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Abstract

Objective: In Poland and all over the world, whole-body cryostimulation is becoming more and more popular in the treat-
ment of different diseases and in sport. However, changes that occur in the human body subjected to cryogenic tempera-
tures are still not completely understood. Therefore, the aim of this study was to evaluate changes in blood circulation and
aerobic capacity induced by repeated exposure to whole-body cryostimulation of young and clinically healthy male subjects.
Material and Methods: The study included 25 young men, aged 21+0.9 years, average body weight 74.65+6.98 kg and
height 179.5+5.12 cm. The participants were exposed to extremely low temperatures in a cryogenic chamber once a day
for 15 days. Each session lasted 3 min at —~130°C and was preceded by 30-second, adaptation in a vestibule at -60°C. Blood
pressure and heart rate were measured before entering the chamber, immediately after exiting and 10 min later. We also
calculated pulse pressure and the mean arterial blood pressure. Before and after the treatment the maximal oxygen uptake
was measured. Results: Our results showed a significant increase in systolic blood pressure after each cryostimulation (by an
average of 19 mmHg) and an increase in diastolic blood pressure only after the first cryostimulation (by 6 mm Hg). The in-
crease in systolic blood pressure was accompanied by a significant decrease in heart rate (by about 7 bpm). No adaptation
changes were observed after 15 treatments. There were no changes in aerobic capacity after 15 sessions of WBC, however
we observed a significant decrease in RBC and hemoglobin concentration. Conclusion: Due to the increase in systolic blood
pressure after WBC, this kind of physiotherapy treatment is not recommended for people with advanced or not pharmaco-
logically controlled hypertension.
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INTRODUCTION

Despite widespread interest in using whole body cryo-
stimulation (WBC) in the treatment of different diseases
and in sport, we still do not understand the changes that
occur in a body exposed to very low temperatures (-100°C
to —160°C). During exposure to cold, normal body tem-
perature is maintained by a complex regulatory system,
mainly related to the intensified production and protec-
tion of body heat: increased shivering thermogenesis and
increased peripheral vasoconstriction. Short cryostimula-
tion, lasting from 1 to 3 min, does not decrease the tem-
perature inside the body, but only reduces the skin tem-
perature. Cutaneous vasoconstriction is maximal below
the skin temperature of 31°C and redistributes blood to
the core causing increased stroke volumes and changes
in heart rate [1]. When the skin tissue temperature drops
below 18°C as a result of cooling, the initial reduction in
blood flow is followed by a compensatory increase in blood
flow. Periodic oscillations in blood flow and skin tempera-
ture form an ongoing cycle, hence the name ‘hunting reac-
tion’ [2].

Literature describes a number of changes occurring in
the body after exposure to cold. Usually, the changes
concern the endocrine system [3,4,], the immunologi-
cal system [3-6] lipid profile [7], and hematological va-
lues [8-10]. The impact of cryostimulation on the level of
physical fitness remains considerably unexplored, both in
relation to the components of aerobic and anaerobic ca-
pacity. Recent reports [11] suggest a significant increase in
anaerobic power and capacity in men.

Cold affects the action of myocardium, especially the
sinoatrial node, reducing heart rate (HR) and potentially
leading to arrhythmia [12]. In physiotherapeutic prac-
tice, it is a standard procedure to test participants before
cryostimulation, and before each cryostimulation blood
pressure (BP) is measured. Although absolute and rela-
tive contraindications to the use of cryotherapy or whole-
body cryostimulation do not include unstable blood pres-
sure and hypertension [13], practical observations confirm
the occurrence of significant increases in blood pressure
in some people, with a simultaneous decrease in heart
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rate after cryostimulation. The difficulty with captur-
ing the changes induced by cryostimulation is connected
with their short-term nature and the specificity of the
procedure which usually involves several people at once
and thus the measurements of individual patients are
distributed in time. Literature data on the changes in the
key cardiovascular indicators in humans exposed to cryo-
genic temperatures are ambiguous. Westerlund et al. [14],
Fricke [15] and Taghawinejad et al. [16] report a signifi-
cant but short-term increase in systolic and diastolic blood
pressure after WBC. Similarly, Komulainen [17] observed
a rapid increase in blood pressure in mildly hypertensive
subjects exposed to —15°C. Other authors report that the
thermal stress (-110°C) does not cause changes in sys-
tolic and diastolic blood pressure, but only a decrease in
heart rate [18].

