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ORIGINAL ARTICLE

The effect of prolonged whole-body cryostimulation treatment with
different amounts of sessions on chosen pro- and anti-inflammatory
cytokines levels in healthy men
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Abstract
Cryotherapy is used in the early treatment of acute injuries (sprains, strains, fractures) yet only a few papers discuss the
possible influence of whole-body cryostimulation on inflammation mechanisms or immunology. It is postulated that cold
exposure can have an immunostimulating effect related to enhanced noradrenaline response and can be connected with
paracrine effects. The aim of this study was to examine the effect of different sequences of whole-body cryostimulations
on the level of pro- and anti-inflammatory cytokines in healthy individuals. The research involved 45 healthy men divided
into three groups. The groups were subjected to 5, 10 or 20, 3-minute long whole-body cryostimulations each day at 130°C.
Blood was collected for analysis before the stimulations, after completion of the whole series, and 2 weeks after completion
of the series, for the examination of any long-term effect. The analysis of results showed that in response to cryostimulation,
the level of ani-inflammatory cytokines IL-6 and IL-10 increased while Il-1α cytokine level decreased. It seems that the
most advantageous sequence was the series of 20 cryostimulations due to the longest lasting effects of stimulation after the
completion of the whole series of treatments.
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Introduction
One of the advantages of whole-body cryostimulation in medicine, rehabilitation, sport and biological
renewal is the provocation of systemic physiological
responses that lead to a reduction in inflammatory
reaction [1]. However, reports on the effects of cryogenic temperatures are often contradictory, mainly
due to the differing number of treatments applied
during the tests, differing durations of a single treatment, participation of people with various diseases
in the study, and the lack of information about
changes induced by cryogenic temperature in healthy
patients [2–4].
Usually cryostimulations are performed at temperatures from 110°C to 160°C, depending on

the available cryochamber. The most frequently used
temperature is 130°C, relatively well tolerated by
patients; the stimulation may then take from 2.5–3
minutes without complications, e.g. frostbite. Cryostimulation is usually performed once a day for 10
following days, but there is no sufficient information
and research showing that this number is the most
advantageous. In our previous studies, the most beneficial effects on the lipid profile induced by cryostimulation were observed after the application of 20
daily 3-min treatments [5]. Numerous studies confirm that short-term whole-body cold exposure
induces an oxidative stress but does not decrease
the antioxidant capacity [6–10]. Additionally it is
known that hypothermia inhibits the expression of
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inflammatory mediators and induces expression of
anti-inflammatory cytokines [11–13].
Cold is known to affect leukocyte mobilization,
and it is suggested that cold exposure initiates changes
in cytokine expression associated with a nonspecific
acute phase reaction that could be the affect of multiple interactions between the cytokines and neuroendocrine hormones [14]. Despite a recently
growing interest in cryostimulation, relatively little is
known about the physiological modulation of the
immune system, cytokine expression and their serum
concentration by cryogenic temperatures, both as
cryostimulation and as a cryotherapy. It seems important to know the influence of repeated exposure to
the stress induced by cryogenic temperatures affecting the whole-body of healthy people in order to use
this knowledge efficiently in clinical practice. Therefore, the aim of this study was to observe changes in
the levels of cytokines under the influence of repeated
systemic cryostimulation in young healthy men. In
addition, it was examined whether there were differences in response to cryostimulation, depending on
the daily number of applied treatments.

Material and methods
The research involved 45 healthy men, aged 22  0.8
years, with normal body-weight, who had never been
subjected to any form of cryotherapy. Each participant gave his written consent before participation in
the research, and the Bioethical Committee of the
Regional Medical Society issued their formal consent, according to the Declaration of Helsinki.
Prior to the start of the experiment, each participant was examined by a physician to test for any
contraindications against cryostimulation. Before
each treatment, systolic and diastolic blood pressure
was measured in order to check for the most common contraindication of high blood pressure. The
participants were non-smokers and they were advised
to maintain the same level of physical activity and
their regular diet during the period of tests. The participants were randomized into three groups with the
same numerical amount. Three different procedures
of cryostimulation were used for the appropriate
group of men during the study. The first group (A,
n  15) underwent whole body cryostimulation
(WBC) once a day for 5 consecutive days. The second group (B, n  15) was subjected to 10 daily
cryostimulation sessions for 2 weeks (10 sessions),
excluding Saturdays and Sundays. The third (C,
n  15) group was subjected to 20 daily cryostimulations for 4 consecutive weeks, with interruptions
for Saturdays and Sundays. The cryostimulations
took place every day at the same time, between 8 a.m.
and 10 a.m.
Each session of whole-body cryostimulation
lasted 3 minutes. Entry to the cryo-chamber was

