fluid loss is 
caused by various factors, including the drinking 
pattern strategy applied by each athlete and the 
athlete's body starting to adapt to the conditions of 
the training environment. 
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Table 3. The description and Wilcoxon test of the 
athlete’s body fluid loss  which trained in the 

afternoon session 
 

Wilcoxon 
test 

Mean 
Std. 

Deviation  
pre-test 

 

Mean 
Std. 

Deviation  
post-test 

 

Sig. 

Week 1 50.28 
±10.86 

49.90 ±10.77 0,012 

Week 2 50.84 
±10.96 

50.28 ±10.93 0,002 

Week 3 50.96 
±11.30 

50.38 ±11.38 0,001 

Week 4 51.24 
±11.32 

51.92 ±11.39 0,000 

Week 5 51.44 
±11.06 

51.96 ±11.00 0,001 

Week 6 51.30 
±11.65 

51.78 ±11.77 0,001 

Week 7 51.14 
±11.26 

51.50 ±11.27 0,006 

Week 8 51.20 
±11.34 

51.54 ±11.27 0,007 

Week 9 50.60 
±11.65 

50.82 ±11.68 0,004 

 
Based on table three, it has been explained 

that the bodyweight after exercise decreased 
(p<0.00). The average body fluid loss that occurs in 
the afternoon session is less than the fluid loss that 
occurs in the morning session. This is caused by 
differences in temperature and relative humidity 
between the morning and afternoon sessions. The 
temperature and relative humidity of the air in the 
morning session was higher than in the training 
session in the morning. 

 
Tabel 4. The differences of the body fluid loss  

between morning and afternoon session 
 

Mann 
Whitney  

u test 

Sig, (2-
tailed) 

Mean Difference 

Week 1 0,00 1,00 liter 
Week 2 0,00 0,70 liter 
Week 3 0,00 0,72 liter 
Week 4 0,00 0,66 liter 
Week 5 0,00 0,66 liter 
Week 6 0,00 0,52 liter 
Week 7 0,00 0,46 liter 
Week 8 0,00 0,44 liter 
Week 9 0,00 0,28 liter 

 

Based on table 4, the different tests are 
shown between fluid loss that occurs in the training 
session in the morning session and the afternoon 
session. Based on the difference test, it is explained 
that the value of Sig. (2-tailed) of 0.00 it means that 
there is a difference between the training sessions 
in the morning and the afternoon on the loss of 
body fluids of swimming athletes. It was concluded 
that the amount of body fluid in the morning 
session was more than the exercise in the afternoon 
session. 

3. DISCUSSION 
The favoured environment greatly affects 

the performance and the athlete's body fluid loss 
after exercising (17). A hot environment can affect 
the training load performed. A previous study 
shows that athletes who train in a favored 
environment can have an impact on the increase in 
training load (18). In addition, the hot training 
environment conditions greatly affect the loss of 
body fluids (19). Based on the data, it showed that 
the exercise in the morning session lost more body 
fluids than the exercise in the afternoon session 
(p<0.00). Environmental conditions in the morning 
have a hotter temperature and a higher percentage 
of relative humidity (p<0.00). Based on the web 
bulb globe temperature index (WBGT), the status 
of environmental conditions in the morning is 
categorized as dangerous. An athlete who exercises 
intensively and does not apply a good hydration 
strategy is the cause of dehydration conditions to 
heat exhaustion conditions (20). 

A person who loses 2-3% of body fluids, 
can lead to a decrease in physical function and harm 
body temperature regulation during exercise 
because 70% of the body consists of fluids (13). 
Based on these conditions, efforts are needed to 
meet the body's fluid needs to avoid the effects of 
dehydration (21). The impact caused by dehydration 
during exercise is a decrease in the ability of body 
reactions and concentration, delays in decision 
making, and an increased risk of sports injury (16). 
This has been proven by a study that states that 3-
4% loss of body fluids causes a decrease in power 
by 3% (21). A previous study showed that the 
temperature and relative humidity of the air affects 
the loss of body fluids (22). 

The amount of bodies fluid loss in the first 
week to the fourth week is more than the fifth week 
to the ninth week. This is because the athlete's body 
has not adapted to the conditions of the training 
environment. In addition, in the first week, the 
athlete's awareness about the importance of a 
planned drinking pattern strategy was still 
considered lacking because the athlete was at the 
same time applying the ad libitum drinking pattern 
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strategy. Hot environmental conditions cause the 
body to issue a physiological response in the form 
of sweat released as the body's efforts to achieve 
homeostasis (23). 

Metabolic processes that occur when 
athletes exercise, cause an increase in body 
temperature as a burning process and produce 
energy, and in the burning process, the body sweats 
as a result of the burning (21). The sweat that 
comes out of the body caused by sports activities 
consists of water and electrolytes. A previous study 
has shown that an athlete who exercised intensively 
in hot environmental conditions will lose body 
fluids as much as 0.5 to 1.5 litres/hour (7). Based 
on research data, it is shown that athletes who train 
in the morning session in the first week to the 
fourth week lose more than one litre of body fluid 
in one training session. 

