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2Department of Experimental and Clinical Physiology, Laboratory of Centre for Preclinical Research,

Warsaw Medical University, 1b Banacha Street, Warsaw 02-097, Poland

*Correspondence address. Department of Exercise Physiology and Functional Anatomy, Ludwik Rydygier Collegium Medicum

in Bydgoszcz Nicolaus Copernicus University in Toruń, Świętojańska 20, Bydgoszcz 85-077, Poland.
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Abstract

Introduction:Whole-body cryotherapy (WBC) is a controlled exposure of the

whole body to cold to gain health benefits. In recent years, data on potential

applications of WBC in multiple clinical settings have emerged.

Sources of data: PubMed, EBSCO and Clinical Key search using keywords

including terms ‘whole body’, ‘cryotherapy’ and ‘cryostimulation’.

Areas of agreement: WBC could be applied as adjuvant therapy in multi-

ple conditions involving chronic inflammation because of its potent anti-

inflammatory effects. Those might include systemic inflammation as in

rheumatoid arthritis. In addition, WBC could serve as adjuvant therapy for

chronic inflammation in some patients with obesity.

Areas of controversy: WBC probably might be applied as an adjuvant

treatment in patients with chronic brain disorders including mild cognitive

impairment and general anxiety disorder and in patients with depressive

episodes and neuroinflammation reduction as in multiple sclerosis. WBC

effects in metabolic disorder treatment are yet to be determined. WBC

presumably exerts pleiotropic effects and therefore might serve as adjuvant

therapy in multi-systemic disorders, including myalgic encephalomyeli-

tis/chronic fatigue syndrome (ME/CFS).
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Growing points: The quality of studies on the effects of WBC in the clinical

setting is in general low; hence, randomized controlled trials with adequate

sample size and longer follow-up periods are needed.

Areas are timely for developing research: Further studies should examine

the mechanism underlying the clinical efficacy of WBC. Multiple conditions

might involve chronic inflammation, which in turn could be a potential target

of WBC. Further research on the application of WBC in neurodegenerative

disorders, neuropsychiatric disorders and ME/CFS should be conducted.

Keywords: cognitive function, neuropsychiatric disorders, neurodegenerative disorders, chronic inflammation, obesity,

metabolic disorders, cryotherapy

Introduction

Cryotherapy could be defined as cold exposure in
a controlled manner for medical purposes; how-
ever, it is not a completely uniform term: various
methods have been used to apply low tempera-
tures. Local cold exposure could be provided by,
inter alia, crushed ice,1 ice bag,2 cold gel pack,3 and
continuous or intermittent circulation of ice water
from an insulated container to a pad placed onto
the treatment area.1 Whole-body cryotherapy (WBC)
typically involves exposure to very cold and dry
air (−110 to −195◦C) for a period of 2 to 3 min
in a temperature-controlled chamber.4 Cold water
immersion (CWI) applies exposure to the level from
lower limbs to the sternum, without head exposure.
The temperature of the water circa 4◦C is most
often provided. Moreover, methods aimed at cold
exposure in a more localized way are also used in
clinical practice. Table 1 provides information on
methods applied in cryotherapy.

Whole-body cryotherapy (WBC) is a controlled
exposure of the whole body to cold to gain health
benefits.4 There are multiple systems available that
provide cryostimulation to the whole body. Cry-
ochambers used in Poland typically include three
chambers: the main chamber and two outer cham-
bers. The patients first come into the outer chambers,
where the temperature is set at −30 and −60◦C,
and are exposed here for 30 to 60 s to achieve
the acute cold adaptation before entering the main

chamber.4 The temperature in the final inner cham-
ber is typically set at between −100 and −130◦C in
a clinical setting, and patients are exposed here for
up to 3 min.5

Lombardi et al. described in a systematic review
the application of WBC in healthy athletes.5 In our
previous systematic review, we focused on the appli-
cation ofWBC in a group of older subjects.6 We have
concluded that WBC has the potential in improving
performance and decrease symptom severity in some
chronic conditions in older subjects as an element of
a behavioural programme in combination with reg-
ular physical exercise.6 From the time of publication
of this review, multiple publications regarding the
role of WBC in a clinical setting in various clinical
groups have emerged. This is the first systematic
review to examine WBC for various inflammatory
diseases and is therefore of great clinical importance
as a potential therapeutic option. Therefore, we have
decided to perform a systematic review of the avail-
able literature on WBC effects in the general patient
population.

Methods

Sources of data

The analysis was conducted and reported in
accordance to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines
and Cochrane Review.7,8 The current study was not
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Table 1 Methods applied in cryotherapy

Medium

Ice Water Gas

Global Ice water immersion Cold water immersion Whole-body cryotherapy

Local Crushed ice Local cold water immersion (e.g. upper or/and

lower limbs)

Cryosauna

Ice bags Circulation of ice water from an insulated

container

Local exposure to liquid

nitrogen

Cold gel packs Vests with water pipes

Wetted towel/paper

registered. However, it was compared with other
listings on the international prospective register of
systematic reviews (PROSPERO). No systematic
review with the aim of assessment of WBC as
a treatment for chronic medical conditions in its
broad sense was found. Therefore, we carried out
a systematic review of published articles on the
application of WBC in patients. Two investiga-
tors (H.T. and A.M.) independently searched the
PubMed, EBSCO and Clinical Key databases for
all full-text articles on application of WBC in
patients. No publication screening software was
used. Searching databases was done on September
22, 2022, using the terms ‘whole body’ AND
‘cryotherapy’ OR ‘cryostimulation’. Filters applied
in PubMed included full-text, clinical trial and
randomized clinical trials. Duplicates were omitted
during the analysis. Two co-authors (H.T. and
A.M.) independently reviewed each publication. All
titles of articles were analysed as well as the full
text to determine whether they could be included
in the review. Discordant opinions were resolved
through discussions with the participation of a
third investigator (S.K.). Articles were excluded if (i)
not being available in English, (ii) examined group
consisted of an animal model, (iii) studies in which
cooling down was used not in a form of WBC, (iv)
examined samples did not include patients with
chronic disorders, (v) data described in the paper
was produced in a pilot study that was extended
in the subsequent paper from the same group, (vi)
manuscripts were not available in full text (Fig. 1).

Eventually, 51 studies were included in the current
review (Fig. 1).

Data extraction

A standardized form was used to extract data
from the included studies for the examination of
study quality and synthesis of evidence. Extracted
information included the following: year of publi-
cation; study sample, with inclusion and exclusion
criteria; sample size; patient characteristics; WBC
programme including its duration, characteristics of
exposures including their frequency, duration and
intensity (temperature inside the main chamber);
outcomes and times of measurement; information
for an assessment of the risk of bias. Data extraction
forms were completed by one author and checked
by a second author. Likewise, quality assessment was
performed by one author and checked by a second.

Quality analysis of included studies

To analyse the quality of included studies, the
Cochrane Collaboration’s tool was used.9 Quality
of each study was assessed by three authors (H.T.,
A.M., S.K.) and then based on the mode (i.e. the
most frequently assigned score) the score for each of
dimension in each of the studies was chosen.

Graphical presentation of results

Sankey diagram was created using RAWGraphs 2.0
beta.10 Edges in blue colour denote the conclusion
obtained on patients with myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS), green colour
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4 H. Tabisz et al., 2023

Fig. 1 Flow diagram of the process of selection of study materials.

denotes metabolic disorders, apricot colour denotes
nervous system disorders and pink denotes systemic
chronic inflammation. The width of the edges is
proportional to the sum of the number of partici-
pants from particular studies or a study.