preceded by a 30-second adaptation period in the
vestibule at a temperature of  60°C, after which
the subjects went directly to the chamber proper
(130°C). In the chamber, participants moved slowly,
walking in a circle, one behind another, without
mutual contact, without any additional movements
and conversations. After 1 minute a change in the
direction of walking was recommended. All the time
contact with the participants was maintained via a
camera and microphones. Just before entry into the
cryochamber, the participants thoroughly dried their
bodies to eliminate the sensation of cold. During the
procedure, the subjects were dressed only in shorts,
socks, gloves and a hat covering the auricles against
frostbite. They also wore wooden clogs. In order to
protect the upper airways, noses and mouths were
secured with a surgical mask. No illnesses occurred
during the study period.
Biochemical analysis
In all the groups, blood samples were obtained from
an antecubital forearm vein using vacutainer system
tubes (Sarstedt, Germany), after overnight fasting, in
the morning before the treatment and after a 10-minute rest in a sitting position.
The analyses of the levels of pro- and anti-inflammatory cytokines were performed on blood samples
taken four times from each group, on the following
days of the experiment:
(1) Morning, before any cryostimulation, in all
the examined groups (1A; 1B; 1C).
(2) Morning, on the day following the last cryostimulation for the given group (2A – after
five treatments in group A; 2B – after 10
treatments in group B; 2C – after 10 treatments in group C; 3C – after 20 treatments
in group C).
(3) Two weeks after the completion of 5,10
and 20 treatments in respective groups
(3A; 3B; 4C).
(4) Control sampling in groups A and B, in order
to examine the long-term effects of cryostimulation, on the day of the last blood sampling
in group C.
Blood samples for morphological examination were
collected to vacutainer tubes (2.4 ml) containing anticoagulant (EDTA). For the determination of serum
cytokines, blood was collected into vacutainer tubes
(7.5 ml) containing no anticoagulant. It was incubated at room temperature for approximately 30 min
to allow clotting and then immediately centrifuged
(1200 g/for 10 min) at  4 ° C. Directly after centrifugation, serum samples were divided into aliquots
and immediately deep-frozen at 70° C until the
time of analysis.
In samples no.1 hematological parameters were
determined, including number of erythrocytes (RBC),
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Statistical analysis was performed using the Statistica
6 package. We assessed the distribution of the analysed variables using a Shapiro-Wilk test. The results
showed that in some cases the distributions deviated
from normal distribution, so a detailed statistical
analysis using nonparametric tests was necessary.
When a significant F-value in Friedmans’ analysis
was found a Wilcoxon post-hoc test for dependent
variables was performed. For the parameters with
normal distribution the results are expressed as the
mean value with standard deviation (  SD), in other
cases the results are expressed as median, the value
of the lower quartile (Q25) and the value of the upper
quartile (Q75). The level of statistical significance was
p  0.05. In order to demonstrate whether the
observed correlations were statistically significant, we
used the Spearman’s rank correlation coefficient.

most IL-6 (Δ  0.15 pg/ml, p  0.01), slightly less
significant was the increase in IL-10 (Δ  0.1 pg/ml,
p  0.05). Two weeks after the series of 10 treatments
in group B these values returned to the initial state, in
both cases. It was different in group C which continued for 20 cryostimulations. After completion of the
series, the levels of the aforementioned interleukins
were still elevated compared to the initial values
(ΔIL-6  0.16 pg/ml, p  0.01; ΔIL-10  0.08 pg/ml,
p  0.05). Two weeks after completion of the series
of 20 cryostimulations, cytokine levels in serum
returned to the initial values. The opposite direction
of changes was observed for IL1α. As early as after
the series of five treatments in group A, the level of
this cytokine significantly decreased (Δ  0.09 pg/ml,
p  0.05). In group B, after 10 treatments, this
decrease was Δ  0.17 pg/ml and in group C it was
Δ  0.25 pg/ml (p  0.05). In group C which continued treatment, a further reduction in the level of IL1α was observed: Δ  0.32 pg/ml (p  0.05), after a
series of 20 treatments. Two weeks after the series of
both 5 and 10 treatments, the levels returned to the
initial values, but remained decreased in group C 2
weeks after the series of 20 treatments.
The use of whole-body cryostimulation, regardless of the number of treatments in the series, did not
result in changes in the levels of IL-1β, IL-12 or
TNFα.
No significant correlations were found between
body weight, BMI and initial levels of cytokines.
However, increases in the levels of IL-6 and IL-12,
both after 10 and 20 treatments, significantly correlated with the BMI of the subjects (Table III).

