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A B S T R A C T 
 

Background and Aim: Physical activity and abnormal environments cause 
changes in the functioning of the immune system. The aim of this study was to 
compare the effect of exercise in cold, hot and normal temperature conditions on 
the number of leukocytes and platelets in athletes’ blood.  
Methods: In this clinical trial study, 10 young male endurance athletes performed 
the same exercise for one hour with 60% of maximum oxygen consumption in 
three natural, cold and warm environments. Before, immediately and two hours 
after exercise, neutrophils, L Monocytes and platelets were counted. Data were 
analyzed using repeated measures statistical test and Bonferron post hoc test. 
Results: The total number of leukocytes increased significantly in all three 
environments after exercise (p <0.0001), but neutrophils did not increase 
significantly only in warm environment and lymphocytes did not increase 
significantly in cold environment (p <0.05). Lymphocytes in cold, normal and 
warm environment had a significant decrease (p <0.05), but the decrease in 
leukocytes was not significant except in neutrophils in hot environment (p 
<0.05). 
Conclusion: Exercise excitability in different temperature environments 
stimulates and accumulates immune cells. However, exercise in warm 
environments further increases the amount of these cells and also delays the 
recovery of the immune system to a resting state after exercise. 

  

Introduction 

xercise can lead to changes in the 
immune system. It has been shown 
that abnormal environments are an 
important source of physiological 

stress that can interfere with the normal 
functioning of the immune system. Exercise has 
been shown to have a significant impact on the 
immune system in both humans and animals in 

a number of studies. Regular bouts of short-
duration (up to 45 minutes) moderate-intensity 
exercise are thought to be good for host 
immunological response, especially in older 
persons and persons with chronic conditions 
[2]. When physical activity is combined with 
abnormal environments, it causes two types of 
physiological stress. These conditions can cause 
changes in the function and number of immune 
cells, more than in the case of each alone [3,2]. 
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It is believed that the immune responses 

during and after athletic activity in various 
factors such as release of catecholamines, 
central pituitary-renal activity, or feedback 
from other leukocytes. Researchers have shown 
that inactive warming leads to an increase in 
the number of neutrophils, monocytes, and 
lymphocytes. And environmental stress leads to 
at least one additive effect on immune 
responses [6]. The human immune system is a 
well-coordinated network of cells and chemical 
components that recognize and destroy 
infections that infiltrate the body, e.g., viruses, 
bacteria and fungi. Two levels of immune 
protection, the innate immune system and the 
acquired (adaptive) immune system must 
function together to maintain a healthy immune 
system. There have been numerous hypotheses 
offered as to why prescribed exercise protects 
against URTI. According to past studies, a single 
session of moderate exercise boosts both the 
innate and acquired immune systems. Millions 
of immune cells are instantly mobilized after 
each bout of moderate aerobic activity, and 
from the mobilized cells initially enter the blood 
circulation. Many sorts of aerobic activity can 
provide significant health advantages, e.g., 
walking, jogging, cycling, swimming, sports play 
and aerobic dance. According to past studies, 
20–40 minutes of moderate-intensity exercise 
each day is sufficient to give the immune 
system a boost. To meet your physical activity 
goals, there are numerous approaches to assess 
intensity during aerobic exercise [4,5]. 

Following exercise in hot temperatures, the 
number of leukocytes present in the blood for a 
longer period of time remains higher in the 
center [7,3]. Differences were observed in the 
activity of the central nervous system in 
response to the cold. It is more dependent on 
the exercise itself. An increase in central 
temperature in response to inflammation is a 
mechanism that the body uses to destroy and 
deactivate the invasive microorganisms that 
can cause active inflammation. Therefore, it can 
be stimulated [4]. 

On the other hand, physical activity increases 
the core body temperature. Also, other forms of 
psychological distress, and abnormality 
weakens the immune system, especially in the 

period of recovery will be effective [9, 8, 4]. If 
you raise the temperature of the center of 
activity, the main driver of event Impaired 
immune system function, so exercise in cold 
environments can cause fewer changes in 
immune cells than in other environments 
[4,8,10]. Few studies have examined the 
immune responses to exercise in the cold [4, 3]. 
They may be different, but athletes, climbers, 
ice skaters, firefighters, and military personnel 
may be forced to compete in unnatural 
environments. However, considering that 
athletes, mountaineers, ice skaters, firefighters 
and soldiers may be forced to work in 
unnatural environments, it is also important to 
stay in the country due to the extreme climatic 
conditions of the country. Changes in the safety 
system of sports activities in these areas should 
be examined. Therefore, the aim of this study 
was to compare safety responses, during and 
after sports activities in hot, cold and natural 
environments [11, 30]. 