Results

Potential of WBC application to treat

secondary symptoms in ME/CFS

Table 2 provides summary of reviewed clinical tri-
als. The study provided by our laboratory was the

first to provide initial data regarding the effects of
WBC in ME/CFS.11,12 Physical and emotional effort
might induce post-exertional malaise in ME/CFS
patients. It is well described that a session of physical
exercise might induce multiple changes in the car-
diovascular and pulmonary systems functioning in
patients with ME/CFS suffering from PEM.13 There-
fore, in the study on the effects of WBC, the com-
parator groups consisted of healthy participants,
to compare the effects of WBC on cardiovascu-
lar function, autonomic nervous system and cog-
nitive function.11,12 It has been shown that WBC
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Table 2 Summary of reviewed clinical trials

The first

author, year

WBC group N (mean

age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Bettoni, 2013 WBC group of patients

with fibromyalgia (FM);

n=50 subjects, all

subjects n= 100, age

range 17–70 years

3 wks 15 5 d/wk Single WBC session:

in an atrium for 30 s

at −60◦C and the

main chamber for

3 min at −140◦C

Improvement in

quality of life, pain

and fatigue, scored

by the GH, FSS and

VAS

Bryczkowska,

2018

WBC group with multiple

sclerosis (MS), n= 30

(women), mean

age=45.6, SD=12.4

4 wks 30 5 d/wk Single WBC session:

in an atrium for 30 s

at −60◦C and in the

main chamber for

3 min at −130◦C.

After the WBC

session, there was a

group kinesitherapy

for 30 min

Modulation of

systemic antioxidant

potential in multiple

sclerosis patients

Chruściak,

2016

WBC group with

osteoarthritis (OA),

n=50, mean age=50.1,

SD= 10.9, range 29 to 73

NR 10 NR Specifics of an

applied intervention

are not available

Pain perception and

its frequency and

the number of taken

analgesic

medications were

reduced

Dulian, 2015 WBC group with obesity,

n=12, mean age=38,

SD= 9

NR 10 NR 10 days of WBC,

single WBC session

once a day, in the

main chamber for

3 min, at −110◦C

The

anti-inflammatory

effect is shown by

reducing the

high-sensitivity

C-reactive protein

(hsCRP) and Hpc

concentration

Garcia, 2017 WBC group with

trapezius myofascial pain

syndrome, n=20, mean

age=40.86±11.04, age

range of 23–56 years

5 wks 20 4 d/wk Single WBC session:

in the main chamber

for 3 min, at

−160◦C

Pain perception was

reduced

Giemza, 2013 WBC group, n=96 males

with chronic, lower back

pain > 3 months, mean

age=69.2, range 65–75

3 wks 15 5 d/wk Single WBC session:

in an atrium for 30 s

at −60◦C, in the

main chamber for

3 min at −120◦C.

After the WBC

session, there was a

group kinesitherapy

for 45 min

Improvement in the

range of motion of

the lumbar spine

and a decrease in

the value of action

potentials of the

erector spinae

muscles

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N (mean

age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Giemza,

2015

WBC group, n= 80

males with chronic,

lower back pain

>3 months, mean

age= 70.1, range 65–77

3 wks 15 Group A:

2 d/wk;

group B:

5 d/wk

Single WBC session: in

an atrium for 30 s at

−60◦C, in the main

chamber for 3 min at

−120◦C. There was a

group kinesitherapy for

45 min, 5 days a week

Pain perception was

reduced

Gizińska,

2015

WBC group of patients

with RA (rheumatoid

arthritis), n=25, mean

age= 55.9, SD= 5.08,

IQR= 51–60

2 wks 10 5 d/wk Single WBC session:

passing through an

atrium at −10 and

−60◦C into the main

chamber for 3 min at

−110◦C

Decrease in pain,

fatigue, interleukin 6

and tumour necrosis

factor, improvement in

disease status and

functional performance

were observed in both

groups. Significant

improvement in the

result of the

questionnaire of health

assessment was noted

in group II

Happe,

2016

2 WBC groups were

included, n= 12 patients

with idiopathic restless

legs syndrome (mean

age= 56.9, SD= 16.1)

in WBC group at

−60◦C. n= 11 patients

at sham group at −10◦C

(mean age= 61.6,

SD=11)

4 wks 10 5 d/wk Group 1: single WBC

session in the main

chamber for 3 min at

−60◦C (n=12); group

2: in the main chamber

for 3 min at −10◦C

(n=11)

Improvements in

disease symptoms and

quality of life were

observed in the −60◦C

group only. Local

cryotherapy improved

quality of life and sleep

quality but not daytime

sleepiness or disease

symptoms. Reduction

in the number of wake

phases per night was

observed in the −10◦C

group

Hirvonen,

2006

2 groups of WBC; a

group with active

seropositive RA

(rheumatoid arthritis),

WBC at −60◦C, n= 20,

mean age= 53, range 37

to 65; WBC at −110◦C,

n=20, mean age= 50,

range 21 to 61

1 wk 20 7 d, 3

times/d

Single WBC session at

−60 or −110◦C. There

was an individual

kinesitherapy not more

than twice a day

WBC at −110◦C

decreased pain most

markedly, but in

general is equal to local

cryotherapy, used in

patients with RA to

relieve pain and as an

addition to

conventional

physiotherapy

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Hirvonen,

2017

2 groups of WBC

with RA (rheumatoid

arthritis), WBC at

−60◦C, n=18, mean

age=53, SD= 9;

WBC at −110◦C,

n=17, mean=50,

SD= 9

1 wk 20 7 d, 3

times/d

Single WBC session for 2 min

at −60 or −110◦C

WBC at −110◦C caused

an increase in TRAP

(total peroxyl radical

trapping antioxidant

capacity of plasma)

during the first

treatment, but not

through other

modalities There were

no significant changes

with oxidative stress or

adaptation

Klemm,

2021

WBC group with

fibromyalgia (FM),

n=23, mean age

46±9.8 years, 66%

were female

3 wks 6 2 d/wk Single WBC session: at

−130◦C, but the first session

90 s, the second 120 s and

from the third session onwards

a time of 180 s (3 min)

Pain reduction and

decrease of IL-1, IL-6

and IL-10 levels

Klimenko,

2008

WBC group with

atopic dermatitis

(AD), n= 18, 10 men

and 8 women, mean

age not available

4 wks 12 3 d/wk Single WBC session: first 2

chambers were meant for

precooling (−30 and −60◦C),

for a very short time, then the

main chamber for 1 to 3 min

at −110◦C

A steroid-sparing effect

as it showed an

improvement in pruritus

and sleep disturbances

Kujawski,

2021

WBC group with

CFS, n= 32 (26

females), mean

age=36.72±8.4

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C, in the main

chamber at −120◦C. Exposure

time was incremental: 1–3 days

for 0.5 min, 4–5 days for

1 min, 6–7 days for 1.5 min,

8–9 days for 2 min and

10 days for 2.5 min. After the

WBC session, there was a static

stretching exercise session (SS)

Allostatic responses

were observed in both

groups

Kujawski,

2022

WBC group with

CFS, n= 32, mean

age=36.7± 8.4

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C, in the main

chamber at −120◦C. Exposure

time was incremental: 1–3 days

for 0.5 min, 4–5 days for

1 min, 6–7 days for 1.5 min,

8–9 days for 2 min and

10 days for 2.5 min. After the

WBC session, there was a static

stretching exercise session (SS)

In the WBC group, a

decrease in fatigue and

an increase in cognitive

functions (speed of

processing visual

information and

set-shifting)

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Kulis, 2017 WBC group, n= 22

women with

spondyloarthrosis,

mean

age=66.6 years,

range: 65–70

2 wks 10 5 d/wk Single WBC session: in an

atrium for 30 s, at −60◦C

and in the main chamber

for 3 min at −120◦C. After

the WBC session, there was

a kinesitherapy that lasted

for 40 min in total

A decrease in the

indices of erythrocyte

elasticity and

aggregation was noted

in women after

combined therapy

consisting of WBC and

kinesitherapy

Lubkowska,

2015

WBC group with

obesity, n= 30

(men), mean

age=39.06,

SD=9.36, range

23 to 54

4 wks 20 5 d/wk Single WBC session: in an

atrium for 30 s, at −60◦C

and in the main chamber

for 2–3 min at −120◦C.

After the WBC session, the

subjects exercised 3 times a

week (45 min each), twice a

week in the gym under the

close supervision of an

exercise physiologist and

once a week a Nordic

walking session in an open

area

An increase in SOD

(superoxide dismutase)

activity, a decrease in

the level of low-density

lipoprotein and

triglycerides were

observed

Lukasik,

2010

2 WBC groups:

n= 20 with RA

(rheumatoid

arthritis) and

n= 17 with OA

(osteoarthritis).