Results

Discussion

The examined groups of men were homogeneous with
regard to age, weight and body height, and BMI. In
all patients blood morphology values were within the
range of reference values for respective age groups.
Anthropometric characteristics and blood morphology
are presented in Table I. The levels of cytokines IL1-α,
IL1-β, IL-6, IL-10, IL-12, TNFα in serum, before and
after cryostimulation are shown in Table II. There were
no statistically significant differences in the initial levels of any of the studied cytokines between the examined groups. These values were low and typical for
healthy persons. The results obtained in subsequent
samples were referred to the initial level for the group,
treated as the control. After five daily treatments using
whole-body cryostimulation in group A, a statistically
significant increase was observed in IL-6 levels
(Δ  0.12 pg/ml) and IL-10 (Δ  0.35 pg/ml, p  0.05)
compared to the initial values. In this group, 2 weeks
after exposure the increased IL-10 levels continued
while the levels of IL-6 returned to the initial state.
Similarly, after applying the series of 10 treatments in
groups B and C, the levels of these cytokines increased;

Whole-body cryotherapy (WBC) is recommended
for patients suffering from arthritis, osteoarthritis,
fibromyalgia, acute injury, trauma, chronic pain, and

hemoglobin concentration (Hb), the hematocrit value
(Hct), number of leukocytes (WBC) and thrombocytes (PLT). Cytokines: IL-1α, IL-1β, IL-6, IL-10,
IL-12 and TNFα were determined in serum using
enzyme-linked immunosorbent assay for quantitative
detection of human interleukin (Human Interleukin
Elisa, Bender MedSystems GmbH, Vienna, Austria).
Method sensitivity and intra-assay and inter-assay
coefficient of variation was: for IL-1α: 1.1 pg/ml,
5.4%, 10%; IL-1β: 0.3 pg/ml, 5.1%, 8.6%;
IL-6:0.92 pg/ml, 3.4%, 5.2%; IL-10: 1.0 pg/ml,
3.2%, 5.6%; IL-12: 2.1pg/ml, 3.0%, 4.8%;
TNFα: 0.13 pg/ml, 8.5%, 9.8%.
Statistical analysis
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Table I. Characteristics of the examined groups (the values are
mean  standard deviation (SD), minimum and maximum).
Mean value  SD
Group
Height (m)
Body mass (kg)
BMI (kg/m2)
WBC (109/L)
RBC (1012/L)
HGB (g/L)
HCT (%)
PLT (109/L)

A
1.82
74.8
23.2
6.9
5.2
13.2
44
234










B
0.04
3.7
1.4
2.0
0.3
1.0
3
43

1.79
73.5
23.4
6.5
5.1
13.3
46
223










C
0.06
5.4
1.8
1.5
0.2
0.6
2
32

1.81
77.6
23.4
7.0
5.3
12.9
44
257










0.04
9.4
2.1
1.3
0.1
1.3
3
40

A – the group underwent once-daily WBC treatment for five
sessions; B – the group underwent once-daily WBC treatment for
10 sessions; C – the group underwent once-daily WBC treatment
for 20 sessions; BMI, body mass index; WBC, white blood cells;
RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; PLT,
thrombocytes.
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Table II. Changes in the level of interleukin in serum following the different amount of sessions of cryostimulation treatment.
Median and the value of the lower and the upper quartile(Q25–Q75)
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Group and duration of the
samples collection
A

1A

B

2A
(after 5 sessions)
3A
(2 weeks after 5 sessions)
4A
(control for 4C)
1B

C

2B
(after 10 sessions)
3B
(2 weeks after 10 sessions)
4B
(control for 4C)
1C
2C
(after 10 sessions)
3C
(after 20 sessions)
4C
(2 weeks after 20 sessions)