In order to determine the safety and real benefits of cryo-
stimulation, we need to examine this problem and find the
factual potential increase in blood pressure directly after
the whole-body session. In this way, we may prevent un-
desirable changes in blood pressure, especially in people
with unstable blood pressure or mild hypertension.
Therefore, in this study we examined a numerous and
homogeneous group of healthy individuals with correct
systolic and diastolic blood pressures; measurements were
performed in identical time intervals after leaving the
cryogenic chamber by each of the participant.

MATERIAL AND METHODS

The study population consisted of 25 healthy men,
volunteers, aged 21.3+0.94 years, with normal bodyweight
(BMI = 23.19£1.9), who had never been subjected to any
form of cryotherapy or cryostimulation. The subjects were
a homogeneous group with regard to age, sex and the level
of daily physical activity.

Prior to the experiment, each participant was examined
by a physician to test for any contraindications against
cryostimulation and maximal physical effort. Basic anthro-
pometric data was collected including: body height, body
mass and body mass index (BMI). Blood samples were ob-
tained from an antecubital forearm vein using vacutainer
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system tubes (Sarstedt, Germany), after overnight fasting,
in the morning before the treatment, and after a 10-min
rest in a sitting position, in order to determine blood vari-
ables, including number of erythrocytes (RBC), hemoglo-
bin concentration (Hb), hematocrit value (Hct), number
of leukocytes (WBC) and thrombocytes (PLT). Blood for
the haematological analysis was collected again in the
morning on an empty stomach, three days after the series
of 15 whole-body cryostimulations.

In the week before cryostimulation, the participants were
subjected to tests of maximal physical capacity, establish-
ing their maximal oxygen uptake (VO, ) using a direct
method. In order to estimate VO,__, a progressive ergocy-
cle test was applied. The exercise was preceded by a 5 min
warm-up (25 W). The test was performed on a bicycle er-
gometer (Monark 839E, Sweden), beginning with a work
load of 1 W per kg of fat free mass (1 Wxkg,, ~') and was
increased by 0.5 Wxkg_ ' every 3 min until volitional ex-
haustion or to the moment when the participant could not
keep the required frequency of revolutions (70+5 rpm).
During the exercise, oxygen uptake (VO,) was measured
continuously using an Oxycon gas analyzer (Jaeger, Ger-
many). Heart rate was measured with a Polar sport-tester.
Body composition was evaluated with the use of electrical
bioimpedance (Bioanalyser 1500 Akern). Three days after
the end of cryostimulations the exercise procedures were
repeated.

One week after performing the exercise test, the par-
ticipants were exposed to a fifteen-day-long series of
cryostimulation (once a day), at extremely low tempera-
ture (-130°C) in a cryogenic chamber. Each cryostimulation
session lasted 3 min. The duration of each session and the
temperature of the cold chamber were similar to our previ-
ous studies [6,7,11,21], and similar to the prevalent practice.
Glasses, contact lenses and all jewelry were removed before
the participants entered the chamber. Prior to entering the
cryogenic chamber, they dried their bodies thoroughly to
eliminate the sensation of cold. All the subjects wore shorts
and nothing above the waist; they only wore gloves, socks,
wooden clogs and head bands to protect the ears. In order
to protect the upper airways, their noses and mouths were
secured with a surgical mask. Entry to the cryochamber was

preceded by a 30-second adaptation period in the vestibule
at the temperature of -60°C. While in the cryochamber, the
subjects were advised to slightly move their fingers and legs
and to avoid holding their breath.