The mean age is

not available

4 wks 20 5d/wk Single WBC session: in the

main chamber at −140 to

−160◦C for 2 to 3 min

WBC reduced

histamine levels in the

blood of patients with

rheumatoid arthritis

Ma, 2013 WBC group n= 15

patients with AC

(adhesive

capsulitis) of the

shoulder, mean

age=56.1,

SD=6.3, all

patients (n=30),

age range 47 to 66

4 wks 24 3 d/wk Single WBC session: in an

atrium for 1 min at −50◦C

and in the main chamber

for 2.5 min, and after this

back to the atrium at

−50◦C again for 0.5 min

Both treatments

improved the range of

motion, pain on the

VAS scale and

shoulder function.

Addition of WBC to

standard therapy was

more effective in terms

of improvement of

pain, range and the

results of a

questionnaire on

functional limitation

and pain of the

shoulder

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Miller,

2010

WBC group with

multiple sclerosis

(MS) n= 16, 11

females and 5

males, mean

age= 43.2,

SD=11.2

2 wks

(3 cycles

with a

3-

month

break

after

each

cycle)

30 5 d/wk Single WBC session: in an

atrium at −60◦C, and in

the main chamber, with

temperatures from −110 to

−160◦C for 2–3 min. The

last cycle of WBC was

connected with 14 days of

supplementation of 10 mg

of melatonin taken every

evening at 6 p.m.

An increase of TAS

(total antioxidative

status), but not in

antioxidative enzymes:

SOD (superoxide

dismutase) and CAT

(catalase).

Supplementation of

melatonin with WBC

led to an increase in

the activity of SOD

and CAT

Miller,

2011

WBC group with

MS (multiple

sclerosis), n=22,

15 females and 7

males, mean

age= 42.2

(SD=15.2)

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C, and in

the main chamber, with

temperatures between

−110 and −160◦C for

2–3 min

An increase of TAS

(total antioxidative

status), but not in

antioxidative enzymes:

SOD (superoxide

dismutase) and CAT

(catalase)

Miller,

2013

WBC group with

SPMS (multiple

sclerosis patients

with secondary

progressive clinical

form), n=22,

mean age= 48.6,

SD=12.5

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C, and in

the main chamber, with

temperatures between

−110 and −160◦C for

3 min. On the first visit, the

participants were exposed

to 10 sessions of extremely

low temperature (−130◦C)

in a cryogenic chamber

An increase in UA

(uric acid) blood level

was observed, so it can

improve the life of

patients according to

the Expanded

Disability Status Scale

Miller,

2016

2 WBC groups: MS

(multiple sclerosis)

patients with

chronic fatigue,

divided into

high-fatigue group,

n=24 (mean

age= 55.6,

SD=4.2) and

low-fatigue group,

n=24 (mean

age= 55.7,

SD=3.2)

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C, and in

the main chamber, with

temperatures between

−110 and −160◦C for

2–3 min

Improvement in the

functional status and

the feeling of fatigue in

both groups, greater

changes were in the

high-fatigue group

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Missmann,

2016

2 WBC groups with

rheumatic disorders

and elevated blood

pressure:

pharmacologically

treated hypertension

group, n= 5 (mean

age=61.2, SD= 7.6)

and untreated

hypertension group,

n= 5 (mean

age=56.4,

SD=9.1), age range

35–69

3–4

wks

21 NR Temperature of −15◦C,

followed by a room with

−60◦C, and the main

chamber with −110◦C for

approximately 3 min

An increase in blood

pressure after WBC

was found in the

whole sample and the

normotensive group

Nugraha,

2014

WBC group with low

back pain, n= 28,

mean age=54.7,

SD=9.47, range 18

to 65

2 wks 10 5 d/wk Single WBC session: in the

main chamber at −67◦C

for 3 min

In patients with low

back pain, the feeling

of pain decreased in

both groups, the

control group and the

WBC group

Pawik,

2019

2 WBC groups: with

MS (multiple

sclerosis), n= 20,

mean age=45.8,

SD=10.1; with MS

and gym n=20,

mean age=48.8,

SD=12.2

2 wks 10 5 d/wk Single WBC session: in an

atrium for 30 s and the

main chamber at −110◦C

during the first session and

at −160◦C on the last day

of the study for 3 min. After

the WBC group, 2 had

physical exercise training

with Thera Band, which

lasted 60 min per session

Patients with gym

showed an

improvement in

psychosocial

well-being. In the

group without gym, a

reduction of depressive

symptoms and

improved functional

status

Pilch, 2020 WBC group with

obese/high body

mass, n= 12, mean

age=29.08,

SD=4.19

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s,

and in the main chamber at

−120◦C for 2–3 min

(except the first session,

which lasted 1 min)

Heat shock protein

gene expression

changed. There was a

significant difference

in HSPA1A expression

and HSPB1

Pilch, 2021 WBC group, male

patients with obesity,

n= 10, mean

age=22.10,

SD=2.33, range

20–35 years

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s,

in the main chamber at

−120◦C for 2–3 min

A decrease in

TOS/TOC level

(pro-oxidative status)

was observed and an

increase in CAT

(catalase) activity

(Continued)
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Table 2 Continued

The first

author, year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Pilch, 2022 2 WBC groups;

WBC group with I

class obesity n= 9,

mean

age= 31.1± 3.8;

WBC group with II

class obesity n= 9,

mean

age= 28.4± 3.6

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s,

in the main chamber at

−120◦C for 3 min

A decrease in the LEP

(leptin) and

TNF-alpha (tumour

necrosis factor-alpha)

levels was noted, but

no other changes in

the lipid profile

Ptaszek,

2021

WBC group with

MS (multiple

sclerosis), n=15

women, mean

age= 41.53±6.98 years,

range 34–55

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C and in the

main chamber at −120◦C.

The time of a single WBC

session during the study

period was respectively

1.5 min (1 treatment),

2 min (2 treatments), 3 min

(3–20 treatments)

Changes in the levels

of red blood cells

(RBC), haemoglobin

(HGB), haematocrit

(HCT), elongation

index, total extent of

aggregation (AMP)

and proteins

(including fibrinogen)

Radecka,

2021

WBC group with

multiple sclerosis

(MS), n= 60, mean

age= 44.95,

SD= 11.83

4 wks 20 5 d/wk Single WBC session: in the

main chamber at −110◦C.

After WBC, the subjects

participated in 15-min

kinesiotherapy exercises

conducted in groups of 5–6

people

Gait improvement and

a decrease of fatigue.

In the rest of the

electromyograms, a

decrease of flexor

carpi radialis and an

increase in extensor

carpi radialis

amplitude

Rivera, 2018 WBC group with

FM (fibromyalgia),

n=26, age

between 25 and

80 years; range not

reported

3 wks Alternate

days

(every

second

day) for

3 weeks

3 d/wk Single WBC session in the

main chamber at −196◦C

for 3 min

Pain perception was

reduced

Romanowski,

2019

2 WBC groups

with ankylosing

spondylitis (AS),

WBC with

−110◦C, n=32,

mean age= 47.1

SD= 10.17; WBC

with −60◦C,

n=31, mean

age= 49.7

SD= 11.71

2 wks 8 4 d/wk Single WBC session: in an

atrium at −10◦C for 30 s,

in the second chamber at

−60◦C for 30 s, and the

main chamber at −110 or

−60◦C for 3 min. After

WBC, there were group

exercises (general

rehabilitation exercises,

stretching) and free active

exercises

A reduction of disease

activity expressed in

BASDAI (Bath

Ankylosing Spondylitis

Disease Activity Index)

(Continued)
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Table 2 Continued

The first

author, year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Rymaszewska,

2008

WBC group with

depressive and

anxiety disorders,

n=26, mean

age= 47.04,

SD=13.05

3 wks 15 5 d/wk Single WBC session: in an

atrium at −60◦C and in the

main chamber at a

temperature from −160 to

−110◦C for 2–3 min

A decrease in

Hamilton’s depression

rating scale (HDRS) and

Hamilton’s anxiety

rating scale (HARS)

