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Effects of whole-body cryotherapy
on 25-hydroxyvitamin D, irisin,
myostatin, and interleukin-6 levels
in healthy young men of different
fitness levels

Ewa Sliwicka®*, Tomasz Cison(»?, Anna Straburzyriska-Lupa®?*° & tucja Pilaczyniska-
Szczesniak®*®

Skeletal muscle and adipose tissue play an important role in maintaining metabolic homeostasis

and thermogenesis. We aimed to investigate the effects of single and repeated exposure to whole-
body cryotherapy in volunteers with different physical fitness levels on 25-hydroxyvitamin D (25(OH)

D) and myokines. The study included 22 healthy male volunteers (mean age: 21 +1.17 years), who
underwent 10 consecutive sessions in a cryogenic chamber once daily (3 minutes, —110°C). Blood
samples were collected before and 30 minutes and 24 hours after the first and last cryotherapy sessions.
Prior to treatment, body composition and physical fitness levels were measured. After 10 cryotherapy
treatments, significant changes were found in myostatin concentrations in the low physical fitness level
(LPhL) group. The 25(0OH)D levels were increased in the high physical fitness level (HPhL) group and
decreased in the LPhL group. The HPhL group had significant changes in the level of high-sensitivity
interleukin-6 after the first treatment. The LPhL group had significant changes in 25(OH)D, irisin,

and myostatin levels after the tenth treatment. Our data demonstrated that in healthy young men,
cryotherapy affects 25(0OH)D levels, but they were small and transient. The body’s response to a series
of 10 cryotherapy treatments is modified by physical fitness level.

Whole-body cryotherapy (WBC) (also referred to as whole-body cryostimulation) has been used for many years
in Europe. Initially, due to its analgesic and anti-inflammatory effects, it was empirically applied as a sympto-
matic adjunct therapy in rheumatic diseases (rtheumatoid arthritis, ankylosing spondylitis, and fibromyalgia)'~.
In recent years, there has been a growing interest in the possibility of administering systemic cryotherapy to ath-
letes and physically active individuals to improve recovery of injured muscles following exercise®~ and enhance
athletic performance®.

The effects of acute or chronic exposure to low temperatures on the human body and the resulting physiolog-
ical reactions are continuously being researched. Low temperature exposure affects several biological reactions in
the body, which are mediated by the activation of the hypothalamic-pituitary-adrenal axis and the sympathetic
nervous system, along with an increased secretion of cortisol and catecholamines’. Bleakley et al.'” concluded that
WBC could have a potentially beneficial effect on inflammatory mediators, antioxidant capacity, and autonomic
function during recovery. Cryotherapy has also been shown to play a preventative role against the harmful effects
of inflammation and pain caused by exercise®. Lombardi et al.® noted that WBC does not always lead to benefi-
cial biochemical changes; however, it may improve the final clinical status of the individual by reducing the pain
experienced during post-exercise recovery.
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HPhL group | LPhL group p-value
Body height [cm] 180.1 +4.68 182.3+£5.09 0.298
Body mass [kg] 76.2+5.47 74.6+6.64 0.434
BMI [kg/m?] 23.5+1.59 22.3+2.33 0.187
Free fat mass [kg] 61.5+4.10 59.6+4.42 0.294
Lean [kg] 58.3+4.07 56.5+4.15 0.334
Fat [%] 19.9+£4.49 20.1£6.35 0.844
Fat mass [kg] 14.6+3.86 14.5+5.85 0.694
VO, max [ml - kg~! -min~] 49.9+4.74 38.6+£3.01 <0.001

Table 1. Pre-therapy somatic and physiological parameters of young healthy men. Data are presented as mean
=+ SD.

Most of the research conducted on WBC focuses on the acute effects of single or repeated exposure to WBC
treatment in athletes. There is little data on the length of time that the physiological effects of WBC are main-
tained. In our previous study, we showed that changes in selected blood biochemical parameters in hockey players
returned to the baseline value or a value slightly above this one week after the end of therapy'!. Moreover, some
authors emphasise that the efficacy and safety of WBC have not been demonstrated.

During cold exposure, a mechanism to minimise heat loss (vasoconstriction of vessels in the skin) and an
increase in heat production are activated'®. Brown adipose tissue (BAT) and skeletal muscle are involved in
shivering- and non-shivering- thermogenesis'*. Cold exposure results in the activation of brown fat via the sym-
pathetic nerves, resulting in regulatory heat production by burning the energy substrates as heat rather than
generating energy and storing it as fat'”.

The physiological response of the body to cold depends on many factors including temperature, duration,
area of exposure, and individual factors of the exposed person'®. Furthermore, BAT metabolism is affected by
various factors: physiological (e.g. age, gender, body fat level), environmental (e.g. temperature, hypoxia), and
diseases factors (e.g. diabetes mellitus)'®>. Among the factors regulating BAT functions, endogenous hormones
(e.g. myokines: irisin and myostatin [Mst]) and substances known as BATokines (e.g. interleukin-6 [IL-6]) have
been reported’®.

