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From the classical point of view, sports or 
physical activity has a changing influence 

on the immune system, which led to the defi-
nition of the J-form relationship between phy-
sical activity/sports and immune system. In 
this theory, moderate physical activity leads 
to strengthening of the immune system and 
high-level physical activity weakens the immu-
ne system with increasing load, at least as an  
acute reaction.

An immune system activated by acute or chronic 
inflammation leads on the one hand usually to a re-
duction of physical/athletic performance capacity. 
This can be explained, at least in part, that both the 
immune system and sport involve high metabolic 
and hormonal stress for the organism, which can 
result in reciprocal potentiation. This simple me-
chanistic consideration has adapted over the past 
25 years.

There are especially two aspects which led to 
this adaptation. On the one hand, the basically ex-
panded knowledge of the role of the immune system 
not only as an “organ” for the defense function of the 
body, but also in the control of physiological and 
pathophysiological processes, which is connected 
to de- and regeneration of the body. On the other 
hand, the knowledge that physical activity or sport 
modulates/regulates the immune system not only 
in the short- but also middle- and long-term and 
the skeletal muscles plays a central role as the lar-
gest “organ” of the body. This has resulted in a more 
complex picture of the changing relationship bet-
ween the immune system and sports, which is to be 
discussed in this Special Issue.

A current overview of the role of physical ac-
tivity/sports for the immune function is in the 
focus and will be supplemented by specific consi-
derations of the importance of physical activity/
sports in the modulation of neuroinflammatory 
processes, which play an essential role in neuro-
degenerative diseases and on the influence of the 
immune system in muscle regeneration, as well 
as the influence of the immune system in joint di-
sease and the use of inflammatory markers in the 
assessment of joint load and status. In considering 
the changing relationship between the immune 
system and sports, the aspect cannot be ignored 
of the activated immune system in inflammations 
and its relevance for athletic activity, as well as 
the related consequences for the management  
of athletes.

The close relationship between the immune sys-
tem and sports is clear in the important influen-
ce sport has on the immune system. Sport results 
not only in a redistribution of leukocytes in the 
body, which may be of essential importance for the 
function of the immune system (1), as recently de-
monstrated for example in an animal model based 
on redistribution in the tumor of tumor-cell-re-
pelling NK cells by means of regular training (4), 
but the function of immune cells is also altered, 
as studies on the activation of NK cells by sports  
have shown (5).

This is, however, only a small extract of what 
sports effects in the immune system. These effects 
of sports are mediated by the autonomic nervous 
system, the hormone system and most of all by cy-
tokines released from muscles. Sports also leads 
to regulation of the T-lymphocytes which regulate 
the immune system and it can be demonstrated 
that the so-called suppressive Treg-lymphocytes 
increase in the blood of elite athletes depending 
on the maximal oxygen uptake capacity, shifting 
the immunological equilibrium in the direction 
of an anti-inflammatory state (7) Sports generally 
leads to a shift in the release of pro-inflammatory 
to anti-inflammatory cytokines, which is import-
ant for nearly all organ systems and tissues in the 
body. Moreover, sport has a positive influence in 
inhibiting the aging of the immune system, which 
is referred to as immune senescence.

It is becoming increasingly clear that the immu-
ne system plays a key role in tissue regeneration, as 
can be demonstrated for example in muscle rege-
neration. Especially after structural injuries to the 
musculature, muscle regeneration is regulated by 
the immune system. The healing process requires 
a coordinated cellular process which must be ini-
tiated and controlled. In this, the immune system 
takes on a central role, starting with the release of 
pro-inflammatory factors and immigration of in-
flammatory cells, tissue regeneration is regulated 
by the local inflammatory cells. These alter their 
function from a pro-inflammatory to a regulatory 
function, which has thus far been best described 
for macrophages. Interventions in this process, 
for example by anti-inflammatory medications, 
can thus lead to impairment of the course of he-
aling. The regulatory role of the immune system 
cited for skeletal muscles is likely not limited to 
muscles alone but can be ascribed for other tis-
sues and organs (2). This leads then to the questi-
on of how alterations in the immune system,  
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for example by age, nutrition and especially sports, influence 
tissue regeneration. Do highly-trained elite athletes present 
altered tissue regeneration due to a shifted immunological  
equilibrium?

The immune system, however, is not only involved in tis-
sue regeneration, but also has an essential influence on the 
maintenance of function and structure of tissues and organs 
in dependence on immunological equilibrium, since a chronic 
pro-inflammatory state of the immune system leads to tissue 
and organ damage and, among other things, cardiovascular 
and metabolic diseases as well as neurodegenerative diseases. 
Using neurodegenerative diseases as an example, it becomes 
clear how sports activity can work to offset neurodegeneration 
in part via the immune system. In the brain, too, sports ac-
tivity also alters the availability of pro-inflammatory factors 
and the localization and activation of immune cells so that 
neuroinflammation is suppressed as the driver of neurode-
generation. This can be shown on the example of sports in 
patients with multiple sclerosis (9).

Chronic and acute inflammations damage not only the 
vessels, heart, skeletal muscles and brain, but connective 
and supporting tissues are subject to pro-inflammatory in-
fluences, as clearly seen in osteoarthritis. The degeneration 
of joint components, especially cartilage, is closely connec-
ted to pro-inflammatory processes in the joint. The influence 
of sports on osteoarthritis has been shown, even though the 
underlying mechanisms are far from being explained. It can 
be assumed, however, that the local pro-inflammatory situa-
tion plays an essential role. It is no surprise that inflammati-
on factors are used as markers for the influence of sports on 
multimorbid osteoarthritis (7).

These effects of sports on the immune system and the 
burden on the immune system which arise especially at high 
training loads must, however, also be viewed in connection 
with infectious diseases, since the effect of sports may have 
a negative effect, as least temporarily, on the defense functi-
on of the immune system. This makes appropriate load ma-
nagement necessary in athletes, taking into consideration 
additional pro-inflammatory stimuli and the occurrence of 
vulnerable phases for infection. For this reason, information 
on the practical avoidance of bacterial and viral infections is 
given in this special edition (3).

Why sports has so great an influence on the immune sys-
tem is most clear when it is remembered that practically every 
sport activity results in dependence on volume and intensity 
in stimulation of the immune system and the immune system 
is trained as well. It will be important in the future to further 
understand the effect of sports on the immune system and 
generate from the knowledge gained practical and clinical re-
commendations for sports to strengthen the immune system.
�
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