Rymaszewska,

2020

WBC group with a

depressive episode,

n=30, 21 females

and 9 males, mean

age 46.6, range

23–73

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

the temperature from

−110◦C on the first day to

−135◦C on further days for

2 min

Improvement in life

quality, self-assessed

mood and disease

acceptance, so WBC can

reduce mental health

deterioration

Rymaszewska,

2021

WBC group with

MCI (mild

cognitive

impairment),

n=33, mean age

was 65.97 (±6.94)

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

the temperature from

−110◦C on the first day to

−135◦C on further days for

2 min

Improvement in mood,

short-term memory,

orientation and a

reduction of BDNF

(brain-derived

neurotrophic factor)

level

Senczyszyn,

2021

WBC group with

SCD (subjective

cognitive decline)

and MCI (mild

cognitive

impairment),

n=30, mean

age= 71.1,

SD=6.9

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

the temperature from

−110◦C on the first day to

−130◦C on further days for

2 min

Computerized cognitive

training, in combination

with WBC, leads to a

reduction of depressive

symptoms, improvement

in general cognitive

functioning, verbal

fluency, learning ability

and short-term memory,

long-term memory and

information processing

Sieklucka,

2019

WBC group with

rheumatoid

arthritis (RA),

n=25, mean

age= 43.6,

SD=10.1

NR 20

treatment

days

NR Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

a temperature from

−120◦C on the first day to

−140◦C on further days for

2 min

Reduction of C-reactive

protein (CRP)

Stanek, 2005 WBC group with

ankylosing

spondylitis, n= 16,

mean age:

47.4± 4.7

2 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C for 60 s

and in the main chamber at

−120◦C

Increase in spine

mobility

(Continued)
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Table 2 Continued

The first

author, year

WBC group N (mean

age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Stanek, 2018 WBC group with

ankylosing spondylitis

(AS), n=16, mean

age=46.63, SD=1.5

2 wks 10 5 d/wk Single WBC session: in

an atrium at −60◦C for

30 s and in the main

chamber at −120◦C for

3 min

Decrease in the plasma

hsCRP level, oxidative

stress markers, Bath

Ankylosing Spondylitis

Diseases Activity

Index (BASDAI) and

the Bath Ankylosing

Spondylitis Functional

Index (BASFI)

Straburzyńska-

Lupa,

2018

2 WBC groups with

ankylosing spondylitis

(AS), WBC with

−60◦C, n= 21, mean

age=50.8,

SD= 12.24; WBC

with −110◦C, n=23

mean= 47.7,

SD= 9.97

2 wks 6 3 d/wk Single WBC session: in

an atrium at −10◦C for

30 s, in the second

chamber at −60◦C for 30

s, and the main chamber

at −110 or −60◦C for

3 min. After WBC, there

was a 30-min exercise

therapy programme

Increase of the

concentration of

thiobarbituric acid

reactive substances

(TBARS), lower

BASDAI, ASDAS-CRP

and the IL-8

concentration

Straub, 2009 2 WBC groups with

RA (rheumatoid

arthritis) with or

without

glucocorticoids were

exposed to WBC at

−60◦C, n= 11, mean

age=55.7, SD= 2.4

or −110◦C, n=8,

mean age=50.6,

SD= 4.0

1 wk 20 7 d/wk Single WBC session at

−60◦C for 2 min or at

−110◦C for 2 min

In patients with

glucocorticoids, an

inadequate cold stress

response was noted

Szczepańska-

Gieracha,

2013

2 WBC groups, WBC

group 1 with spinal

pain syndromes

(n= 34), mean age

47.2±12.4. WBC

group 2 with

peripheral joint disease

(n= 21), mean age

50.2±11.5

NR 10 NR WBC sessions: from 1 to

2 min in the first two

sessions to 3 min during

the following eight

sessions

Improvement of

quality of life, mood

and well-being

Varallo, 2022 WBC group with

fibromyalgia and

obesity, n= 20 female,

mean age:

52.82± 7.78, range 18

to 65

2 wks 10 5 d/wk Single WBC session: in

the main chamber at

−110◦C for 2 min. After

WBC, there was a

rehabilitation prog-

ramme, which lasted 3 h

Decrease in the

severity of pain,

depressive symptoms,

disease impact and

improvement of

quality of sleep

(Continued)
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Table 2 Continued

The first

author,

year

WBC group N

(mean age± SD)

Details of WBC protocols The main outcome

Time No of

exposures

Frequency Methods of WBC

Vitenet,

2018

WBC group with

fibromyalgia

syndrome (SFM),

n= 11, mean

age=55, SD=10

2 wks 10 5 d/wk Single WBC session: in the

main chamber at −110◦C

for 3 min

Improvement of

health-reported quality

of life was observed

and what is important,

the effect lasted for at

least 1 month

Wiecek,

2019

WBC group with

MetS (metabolic

syndrome) and

menopause, n= 37

women, mean

age=62.00

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

−130◦C for 3 min. After

WBC, patients entered the

room at 20–22◦C and

remained there for 20 min

Reduction in asprosin

concentration

Wiecek,

2020

WBC group, n= 19

menopausal

women with MetS

(metabolic

syndrome), mean

age: 61.53±3.99

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

−130◦C for 3 min

Decrease in the

percentage of the total,

trunk and android fat

in the MetS group

Wyrostek,

2021

WBC group with

high body fat

percentage, n= 14,

men, mean

age=29.64± 4.13

4 wks 20 5 d/wk Single WBC session: in an

atrium at −60◦C for 30 s

and in the main chamber at

−120◦C for 2–3 min

Differences in blood

cells

Ziemann,

2013

2 WBC groups,

WBC in obese

patients with

higher

cardiorespiratory

fitness: n=7 mean

age not reported;

WBC with lower

cardiorespiratory

fitness, n=7, mean

age not reported

4 wks 10 5 d/wk Single WBC session: in an

atrium at −60◦C for 20–30

s and in the main chamber

at −110◦C for 3 min

Decrease of

concentrations of

pro-inflammatory

cytokines in the LCF

and an increase of

anti-inflammatory

cytokine IL-10 in both

groups

SD, standard deviation; IQR, interquartile range; NR, not reported.

might significantly affect dynamic control of home-
ostatic balance indicated by a change in network
physiology after 10 sessions of WBC.11 WBC led
to a decrease in autonomic nervous system func-
tion symptom severity as well as improvement in

processing speed of visual stimuli as well as in the set-
shifting.12 Further studies should assess the effects of
WBC on patients with ME/CFS with higher sever-
ity as well as the sustainability of its long-term
effects.
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WBC effects on chronic disorders involving

nervous system dysfunction

Rymaszewska et al. in their ground-breaking
research assessed the effects of WBC on cognitive
function in 21 patients suffering from mild cognitive
impairment (MCI). Participants were assessed at
three timepoints: at baseline, just after the WBC
programme and after 2 weeks of follow-up.Multiple
neuropsychological tests were used to evaluate cog-
nitive function outcomes. In addition, levels of differ-
ent interleukins (IL), such as IL-6, IL-8 and IL-10, but
also brain-derived neurotrophic factor (BDNF) and
NOwere assessed.14 Results of the initial report were
confirmed in the subsequent randomized clinical
trial.15 WBC led to improvement in immediate recall
and orientation in patients with MCI.14 In the study
of Senczyszyn et al., the effects of WBC combined
with computerized cognitive training on cognitive
function were assessed in adults with subjective cog-
nitive decline and mild cognitive impairment.16 WBC
combined with computerized cognitive training led
to an improvement in global cognitive function,
verbal productivity, learning ability, immediate
and delayed memory, attentional control and
information processing. In addition, a decrease in
the severity of depressive symptoms was noted.16

Tomaszewska et al. showed that WBC has the
potential to treat patients as an adjuvant therapy in
patients with depressive and anxiety disorders.14 In
another study by Rymaszewska et al., WBC reduced
the severity of symptoms in patients with the diag-
nosis of depression.17 Improvement was maintained
after 2 weeks of the end of the WBC programme.17

WBC programme effects have been assessed in
restless leg syndrome.WBC led to a decrease in peri-
odic leg movements during sleep and wakefulness.
Disruption of sleep diminished and increased total
sleep time. In addition, WBC improved the quality
of life as well as decreased daytime sleepiness.18

