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ABSTRACT 

 

Sport has a crucial role in improving quality of life and health, but the environment including temperature 

and humidity can affect athletes' performance and health. This study focused on the impact of environmental 

temperature and humidity on hematocrit levels during exercise in Padang City. Using an ex-post facto design, the 

study involved 15 football players with pre-test and post-test hematocrit before and after a 10km jog. The results 

of the study are the body's hematocrit levels when exercising, evidenced by statistical analysis, namely: a). P value 

< 0.05, 0.034<0.05, b) Hematocrit increase that occurs with a difference of 1.25%, c) t calculate > t table which 

is 2.331 > 1.753 with α < 0.05.  The normality test shows normally distributed data, validating the results of the 

analysis. Increased hematocrit is related to oxygen demand and dehydration, which can be exacerbated by high 

temperatures and humidity. The research underscores the importance of a holistic understanding of the sports 

environment and the implementation of preventive measures, such as adequate fluid intake. Elevated hematocrit 

levels can be an indicator of dehydration risk, which can affect physical performance and heart health. Therefore, 

education on the body's adaptation to environmental changes and safe sports practices needs to be introduced to 

maintain the health and quality of life of people in environments with high temperatures and humidity. It can be 

concluded that there is a significant difference in the body's hematocrit levels when exercising with a P value of 

< 0.05. 
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INTRODUCTION 
Sport continues to play a vital role in 

improving quality of life and health 1–3. Sports 

also provide physical and mental benefits, 

improve physical fitness, and provide fun and 

entertainment 4,5. Sports can be practiced by 

anyone, anytime, and anywhere, regardless of 

gender, ethnicity, or race 6,7. Physical fitness, 

involving the body's adaptation to physical 

loading, plays a key role in improving the 

quality of life 8,9. The environment, including 

air temperature and humidity, greatly affects 

physical appearance in sports10. High 

temperatures and humidity can affect blood 

flow and loss of body fluids, impairing 

appearance and health 11. In exercise, the body 

produces heat, and the loss of body fluids and 

electrolytes is closely related to the surrounding 

environmental conditions 12. Loss of body fluids 

can cause dehydration, affect the work of the 

heart, and can be fatal13. Therefore, an 

understanding of environmental factors and the 

role of exercise in maintaining health is the key 

to improving people's quality of life. 
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Changes in air temperature can affect 

air humidity, and both have a significant 

contribution to sports performance 14. High 

relative humidity can inhibit the removal of 

body fluids, while high temperature and 

humidity can affect blood flow and blood 

distribution to muscles 15. High temperatures 

and humidity can increase blood flow to the 

skin and blood distribution to muscles, which 

can affect the body's physiology 16. The 

importance of temperature and humidity in 

exercise is closely related to the risk of 

dehydration. Dehydration can affect physical 

performance, increase the heart's workload, and 

can be fatal 17,18. Excessive loss of body fluids 

can lead to dehydration, which can be indicated 

by an increase in hematocrit values 19. The 

hematocrit reflects the percentage of red blood 

cells in the blood, and an increase in the 

hematocrit value can be an indicator of 

dehydration 20. Monitoring of ambient 

temperature, relative humidity, and hematocrit 

levels is important in maintaining athletes' 

health and performance, especially in areas with 

high temperatures and humidity such as Padang 

City. 

Hematocrit is an important parameter 

in a blood test that measures the volume of 

erythrocytes in 100ml of blood, expressed in 

percentage form 21. The hematocrit value is 

useful for knowing the average erythrocyte 

count and detecting health problems. Normal 

values of hematocrit in men are 40-48%, while 

in women it is 37-43% 22. Hematocrit 

examination can be carried out by macro and 

micro methods using wintrobe tubes or 

microcapillaries 23. Both methods have their 

own advantages and disadvantages. Factors that 

affect hematocrit examination results involve in 

vivo and in vitro conditions, such as erythrocyte 

count, blood viscosity, and anticoagulant use. 

Dehydration can increase hematocrit values due 

to hemoconcentration due to a decrease in fluid 

volume and an increase in the number of 

erythrocytes 24. Therefore, an understanding of 

the factors affecting hematocrit, as well as its 

relationship with dehydrated conditions, 

becomes important in the interpretation of 

blood test results. This study highlights the 

impact of environmental temperature on health 

when doing sports activities. High temperatures 

can cause heat exhaustion, dehydration, and 

other health problems 25. The variation in air 

temperature in Padang City reaches 12°C - 

30°C, with the highest temperature 

concentrated in urban areas. High population 

density and urban activity can increase local 

temperatures, affecting people's health and 

comfort. This study aims to explore the effects 

of ambient temperature and air humidity on 

hematocrit levels when exercising in 

environments with high temperature and 

humidity conditions.  