Methods 

This clinical trial study was conducted in 2020 
after the approval of the Ethics Committee of 
the University of Tehran. 10 people who had a 
continuous presence in endurance sports 
activities for at least 3 years participated in the 
study. They completed the questionnaire. 
Personal information, medical and sports 
records and consent form with full knowledge 
of how to perform the job voluntarily and with 
the purpose of being selected in Qom was 
provided. Admission requirements included 
absence of any disease, infection and injury in 
the last month and having a history of at least 3 
consecutive years and 8 hours per week of 
endurance exercise and maximum oxygen 
consumption exceeding 50 ml per kilogram per 
minute per minute was recommended. The 
intensity equations based on the percentage of 
maximum oxygen consumption, the intensity of 
the intensity of the pulse, the exchange rate of 
the polar bearings, the weight of the athletes, 
and the closure of the hourglass, especially the 
amount of the minimum pulse were considered 
[10-12]. In addition, the tests were performed 
in the moderate season of the year [13].  They 
have 2 hours rest except water from any food 
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supplement. They did not use energy. The 
collected data were analyzed using SPSS 
software. Repeated measures and statistical 
test and Bonferron follow-up were applied [3]. 

Results 

The mean age of the participants in the study 
was 2.22 years, the average weight was 67 kg, 
the average height was176 cm, the body mass 
index was 3.76 kg, and the average was 1.1 kg / 
m 2 / m2. 1.6 hours per week of activity and 
maximum oxygen consumption was 57.2, 3.2 ml 
/ kg.  

Based on these results, the total values of 
leukocytes after exercise in the natural 
environment, cold and hot, compared with 
before exercise, respectively are 21.35 and 
48.63% (p <0.0001). The number of these cells 
decreased by 16.8% two hours after activity in 
the natural environment, decreased by 9.8% in 
the cold environment and decreased by only 
1% in the warm environment. The number of 
neutrophils after activity in the natural and cold 
environment increased by 22.9% and 26.4%, 
respectively, compared with the activity before 
the activity. Hot environment increased by 37% 
(p = 0.018). The number of lymphocytes after 
activity in natural and warm environment 
increased by 42% and 71%, respectively, before 
activity (p < 0.0001), but in cold environment 
no significant increase was observed (p = 0.1). 
There was a significant decrease of 26% in 
activity in the natural environment, 19.2% in 
the warm environment and 36% in the cold 
environment compared with the activity 
immediately after the activity (p <0.05). The 
number of monocytes after physical activity in 
the natural, cold and hot environment 
compared with before the activity, respectively, 
is 91, 48 and 88.5%, respectively. 37% normal, 
21% in cold environment, 55% in warm 
environment (p <0.05). Platelet counts 
immediately after activity in the natural, cold 
and hot environment were 27%, 20% and 34% 
higher than before activation, respectively. 20, 
17 and 25% had a significant reduction (p 
<0.0001). 

 

Discussion 

Exercise activity in different temperature 
environments causes changes in the function of 
the immune system and the number of 
leukocytes and platelets [1,2,5]. The results of 
the present study show that exercise activity in 
all three environments is associated with an 
increase in the total number of leukocytes, 
which is consistent with the results of other 
studies [3,7,14,15], and is naturally associated 
with the spread of more leukocytosis [3,7]. The 
cause of this event seems to be an increase in 
central temperature, an increase in physical 
pressure and stress hormones [31]. 

In addition, Hill et al. (2008) showed an 
increase in the temperature of the central 
Pituitary kidney stimulate the pituitary renal 
function, increased levels of cortisol; however, 
due to the effect of cortisol on the immune 
system, increased levels of cortisol cause 
leukocytosis [16]. It has been shown that the 
main cause of leukocyte accumulation during 
exercise is due to increased cardiac output, 
plasma levels of catecholamines and cortisol. It 
has been shown that the main cause of 
leukocyte accumulation during exercise is due 
to increased cardiac output, plasma 
catecholamines and plasma cortisol levels [8]. 
The researchers showed that after exercising in 
warm conditions, leukocyte counts remained 
higher than normal temperature for a longer 
period of time, and that exercise in a warm 
environment delayed the return of the immune 
system to its original state [3,7]. 