WBC effects on chronic disorders involving

chronic inflammation of nervous system

dysfunction

Among all the articles which were analysed, eight
of the identified studies have assessed the role of

WBC in patients with multiple sclerosis (MS).19–26

Byczkowska et al. noted an improvement in systemic
antioxidant potential.19 Somewhat in line, Miller
et al. observed that WBC improved total antioxida-
tive status; however, no changes in superoxide dis-
mutase and catalase were observed.20 In the follow-
ing study,Miller et al. noted that TAS improvedmore
in depressive MS patients versus non-depressive.21 In
a study by Pawik et al., WBC was combined with a
resistance exercise programme with the application
of Thera Bands.24 Combined intervention reduced
anxiety and depressive symptoms in studied patients
with MS.24 In addition, WBC seems to increase the
level of uric acid in MS patients, which is one of
the potential biomarkers in MS.22 In contrast, no
significant effect of a series of 20 WBC sessions on
changes in biochemical parameters related to blood
examination in women with MS was noted.25 WBC
decreases the severity of symptoms in patients with
multiple sclerosis with chronic fatigue, while greater
effects were noted in the high-fatigue in comparison
to the low-fatigue group.23 In line with the results,
Radecka et al. noted improvement in the function of
skeletal muscle as well as reduction in fatigue in MS
patients after WBC.26

The effects of WBC were assessed in five of the
identified studies.27–31 Bettoni et al. noted a positive
influence of WBC on quality of life as well as pain
and fatigue severity.27 In addition, in the study of
Vitenet et al., an improvement in quality of life
related to health was noted in response to WBC in
FM patients.31 In line with that study, Rivera et al.
also noted a symptomatic improvement in patients
with FM after WBC.29 Therefore, WBC was sug-
gested by the authors as a potential adjuvant therapy
in FM treatment.29 In the study of Klemm et al.,
it was observed that FM patients showed a signifi-
cantly different response in IL1, IL-6 and IL-10 levels
in response to WBC compared to healthy controls.28

The authors proposed that the change in the cytokine
profile of patients with FMmight potentially explain
the clinical efficacy ofWBC in FM patients.28 Adding
WBC to a multimodal treatment led to a greater
decrease in disease impact and symptom severity
reflected in the decrease of pain and depression
symptoms and improvement of sleep quality.30
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WBC effects in metabolic disorders

Dulian et al. showed that treating obese patients
would reduce levels of high-sensitivity C-reactive
protein (hsCRP) and hepcidin, which contributes to
the anti-inflammatory nature of this treatment.32

In a study on obese patients by Lubkowska et al.,
the authors noted a significant reduction in triglyc-
eride and low-density lipoprotein (LDL) levels in
response to the intervention, with a slight increase in
high-density lipoprotein (HDL) levels. It was noted
that superoxide dismutase activity increased signifi-
cantly after successive sessions of whole-body cryos-
timulation. In the case of catalase, a significant,
gradual decrease in its activity was noted.33

Plich et al. in their first study on the effect
of WBC on obese patients showed a significant
reduction in fat mass and percentage of body fat
and body weight of patients. C-Reactive protein
concentrations were significantly higher at the start
of the first session and after 10 treatments, but not
after completing 20 sessions.34 In a subsequent study,
Plich et al. attempted to assess the effect of 20 WBC
treatments on the blood prooxidant–antioxidant
balance in obese individuals. Significantly higher
levels of pro-oxidative potential (TOS/TOC) were
observed and significantly decreased after a series
of WBCs. Cryotherapy had no effect on the level
of total antioxidative status (TAS/TAC), which was
similar in each group.35 In a recent study, Plich et al.
analysed the relationship between body mass index
(BMI) and the difference in whole-body stimulation
effects, dependent on the number of treatments in
obese men. The study found that 20WBC treatments
showed significant changes in the body composition
of the subjects. Between 10 and 20 WBC sessions,
a reduction in leptin and tumour necrosis factor α

levels was shown. No changes in lipid profile were
observed. In addition, however, a positive trend
towards recovery of metabolic balance in adipose
tissue was evident in subjects with stage I obesity
during the study period. In this group of subjects,
increased levels of HDL, reduced levels or ratios
of HDL/LDL and triglycerides, and significantly
reduced levels of visceral adiposity index were
observed.36

Wyrostek et al. showed that 10 sessions of WBC
disrupt the homeostatic state of the body’s haemato-
logical parameters,whereas after 20 sessions ofWBC
in obese men they are restored to homeostasis.37

Ziemann et al. aimed to evaluate the anti-
inflammatory effect of WBC in obese patients.
The study showed that cold exposure affected the
cytokine profile of the blood. However, the response
depended on the physical capacity of the obese men.
Concentrations of pro-inflammatory cytokines in
the lower cardiorespiratory fitness group decreased
by 19, 6.8 and 7.4% in IL-6, resistin and visfatin,
respectively. The tumour necrosis factor α in the
lower cardiorespiratory efficiency group decreased
4.3-fold from baseline. In the group with higher
cardiorespiratory efficiency, the noticeable changes
were smaller but significant. The anti-inflammatory
cytokine IL-10 increased in both groups. No changes
were observed in the leptin and adiponectin levels in
either group.38

A study by Wiecek et al. investigated the effect
of 20 WBC sessions in menopausal women with
metabolic disorders. It was observed that after
completion of all WBC treatments, the change in
the asprosin concentration correlated negatively
with risk factors for metabolic disorders such
as fasting glucose, leptin/adiponectin ratio and
atherogenic index of plasma.39 In a subsequent study
on menopausal women with metabolic syndrome,
Wiecek et al. investigated the effect of WBC on body
weight composition and blood concentrations of
irisin, C-reactive protein and IL-6. After completing
20 WBC treatments, it was noted that the study
women had significantly reduced abdominal obesity
indirectly through IL-6 and irisin secretion. The
authors indicated that WBC could be used as
an adjunct in the treatment of the metabolic
syndrome.40

The effects of WBC were assessed in a group
of patients with rheumatic diseases and normal or
moderately elevated blood pressure. A significant
increase in blood pressure was observed after the
application of WBC in the whole trial and patients
in the normotensive group. WBC therapy in this
group of patients appears to be safe compared to
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the adverse blood pressure changes in adults under
70 years of age. The authors suggested that measur-
ing blood pressure before and after anyWBC therapy
in this patient group is extremely important.41

WBC application in disorders involving

chronic inflammation

Eight studies compared the impact of WBC on
patients with rheumatoid arthritis. Hirvonen et al.
showed that topical cryotherapy showed similar
results to WBC as an adjunct to therapy and for pain
relief. The authors also noted that WBC treatments
can cause adverse effects and their availability is less
and costs are much higher than topical cryotherapy.42

In another study, an increase in the total peroxyl
radical trapping antioxidant capacity of plasma was
observed. This increase was short-lived and WBC
treatment did not cause adaptation or significant
oxidative stress within a week in rheumatoid
arthritis (RA) patients.43 In a study by Lukasik et al.,
beneficial effects of WBC were demonstrated, which
may be due in part to effects on histamine release,
degradation or production.44 Sieklucka et al. showed
that regardless of the type of therapy given, the
condition of RA patients improved. A significant
reduction in the C-reactive protein (CRP) marker
was observed in the group of patients treated with
WBC.45 In a study by Straub et al., a lack of adequate
sympathetic response to stress was observed in both
RA patients with and without glucocorticoid treat-
ment. In addition, plasma IL-6 levels were shown
to increase under WBC in the group of patients
without glucocorticosteroid treatment.46 In a study
by Gizinskaet al., it was shown that regardless of
the type of therapy, similar improvements in disease
activity, pain, fatigue, number of steps and walking
time over a distance of 50 m were observed in both
groups. There were also no differences in significant
reductions in tumour necrosis factor α and IL-6.
In addition, the traditional rehabilitation group
showed better scores on the Health Assessment
Questionnaire–Disability Index.47

Three studies, two conducted by Giemza et al.
and one by Naughara et al., examined the effect
of WBC on patients with chronic lower back pain.
Naugraha et al. observed that the efficacy of WBC

therapy was similar to a group of patients with a
temperature of −5◦C.WBC showed a positive effect
by reducing pain in patients, while treatment at a
higher temperature may be satisfactory for this study
group.48

