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Combination of whole body cryotherapy 
with static stretching exercises reduces fatigue 
and improves functioning of the autonomic 
nervous system in Chronic Fatigue Syndrome
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Abstract 

Background:  The aim of this study was to explore the tolerability and effect of static stretching (SS) and whole body 
cryotherapy (WBC) upon fatigue, daytime sleepiness, cognitive functioning and objective and subjective autonomic 
nervous system functioning in those with Chronic Fatigue Syndrome (CFS) compared to a control population.

Methods:  Thirty-two CFS and eighteen healthy controls (HC) participated in 2 weeks of a SS + WBC programme. This 
programme was composed of five sessions per week, 10 sessions in total.

Results:  A significant decrease in fatigue was noted in the CFS group in response to SS + WBC. Some domains of 
cognitive functioning (speed of processing visual information and set-shifting) also improved in response to SS + WBC 
in both CFS and HC groups. Our study has confirmed that WBC is well tolerated by those with CFS and leads to symp‑
tomatic improvements associated with changes in cardiovascular and autonomic function.

Conclusions:  Given the preliminary data showing the beneficial effect of cryotherapy, its relative ease of application, 
good tolerability, and proven safety, therapy with cold exposure appears to be an approach worth attention. Further 
studies of cryotherapy as a potential treatment in CFS is important in the light of the lack of effective therapeutic 
options for these common and often disabling symptoms.

Keywords:  Myalgic encephalomyelitis, Chronic fatigue syndrome, Autonomic nervous system, Cold therapy, Brain 
fog
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Background
Chronic Fatigue Syndrome (CFS) is a condition that 
could significantly reduce the opportunity to undertake 
normal daily activities, in more severe forms might lead 
to inability to undertake even part time work and being 

chronically bedridden. There are no specified diagnos-
tic markers nor differing diagnostic criteria commonly 
established [1].

The global prevalence of CFS ranges between 0.4% 
and 2.5% and is growing; CFS affects 0.3–3.3% of the US 
population, 2.6% in the UK and 3% in China. In Poland, 
in cohort of people suffering from chronic fatigue the 
prevalence of CFS is 5% from and is associated with a sig-
nificant symptom burden and impaired quality of life [2].
Autonomic nervous system (ANS) dysfunction is one of 
the hallmark parts of mechanism underlying pathology of 
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CFS [3]. Heart rate variability (HRV) could serve as a bio-
marker on which basis healthy and diseased states distin-
guished [4] and it seems to be a useful biomarker of stress 
response and adaptation [5].

The Institute of Medicine (IOM) report in 2015 under-
lined neurocognitive impairment as one of key symptoms 
in many people with ME/CFS [6]. Cognitive function 
impairment might comprise of decreased performance 
in short-term memory, attention, processing function, 
what in turn might lead to disturbance of everyday activi-
ties including work, leisure activities, reducing perceived 
quality of life [6]. 50% to 85% of ME/CFS patients note 
subjective cognitive impairments [7]. A set of symptoms 
including, inter alia, general slowdown in response speed 
to tasks that require simple and complex information 
processing as well as the ability to focus on a task was is 
referred commonly to as a “brain fog” [8]. Cognitive dis-
turbances seen in ME/CFS patients might be restricted to 
a decrease in basic processing speed and not related to 
depression severity [8, 9]. Verbal memory, visuo-spatial 
memory and linguistic fluency in CFS patients appear to 
be similar to healthy controls [10]. Nevertheless, effortful 
tasks based on planned and self-ordered responses which 
requires the use of short-term memory capacity seems 
to be disturbed because of reduced attention capacity 
[11]. A recent revision of guidelines for CFS patients has 
stated that there are currently no approved treatments 
for CFS [12].

Voluntary exposure on extremely low temperatures 
(e.g. local and whole-body cryotherapy (WBC) is one 
of thermotherapeutic stimuli that is frequently used in 
Eastern Europe as a form of physical therapy. WBC is 
comprised of a short time (2–3 min) exposure in ambi-
ent temperature from − 110 to − 160 °C to stimulate the 
body by the intense peripheral hypothermia of virtually 
its entire area and such controlled exposure is considered 
to be safe [13, 14]. Repeated WBC sessions are mostly 
used in form of therapeutic programme with many 
potential application: to decrease pain, chronic inflam-
mation, as an additional therapy in acute injures soft tis-
sue, rheumatic disease and neurodegenerative conditions 
and in process of recovery in athletes [14, 15].