Based on the background and 

observations of researchers, there has been no 

research, especially in Padang City, which has 

a high enough temperature and humidity in 

calculating hematocrit levels when exercising 

as an indicator of someone being dehydrated 

and there is no one's examination test to be able 

to determine hematological changes when 

doing sports activities in hot climates without 

consuming fluids. And there is still no 

education on how to maintain hematocrit levels 

in normal circumstances when doing sports. 

Researchers are interested in conducting 

research on the Effects of Environmental 

Temperature and Air Humidity on Hematocrit 

Levels in the Body When Doing Exercise, 

because body fluid loss (dehydration) and 

hematocrit levels are closely related to 

environmental conditions, especially air 

temperature and humidity. The hope is that this 

study can provide deep insight into the 

relationship between the environment and 

athletes' health, as well as become the basis for 

education on how to maintain hematocrit levels 

in normal conditions when exercising in 

challenging environments.  
This study aims to fill a crucial gap in 

the literature by investigating the specific 

impact of environmental temperature and 

humidity on hematocrit levels during exercise 

in Padang City, shedding light on the potential 

risks of dehydration and oxygen demand for 

athletes. The research objectives include 

assessing the magnitude of hematocrit changes, 

analyzing statistical significance, and 

emphasizing the need for holistic measures, 

such as adequate fluid intake, to mitigate these 

effects and safeguard athletes' health and 

performance in high-temperature and high-

humidity environments. 

 

METHOD 

This study uses quantitative research 

methods with an ex-post facto design, which 

aims to examine events that have occurred and 

see the factors that can give rise to these events. 
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The research design chosen was a pre-test post-

test, where the research sample conducted an 

initial test (pre-test) to check hematocrit levels 

before jogging 10 km, and a final test (post-test) 

to check hematocrit levels after jogging. The 

independent (free) variables in this study were 

ambient temperature and air humidity, while the 

dependent variable (bound) was hematocrit 

levels during exercise. The study population 

consisted of soccer players in Padang City, with 

a sample of 15 people who met certain criteria, 

such as aged 16-25 years, male, able-bodied, 

not injured, and actively training and playing 

football. 

Research instruments involve tools 

such as EDTA tubes, hematocrit centrifuges, 3 

cc syringes, hematocrit tubes, and digital 

thermohygrometers. The research procedure 

includes blood sampling before and after 

jogging, hematocrit examination using micro 

(capillary) methods, as well as data collection 

and analysis. The data obtained will be analyzed 

using a t-test with a significance level of 5%. 

Previously, data normality tests were carried 

out to ensure the data matched with the normal 

distribution. Population homogeneity is also 

tested to ensure similarity of variance between 

groups. The results of data analysis will be 

presented in the form of tables and graphs to 

illustrate changes in hematocrit levels before 

and after jogging. This research is expected to 

contribute to the understanding of the influence 

of environmental temperature and air humidity 

on hematocrit levels when doing sports, 

especially jogging as far as 10 km. 

 

RESULTS 

In accordance with the objectives that 

have been stated previously and the research 

hypothesis, the data will be described. Based on 

the results of measurements carried out, namely 

hematocrit levels, preliminary data were 

obtained pre-test (attachment of own contents) 

and post-test (attachment of sendri contents). 

Here's a full description of the data: 

 

Table 1. Description of Research Data 

 

N Mean ± 

Std. 

Deviation 

Minimum Maximum 

Pre-Test 16 43.38 ± 

2.125 
40 

47 

Post-Test 16 44.63 ± 

2.705 

49 

Total 

Duration 

16 59.02 ± 

1.687 

55.50 60.13 

 

Based on table 1 described above, it can 

be seen, the average pre-test is 43.38 with the 

lowest value of 40 and the highest value of 47. 