Giemza et al. observed that in the group of
patients who were treated with WBC, there was
an increase in the range of motion of the lumbar
spine and significantly lower values of erector
spinae muscle action potentials in the lumbar region
compared to the group of patients who were not
treated with WBC.49 In a subsequent study by
Giemza et al., it was shown that WBC applied daily
had a greater effect on improving the condition of
patients with chronic lower back pain compared to a
group of patients who were treated with WBC only
twice a week. It was concluded that WBC has a high
efficacy in the treatment of this group of patients.50

Garcia et al. in their study observed a significant
reduction in pain from the first WBC session. They
concluded that WBC is a good analgesic for patients
with trapezius myofascial pain syndrome.51

The effects of WBCwere assessed in patients with
spondyloarthrosis, where changes in the rheological
parameters of blood were assessed. It was noted
that only in the group that underwent both WBC
and kinesitherapy did the study show a significant
reduction in erythrocyte aggregation and elasticity
indices.52

The effects of WBC were also assessed in a group
of patients with ankylosing spondylitis in four of
the identified studies. Romanowski et al. showed
that the group of subjects who participated in WBC
at −110◦C achieved reduced disease activity com-
pared to the group of patients without WBC ther-
apy.53 In a study by Stanek et al., it was assessed
that WBC achieved significantly greater improve-
ments in spinal mobility indices compared to a group
who received kinesiotherapy alone.54 In a subsequent
study by Stanek et al., the effect of WBC on cardio-
vascular risk factors in patients with AS was inves-
tigated. It was shown that parameter changes were
significantly greater in the WBC group, which seems
to be a good method of preventing atherosclerosis
in this patient group.55 Straburzyńska-Lupa et al.
observed that there was a significant reduction in
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Fig. 2 Summary of the main studies explored. Edges in blue colour denote conclusion obtained on patients with ME/CFS,

green colour denotes metabolic disorders, apricot colour denotes nervous system disorders and violet denotes systemic

chronic inflammation. The width of the edges is proportional to the sum of the number of participants from particular

studies or a study. CFS, chronic fatigue syndrome; MetS, metabolic syndrome; MCI, mild cognitive impairment; FM,

fibromyalgia;MS,multiple sclerosis; RLS, idiopathic restless legs syndrome; SPS, PJD, spinal pain syndromes, peripheral

joint disease; trapezius MPS, trapezius myofascial pain syndrome; AD, atopic dermatitis; AS, ankylosing spondylitis; OA,

osteoarthritis; RA, rheumatoid arthritis; AC, adhesive capsulitis; RD, rheumatic disorder; HSP, heat shock protein; TNF-

alpha, tumour necrosis factor-alpha; IL-10, interleukin 10; IL-1, interleukin 1; BDNF, brain-derived neurotrophic factor; UA,

uric acid; SOD, superoxide dismutase; CAT, catalase; IL-6, interleukin 6; ROM, range of motion in anatomic part affected

by the disease; IL-8, interleukin 8; LDL, low-density lipoprotein; TG, triglycerides; MIF, macrophage migration inhibitory

factor; TRAP, total peroxyl radical trapping antioxidant capacity of plasma.

disease activity in all study groups, while only in
the WBC patient group the concentration of thio-
barbituric acid reactive substances was significantly
higher. After WBC therapy, the Bath Ankylosing
Spondylitis Disease Activity Index was significantly
lower. The authors concluded that WBC therapy had
a positive effect on reducing the clinical activity of
patients with ankylosing spondylitis.56

Ma et al. in their study assessed that the addition
of WBC along with other therapeutic interventions
in a group of patients with symptoms of adhesive
capsulitis resulted in a significant improvement in
outcome.57

In a study by Chruściak et al., it was observed
that the clinical status of patients with osteoarthritis

improved significantly after WBC therapy. These
patients reported a reduction in the severity and
frequency of pain, as well as a reduction in the use of
pain medication in this study group,which improved
the extent of their physical activity and improved
their well-being.58

Klimenko et al. noted that the use of WBC
in patients with atopic dermatitis has the effect
of reducing the need for steroids because this
therapy has shown a significant reduction in sleep
disturbance and improvement in pruritus.59

Figure 2 is a network graph (Sankey diagram)
that represents a summary of the analysed studies.
Total number of intervention-based studies applying
WBC on patients was 1290. Majority of patients
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Fig. 3 Risk of bias assessment of analysed studies.

suffered from a disorder related to a systemic chronic
inflammation (642 patients) and nervous system
disorders (475 patients). MS patients constituted the
largest subgroup from the latter group. Improve-
ment in cognitive function after WBC was noted in
patients with CFS as well as MCI (Fig. 2). Improve-
ment of prooxidant–antioxidant balance was noted
in multiple studies, including interventions applied
in patients with nervous system disorders, systemic

chronic inflammation and metabolic disorder (obe-
sity) (Fig. 2).

The risk of bias assessments for analysed stud-
ies is presented in Figure 3. None of the analysed
studies seems to be free of the potential risk of
bias. Overall, a high risk of bias and the lack of
a control group, randomization and blinding pro-
cedure were noted in the majority of the analysed
studies.
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Discussion

Physiological reaction upon cold exposure such as
a decrease in blood flow after local cryotherapy
has been observed60–64; however, another study did
not find any significant change.65 Research on cold-
induced vasodilation has a long history, reaching
back to 193066; however, its exact mechanism is
as yet unknown.67 In addition, current research
proposes a hypothesis based on mechanisms of
vasoconstriction to be underpinned by an increase
in adrenergic α-receptor expression rather than
sympathetic nerve activity per se, while sympathetic
activity is reduced.67 Therefore, the presence of
episodic vasodilation in the response pattern on
cold exposure of skin could be explained because
of reduced sympathetic activity. In addition to this,
disturbances in smooth muscle expression of α2C-
receptors could also occur.67 Some authors propose68

that forearm postjunctional α-adrenergic vasocon-
strictor norepinephrine responsiveness is decreased
in older healthy men, and α1-subtype has been
proposed to play the main role in this mechanism,
compared to the α2. Other authors have noted
that tonic decrease in sympathetic α-adrenergic
vasoconstriction mediates basal whole-leg blood
flow and vascular conductance.69

Ho et al. reported a reduction of 29.5% of blood
flow in superficial regions (2-mm skin depths),60

while Knobloch reported a 91% reduction.64 In addi-
tion, blood flow decrease ranged between 45 and
74% reduced blood flow in deep regions (8-mm
skin depth).64 As a result of local vasoconstriction,
decreased blood flow would lead to a reduction in
the temperature of blood-supplied tissue. Mawhin-
ney et al. showed that blood flow and tissue tem-
perature decreased to a greater degree after CWI
compared toWBC.70 Other authors, using a Thermo-
vision camera, noted differences between local versus
WBC cryotherapy; the latter method stimulates more
cold receptors.71 Armstrong et al. showed that CWI
decreased rectal temperature approximately twice as
fast as air exposure.72 The largest reductions in mean,
minimum and maximum skin temperature occurred
immediately after both CWI and WBC.73 Skin tem-
perature was significantly lower immediately after

WBC compared to CWI. Both treatments signif-
icantly reduced skin temperature; however, WBC
resulted in a greater decrease compared to CWI.
This finding is interesting due to the differences in
temperature of the medium (−110◦C cold air in
WBC for 3 min and 40 s vs 8◦C water for 4 min) and
localization (whole body vs immersion to the level
of the sternum).73 Thermal conductivity of water at
10◦C is 0.5846 W/mK, which of air is circa 38.7
times greater than that of air (0.0151 W/mK at
−110◦C); therefore, CWI ought to be efficient in
extracting heat because heat transfer occurs from
high to low temperatures.74