WBC activates physiological mechanisms which goal is 
to maintain a constant body core temperature. It might 
include rapid and short-term regulatory mechanisms pre-
dominantly focused upon cardiovascular and autonomic 
nervous system functions [16–18]. Peripheral blood ves-
sels constriction might lead to a reduction in temperature 
of the cold-exposed skin area. In consequence, it might 
decrease the perfusion of the skin vascular bed reducing 
convective and conductive heat loss [19, 20].

In Our previous study on effects of static stretch-
ing (SS) and WBC we have applied network analysis to 

assess differences in the allostatic response to interven-
tion in CFS in comparison to healthy controls [21]. Such 
analysis was helpful in relieving the interaction between 
physiological systems in response to stressor in form of 
applied intervention. One of cardinal symptoms of CFS 
is post-exertional malaise (PEM) which could be induced 
by physical and/or cognitive activity [6]. Therefore, in 
the previous study [21] we have examined if WBC + SS 
is included in one of group of stressors which might trig-
ger PEM, which in turn would lead to a significant distur-
bance of homeostasis and increase in symptoms severity 
in CFS patients. In the above study we would like to ana-
lyze the effects of WBC + SS on each parameter sepa-
rately, to examine if its effective in reducing fatigue and 
severity of other symptoms related to CFS.

The aim of current study was to explore the tolerabil-
ity and effect of static stretching and WBC upon fatigue, 
daytime sleepiness, cognitive functioning and objective 
and subjective autonomic nervous system functioning in 
those with CFS compared to a control population.

Results
Whole study group analysis
After 250 patients were initially assessed for eligibility, 
238 patients were excluded. The study included 32 CFS 
patients and 18 healthy controls (HC), no participants 
were lost to follow-up (Fig.  1). Baseline characteristics 
were similar between the two groups. As shown in Addi-
tional file  1: Table  S1 no differences were found in age, 
body composition or BMI between the groups.

The mean ± standard deviation (SD) of age for CFS 
patients, and HC were 36.7 ± 8.4, and 38.4 ± 7.9 respec-
tively. Mean length of history for the CFS group was 
3.6 ± 2.9  years (range 1–12  years). The majority (53.1%) 
of those with CFS had symptoms for 6 months to 2 years 
with 31.2% having symptoms for 3–5 years, while symp-
toms between 6 and 10  years (12.5%) and more than 
10 years were the least prevalent (3.1%). The most com-
mon comorbidities in patients with CFS were vertigo 
(40.6%) followed by fibromyalgia (31.2%), cognitive 
impairment, migraine and arthritis (28.1%). (Additional 
file  1: Table  S2). The vast majority of those with CFS 
described fatigue (87.5%), impaired concentration and 
difficulty retrieving words (87.5%), muscle pain (87.5%), 
memory disturbances (84.4%). The majority of CFS and 
HC were from a specialist professional group (engineers). 
Additional file  1: Table  S3 shows detailed information 
about the total CFS group. (Additional file 1: Table S3).

Effects of WBC + SS on self‑reported measures of fatigue and 
daytime sleepiness in the CFS group
Figure  2 presents effects of WBC + SS in CFS group 
only. After WBC + SS, the CFS group showed significant 
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improvement in self-reported fatigue (CFQ total; CFQ 
mental and physical domain; FIS, FSS), orthostatic intol-
erance (OGS), daily sleepiness (ESS), and subjective auto-
nomic symptoms (COMPASS 31, OGS) and daytime 
sleepiness (ESS), respectively. CFQ score decreased from 
22.1 ± 4.5 before WBC + SS to 6.6 ± 4.8 after (F = 176.1, 
p < 0.0001) (Fig.  2A). CFQ physical and mental fatigue 
decreased significantly (F = 166.4, p < 0.0001 and F = 92.9, 
p < 0.0001, respectively) (Fig.  2B, C). FIS decreased 
from 54.5 ± 24.2 before WBC + SS to 39.2 ± 21.3 after 
WBC + SS (F = 12.8, p = 0.002) (Fig.  2D), FSS decreased 
from 45.4 ± 8.7 before WBC + SS to 38.6 ± 9.1 after 
(F = 10.2, p = 0.003) (Fig.  2E). ESS score decreased 
from 12.5 ± 7.3 before WVC to 10.1 ± 5.6 (p = 0.007) 
(Fig.  2F). OGS score decreased from 4.2 ± 3.8 before to 
2.2 ± 2.8 after (F = 13.6, p = 0.002) (Fig.  2G), COMPASS 
31 score decreased from 17.6 ± 10.8 before WBC + SS to 
11.3 ± 6.8 (F = 14.7, p = 0.001) (Fig. 2H).