Irisin is a thermogenic protein responsible for the conversion of white adipose tissue to BAT". Several factors
alter the level of circulating irisin including physical activity and cold temperatures. Irisin influences skeletal
muscle, bone, the pancreas and liver, and it enhances insulin sensitivity, metabolism, and osteogenesis'®. Mst
is a member of the transforming growth factor beta (TGF-83) superfamily that regulates skeletal muscle mass®.
Mst-deficient mice show an increase in skeletal muscle mass?. Mst, beyond its effect on skeletal muscle, may be
involved in the control of energy balance?'. IL-6 is a multifunctional protein produced by immune cells of the
endothelium, connective tissue, adipose tissue, and skeletal muscle??. Factors inducing the expression of the IL-6
gene in skeletal muscle include reactive oxygen species®.

Our previous studies showed that exposure to hypobaric hypoxia for 2 weeks during a climbing expedition
decreased the level of 25-hydroxyvitamin D (25(OH)D) in the human body?**. Other authors have not unequiv-
ocally concluded whether the reason for this decrease in 25(OH)D levels in blood serum is due to hypoxia and
the related production of pro-inflammatory factors, exercise-induced muscle damage, or/and low ambient tem-
peratures. Moreover, athletes are at risk of vitamin D deficiencies; therefore, according to the recommendations
of the Australian Institute of Sport®, vitamin D supplementation may be necessary to ensure optimal bone health,
mitigate injury risk, and improve sports performance.

It should be noted that despite the growing number of studies on the effects of WBC on the body, the possible
impact of cryotherapy on vitamin D levels has not been determined despite the anti-inflammatory, immuno-
modulatory, antioxidant, and anti-fibrotic properties of vitamin D?. In addition to vitamin D, adipose tissue and
skeletal muscle, which secrete molecules such as cytokines, myokines, and BATokines, play an important role in
maintaining the metabolic homeostasis of the body. In view of their involvement in the thermogenesis process,
we aimed to investigate the effects of repeated exposure to systemic cryotherapy at —110°C in physically active
volunteers with different physical fitness levels on 25(OH)D, myokines (irisin, Mst, and IL-6), myoglobin, and
high-sensitivity C-reactive protein (hsCRP) levels. The response to cold was evaluated during the first and tenth
procedures. Solianik et al.'° demonstrated gender-specific neuroendocrine and immune responses to cold; there-
fore, only lean young men were enrolled in the study.

Results
Pre-treatment data. Pre-therapy data are presented in Table 1. Participants’ demographics, excluding max-
imal oxygen consumption (VO, max) levels, were comparable between the 2 groups.

Effect of 10 WBC sessions. Table 2 presents the values of biochemical indicators in both groups before the
first and after the tenth cryotherapy session (30 minutes and following a 24-hour recovery).

Immediately after 10 days of cryotherapy, significant changes in 25(OH)D levels in both groups were found
compared to baseline levels: an increase in the high physical fitness level (HPhL) group (p =0.002) and a decrease
in the low physical fitness level (LPhL) group (p=0.020). After 24 hours, a non-significant reduction in 25(OH)
D levels in both groups were noted, as compared to baseline levels.
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p-value between

HPhL group LPhL group groups
Myoglobin [ng/mL]
before first 251.8+154.48 236.5+132.00 0.847
30 minutes after tenth | 253.3 +123.57 202.7 £166.69 0.217
p-value (1 vs 5) ns ns
24 hours after tenth 237.8+134.27 183.56 +119.80 0.470
p-value (5vs 6) ns ns
p-value (1 vs 6) ns ns
hsCRP [U/L]
before first 0.57+0.719 0.37+0.274 0.646
30 minutes after tenth | 1.38 +£1.660 0.79+£0.747 0.300
p-value (1vs 5) ns ns
24 hours after tenth 1.20+1.728 0.66 +£0.577 0.646
p-value (5vs 6) ns ns
p-value (1 vs 6) ns ns
hsIL-6 [pg/mL]
Before first 0.96 +0.355 1.29+1.133 0.793
30 minutes after tenth | 1.12+£0.622 1.19+£0.493 0.511
p-value (1 vs 5) ns ns
24hours after tenth 1.14+£0.925 1.31+£0.624 0.212
p-value (5vs 6) ns ns
p-value (1 vs 6) ns ns
Irisin [ng/mL]
Before first 13.143.28 14.143.13 0.078
30 minutes after tenth | 14.1+£5.57 15.3+4.48 0.579
p-value (1vs5) ns ns
24hours after tenth 15.3+£3.39 16.3+4.64 0.554
p-value (5vs 6) ns ns
p-value (1vs 6) ns ns
Myostatin [ng/mL]
Before first 34.8+5.49 29.3+4.26 0.063
30 minutes after tenth | 34.9£5.62 28.7+£2.84 0.004
p-value (1 vs 5) ns ns
24hours after tenth 36.2+5.92 313+3.72 0.030
p-value (5vs 6) ns 0.043
p-value (1vs 6) ns ns
25(0OH)D [ng/mL]
before first 28.3+5.20 333+5.42 0.339
30 minutes after tenth | 31.3+4.88 32.744.98 0.497
p-value (1vs5) 0.002 0.020
24 hours after tenth 30.1£5.26 31.5+£5.48 0.559

p-value (5vs 6)

ns

ns

p-value (1 vs 6)

ns

ns

Table 2. Effects of 10 sessions of WBC on biochemical indices in both investigated groups. Data are presented
as mean =+ SD. 1 = before first WBC, 5= 30 minutes after tenth WBC, and 6 =24h after tenth WBC.