The post-test average was 44.63 with a low 

score of 40 and a high of 49. The average 

duration of time traveled was 59.02 minutes 

with the lowest value of 55.50 minutes and the 

highest value of 60.13 minutes. So that from the 

pre-test and post-test data, a difference of 1.25 

is obtained with the following diagram: 

 

 
 

Figure 1. Effects of ambient temperature and 

humidity on hematocrit levels

 

A. Test Analysis Requirements 

Paired sample t-Test is a difference test 

between two paired samples. Paired samples 

were the same subjects, but subjected to 

different treatments. This difference test model 

is used to analyze the research model before and 

after. The requirements must be met i.e. the data 

is normally distributed. The Shapiro Wilk test 

was used to test the normality of the data in this 

study at the significance level α = 0.05 assisted 

by the SPSS program. Here's the breakdown: 

 

Table 2 . Normality Test Results 

Based on the results of the normality 

test P value > 0.05, it can be said to be normal 

in the data group, namely the pre-test research 

shows, that the significance level is 0.451 > 0.05 

so that it can be concluded that the pre- test data 

 

Tests of Normality (Shapiro Wilk) 

Data Statistic Df Sig 

Pre Test 

Hematocrit 
0,947 

16 

0,451 

Post Test 

Hematocrit 
0,958 0,625 
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is normally distributed. In the post-test data, the 

study showed that the significance level was 

0.625 > 0.05 so that it can also be concluded that 

the post-test data is normally distributed.  

 

B. Test the Hypothesis 

Testing the research hypothesis was 

carried out based on the results of data analysis 

and interpretation of t-test analysis using paired 

sample t test. The sequence of hypothesis 

testing results adjusted to the hypotheses 

formulated in the table below, as follows: 

 

Table 3. Pre-test and Post-test T Test Results 

of ambient temperature and air humidity on 

hematocrit levels 

From the paired t test results of Table 4 

above, it can be seen that the significance value 

of p value is 0.034 and t value is 2.331. Because 

the significance value of p value is 0.034 < 0.05, 

it means that there is an influence of 

environmental temperature and air humidity on 

the body's hematocrit levels. 

 

Table 4. Pre-test and Post-test T Test Results 

of ambient temperature and air humidity on 

hematocrit levels 

Source N Decrease Unchanged Increased 

Hematocrit 

value 
16 18,75% 12,5% 68,75% 

Table 4 above, there were 3 people 

(18.75) who experienced a decrease in 

hematocrit levels, 2 people (12.5%) did not 

increase or decrease and 11 people (68.75%) 

experienced an increase. 

Based on the results of the analysis, 

data obtained in Table 2, Figure 1 and Table 4 

show the results of the calculated t value > t 

table so that the difference that occurs from the 

results of the difference in the average 

hematocrit value of pre and post which shows 

1.25%. Judging from the value of t, calculate 

with (-) so that in the table t take the value of 1-

tailed 0.05 with df 15, which is 1.753. Judging 

from the absolute value or absolute value of T 

calculate > T table, 2,331 > 1.753 which means 

there is a significant difference in ambient 

temperature and air humidity to the body's 

hematocrit levels. 

DISCUSSION 

 
Based on hypothesis testing, the results 

of the data were found by exercising at a 

temperature of 33, 2 ° C - 35.1 ° C air humidity 

at the time of carrying out this study between: 

50% - 53% had a significant effect, namely p 

value of 0.034 < 0.05. The average pre-test 

hematocrit value of 43.38% increased the post-

test hematocrit value by 44.63% with an 

average time of 59.02 minutes. Hematocrit is 

the percentage of total blood volume containing 

erythrocytes or red blood cells, that is, the 

volume of all erythrocytes in 100 ml of blood 

expressed in % (percent) 26. When exercising, 

plasma volume will decrease so that the 

hematocrit value will increase. Exercising 

during this time is done only by referring to the 

signs of changes that appear and are produced 

by the body, such as differences in pulse levels, 

the amount of sweat and other signs of fatigue 
27.  In addition to these factors, ambient 

temperature and air humidity have a significant 

influence on the body when doing sports 28.  