The cryostimulations took place every day at the same
time, between 9 am and 10 am. The participants were non-
smokers and were requested not to drink alcohol, coffee
and tea or cola drinks 12 h before testing the commenced.
They were also advised to maintain the same level of
physical activity and their regular diet during the period
of tests.

Systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and heart rate (HR) were measured on the day
of VO, measurement (before the exercise phase), not lat-
er than 1 h after light breakfast which was the same for each
participant. The measurements of these indicators were
performed again on each day of cryostimulation, immedia-
tely before and after the exposure, and 10 min after exiting
the chamber and resting in a sitting position. The measure-
ments of blood pressure were made in identical time inter-
vals after cryostimulation in case of all participants.

The cuff of the blood pressure monitor was placed around
the upper right arm. Blood pressure and heart rate were
measured by a clinically validated automatic blood pres-
sure monitor (OMRON).

The mean arterial pressure (MAP) was calculated as:

MAP = DBP+1/3 X pulse pressure 1)

where

pulse pressure = SBP-DBP.

Ethics

Each participant gave a written consent before joining the
study, and the Regional Bioethical Committee issued their
formal consent, according to the Helsinki Declaration.

Statistics

The obtained data was analyzed statistically. The statistical
analysis was performed using the Statistica 6 software. All
data is expressed as mean and standard deviation. The nor-
mality of distribution of results was estimated using the
Shapiro-Wilk tests. In order to determine the significance of
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the differences between the series of examinations before
and after cryostimulation, one-factor analysis of variance
(ANOVA) was applied. When a significant F-value was
found, Tukey’s post-hoc tests were used to determine the
source of significance, which was set at p < 0.05.

RESULTS

Characteristics of the examined men are presented in
Table 1. In case of all participants, the values of all he-
matological indices were within the clinical and labora-
tory reference values, both before and after cryostimula-
tion treatment (Table 2). The obtained results of maxi-
mal oxygen uptake during a cycloergometer exercise
(VO,,,, = 55.6+3.32 mlxkg'Xmin™), suggest that the
participants were highly trained. It is connected with high
level of daily physical activity (1.5 h aerobic physical effort,
3 times a week). The determined oxygen uptake per kg of
the body weight shows the capacity of the provision and
consumption of oxygen by their body tissues. Fifteen ses-
sions of 3-minute-long exposures to cryogenic temperature
did not change the level of aerobic capacity (maximal oxy-
gen uptake after treatment 53.3+4.12 mlxkg'Xmin™).
Similarly, the duration of the exercise did not change sig-
nificantly (19.3£2.21 min and 18.4+1.72 min before and
after the treatment), although in both cases we observed
a slight decrease. The hematological values show that as
a result of repeated daily cryostimulations, the number of

Table 1. Anthropometrical and physiological
characteristics as well as hematological indices
of the examined men (the values are mean +SD,
minimum and maximum) (N=25)

Parameter Mean =SD Min  Max
Age (years) 21.30+0.94 200 240
Body height (cm) 179.50+£5.12 170.0  186.0
Body mass (kg) 74.65+6.98 620  89.0
BMI (kgxm?) 23.19£1.93 197 261
VO, (mlxkg'xmin™) 55.60+3.32 512 584
HR __(bpm) 194.00£6.50 189.0  201.0

BMI — body mass index; VO
HR  — maximal heart rate.

— maximal oxygen uptake;

2max
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Table 2. The results obtained by the participants during
the progressive physical effort test and hematological
values before and after cryostimulation treatment

Time of

Parameter measurements Mean £SD

VO, (mlxkg'xmin”) before 55.60£3.32

after 53.30+4.12

Duration of exercise (min) before 19.30+2.21

after 18.40£1.72

WBC (10°/ul) before 528+1.75
after 6.28+1.75

RBC (10/ul) before 5.24+0.26
after 4.90=0.62"

HGB (g/dl) before 14.10+1.50
after 13.05+1.08

HCT (%) before 43.00£3.10

after 42.70+2.80
PLT (10%ul) before 219.30£36.32
after 225.90+54.00

SD — standard deviation.