IL1-α
(pg/ml)

IL1-β
(pg/ml)

IL6
(pg/ml)

IL10
(pg/ml)

IL12
(pg/ml)

TNFα
(pg/ml)

0.93
(0.87–0.98)
0.84∗1A
(0.83–0.88)
0.90
(0.82–0.92)
0.88
(0.78–1.00)
1.00
(0.94–1.46)
0.83∗1B
(0.81–0.92)
0.89
(0.80–1.00)
0.89
(0.77–1.36)
1.20
(1.00–1.60)
0.95∗1C
(0.89–0.99)
0.88∗1C
(0.83–0.92)
0.92∗1C
(0.84–1.00)

2.27
(2.00–2.80)
2.12
(1.95–2.30)
2.48
(1.84–2.56)
2.33
(2.13–2.47)
2.35
(1.98–2.60)
2.12
(1.94–2.80)
2.10
(1.92–2.30)
2.31
(1.77–2.85)
2.30
(2.00–2.56)
2.30
(2.00–3.10)
2.03
(1.83–2.40)
2.32
(1.95–2.50)

1.62
(1.10–1.76)
1.74∗∗1A
(1.70– 1.94)
1.60
(1.14–1.78)
1.50
(1.42–1.62)
1.51
(1.27–1.54)
1.66∗∗1B
(1.56–1.73)
1.54
(1.35–1.87)
1.56
(1.33–1.71)
1.56
(1.28–2.16)
1.70∗∗1C
(1.38–2.26)
1.72∗∗1C
(1.40–1.90)
1.58
(1.46–1.68)

0.72
(0.68–0.75)
1.07∗1A
(0.78–2.00)
0.79∗1A
(0.69–0.84)
0.77
(0.68–0.82)
0.64
(0.62–0.66)
0.73∗1B
(0.68–0.77)
0.66
(0.64–0.72)
0.65
(0.61–0.68)
0.71
(0.70–0.80)
0.81∗1C
(0.79–0.89)
0.79∗1C
(0.72–0.80)
0.76
(0.71–1.00)

2.2
(1.8–2.5)
2.1
(1.9–2.7)
2.3
(2.1–2.8)
2.4
(2.2–2.5)
2.0
(1.8–2.6)
2.3
(2.1–2.6)
2.5
(2.0–3.0)
2.4
(2.1–3.1)
2.3
(2.1–3.1)
2.4
(2.0–2.8)
2.0
(1.8–2.8)
2.4
(2.1–3.2)

22.6
(19.0–25.3)
23.0
(21.0–24.1)
21.0
(20.3–28.8)
20.0
(18.4–25.7)
22.0
(18.8–24.1)
21.1
(19.3–22.1)
19.4
(18.3–21.8)
22.2
(19.7–23.1)
22.4
(21.0–23.2)
24.0
(22.1–25.3)
24.3
(23.0–26.1)
21.5
(20.0–22.6)

Statistically significant difference at ∗p  0.05; ∗∗p  0.01; ∗∗∗p  0.001.

muscle spasms [1,2,15] and is widespread in the
biological regeneration and rehabilitation of athletes
to improve recovery from muscle injuries [4,16].
Recently we have observed a growing interest in
cryostimulation as a method of prevention and treatment of obesity. Most of the aforementioned disorders are accompanied by acute or chronic, clinical or
subclinical inflammation. At the same time still very
little is known about the modulation of the human
immune system, inflammatory mediator response,
and cytokine expression and its serum or plasma
levels by cryogenic temperatures.
The inflammatory reaction involves cells (migration, adhesion, diapedesis, chemotaxis) and humoral
and immune responses associated with the release of
C-reactive protein, complement proteins, interleukins,
interferon and the synthesis of antibodies [17].
Cytokines, small-molecule proteins with autocrine,
paracrine and endocrine action, are involved in the
regulation of cell migration, inflammation, proliferation, hematopoiesis, lipolysis, and glucose homeostasis [18–21]. A dynamic balance exists between the
proinflammatory cytokines and the anti-inflammatory
components of the human immune system, and
additionally almost all the anti-inflammatory cytokines, with the exception of a receptor (IL-1ra), have
at least some proinflammatory properties [22]. Production of various pro-and and anti-inflammatory
cytokines is upregulated rapidly in response to different forms of stress, e.g. exercise [23–27]. In
this paper we analysed changes in the level of