This response can be rooted in a lower 
reduction in centrifugal temperature following 
exercise in a warm environment [17]. Slight 
increase in leukocytes before exercise in hot 
and cold environment compared with natural 
environment is likely to cause muscle tremors 
and release of stress hormones in the 
environment and environment. A very small 
reduction in the number of leukocytes in the 
warm environment has also been observed in 
previous studies. The slightest decrease in cells 
during the rest period in a warm environment 
compared with the cold and natural 
environment is likely to be due to a lower 
decrease in body temperature during the rest 
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period in a warm environment [4,17]. In the present study, it was observed that an increase 

in the number of neutrophils that produce 
sports activity in cold and natural 
environments, which is consistent with the 
results of other studies [18]. Catecholamines 
and cortisol, which are targeted receptors in 
neutrophils, have been shown to increase 
neutrophil counts; recall from bone marrow 
and increase neutrophil activity [19]. 

However, it has been reported that the 
increase in primary neutrophils is rooted in the 
release of catecholamines and the secondary 
increase in root activity in plasma cortisol 
results in the recall of neutrophils from the 
bone marrow. There is a period of rest after 
exercise [20]. However, an increase in 
neutrophil counts after exercise rest which also 
occurs without cortisol has been reported to be 
[20]. Another result of the present study was a 
significant increase in lymphocyte counts after 
exercise in warm and natural environments and 
in cold environments there was no significant 
increase. Brian et. al.   (2003) showed that after 
one hour of activity at 8 and 38 degrees Celsius, 
the increase in lymphocyte count was 
significant in warm environment but not 
significant increase in cold environment [29]. 
This factor seems to be rooted in changes in 
body temperature during exercise in different 
environments. Also, in the present study, the 
number of monocytes after exercise in all three 
environments increased significantly and a 
significant increase in these cells was observed 
in warm and natural environments compared 
to cold environments. It has been shown that 
the number of lymphocytes increases 
immediately after exercise and during the 
recovery period, exercise increases the amount 
of exercise before exercise or even less than the 
baseline levels, and susceptibility to viral 
infections [22,21]. Also, it has been reported 
that if the recovery period is more than one 
hour, lymphocytic values can fall below 
baseline [23]. In the study by Jonathan et al 
(2008), the levels of monocytes and 
lymphocytes increased after exercise in both 
environments and more increase was observed 
in warm environments than in cold 
environments [17]. 

In the present study, the number of platelets 
increased significantly after activity in all three 
environments and decreased significantly 
during the rest period. Platelets may not change 
after moderate-to-moderate exercise, but 
increase after prolonged or prolonged physical 
activity. Platelets increase after exercise [24] 
except for glucocorticoids; doping products 
have relatively minor impacts on the immune 
system, while erythropoietin can have 
significant side effects in rare situations. 
Glutamine and vitamin C could theoretically 
protect the immune system from the 
detrimental consequences of hard exercise, but 
further research is needed to prove and explain 
these benefits. Exercise appears to improve 
immune function, which may help guard against 
upper respiratory tract infections. Both the 
humoral and cellular immune systems are 
affected by exercise. Except for glucocorticoids, 
doping products have relatively minor impacts 
on the immune system, while erythropoietin 
can have significant side effects in rare 
situations [23, 24]. 

Conclusion 

In conclusion, the results of the present study 
showed that exercise in all three environments, 
natural, cold and hot, is associated with 
stimulation of the immune system, 
accumulation and increase in the number of 
immune cells. However, exercising in a warm 
environment may increase body temperature 
and release stress-stimulating hormones, 
further altering immune system components 
and further enhancing immune cells. In 
addition, resting in a warm environment 
prevents leukocyte levels from returning to 
baseline levels (before exercise) and resting in 
a cold environment due to a decrease in 
lymphocyte counts to less than baseline levels, 
according to the window-opening theory. 
Therefore, rest in the natural environment can 
be better than the other two environments.  
Exercise reduces  the trend of osteoporosis, 
especially in women, (beneficial fat HDL), 
controlling blood lipid disorders and helping to 
increase serum levels, reducing the 
complications of obesity and its treatment, 
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controlling diabetes and reducing the incidence 
of type 2 diabetes, prevention from 
atherosclerosis of coronary arteries (hardening 
of the arteries, (reduction of complications of 
joint diseases and osteoarthritis (arthritis), 
reduction of pregnancy complications with 
stress, strengthening of the immune system, 
weakness, strengthening of the body, 
strengthening the body, strengthening the 
body, strengthening the body and anxiety, 
strengthening and creating a sense of freshness, 
prevention and treatment of addiction. 
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