WBC — white blood cells, RBC — red blood cells, HGB — hemo-
globin, HCT — hematocrit, MCV — mean corpuscular volume,
MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular
hemoglobin concentration, PLT — platelets.

* Significance of differences at p < 0.05 after cryostimulation
vs. before.

white blood cells increased, with a significant decrease in
red blood cells and hemoglobin. No change in the number
of platelets was observed (Table 2).

All the subjects were healthy and normotensive with
normal body mass index 23.19%1.93 kgxm= [19].
The mean (mean+SD) resting systolic pressure
was 12712 mmHg, diastolic pressure 7810 mmHg, and
heart rate 78+6/min.

As a result of whole-body exposure to cryogenic tempera-
tures, we observed changes in the examined physiological
cardiovascular indicators on the consecutive days of the
research. These results are summarized in Table 3. During
the first day of the treatment we observed a marked in-
crease in systolic blood pressure in comparison to the level
before cryostimulation from 127+7.5 to 152+14.2 mmHg
(p=0.001), indiastolic pressure from 77+9to 81+7mmHg
(p = 0.05), which as a consequence led to an increase in the
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Table 3. The mean values with standard deviation of systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR),

pulse pressure (PP) and the mean arterial pressure (MPA) before and after cryostimulation and the changes from pre-exposure

values (A) on the Ist, 5th, 10th and 15th day of the study

. Day of cryostimulation
Parameter  Time of measurements
Ist 5th 10th 15th
SBP (mmHg) before 127.0£7.5 125.0+11.6 125.0+13.3 126.0+15.5
after 152.0+14.2%** 146.0£18.0*** 144.0+14.4%* 145.0£11.9**
10 min after 132.0+12.9 130.0+14.6 138.0+16.3 131.0+125
ASBP (mmHg) 204135 19.0£12.4 18.7x14.3 18.0£6.6
DBP (mmHg) before 77.0£9.0 78.0£9.0 81.0£13.5 80.0+7.8
after 81.0+7.0* 80.0+£9.5 83.0+10.0 81.0+14.0
10 min after 76.0£6.7 78.0£7.6 80.0+9.5 84.0+8.4
ADBP (mmHg) 6.0£4.3 6.0x£4.2 5.0%3.2 5.0£35
PP (mmHg) before 49.0+12.0 47.0+18.0 45.0+18.0 46.0£9.0
after 67.0+£14.0%** 73.0£10.0%** 74.0+13.0%** 72.0+12.0%**
10 min after 50.0+13.0 52.0+18.0 52.0£18.0 47.0£9.0
APP (mmHg) 18.0£2.0 21.0%135 23.0+8.6 24.0+8.0
MAP (mmHg) before 94.0+9.8 99.0+7.1 99.0+13.6 97.0+10.0
after 103.0+10.4* 104.0+10.1* 106.0+9.7* 105.0+12.0*
10 min after 97.0£9.2 99.0+7.1 99.0+13.6 105.0=10.0
AMAP (mmHg) 9.0£4.3 7.0£4.2 11.0£8.1 9.0£4.2
HR (min) before 80.0+17.0 82.0+14.0 81.0£9.0 82.0+14.7
after 70.0+13.0* 77.0+14.8* 70.0+16.1%* 77.0+19.4*
10 min after 81.0x14.0 80.0+11.0 78.0£6.0 79.0£13.0
AHR (beatxmin) 8.0x4.5 8.0£5.8 7.0£3.4 7.0£5.1

* Significance of differences at p < 0.05 vs. before.
** Significance of differences at p < 0.01 vs. before.
*#* Significance of differences at p < 0.001 vs. before.

mean arterial pressure from 94+9.8 to 103+10.4 mmHg
(p = 0.05). At the same time, we observed a compensa-
tory decrease in heart rate from 80+1 to 70+1 bpm, on
average by 8+4 bpm (p < 0.01) immediately after leav-
ing the cryochamber. Therefore, on the first day, the aver-
age increase in SBP and DBP was respectively 20 mmHg
and 6 mmHg.