pro-inflammatory and anti-inflammatory cytokines:
IL-1α, IL-1β, TNF-α IL-12, IL-10 and the most
important in immunological and cell regulation IL-6,
which, although initially considered a pro-inflammatory mediator, is currently recognized mainly as an
anti-inflammatory agent [28,29]. In this study it was
found that stress induced by exposure to extremely
low temperatures causes changes in the level of
cytokines in healthy individuals. Particularly interesting is the fact that the increased levels of cytokines
involved all the anti-inflammatory ones, most significantly IL-6.
This increase occurs even after the application of
only five daily 3-min-long cryostimulations. In our previous studies, we observed increased levels of white
blood cells in response to a series of 10 treatments
and at the same time we showed that even a single,
3-min-long whole body exposure to cryogenic temperature (  130°C) leads to increased levels of interleukin-6 [30]. This is confirmed in this study. Because
during cryostimulations an increase in circulating
IL-6 is accompanied only by an increase in antiinflammatory interleukin IL-10, without an increase
in classical pro-inflammatory cytokines (IL-1α,
IL-1β and TNF α) the role of IL-6 in this case could
be deemed anti-inflammatory. These dependencies
resemble those induced by physical effort. It has
been noticed that the anti-inflammatory effect of
acute exercise displays as an increase in the level of
circulating IL-6 with following IL-1ra and IL-10 rise
[29]. It indicates that the activation of cytokine

Pro- and anti-inflammatory cytokines levels in response to cryostimulation
Table III. Correlation (Spearman rank correlation coefficient)
between body mass index and cytokine level at the beginning
of the study and after different amounts of cryostimulation
sessions.
BMI
IL1-α

IL1-β
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IL6

IL10

IL12

TNFα

∗Statistically

Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions
Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions
Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions
Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions
Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions
Before the treatment
After 5 sessions
After 10 sessions
After 20 sessions

0.21
0.10
0.06
0.08
0.02
0.16
0.21
0.31
0.10
0.30
0.80∗
0.60∗
0.10
0.27
0.09
0.07
0.36
0.38
0.68∗
0.64∗
0.09
0.27
0.25
0.30

significant difference at p  0.05.

cascade after exposure to cryogenic temperatures, for
example, during exercise is caused by a mechanism
different to that during infection.
The accompanying reduction in the level of a
proinflammatory interleukin IL-1α confirms the
positive effect of this form of physical treatment and
shows advantages of repeated exposure of the human
body to low-level stress.
The observed increase in IL-10 may be a consequence of the increased secretion of IL-6. In vivo
studies show that the administration recombinant
interleukin-6 increases plasma IL-10, which in turn
inhibits the release of both proinflammatory cytokines
IL-1α, IL-1β, TNFα [31] and chemokines, including
IL-8 and macrophage inflammatory protein α (MIP α)
from lipopolysaccharides (LPS)-activated human
monocytes [32]. Additionally, anti-inflammatory
effects of IL-6 are demonstrated by the stimulation
of the production of IL-1ra (IL-1 receptor antagonist), the release of soluble TNFα receptors, and
down-regulation of the synthesis of IL-1 and TNFα
[22,26,30]. Our research confirms earlier reports about
no changes in pro-inflammatory interleukins IL-1β
and TNFα after cryostimulation [3,15].
Our observations of immunostimulation and the
protective action of cryostimulation are consistent
with other reports. Banfi et al. [13] shows that
whole body cryotherapy leads to an increase in antiinflammatory interleukin-10 and a decrease in
pro-inflammatory interleukin-2 and IL-8. Additionally, this author observed a decrease in sICAM-1