No significant differences in biochemical variables were found between the groups, except for Mst after 10
days of cryotherapy (30 minutes after p=0.004; 24 hours after the last session p=10.030). Significant changes in
Mst concentration were observed in response to 10 WBC sessions in the LPhL group (p syovs = 0.041), and there
was a significant increase in the level of Mst 24 hours after the final WBC session compared to the value noted

30 minutes after completion (p=0.043).

Table 3 presents the results of the correlation analysis, which was performed in each group by determining the
correlation in the changes of biochemical parameters before the first WBC session and 30 minutes after (A,_;)
and 24 hours (A, _4) after the last treatment. In the LPhL group, positive correlations were found between changes
(A,_5) in the levels of 25(OH)D and Mst (r=0.61; p=10.46) and hsIL-6 and hsCRP (r=0.69; p=0.019). In the
HPhL group, changes (A,_¢) in concentrations of irisin were negative correlated with changes in hsIL-6 levels

(r=—0.74; p=0.010).
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HPhL group LPhL group

Variables r p-value r p-value
A, ,25(0H)D/A,_, hsCRP —0.60 | 0.049

A, , Irisin/A,_, hsIL-6 —064 | 0.035

A3 hsCRP/A|_; Myoglobin 0.77 0.005

Ay 5 25(0H)D/A,_, Irisin —070 | 0.017

A, 5 25(0H)D/A,_; Myostatin 063 |0.037
Ay 5IL-6/A, s hsCRP 069 |0.019
A,_525(0H)D/A|_s Myostatin 0.61 0.046
A,_sTL-6/A,_s Myoglobin 0.66 | 0.026
A, ¢ Irisin/A, ¢ hsIL-6 —074 | 0.010

Table 3. Spearman’s rank correlation coefficients of tested variables. 1 = before first WBC, 2 =30 minutes after
first WBC, 3 =24h after first WBC, 4 = before tenth WBC, 5= 30 minutes after tenth WBC, and 6 =24h after
tenth WBC.

Effect of single stimulus (first and tenth WBC sessions).  Figures 1 and 2 present the values of bio-
chemical indicators in both groups before, 30 minutes and 24 hours after the first, and after the tenth cryotherapy
sessions.

The HPhL group showed significant changes in the level of hsIL-6 after the first treatment (p 4yov4 =0.001);
30 minutes after cryotherapy, there was a significant increase compared to baseline values (p=0.007), and after
24hours, a decrease was observed compared to the value observed 30 minutes after therapy (p =0.001).

Moreover, in the LPhL group, significant changes in the levels of 25(OH)D, irisin, and Mst were noted after
the tenth treatment (p snyova = 0.025, p anova = 0.045, and p4novs = 0.041, respectively). The level of 25(OH)D sig-
nificantly decreased 30 minutes after cryotherapy compared to baseline (p =0.010). Additionally, the level of
irisin significantly increased 24 hours after cryotherapy compared to baseline values (p = 0.036), whereas the Mst
concentration increased 24 h after cryotherapy compared to 30 minutes after (p =0.043).

Table 3 presents the results of the correlation analysis for each group after the first and the tenth cryother-
apy sessions in the changes observed in biochemical indices before and 30 minutes after the treatment, as well
as 24 hours after cryostimulation. After the first cryotherapy session, negative correlations were found between
changes (A|_,) in the levels of 25(OH)D and hsCRP (r = —0.60; p=10.049), as well as irisin and hsIL-6 (r = —0.64;
p=0.035) only in the HPhL group. A positive correlation was observed between changes (A,_;) in hsCRP and
myoglobin concentrations.

After the tenth cryotherapy session, changes (A, s) in 25(OH)D levels were negative correlated with changes
(A,s) in irisin levels (r=—0.70; p=0.017) in the HPhL group, whereas in the LPhL group, positive relationships
were found between changes (A, ;) in the levels of 25(OH)D and Mst (r = 0.63; p=0.037), as well as hsIL-6 and
hsCRP (r=0.64; p=0.035).

Discussion

To the best of our knowledge, this is the first study assessing the effect of WBC on vitamin D status. We found
significant changes in 25(OH)D levels in both groups 30 minutes after 10 days of cryotherapy, compared to
pre-therapy levels (Table 2). We found an increase in the HPhL group and a decrease in the LPhL group. We also
observed a further slight decrease in the serum 25(OH)D level 24 hours after the tenth WBC stimulus compared
to the pre-therapy values, exclusively in the LPhL group (Table 2). It should be noted that one might expect a
small increase in 25(OH)D concentration during the few days in the middle of June in which the research was
conducted, because, as observed Osmancevic et al.?%, it takes approximately 7 days for serum 25(OH)D levels to
peak after ultraviolet B exposure. As Poland has a latitude of 49-54°N, the solar angle and weather conditions
suitable for vitamin D synthesis occur between late April and early September®. Some studies have indicated
that the exposed skin area and the baseline vitamin D status also affect the synthesis of cholecalciferol in the skin.
Osmancevic ef al.?® found that exposure of smaller body surface areas, such as the face and hands (while study
participants are wearing a T-shirt and shorts), induces less vitamin D production. Moreover, other studies showed
that current sun-exposure practices of the general population do not provide sufficient amounts of vitamin D3%3!,

Despite not finding any studies on the effect of cryotherapy on the level of vitamin D in the available literature,
we presume that the observed changes in 25(OH)D levels might be attributed to the role of vitamin D in the
inflammatory response, which is indicated by the inverse relationship between changes (A, _,) in concentrations
of 25(OH)D and hsCRP, noted 30 minutes after the first WBC treatment in the HPhL group (Table 3). Studies
have shown that vitamin D may possess natural antioxidant and anti-inflammatory properties®*>*.