Meanwhile, the amount of bodies fluid 
loss that occurred in the fifth week to the ninth 
week gradually decreased (p<0.00). So it can be 
concluded that the athlete's body begins to adapt to 
the conditions of the training environment which is 
called acclimatization (19). Acclimatization of 
training in a hot environment is an effort of 
physiological adjustment or adaptation experienced 
by athletes to a new environment that they will train 
(24). Heat acclimatization is one method that can be 
reducing the body's negative biological response to 
heat stress during exercise (25). Heat 
acclimatization occurs after going through a 
process of repeated heat exposure, for example, 
exercising in hot temperatures (26). The process of 
heat exposure is expected to occur physiological 
adaptations in the body to help the lower body 
temperature in line with an increase in heart stroke 
volume, sweat rate, and sweat evaporation during 
exercise (27). 

A previous study has shown that it takes 
about 7-10 days after the heat exposure process 
begins to activate heat acclimatization (28). The 
heat exposure process is carried out with a duration 
of two hours every day during exercise, and the 
type of exercise used is an aerobic energy system 
that involves the work of the heart and lungs. The 
duration and intensity of exercise also need to be 
increased periodically to make the heat 
acclimatization process more effective (28). At the 
beginning of the bodily exercise in hot 
temperatures, the strain physiologic that occurs is at 
a fairly high level and is also accompanied by 
manifestations of an increase in body temperature 
and heart rate. However, with the same 
physical/sports training load, the strain 
physiological will decrease in a matter of days (29). 
Improvements in heart rate response, body and skin 
temperature, and sweating rate can be achieved 

during the first week of a heat acclimatization 
program (30). According to research, heart rate is 
the fastest heat acclimatization parameter that 
decreases, which is around 4-5 days (8). Another 
study states that the process of adjusting the body's 
response to heat acclimatization will be achieved 
within 10 to fourteen days after heat exposure (19). 
The physiological tolerance process still takes a 
longer time (32). Another study said that heat 
acclimatization began to occur after exercise in the 
third week (28). Heat acclimatization is starting to 
show results due to an increase in the fitness level 
of athletes who are long enough training (19). 

According to research, it is not only the 
heart rate that will improve during the heat 
acclimatization process but several parameters also 
undergo improvement and adjustment, including 
reduced core body temperature, improved sweating, 
improved cardiovascular stability, lower heart rate 
because athletes are more trained, blood pressure is 
better maintained. The loss of electrolytes 
decreases, the blood plasma volume increases. The 
body's defence against heat becomes better. The 
tolerance to heat improves, the onset of 
thermoregulation is faster (28). 

Athletes will benefit from heat 
acclimatization, including fluid balance and 
hydration mechanisms that will play a role in the 
work adjustment between thirst stimulation and 
body fluid needs will be more accurate (26). There 
is an increase in the capacity of the total amount of 
body fluids, and blood volume will also increase in 
the heat acclimatization process (32). However, in 
the early phase of heat acclimatization, the 
sweating process will start faster, and this occurs at 
the beginning of training (24). To maintain the 
balance of body fluids due to this sweating process, 
an accurate and optimal hydration strategy is 
needed (18).  

Based on these conditions, a hydration 
strategy is needed to avoid the effects of 
dehydration (33). The role of the coach is very 
much needed in the effort to educate athletes on a 
good hydration pattern strategy. It is known that 
coaches provide hydration strategy education to 
their athletes. Education of hydration pattern 
strategies was carried out before exercise, during 
exercise, and after exercise. A study by (34) shows 
that a planned hydration strategy (planned drink) is 
better at preventing dehydration than an unplanned 
hydration strategy (ad libitum drink). In a good 
training program, hydration strategies are applied 
during the preparation, competition, and 
competition training phases, can improve sports 
performance, reduce the potential for injury due to 
rising body temperature and increase the speed of 
body recovery (35). Therefore, a hydration 
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regulation or strategy (planned drink) is needed to 
prevent athletes from becoming dehydrated (12). A 
good hydration strategy is to consume as much as 
400 to 600 ml of water 10 to 15 minutes before 
engaging in sports activities (36). 

 

4. CONCLUSION 
Based on the data, it can be concluded that 

environmental conditions affect the amount of body 
fluid loss. Hot environmental conditions can 
increase the amount of body fluid loss. An athlete 
who trains for the first time in a hot environment 
will lose excessive body fluids. At the beginning of 
the physical exercise in hot temperatures, the strain 
physiological that occurs is at a fairly high level 
and is also accompanied by manifestations of an 
increase in body temperature and heart rate.  The 
physiological tolerance process still takes a long 
time so that the adjustment of the body's response 
to heat acclimatization will be achieved within a 
minimum of three weeks. Heat acclimatization is 
starting to show results due to the increase in the 
fitness level of athletes who do training for a long 
time. 
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