The next measurement, made in case of each partici-
pant 10 min after cryostimulation, showed a return of HR
and BP to the values similar to the initial ones. After the
daily application of cryostimulation, on the fifth day of
testing, blood pressure and heart rate were re-measured
before and after cryotherapy. Just like on the first day,
we observed a statistically significant increase in systolic

blood pressure, with values of 125+11 to 14618 mmHg,
and a return to baseline 10 min after the session. This
time there was no significant increase in diastolic blood
pressure. Heart rate decreased significantly in response to
cryogenic temperatures on the discussed fifth day of test-
ing, by 8+5 bpm on average almost identically to the first
day of treatment.

During the whole study period, systolic blood pressure in-
variably increased immediately after cryostimulation and,
respectively, heart rate decreased. Similarly to the previ-
ous days, the blood pressure returned to the initial va-
lue 10 min after the end of cryostimulation. In the follow-
ing days of stimulation we noticed increases in mean sys-
tolic blood pressure which successively reached 19 mmHg
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(5th day), 18 mmHg (10th day), and 18 mmHg (15th day).
Diastolic blood pressure remained unchanged during the
consecutive measurements after cryostimulation. The
significant changes (p < 0.001) in pulse pressure in re-
sponse to the procedure applied during the experimental
period occurred. The mean value of pulse pressure after
cryostimulation oscillated from 67+14 on the first day
to 72+13 mmHg after the last session, with the mean ris-
ing immediately after cryostimulation (APP) from 18+2
to 24+8 mmHg.

DISCUSSION

Understanding the physiological mechanisms occurring
during the action of cryogenic temperatures can only be
based on research on healthy individuals. The assessment
and analysis of the effects can help determine the useful-
ness of cryotherapy in patients with various diseases and
in athletes. Our previous pilot study with 40 healthy men,
showed an increase in systolic and diastolic pressure imme-
diately after single whole-body cryostimulation. The next
stage of research, presented in this work, was the evalua-
tion of changes in blood pressure and heart rate during the
series of 15 daily cryostimulations and observation if these
reactions change as a result of adaptation.

It was ascertained that each whole-body cryostimulation
resulted in a significant increase in systolic pressure, pulse
pressure and mean arterial pressure with a compensatory
decrease in respect of heart rate directly after the stimu-
lation, regardless of the day of the series. Interindividual
variation range was wide, both in systolic and diastolic
blood pressure during the following sessions of cryostimu-
lation. There is some evidence in literature of wider varia-
bility in men’s hemodynamic response in comparison with
women [14]. All the observed changes in the circulatory
system subsided after 10 min of resting in a sitting position.
The reduction in heart rate by about 10 beats per minute
after the exposure to cryogenic temperatures was also ob-
served by other authors [14,17,18,20], although there are
also reports of no changes in HR, and even increased HR
after a single exposure to cryogenic temperatures and
cooling. Koczorowska et al. [20] showed that the reduction
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in heart rate occurred only in patients with normal blood
pressure, but observed no changes in HR of patients with
baseline systolic pressure above 140 mmHg in tests carried
out on a group of men and women aged 51 years. Blood
pressure seems to react very rapidly to changes in ambient
temperature. It is known that whole-body cryostimulation
significantly reduces skin temperatures (T, ) [21,22]. The
increase of blood pressure and bradycardia in resting sub-
jects obviously is caused reflectorily by the cooling of un-
covered body parts, especially facial cooling [23]. A short
but strong thermal stimulus — the exposure of the body to
temperature of —130°C stimulates the sympathetic nervous
system, causes a number of thermoregulatory responses
including the metabolic and hormonal responses, in con-
sequence leading to cutaneous veno- and vasoconstric-
tion. The increased tone in the vessels reduces the vol-
ume of blood at the periphery and displaces blood into
the core producing a rise in the mean arterial pressure,
cardiac output and stroke volume with a consequent re-
duction in cardiac action [14,24,25]. The elevation of pe-
ripheral arterial resistance is elicited via f-adrenergic re-
ceptor activation through direct action of reduced T, on
blood vessel diameter, and additionally, by an elevated
plasma norepinephrine concentration [26]. It is suggested
that the p-adrenergic receptors in the heart, blood vessels,
adipocytes and muscles participate in mediating the effect
of cold on cardiovascular and thermoregulatory respons-
es [27]. Increased activity of the parasympathetic tone due
to cold stimulation of the face during WBC could also par-
ticipate in lowering heart rate [28]. It seems that the re-
duction of HR could be explained by combined activation
of both the components of the autonomic nervous system
and via baroreflex [14].