Moreover, our study shows that a series of 10 WBC sessions contributed to diverse systemic thermogenic
responses depending on the level of physical fitness of the study participants.

We found an increase in serum irisin after 10 days of therapy compared to the pre-therapy level (Table 2),
which was not statistically significant (17% in the HPhL group and 16% in the LPhL group). In the LPhL group,
there was a significant increase 24 hours after the tenth application compared to the level observed before the
application of WBC (Fig. 3).

Our results are partly comparable to those reported by Dulian et al.**, who found a 20% increase in the plasma
irisin concentrations in middle-aged, obese, non-active men and a slight decrease in active subjects 24 hours after
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Figure 1. Blood concentrations of myoglobin, hsCRP, and hsIL-6 in young healthy men (first and tenth
cryostimulations) (a,b) myoglobin (c,d) hsCRP (e,f) hsIL-6 **p < 0.01 significant differences between
measurements before and 30 minutes after the first cryostimulation %p < 0.01 significant differences between
measurements 30 minutes and 24 hours after the first cryostimulation.

10 WBC sessions. The authors suggested that an increase in the level of irisin following exposure to a low ambient
temperature may be induced by shivering thermogenesis, which causes irisin secretion from skeletal muscle.
However, the inverse relationship between the muscle mass and irisin concentration obtained by Dulian et al.*
may point to the subcutaneous adipose tissue as the source of irisin.

Moreno-Navarrete et al.’® and Roca-Rivada et al.* also showed that irisin was secreted not only from the
muscles, but also from the visceral and subcutaneous adipose tissue. No such correlations were found in our
study; however, it must be noted that only lean men were enrolled in our study, whereas the authors cited above
conducted their studies on individuals with an elevated body fat percentage.

In our study, we evaluated the effects of WBC treatments on the level of Mst, which plays an important role
in regulating energy homeostasis through the modulation of skeletal muscle mass®. Previous research findings
suggested that inhibition of the TGF-3/Mst superfamily increases the activity of BAT, which leads to increased
energy expenditure and provides metabolic benefits?'.

Our results showed significant changes in Mst concentration only in the LPhL group 24 hours after the tenth
WBC session compared to the values found 30 minutes after completing these session (Fig. 3). However, Mst con-
centration did not differ significantly from pre-therapy values. Our results are consistent with that of the available
literature stating that changes in the Mst levels induced by environmental stimuli and/or physical exercise are
transient and return to the baseline level within 24 hours after the application of the triggering factor®. In turn,
the activation of satellite cells inducing inflammation requires more than 24 hours®.

In the LPhL group, we found positive correlations between changes in levels of 25(OH)D and Mst 30 minutes
after the tenth WBC treatment (A,_;) and compared to baseline (A,_;) (Table 3). These results, as well as the neg-
ative correlations between changes (A,_;) in concentrations of 25(OH)D and irisin in the HPhL group (Table 3),
confirmed the role of vitamin D in skeletal muscle metabolism. Slivka et al.** found that the induction of peroxi-
some proliferator-activated receptor (PPAR)- Coactivator (PGC-1a) gene expression is enhanced after exercise
in a cold environment. Irisin is secreted in response to PGC-1a!7, which may act as a co-activator of the vitamin
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Figure 2. Blood concentrations of irisin, myostatin, and 25(OH)D in young healthy men (first and tenth
cryostimulations) (a,b) irisin (c,d) myostatin (e,f) 25(OH)D **p < 0.01 significant differences between
measurements before and 30 minutes after the first cryostimulation ¥p < 0.05 significant differences between
measurements before and 24 hours after the first cryostimulation *p < 0.05 significant differences between
measurements 30 minutes and 24 hours after the first cryostimulation.

D receptor in mitochondria*!. Furthermore, Garcia ef al.*? showed that vitamin D suppresses the expression of
Mst, while it up-regulates the expression of follistatin and insulin-like growth factor II.

A considerable number of studies point to the anti-inflammatory effect of WBC!*43#4; therefore, we evalu-
ated the levels of hsCRP and IL-6. In recent years, studies have indicated that Mst stimulates IL-6 production in
muscle cells and adipose tissue*’; however, in our study, we did not find a significant relationship between these
molecules. It should be noted that in our study, blood was collected after physical exercise, which was performed
immediately after WBC treatment. As shown by Rhind et al.*, there is a lower expression of genes encoding for
proinflammatory cytokines in young healthy volunteers immediately after the training preceded by exposure to
low temperatures, compared to training alone.