5

(intercellular adhesion molecule 1) and prostaglandin E2 which intensify the anti-inflammatory
response after cryostimulation [16]. It is also known
that inflammation leads to an increase in the level of
pro- and anti-inflammatory cytokines. A question
arises if such low temperatures as a stressogenic factor exacerbate inflammation in the body. It seems
that this hypothesis can be rejected, as in such a case
the increase would be chronic and significantly higher
(2–3 times) [18,26].
IL-6 is produced by monocytes and macrophages,
fibroblasts, T and B cells, endothelial cells, adipocytes and in the contracting skeletal muscle. A number of studies demonstrated that following exercise,
the basal plasma IL-6 concentration may increase
considerably, and the response is sensitive to exercise
intensity and the muscle mass involved in the contractile activity [18,24,33]. Initially it was thought
that an exercise-induced increase in IL-6 was a consequence of an immune response to local damage in
the working muscles but nowadays it is clear that the
contracting skeletal muscle per se is the main source
of the IL-6 in the circulation in response to physical
effort [25,26], and therefore IL-6 can be classified as
a myokine [34,35].
Sudden exposure to cold induces physiological
responses of the sympathetic nervous system, leading
to minimized heat loss and the simultaneous increase
in heat production (peripheral vascular spasm, and
shivering and non-shivering thermogenesis) [36]. It
can therefore be assumed that one of the possible
causes of the increase in the aforementioned myokine
during cryostimulation is the shivering thermogenesis during cryostimulation, based on involuntary
repetitive rhythmic contractions of skeletal muscles.
Shivering thermogenesis is activated in the first minutes of exposure to cold, initially in the muscles of
the torso and limbs, and is assisted by the secretion
of catecholamines [37]. The skeletal muscles do not
have to be the only source of elevated IL-6. The adipose tissue may also contribute markedly to IL-6
increase in the circulation even during rest [2]. Additionally IL-6 mRNA levels increase in adipose tissue
during exercise [38].
Some reports suggest that approximately 30% of
circulating IL-6 comes from adipose tissue and that
visceral adipose tissue secretes more IL-6 than subcutaneous adipose tissue [39]. It is recognized that
obesity results in the secretion of TNFα, IL-1β and
IL-6, and these cytokines are secreted both from
adipocytes and macrophages within the adipose
tissue bed [2].
There have been some reports about the relationship between BMI and the level of C-reactive proteins (CRP), and between BMI and IL-6 [32,40,41].
In our study, we checked if there were relationships
between body weight, BMI and the level of the examined cytokines. The results were very interesting.
When examining the initial values and after the series
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of five treatments, there were no such correlations,
but the series of 10 and 20 cryostimulations resulted
in the emergence of significant and positive correlations between the levels of IL-6 and IL-12 and BMI.
The correlation coefficients between IL-6 and BMI
were respectively: r  0.8 after 10 treatments and
r  0.6 after 20 sessions, correlation between IL-12
and BMI: r  0.68 and r  0.64 after 20 stimulations
(Table III). This may indicate the role of adipose tissue in the synthesis of these cytokines during exposure to cold. Our earlier studies on the effects of
whole-body cryostimulation on lipid profile in healthy
subjects have shown that the use of only 10 and most
preferably 20 treatments produces beneficial changes
in lipid fractions, which were not observed after five
treatments [5]. Il-6 is identified as a modulator of fat
metabolisms in humans, increasing lypolysis and fat
oxidation without causing hypertriacylglycerolemia
[42]. As observed in this study, the beneficial effect
of cryostimulation – the increased levels of antiinflammatory cytokines – continued only during the
series of cryostimulations, but was not visible 2 weeks
after the series of treatments, regardless of their number. The effect of reduced proinflammatory IL-1α,
observed during the series of 5, 10 or 20 treatments,
was only observed after the end of the series of
20 treatments.
In order to observe the probable delayed effect of
cryostimulation, in group A (five treatments) blood
was taken after a period of 5 weeks, and in group B
(10 treatments) after 4 weeks from the last treatment.
At the same time blood was taken 2 weeks after the
end of 20 treatments in Group C. Cytokine levels
observed in groups A and B nullified assumptions
about the long-term delayed effect of cryostimulation. Therefore in accordance with earlier observations, it seems that the series of 20 daily 3-min-long
cryostimulations is more advantageous than the routinely used series of 10 treatments.
Conclusion
Present and previous studies have confirmed the
influence of whole-body cryostimulation on the level
of circulating pro-and anti-inflammatory cytokines.
Changes in the cytokine level caused by cryogenic
temperatures seem to stimulate immune mechanisms in the body. It is worth noting that the changes
depend on the duration of the stimulation series.
Although the most common procedure is limited
to 10 cryostimulations, our results suggest the use
of 20 stimulations in order to induce adaptation
changes. Taking into account changes in the lipid
profile and the cytokine level in the examined individuals, we think it is worth considering this form of
physiotherapy as a potential method supporting prevention of diseases with chronic, subclinical inflammation, including the metabolic syndrome and
obesity.
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