Elevated blood pressure could be a risk factor not only for
people with cardiac diseases, but also for healthy individu-
als who are regularly exposed to cold, due to the greater
load on the heart [14,29]. It seems, however, that the ob-
served change in blood pressure and the short duration
of these changes are safe for healthy people. It is widely
accepted that the constantly increased blood pressure is
much more harmful than short-term increases that are
also observed during intense physical exercise [14,30,31].
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In practice, whole-body cryostimulation is not allowed for
patients with cardiac disease and unstable blood pressure.
In Finland, cryostimulation is recommended only for peo-
ple with blood pressure below 160/100 mmHg [14] and in
this study we assumed 150/90 mmHg to be the upper limit
of blood pressure.

It is postulated that a consequence of the increase in cen-
tral blood volume is baroreceptor stimulation which in
turn can lead to inhibition of vasopressin secretion, inhibi-
tion of diuresis intensity, and hypovolemia, as a result of
increased urine production (reduced renal water reabsorp-
tion) and the relocation of fluid to the interstitium [25].
Changes in ASBP, ADBP, AMAP and APP were not differ-
ent on the 1st, Sth, 10th and 15th day of the experiment.
It can therefore be argued that in this study no adaptation
changes occurred in response to the repeated stress asso-
ciated with cold. A similar lack of adaptation changes in
blood pressure was observed by Westerlund [14] in men
and women aged 40+12 years, undergoing whole-body
cryostimulation three times a week for 3 months, however,
adaptation changes in blood pressure were found in winter
swimmers who had cold baths 5-6 times a week during the
winter season [32].

In therapeutic practice, 10 cryostimulations are usually ap-
plied, followed by a 6-month break. It is unknown if a lon-
ger series would result in adaptation of the body to cold.
There are reports showing increased systolic blood pressure
in winter compared to summer in people with mild hyper-
tension. The seasonal variation in blood pressure is greater
in older than younger subjects [33,34]. Similarly, some au-
thors describe an adverse effect of chronic cold acting as
a risk factor for more severe hypertension, cardiovascular
diseases, stroke and myocardial infarction [35-37].

There are no reports on the influence of whole-body cryo-
stimulation on the fitness of athletes and therefore it is dif-
ficult to draw any definite conclusions on the usefulness of
this type of treatment. It is interesting from the practical
point of view how to include best cryostimulation in the
training cycle, especially as in this study we found no chang-
es on aerobic capacity evaluated with the maximal oxygen
uptake (which was only slightly decreasing). Our results
confirm the report of Klimek et al. [11] which examined the

influence of 10 cryostimulation sessions on the aerobic and
anaerobic capacity in men and women. The simultaneous
decreases in the number of red blood cells and hemoglo-
bin level are not sufficient to indicate a positive effect of
the treatment on the oxygen distribution among tissues and
organs, especially in the light of consistency between our
results and those obtained by Klimek et al.

CONCLUSION

In conclusion, it is worth noting, that a short-term but sig-
nificant and repeated increase during consecutive days of
cryostimulation session observed in systolic blood pres-
sure in normotensive men, could indicate that this physio-
therapy treatment is not recommended for people with
advanced or not pharmacologically controlled hyperten-
sion. Additionally, it seems worth finding if the decrease
in the hematological indices is transitional or not and if it
depends on the number of sessions.
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