In the HPhL group, a significant change in the concentration of IL-6 was noted only after the first WBC stim-
ulus (Fig. 2). No statistically significant changes after 10 days of cryotherapy were found. Our findings are consist-
ent with the results previously published by Lubkowska et al.*’, who showed that a series of WBC sessions did not
trigger an increase in the concentration of proinflammatory cytokines in healthy young men. On the other hand,
Ziemann et al.*® found a decrease in tumour necrosis factor alpha with a concurrent increase in IL-6 after 5 days
of treatments conducted twice a day in conjunction with moderate-intensity training in professional athletes. This
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Figure 3. Experiment schedule WBC =whole-body cryotherapy U = blood collection = before first WBC,
2 =30 minutes after first WBC, 3 =24h after first WBC, 4 = before tenth WBC, 5 = 30 minutes after tenth
WBC, and 6 =24h after tenth WBC.

finding was explained by the fact that WBC significantly lowered the inflammatory response induced by eccentric
exercise. The inverse relationship between changes (A,_, and A, ) in the concentration of irisin and IL-6, noted
by us in the HPhL group (Table 3), points to the anti-inflammatory characteristics of irisin, which is consistent
with the findings of Mazur-Bialy et al.*’.

Our study has some potential limitations. In particular, a small number of subjects participated in this study.
Additionally, the study period was too short to observe the long-term effects of WBC. There was also a lack of
standardised treatment protocols with regard to temperature ranges, timing, and frequency of exposure to WBC,
which is likely to elicit varying recovery responses to the therapy.

Our data demonstrated that in healthy young men with a normal body weight, cryotherapy affects levels of
25(OH)D. The body’s response to a series of 10 cryotherapy treatments is modified by the physical fitness level. It
should be noted that the observed changes in the serum 25(OH)D were small and transient, therefore athletes can
use WBC treatments. However, in order to fully explain the body’s response to cryostimulation, additional studies
need to be performed on a larger study group.

Methods

Study group. This study was conducted in June over 10 consecutive days. The study design and timeline are
presented in Fig. 3. Twenty-six volunteers (students at the Universities) were initially enrolled in this study. The
inclusion criteria for the study were as follows: healthy males, age 19-23 years, body mass index (BMI) > 18.5 and
<25.0, non-smokers, had not previously undergone systemic cryotherapy, and subjects who provided written
consent. The exclusion criteria were as follows: contraindication to WBC and supplementation with vitamin D.

In total, 22 subjects (mean age: 21 & 1.17 years) completed the entire study protocol and were included in the
analysis. Some studies suggested that physical fitness level might modify the effect of cryotherapy®**°. Therefore,
the participants performed a treadmill exercise test, and based on the classification of VO, max proposed by
Astrand®!, they were divided into 2 groups: group 1, HPhL with a higher VO, max >43 (n=11); and group 2,
LPhL with a lower VO, max < 43 (n=11).

For 48 hours before the tests, the participants did not perform intense physical exercises that could lead to
dehydration and delayed onset muscle soreness (DOMS). During the experiment, all participants were instructed
not to change any aspect of their habits, such as diet, and to avoid any form of exercise.

Each participant was familiarised with all testing procedures and provided written informed consent prior
to the study. The study protocol was approved by the Ethics Committee for Human Research at the Poznan
University of Medical Sciences (approval no. 572/2014) and was performed in accordance with the Declaration
of Helsinki. Thus, all participants were informed about the methodology of the experiment methodology, the
risks of the treatment, and the opportunity to withdraw from the study at any point without providing any reason.

Body composition assessment. One week prior to the start of the experiment, the body composition and
aerobic capacity of each participant were measured. Body mass and body height were measured using a certified
medical digital beam scale WB-3000 (TANITA Corporation, Tokyo, Japan), with an accuracy of 0.01kg, and a
mechanical measuring rod for body height HR-001 (TANITA Corporation, Tokyo, Japan), with an accuracy of
0.5 cm. Body composition was measured in the fasting state using a GE Lunar Prodigy Primo Full Densitometer
with enCore Body Composition option (GE Healthcare Technologies, USA). BMI was calculated by dividing
body mass (kg) by the square of body height (m?).

Physical fitness measurement. One week before the start of the experiment, the participants performed
a treadmill exercise test (HP Cosmos Saturn, Germany). The test was initiated at a baseline speed of 6 km/h and
then continuously increased. At 3-minute intervals, the speed of the treadmill was increased by 2 km/h, up to the
maximal speed for a given subject characterised by the lack of increase in minute oxygen uptake despite increased
exercise intensity. The test was not preceded by a warm-up session. Circulation and respiratory parameters were
monitored continuously using an ergospirometer (VO, ., Finder, MES, Poland). Heart rate was registered every
5seconds with a Polar Accurex Plus device (Polar Elektro, Finland).
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Whole-body cryostimulation. All participants underwent a series of exposures to cold (once a day
between 8:00-10:00 a.m.) for a total of 10 sessions in a cryogenic chamber (Zimmer Ice Lab, —110°C, Medizin
System GmbH; Germany). Each exposure was preceded by a light breakfast between 7:00-7:30 a.m. according to
the instructions given to the subjects.

Each cryostimulation session lasted 3 minutes at —110°C. The entry into the cryochamber was preceded by a
20-30-second period of adaptation in the vestibule at —60 °C. The subjects were dressed in shorts, socks, gloves,
and a headband covering their ears. Following WBC, the participants performed physical exercise at 100 W on a
cycloergometer (Keiser M3, Germany) for 15 minutes.

Biochemical analyses. Blood samples for biochemical analyses were taken 6 times from the antecubital
vein and centrifuged at 4000 rpm and 4 °C: before, 30 minutes after, and 24-hours after the first exposure; and
before the final cryotherapy session and 30 minutes and 24-hours after recovery following the final cryotherapy
session. The serum was separated from the sample and stored at —70°C.