Cardiac and autonomic assessment before,‑ 
and after WBC + SS intervention: comparison 
between the CFS and HC groups
HR was changed by interaction of effects of WBC + SS 
and group (F = 9.1, p = 0.004). In CFS group HR tended 

to increase, whilst in the control group HR tended to 
decrease after WBC + SS, however, the results of the 
post-hoc tests were not significant (p > 0.05). WBC + SS 
changed BP in both groups: both sBP, dBP and mBP 
tended to decrease in both groups in response WBC + SS, 
however, again the results of post-hoc tests were not sig-
nificant (p > 0.05). WBC + SS changed IC in both groups 
(p = 0.01). Contractility index (IC) tended to decrease in 
both groups in response WBC + SS, however, results of 
post-hoc tests were not significant (p > 0.05). Left ven-
tricular work index (LVWI) decreased in both groups in 
response WBC + SS (F = 36.2, p < 0.0001). In CFS group 
LVWI decreased from 4.8 ± 0.2  mmHg*l/[min*m2] to 
4.2 ± 0.2 after WBC + SS (p = 0.0006), while in control 
group LWVI decreased from 4.7 ± 0.3 mmHg*l/[min*m2] 
to 3.9 ± 0.2, (p = 0.0004) (Fig. 3A). Moreover, change in SI 
in response to WBC + SS was noted (F = 8.6, p = 0.005). 
Post-hoc test indicates significant decrease of SI in 
response to WBC + SS in CFS group (54.2 ± 2.1  ml/m2 
before vs 50.3 ± 2.2 after WBC + SS, p = 0.04) (Fig.  3B). 
Significant interaction between effects of group and 
WBC + SS were noted in the case of total fluid content 
(TFC) (F = 8.2, p = 0.006). In CFS group TFC tended to 
increase, while in control group TFC tended to decrease 

Fig. 1  Flow chart of the study
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after WBC + SS however, results of post-hoc tests were 
not significant (p > 0.05). Significant interaction between 
effects of group and WBC + SS on mean systolic ejection 
rate (MSER) was noted (F = 12.8, p = 0.0008). In both 
groups MSER tended do decrease, post-hoc test revealed 
significant decrease in CFS group 311.6 ± 69 ml/s before 
WBC + SS vs 290.9 ± 70.6 after WBC + SS, p = 0.04) 

(Fig. 3C). Significant interaction between effects of group 
and WBC + SS on ejection rate (ER) was noted (F = 9.5, 
p = 0.003). In CFS group ER tended to increase, while in 
control group ER tended to decrease after WBC + SS, 
post-hoc tests showed that ER decreased in control 
group (38.2 ± 3.9% before WBC + SS vs 36.5 ± 3.9 after 
WBC + SS, p = 0.03) (Fig. 3D). Additional file 1: Table S4 

Fig. 2  CFS and HC mean values (± SE) for points in scales: A CFQ-Chalder Fatigue Questionnaire, B CFQ-Chalder Fatigue Questionnaire mental 
domain, C CFQ-Chalder Fatigue Questionnaire physical domain, D FIS-Fatigue Impact Scale, E FSS-Fatigue Severity Scale, F ESS-Epworth Sleepiness 
Scale, G OGS-Orthostatic Grading Scale, H Compass-COMPASS-31 scale. P-values reported were adjusted using Holm correction
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presents data on resting values of cardiovascular function 
indicators for subjects with CFS and HC.