Environmental temperature is closely 

related to the level of air humidity. The higher 

the ambient temperature, the higher the 

humidity level of the surrounding air 29. An area 

has different temperatures and relative 

humidity. Indonesia is a tropical region with 

temperatures ranging from 29-30°C with 

relative humidity of the air varying depending 

on various factors such as rainfall, 

waterlogging, or barren tropics. Environmental 

temperature is the degree of heat or cold that 

prevails in the surrounding space 30. These 

environmental factors can be classified in the 

external environment, namely the environment 

that affects the performance of athletes who 

come from outside the body 31,32. In addition, 

there is also the internal environment, namely 

things that affect physical appearance in sports 

activities that originate from within the athlete's 

body. The division of the environment does not 

only stand alone, but supports each other. The 

altitude of the place (physical factors) affects 

chemical factors, namely the partial pressure of 

O2, CO2, and CO in the air. Biological 

environmental factors affect the chemical 

environment. During the day in arid areas, O2 

levels will be lower than in grassy areas or fields 

and shady plants. While at night the opposite 

will happen, namely CO2 gas will increase in 

levels. Exercising will lead to a state of oxygen 

deprivation or hypoxia. If hypoxia occurs, the 

Source T df 
Sig. 2 

tailed 

Pair Pre Test 

Hematokrit - Post 

Test Hematokrit 

-2.331 15 .034 
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body will compensate by increasing the number 

of oxygen carriers. One of them is by increasing 

the secretion of the hormone erythropoietin into 

the blood by the kidneys which will further 

stimulate the production of erythropoiesis by 

the red bone marrow to increase the number of 

red blood cells in the blood, it causes the 

percentage of hematocrit to increase.  

A decrease in hematocrit levels occurs 

in states of hypovelemia, dehydration, 

polycythemia vera, severe diarrhea, diabetic 

acidosis, pulmonary emphysema, cerebral 

ischemic and eclampsia. A hot environment can 

increase the flow of blood vessels in the skin, so 

it can change cardiovascular function 11.  

Increased blood vessel flow in the skin reduces 

pressure on the central blood vessels and 

disrupts blood flow in the muscles. Sweating at 

increased temperature conditions can exceed 

fluid intake in the body. When dehydration 

exceeds 3% of total body water (2% of body 

mass) then aerobic performance can be 

consistently impaired. Dehydration adds to 

hyperthermia and a reduction in plasma 

volume, which combine to accentuate 

cardiovascular stress. Changes in high blood 

plasma volume are also caused due to longer 

duration of exercise (i.e., time periods longer 

than one hour). This causes the body to 

compensate by using blood plasma which is the 

main source of body fluids. As a result, the 

plasma volume will decrease resulting in blood 

clotting or hemoconcentration which causes an 

increase in hematocrit due to the exit of 

erythrocytes from the spleen. On examination 

of plasma hematocrit should also be observed 

for the presence of hemolysis. Physiological or 

pathophysiological states in plasma can affect 

hematocrit examination. This is in line with 

research Sari et al (2023) Hematocrit deficiency 

can occur due to physical activity that is beyond 

the limits of maximum ability. Physical activity 

can affect the increase or decrease in hematocrit 

levels in the blood. In general, exercise can 

change hematocrit acutely or chronically in 

blood plasma, and changes the availability of 

hematocrit in red blood cells. Volume in blood 

plasma can decrease after physical activity, 

resulting in increased pressure, this can occur 

due to hormonal changes and sweat 34,35. 

Based on the explanation above, there 

are several factors that affect hematocrit, 

including oxygen demand and dehydration 

caused by environmental temperature and air 

humidity. That the use of oxygen and 

dehydration can decrease with the simultaneous 

increase in temperature and humidity of air in 

an area. At high room temperature, the body 

increases, the body temperature is higher and 

the cardiovascular pressure is higher, resulting 

in a higher dehydration process as a form of 

resistance to the increase in temperature. Based 

on this, it can affect the hematocrit in a person's 

body. 

 

CONCLUSION 

This study highlights the impact of 

environmental temperature and air humidity on 

health and hematocrit levels during exercise, 

especially in Padang City. The results of the 

analysis showed a significant influence of 

environmental temperature and air humidity on 

the increase in hematocrit levels during activity, 

with an average increase of 1.25%. Factors such 

as oxygen demand, dehydration, and the body's 

adaptation to the environment play an important 

role in changes in hematocrit levels. Therefore, 

a holistic understanding of the sports 

environment, including physical, biological, 

and social aspects, is crucial to maintaining the 

health and performance of athletes. A 

significant increase in hematocrit levels may 

also be associated with a risk of dehydration 

that can affect the physical performance and 

workload of the heart. Preventive measures that 

can be taken, such as adequate fluid intake and 

adaptation to environmental changes, need to be 

implemented to maintain the health and quality 

of life of people who exercise in environments 

with high temperatures and humidity. 
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