HsCRP and myoglobin levels were measured by immunoenzymatic assay using commercially available kits
(DRG International Inc., Springfield Township, NJ, USA; test sensitivity: 0.1 mg/L and 5ng/mL), as were the levels
of hsIL6 (R&D Systems Inc., Minneapolis, MN, USA; test sensitivity: 0.039 pg/mL), irisin (Aviscera Bioscience
Inc., Santa Clara, CA, USA; test sensitivity: 100 pg/mL), and Mst (Immundiagostik AG, Bensheim, Germany; test
sensitivity: 0.37 ng/mL). The serum concentration of 25(OH)D was measured by chemiluminescent immuno-
assay (CLIA, DiaSorin Liaison, Stillwater, USA; test sensitivity: 4ng/mL).

Statistical analysis. Data were presented as means and standard deviations (SD). The Shapiro-Wilk test was
used to check the data for normality of distribution. Assumption on sphericity was tested using Mauchley’s test,
verifying if variances of certain variables were identical and equal to respective co-variances. The 1-way analysis
of variance (ANOVA) with repeated measures was used to compare 1 quantitative variable with normal distribu-
tion at 3 points in time. When ANOVA showed significance, the post hoc Tukey’s honestly significant different
test was applied to indicate which measurements tested at 3 time points of the study were significantly different.
For data not normally distributed, the Friedman nonparametric test was used for comparison of repeated meas-
ured values over the study period at the 3 time points, followed by the Dunn’s post hoc test to detect differences
between each time point. The statistical significance threshold was set at p < 0.05. Relationships between variables
were tested using Spearman’s rank correlation. All analyses were performed using the Statistica 13.0 software
package (StatSoft, Tulsa, Oklahoma, USA).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.

Received: 27 December 2019; Accepted: 24 March 2020;
Published online: 10 April 2020

References

1. Straburzynska-Lupa, A. et al. The Effect of Whole-Body Cryotherapy at Different Temperatures on Proinflammatory Cytokines,
Oxidative Stress Parameters, and Disease Activity in Patients with Ankylosing Spondylitis. Oxid. Med. Cell. Longev. 2018, 2157496
(2018).

2. Bouzigon, R,, Grappe, E, Ravier, G. & Dugue, B. Whole- and partial-body cryostimulation/cryotherapy: Current technologies and
practical applications. J. Therm. Biol. 61, 67-81 (2016).

3. Gizinska, M., Rutkowski, R., Romanowski, W., Lewandowski, J. & Straburzynska-Lupa, A. Effects of Whole-Body Cryotherapy in
Comparison with Other Physical Modalities Used with Kinesitherapy in Rheumatoid Arthritis. Biomed Res. Int. 2015, 409174
(2015).

4. Guillot, X. et al. Cryotherapy in inflammatory rheumatic diseases: a systematic review. Expert Rev. Clin. Immunol. 10, 281-294
(2014).

5. Banfi, G., Lombardi, G., Colombini, A. & Melegati, G. Whole-body cryotherapy in athletes. Sports Med. 40, 509-517 (2010).

6. Lombardi, G., Ziemann, E. & Banfi, G. Whole-Body Cryotherapy in Athletes: From Therapy to Stimulation. An Updated Review of
the Literature. Front. Physiol. 8,258 (2017).

7. Rose, C., Edwards, K. M., Siegler, J., Graham, K. & Caillaud, C. Whole-body Cryotherapy as a Recovery Technique after Exercise: A
Review of the Literature. Int. J. Sports Med. 38, 1049-1060 (2017).

8. Partridge, E. M., Cooke, J., McKune, A. & Pyne, D. B. Whole-Body Cryotherapy: Potential to Enhance Athlete Preparation for
Competition? Front. Physiol. 10,1007 (2019).

9. Marino, E, Sockler, J. M. & Fry, J. M. Thermoregulatory, metabolic and sympathoadrenal responses to repeated brief exposure to
cold. Scand. J. Clin. Lab. Invest. 58, 537-545 (1998).

10. Bleakley, C. M., Bieuzen, F, Davison, G. W. & Costello, J. T. Whole-body cryotherapy: empirical evidence and theoretical
perspectives. Open access J. Sport. Med. 5,25-36 (2014).

11. Straburzynska-Lupa, A. et al. Effect of whole-body cryotherapy on selected blood chemistry parameters in professional field hockey
players. Fizjoterapia Pol. (Polish J. Physiother. 7, 15-20 (2007).

12. Costello, J. T. et al. Cochrane review: Whole-body cryotherapy (extreme cold air exposure) for preventing and treating muscle
soreness after exercise in adults. J. Evid. Based. Med. 9, 43-44 (2016).

13. van Marken Lichtenbelt, W. D. & Schrauwen, P. Implications of nonshivering thermogenesis for energy balance regulation in
humans. Am. J. Physiol. Regul. Integr. Comp. Physiol. 301, R285-96 (2011).

14. Cannon, B. & Nedergaard, J. Brown adipose tissue: function and physiological significance. Physiol. Rev. 84, 277-359 (2004).

15. Muralidhara, D. V. Cold Exposure as A Natural Tool to Treat Obesity in Humans. Adv. Obesity, Weight Manag. Control 7, 269-274
(2017).