Gregson et al.75 examined the effects of two 5-
min periods of immersion in 8 and 22◦C water on
subjects that spent 10 min total in each water tem-
perature. Immersion at both temperatures resulted
in similar whole-limb blood flow; more blood was
distributed to the skin in the colder water. Butts et al.
showed that rectal temperature, heart rate, thermal
sensation and muscle pain were not significantly
different during exercise for the cold shower and
control trials.76 Thermal sensation was reduced to
a greater extent in cold shower conditions and the
cooling rate was faster during cold showers com-
pared to the control. Heart rate changes were greater
during cold showers compared with control.76 WBC
disturbed muscle function compared to CWI and
positively influenced perceptions of training stress
compared to CWI. WBC appears to produce a sim-
ilar influence as CWI resulting in an initial increase
in sympathetic activity.77 The delayed effects of WBC
consisted of, inter alia, increased parasympathetic
activation.77–79 Zalewski et al. showed that WBC
strongly stimulates the baroreceptor cardiac reflex
in response to body fluid changes, which sequen-
tially modulate heart rate and blood pressure control
while supine.80 CWI is presumably more effective in
increasing parasympathetic reactivation after physi-
cal exercise exposure as there may also be a positive
influence by hydrostatic pressure involved compared
to WBC74 and parasympathetic activation may be
induced by not only cold-exposing methods that
will induce vasoconstriction, such as water immer-
sion at 34.6–35.0◦C.81 The thyroid is responsive
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to cold exposure and, in turn, could influence the
impact of hormones on cellular metabolism presum-
ably by a decreased sensitivity of mitochondria to
ADP and creatine and enzyme creatine kinase of,
inter alia, mitochondrial and muscle isoenzyme LAD
metabolism.82

Cold exposure of the head seems to result in an
enriched physiological response compared to cold
exposure of the rest of the body alone. Cholewka
et al. showed that in response to WBC, the largest
temperature decrease was observed on the lower
extremities.83 Moreover, there is a long history of
examining the effects of face immersion on the
response of many systems, inter alia, autonomic,
cardiovascular,84 respiratory85 and diving response.86

Differences in physiological response between
cold exposure of the whole body compared to
without head exposure could be explained by
the dense expression of TRPM8 receptor on the
trigeminal nerve, which could be activated by
cold and menthol87 and by the fact that the head
and hands have the highest density of adrenergic
fibres, which potentially can influence differences in
cardiovascular responses.88 Moreover, if cold water
submersion is taken into account combined with
breath holding, then two antagonistic reflexes take
place at the same time. The ‘cold shock response’
is related to activation of sympathetically driven
tachycardia, while the ‘diving response’ involves
parasympathetic activation leading to bradycardia.89

Such ‘autonomic conflict’ was proposed by the
authors as the one of the components of drowning
risk.89 Interestingly, there is a long history of
research focused on brain cooling decrease in O2

consumption, CO2 production and other indicators
of metabolism.90 Small changes in the temperature of
the brain tissue could influence reducing nitrosative
and oxidative damage91 and, in animal models of
cardiopulmonary resuscitation, increase glutathione
in blood and cerebrospinal fluid and improve the
recovery of cerebral function.92 Interestingly, mild
hypothermia therapy with whole-body cooling
had a greater effect on the suppression of free-
radical production (measured on the base of urinary
8-OHdG level) than selective head cooling.93

On the other hand, the effects of local cryotherapy
should be underlined. Loap et al.94 used local
cryotherapy on overweight patients. Layers of
wetted paper were applied to the lower back and
hips of the reclining subject, followed by symmetrical
application of six probes placed pairwise, and
temperature was set to −10◦C, declining to −5◦C
over 30 min; the application duration was 40 min.
The authors propose cold-induced thermogenesis
induced by intensive cryotherapy as a way of
obesity and overweight treatment. Local cryotherapy
reduced leukocyte adhesion in the microvasculature
in a rodent model of skeletal muscle injury.95 Small
differences in metabolome were shown between pre-
and post-local cryotherapy. Moreover, no changes
in the transcriptome or the activation of second
messenger system parts were observed: p38 MAPK,
ERK1/2, Akt or p70S6K in muscle.96

Similarities in mechanisms of action of

cryotherapy and physical exercise

Cold-exposure therapy is widely used in sports to
hasten recovery after strenuous physical exercise by,
inter alia, improving muscle-repairing mechanisms.
Presumably, acute response to cold is the reduction of
muscle cell breakdown or increased cell permeability
caused by oxidant agents produced during physical
exercise97; therefore, it could be useful in improving
recovery processes after physical exercise exposure.
A recent review6 proposed a physical exercise-
mimicking role of WBC exposure in a view of a
pulsatile expression of myokines, such as IL-6 and
irisin. The authors described the following paradox
in the consequences of fluctuation of immune
system marker level. Chronic higher levels of IL-
6, a common feature in obesity, via stimulating
the hepatic synthesis of this IL-6, cause pro-
inflammatory and potentially deleterious effects.
On the contrary, contracting muscle, such as during
physical exercise, stimulates the production of IL-6
in spike-like dynamics, which is a powerful anti-
inflammatory mediator.98 Therefore, the potential
of WBC as supportive therapy for obesity and type
2 diabetes has been proposed.6 Context-dependent
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release of antioxidant IL-6 while contracting muscles
during physical exercise is probably mimicked by
cryotherapy.98

Somemechanisms of sarcopenia, such as the grad-
ual loss of muscle mass and function in older peo-
ple, overlap with mechanisms of muscle damage
after strenuous physical exercise.99 Cryotherapy pro-
grammes have resulted in the reduction of markers
of oxidative stress, dichlorofluorescein and thiobar-
bituric acid reactive substances, in an animal model
of muscle injury.95 Whole body skin surface cooling
before exercise increases lactate accumulation and
decreases lactate threshold with sympathetic activa-
tion when exercise is performed in the coolest of the
three used environments.100

Moreover, the activity of sympathetic and
parasympathetic branches of the autonomic nervous
system shows a similar pattern of dynamics in
response to both physical exercise and cryotherapy.
As was already mentioned, in the latter case an
initial increase in sympathetic activity is noted77

and increased parasympathetic activation was noted
in terms of a delayed effect.77–79 In line with that,
undertaking a bout of aerobic exercise exposure
leads to an acute increase in sympathetic heart
muscle outflow, while after exposure is finished, a
phenomenon called vagal reactivation occurs whose
magnitude depends on the intensity of an exercise
bout.101 Sedentary adult males had increased rest-
state heart rate variability, which is an indicator
of greater vagal activation, after undertaking a
12-week moderate-to-vigorous-intensity exercise
programme.102 In addition, physical exercise and
cold pressure test result in an acute and great
increase in norepinephrine level and epinephrine
to a much lower magnitude.103 Catecholamine
pattern response to stress shows an overlap between
physical exercise and the cold pressor test, namely in
an elevated norepinephrine level and epinephrine
(although the increase of the latter is too much
lower in magnitude).103 Therefore, potentially, a
cryotherapy programme, mimicking the action of
physical exercise, could induce catecholamine level
activity spikes, which could help in minimizing
‘β-adrenergic desensitization’ due to ageing.

Potential of WBC application to treat

secondary symptoms in ME/CFS

WBC presumably exerts pleiotropic effects and
therefore might serve as adjuvant therapy in multi-
systemic disorders, including ME/CFS. After decades
of research, there is no biomarker(s) for ME/CFS,
nor is there an effective treatment.104 Post-exertional
malaise (PEM) is one of the cardinal symptoms
of ME/CFS. Therefore, in general, the most recent
guidelines do not advise using therapies that might
trigger PEM in susceptible patients. WBC might
serve as adjuvant therapy in ME/CFS; however,
results obtained by our group need to be replicated
on a larger sample size including severe patients in a
randomized clinical trial before implementing WBC
into ME/CFS treatment guidelines.12 Further studies
should examine WBC effects on PEM triggering in a
more variable sample in terms of baseline symptom
presence and severity (including patients with severe
PEM and cold intolerance).