16. Solianik, R., Skurvydas, A., Vitkauskiene, A. & Brazaitis, M. Gender-specific cold responses induce a similar body-cooling rate but
different neuroendocrine and immune responses. Cryobiology 69, 26-33 (2014).

17. Bostrom, P. et al. A PGCl-alpha-dependent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature
481, 463-468 (2012).

SCIENTIFIC REPORTS |

(2020) 10:6175 | https://doi.org/10.1038/s41598-020-63002-x


https://doi.org/10.1038/s41598-020-63002-x

www.nature.com/scientificreports/

18.

19.

20.
21.

22.
23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Arhire, L. I, Mihalache, L. & Covasa, M. Irisin: A Hope in Understanding and Managing Obesity and Metabolic Syndrome. Front.
Endocrinol. (Lausanne). 10, 524 (2019).

McPherron, A. C., Lawler, A. M. & Lee, S. J. Regulation of skeletal muscle mass in mice by a new TGF-beta superfamily member.
Nature 387, 83-90 (1997).

McPherron, A. C. & Lee, S.-J. Suppression of body fat accumulation in myostatin-deficient mice. J. Clin. Invest. 109, 595-601 (2002).
Singh, R., Braga, M. & Pervin, S. Regulation of brown adipocyte metabolism by myostatin/follistatin signaling. Front. cell Dev. Biol.
2,60 (2014).

Pedersen, B. K. Muscles and their myokines. J. Exp. Biol. 214, 337-346 (2011).

Munoz-Canoves, P, Scheele, C., Pedersen, B. K. & Serrano, A. L. Interleukin-6 myokine signaling in skeletal muscle: a double-edged
sword? FEBS J. 280, 4131-4148 (2013).

Sliwicka, E., Cison, T., Kasprzak, Z., Nowak, A. & Pilaczynska-Szczesniak, L. Serum irisin and myostatin levels after 2 weeks of high-
altitude climbing. PLoS One 12, €0181259 (2017).

Kasprzak, Z. et al. Vitamin D, Iron Metabolism, and Diet in Alpinists during a 2-Week High-Altitude Climb. High Alt. Med. Biol. 16
(2015).

Australian Institute of Sport. AIS Sports supplements evidence map, https://ais.gov.au/nutrition/supplements/tiles/group_a.
Murdaca, G. et al. Emerging role of vitamin D in autoimmune diseases: An update on evidence and therapeutic implications.
Autoimmun. Rev. 18, 102350 (2019).

Osmancevic, A. et al. Size of the exposed body surface area, skin erythema and body mass index predict skin production of vitamin
D. J. Photochem. Photobiol. B. 149, 224-229 (2015).

Krzyscin, J. W,, Jaroslawski, J. & Sobolewski, P. S. A mathematical model for seasonal variability of vitamin D due to solar radiation.
J. Photochem. Photobiol. B. 105, 106-112 (2011).

Joh, H.-K., Hwang, S.-S., Cho, B., Lim, C. S. & Jung, S.-E. Effect of sun exposure versus oral vitamin D supplementation on serum
25-hydroxyvitamin D concentrations in young adults: A randomized clinical trial. Clin. Nutr., https://doi.org/10.1016/j.
clnu.2019.03.021 (2019).

Rhodes, L. E. et al. Recommended summer sunlight exposure levels can produce sufficient (> or =20 ng ml(-1)) but not the
proposed optimal (> or =32 ng ml(-1)) 25(OH)D levels at UK latitudes. J. Invest. Dermatol. 130, 1411-1418 (2010).

Bhat, M. & Ismail, A. Vitamin D treatment protects against and reverses oxidative stress induced muscle proteolysis. J. Steroid
Biochem. Mol. Biol. 152,171-179 (2015).

Feng, X. et al. Modulatory effect of 1,25-dihydroxyvitamin D 3 on IL1 beta -induced RANKL, OPG, TNF alpha, and IL-6 expression
in human rheumatoid synoviocyte MH7A. Clin. Dev. Immunol. 2013, 160123 (2013).

Dulian, K. et al. The whole body cryostimulation modifies irisin concentration and reduces inflammation in middle aged, obese
men. Cryobiology 71, 398-404 (2015).

Moreno-Navarrete, J. M. et al. Irisin is expressed and produced by human muscle and adipose tissue in association with obesity and
insulin resistance. J. Clin. Endocrinol. Metab. 98, E769-78 (2013).

Roca-Rivada, A. et al. FNDC5/irisin is not only a myokine but also an adipokine. PLoS One 8, €60563 (2013).

Lee, S. J. & McPherron, A. C. Regulation of myostatin activity and muscle growth. Proc. Natl. Acad. Sci. USA 98, 9306-9311 (2001).
Matsakas, A. & Diel, P. The growth factor myostatin, a key regulator in skeletal muscle growth and homeostasis. Int. J. Sports Med.
26, 83-89 (2005).

Dreyer, H. C,, Blanco, C. E,, Sattler, F. R, Schroeder, E. T. & Wiswell, R. A. Satellite cell numbers in young and older men 24 hours
after eccentric exercise. Muscle Nerve 33, 242-253 (2006).

Slivka, D. R., Dumke, C. L., Tucker, T. J., Cuddy, J. S. & Ruby, B. Human mRNA response to exercise and temperature. Int. J. Sports
Med. 33, 94-100 (2012).

Savkur, R. S., Bramlett, K. S., Stayrook, K. R., Nagpal, S. & Burris, T. P. Coactivation of the human vitamin D receptor by the
peroxisome proliferator-activated receptor gamma coactivator-1 alpha. Mol. Pharmacol. 68, 511-517 (2005).

Garcia, L. A, King, K. K., Ferrini, M. G., Norris, K. C. & Artaza, J. N. 1,25(0OH)2vitamin D3 stimulates myogenic differentiation by
inhibiting cell proliferation and modulating the expression of promyogenic growth factors and myostatin in C2C12 skeletal muscle
cells. Endocrinology 152, 2976-2986 (2011).

Lubkowska, A., Szygula, Z., Klimek, A. J. & Torii, M. Do sessions of cryostimulation have influence on white blood cell count, level
of IL6 and total oxidative and antioxidative status in healthy men? Eur. J. Appl. Physiol. 109, 67-72 (2010).

Banfi, G. et al. Effects of whole-body cryotherapy on serum mediators of inflammation and serum muscle enzymes in athletes. J.
Therm. Biol. 34, 55-59 (2009).

Dong, J. et al. Inhibition of myostatin in mice improves insulin sensitivity via irisin-mediated cross talk between muscle and adipose
tissues. Int. J. Obes. (Lond). 40, 434-442 (2016).

Rhind, S. G. et al. Intracellular monocyte and serum cytokine expression is modulated by exhausting exercise and cold exposure.
Am. J. Physiol. Regul. Integr. Comp. Physiol. 281, R66-75 (2001).

Lubkowska, A., Szygula, Z., Chlubek, D. & Banfi, G. The effect of prolonged whole-body cryostimulation treatment with different
amounts of sessions on chosen pro- and anti-inflammatory cytokines levels in healthy men. Scand. J. Clin. Lab. Invest. 71, 419-425
(2011).

Ziemann, E. et al. Five-day whole-body cryostimulation, blood inflammatory markers, and performance in high-ranking
professional tennis players. J. Athl. Train. 47, 664-672 (2012).

Mazur-Bialy, A. I, Pochec, E. & Zarawski, M. Anti-Inflammatory Properties of Irisin, Mediator of Physical Activity, Are Connected
with TLR4/MyD88 Signaling Pathway Activation. Int. J. Mol. Sci. 18 (2017).

Ziemann, E. et al. Whole-body cryostimulation as an effective method of reducing low-grade inflammation in obese men. J. Physiol.
Sci. 63,333-343 (2013).

Astrand, I. Aerobic work capacity in men and women with special reference to age. Acta Physiol. Scand. Suppl. 49, 1-92 (1960).

Acknowledgements

The authors would like to thank Alicja Nowak, Monika Bigosiniska and Anna Huta-Osiecka for help in carrying
out the research, as well as participants for their cooperation. The authors declare no conflicts of interest, financial
or otherwise.

Author contributions

E.S., T.C. and L.P.SS. conceived and designed the research study. E.S. and T.C. conducted the experiments. E.S.
and A.S.L. analysed the data. E.S. and L.P.S. wrote the manuscript. E.S. and A.S.L. designed, drafted, and critically
revised the manuscript. All authors have read and approved the final version of the manuscript and agree with the
order of presentation of the authors.

Competing interests
The authors declare no competing interests.

SCIENTIFIC REPORTS |

(2020) 10:6175 | https://doi.org/10.1038/s41598-020-63002-x


https://doi.org/10.1038/s41598-020-63002-x
https://ais.gov.au/nutrition/supplements/tiles/group_a
https://doi.org/10.1016/j.clnu.2019.03.021
https://doi.org/10.1016/j.clnu.2019.03.021

www.nature.com/scientificreports/

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-63002-x.

Correspondence and requests for materials should be addressed to E.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

o | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:6175 | https://doi.org/10.1038/s41598-020-63002-x


https://doi.org/10.1038/s41598-020-63002-x
https://doi.org/10.1038/s41598-020-63002-x
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of whole-body cryotherapy on 25-hydroxyvitamin D, irisin, myostatin, and interleukin-6 levels in healthy young men  ...
	Results

	Pre-treatment data. 
	Effect of 10 WBC sessions. 
	Effect of single stimulus (first and tenth WBC sessions). 

	Discussion

	Methods

	Study group. 
	Body composition assessment. 
	Physical fitness measurement. 
	Whole-body cryostimulation. 
	Biochemical analyses. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Blood concentrations of myoglobin, hsCRP, and hsIL-6 in young healthy men (first and tenth cryostimulations) (a,b) myoglobin (c,d) hsCRP (e,f) hsIL-6 **p < 0.
	Figure 2 Blood concentrations of irisin, myostatin, and 25(OH)D in young healthy men (first and tenth cryostimulations) (a,b) irisin (c,d) myostatin (e,f) 25(OH)D **p ≤ 0.
	Figure 3 Experiment schedule WBC = whole-body cryotherapy = blood collection = before first WBC, 2 = 30 minutes after first WBC, 3 = 24 h after first WBC, 4 = before tenth WBC, 5 = 30 minutes after tenth WBC, and 6 = 24 h after tenth WBC.
	Table 1 Pre-therapy somatic and physiological parameters of young healthy men.
	Table 2 Effects of 10 sessions of WBC on biochemical indices in both investigated groups.
	Table 3 Spearman’s rank correlation coefficients of tested variables.