WBC application in disorders involving

chronic inflammation

WBC could be applied as adjuvant therapy in
multiple conditions involving chronic inflammation
because of its potent anti-inflammatory effects.
Those might include systemic inflammation as in
RA. What seems interesting is that currently in the
field of sports medicine, there is a debate on the
application of WBC just after a resistance training
session.105,106 Sessions including resistance training
often aim to increase skeletal muscle size (i.e. hyper-
trophy) and improve strength. Acute inflammation
seems to be one of many factors playing a role in
the mechanism of skeletal muscle hypertrophy.107

On the other hand, application of WBC just after
sessions including resistance training sessions might
have an inflammatory effect and eventually lead to a
reduction of gain in skeletal muscle size in response
to a physical exercise programme. However, the
results of some studies are not fully in line with the
above-described notion.105,106 Therefore, specifics of
the application of WBC in the resistance training
programme are yet to be determined, i.e. the time
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delay between the resistance training session and the
application of WBC after.

WBC effects in metabolic disorders

WBC could serve as adjuvant therapy for chronic
inflammation in some patients with obesity. Cold
exposure could influence an increase in energy
expenditure.108 Both shivering and non-shivering
thermogenesis could lead to an increase in resting
energy expenditure in skeletal muscles,white adipose
tissue and brown adipose tissue.109 In adipose tissue,
cold exposure could influence lipid catabolism
and thermogenesis.108,110 White adipose tissue,
as well as brown adipose tissue, might induce
metabolism pathways independent of Uncoupling
Protein 1.1.111 In brown adipose tissue, cold exposure
might increase oxidative metabolism110; however,
these mechanisms need to be confirmed in further
studies. Even a single exposure to controlled cold
temperature, which did not induce shivering, is
sufficient to increase resting energy expenditure.109

Activity and content of brown adipose tissue
are negatively related to BMI.112,113 Caloric surplus
activates the conversion of the brown to white adi-
pose.114 Therefore, it might be speculated that on
the mean, obese patients would be characterized by
the lower amount of brown and brown-like adipose
cells, which might in turn limit an increase in resting
energy expenditure induced by cold exposure.110,115

On the other hand, cold exposure might lead to an
increase in resting energy in white adipose tissue
independently of brown adipose tissue.113 Cold expo-
sure activates mitochondria and resident immune
cells that in turnmight induce thermogenesis in white
adipose tissue.110,116 However, overall, the role of
white adipose tissue in thermogenesis seems to be
limited.

In summary, we conclude that the role of WBC
in the treatment of obesity is rather limited. First
of all, obesity is a phenotype; therefore, the popu-
lation of those patients might be characterized by
a heterogeneity both in pathogenesis and even pos-
sibly therapeutic options most effective in a spe-
cific subset.117 Therefore, WBC might be applied

as an adjuvant therapy for obesity composed of
therapeutic options composed of selected diet modi-
fication to induce caloric deficit118 and hypertrophy
training programme, as fat-free mass seems to be a
potent contributor to resting energy expenditure.119

Therefore, by increasing free fat mass, it might be
speculated that it would lead to body recomposition
and maintenance of a state of a lower percentage
of fat mass. Second, the increase in resting energy
expenditure might be to a lesser extent in obese
patients compared to healthy control. Third of all,
there is an effect size of a single cold exposure in rest-
ing caloric expenditure (frommean of 1610 kcal/day
before vs 1632 kcal/day after the cold exposure).114

Therefore, even if cold exposure would be applied
in the form of a programme and assessing synergis-
tic effects of repeated sessions, still the effect size
in increasing resting energy expenditure should be
assessed as low.112 Fourth, as a described effect relates
to the exposure that would not induce shivering,112

probably inducing shivering might increase resting
energy expenditure in a significant physiologic man-
ner. Nevertheless, induction of shivering would sig-
nificantly reduce thermal comfort and therefore it
might be speculated that it would lead to a dramatic
decrease in adherence rate to the programme, which
in turn would decrease its efficacy in increasing
resting energy expenditure.

Nevertheless, as we have shown in the current
review, WBC could be applied as adjuvant ther-
apy in metabolic disorders to improve its comor-
bidities and co-existing symptoms, such as chronic
inflammation.

WBC effects on chronic disorders involving

nervous system dysfunction

WBC probably might be applied as an adjuvant
treatment in patients with chronic brain disorders
including mild cognitive impairment and general
anxiety disorder and in patients with depressive
episodes and neuroinflammation reduction as in
multiple sclerosis. All of these disorders seem to be
of a complex aetiology. In turn, knowledge gaps
might have an influence on diminishing efficiency
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of applied therapies. Presumably, an inflammatory
response might be correlated with general anxiety
disorder; however, its exact role in aetiology is still
unknown.120 Selective serotonin reuptake inhibitors
and serotonin and noradrenaline reuptake inhibitors
present anti-neuroinflammatory effects, which can
be part of its therapeutic mechanism noted in
some patients with depression.121 Effects of WBC
on nervous system disorders might potentially go
beyond its anti-inflammatory effects. However,
the background of cognitive improvement after
the short-term extreme cold application is largely
unknown.12 Acute cold stimulation effects on
the brain might be related to an increase in the
ventrolateral prefrontal cortex activity.122 Acute
effects of cold exposure might be related to an
increase in parasympathetic cardiac outflow and
greater cerebral O2 extraction.123

Potential risks related to the WBC

application

Noteworthy, the Food and Drug Administration
(FDA) declared in its document published in 2016
describing WBC that ‘FDA has not cleared or
approved any of these devices for medical treatment
of any specific medical conditions’.124 One of
the drawbacks from WBC application approval
seemed to be related to insufficient available data
regarding WBC effects.124 As with the majority of
pharmacological and non-pharmacological thera-
pies, also WBC might be related to potential side
effects. In the abovementioned document, FDA lists
frostbites, burns and eye injuries as a consequence
of extreme temperatures.124 In addition, the risk
of the therapy might be related to a technique
used for cooling of the inside of the chambers.
For instance, liquid nitrogen cooling might be
related to a higher risk of asphyxiation, and the
addition of nitrogen vapours to a chamber lowers
the amount of oxygen in the room and can result
in hypoxia, or oxygen deficiency.124 As we have
alreadymentioned in the current review, it seems that
WBC exposure might lead to a transient increase
in blood pressure. Therefore, the authors of the

analysed study suggested monitoring blood pressure
before and after any WBC therapy.39 In general, cold
exposure due to cold water swimming might lead
to hypothermia, which in turn might be related
to an increased risk of cardiac events.125 In our
previous study, we observed a transient decrease
in core body temperature in response to WBC
exposure.126 In addition, swimming in cold open
water might lead to acute respiratory symptoms,
including swimming-induced pulmonary oedema.127

However, there is rather a scarcity of information in
available publications on the adverse effects ofWBC.
Therefore, further studies are needed to examine the
risk factors related to cold exposure.125 Such studies
would help in establishing eventual exclusion criteria
for WBC and overall cold-exposure-based therapies
and might help in adjusting the therapy to a patient’s
baseline profile in a precision-medicine approach.

Observed increase of systolic blood pressure
is temporary and usually does not reach above
20 mmHg. What is more important is that these
changes do not provoke any harm to essentially
hypertensive or hypertensive subjects either. Rec-
ommended duration of a single WBC session should
be about 150–180 s, which is long enough to ease a
positive compensation to acute cold exposure.88

Limitations of analysed studies

Multiple studies on the effects of WBC in the clinical
setting are of low quality; hence, randomized con-
trolled trials with adequate sample size, blinding and
longer follow-up periods are needed.

Conclusion

WBC could be applied as adjuvant therapy in
multiple conditions involving chronic inflammation
because of its potent anti-inflammatory effects.
Those might include systemic inflammation as in
RA. In addition, WBC could serve as adjuvant
therapy for chronic inflammation in some patients
with obesity.

WBC probably might be applied as an adju-
vant treatment in patients with chronic brain
disorders including mild cognitive impairment and
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general anxiety disorder and in patients with depres-
sive episodes and neuroinflammation reduction as in
multiple sclerosis.WBC effects in metabolic disorder
treatment are yet to be determined.WBCpresumably
exerts pleiotropic effects and therefore might serve
as adjuvant therapy in multi-systemic disorders,
including ME/CFS.

Multiple research on the effects of WBC in the
clinical setting are of low quality; hence, random-
ized controlled trials with adequate sample size and
longer follow-up periods are needed.

Further studies should examine the mechanism
underlying the clinical efficacy of WBC. Multiple
conditions might involve chronic inflammation,
which in turn could be a potential target of WBC.
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