After the WBC + SS programme, there was sig-
nificant interaction between the effect of WBC + SS 
and group for LFnu-RRI (F = 10.7, p = 0.002), which 
decreased in HC group (from 70.3 ± 3.5 before 
WBC + SS vs 61.6 ± 3.6 after WBC + SS, p = 0.049), 
and increased in the CFS group without statisti-
cal significance (p > 0.05). LFnu-RRI was higher in 
the control group vs CFS patients before WBC + SS 
(54.5 ± 2.6 in CFS vs 70.3 ± 3.5 in control group before 
WBC + SS, p = 0.004) (Fig.  4A). In addition, a signifi-
cant interaction between the effect of WBC + SS and 

group was noted for HFnu-RRI (F = 10.7, p = 0.002), 
which increased in HC group (from 70.3 ± 3.5 before 
WBC + SS vs 61.6 ± 3.6 after WBC + SS, p = 0.049), 
and decreased in the CFS group without statisti-
cal significance (p > 0.05). HFnu-RRI was lower in 
control group vs CFS patients before WBC + SS 
(45.5 ± 2.6 in CFS vs 29.7 ± 3.5 in the control group 
before WBC + SS, p = 0.004) (Fig. 4B). LF/HF changes 
are shown of Fig.  4C. Both LF/HF-RRI and LF/HF 
values were affected by interaction of the effects of 
WBC + SS and group (F = 5, p = 0.03 and F = 4.7, 
p = 0.03): both values tended to decrease in control 
and increase in CFS group, however changes were not 

Fig. 3  CFS and HC mean values (± SE) at rest of A LVWI (left ventricular work index); B SI (stroke index); C MSER (Mean Systolic Ejection Rate); D ER 
(Ejection Rate). P-values from ANOVA conducted on linear mixed models are reported for the effects of group (HC vs CFS), WBC + SS (before vs after) 
and interaction between those factors
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statistically significant (p > 0.05). LF/HF dBP changed 
by interaction of effects of WBC + SS and group (F = 9, 
p = 0.004): it tended to decrease in control group and 
increase in CFS, however post-hoc analysis revealed no 
significant results. HFnu-sBP changed by interaction of 
effects of WBC + SS and group (F = 4.2, p = 0.047): it 
tended to increase in the control group and decrease in 
CFS, however post-hoc analysis revealed no significant 
results. LF/HF sBP changed by interaction of effects of 
WBC + SS and group (F = 9.5, p = 0.003): it tended to 
decrease in control group and increase in CFS. Post-
hoc analysis revealed a significant decrease of LF/
HF sBP in control group in response to WBC + SS 
(6.8 ± 0.8 before WBC + SS vs 4.5 ± 0.8 after, p = 0.04) 

(Fig. 4D). Data on effects of WBC + SS on resting val-
ues of autonomic measures in CFS and HC groups is 
summarized in Additional file 1: Table S5.

Cognitive function assessment before,‑ and after WBC + SS 
intervention: comparison between the CFS and HC groups
A significant effect of WBC + SS was noted in time of 
execution of TMT A and TMT B, and digits left after 
the 1st and 2nd minute in Coding (Additional file  1: 
Table  S6). WBC + SS was associated with decrease (i.e. 
improvement) in time of execution of TMT A (F = 29.5, 
p = 0.000002). Post-hoc analysis revealed that TMT A 
result decreased in the CFS group (from 23 ± 6.2 s before 

Fig. 4  CFS and HC mean values (± SE) at rest of A LFnu RRI (normalized units of low-frequency RRI); B HFnu RRI (normalized units of high-frequency 
RRI); C LF/HF (ratio of LFnu-dBP to HFnu-RRI); D LF/HF sBP (ratio of LFnu sBP fo HFnu sBP)
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WBC + SS to 18.4 ± 5.7 after WBC + SS, p < 0.0001) and 
the control group (from 24.5 ± 7.6  s before vs 20.9 ± 8.9 
after WBC + SS, p = 0.03). Moreover, the result of TMT 
A was significantly lower (better) after WBC + SS in 
the CFS group compared to the control group before 
WBC + SS (18.4 ± 5.7  s vs 24.5 ± 7.6, respectively, 
p = 0.02) (Fig.  5A). In addition, WBC + SS was associ-
ated with a decrease (i.e. improvement) in time of execu-
tion of TMT B (F = 16.6, p = 0.005). Post-hoc analysis 
revealed that TMT B result decreased in the CFS group 
(from 50.2 ± 13.9  s before WBC + SS to 43.3 ± 11.3 
after WBC + SS, p = 0.03) and the control group (from 
59.7 ± 25 s before vs 50 ± 23.7 after WBC + SS, p = 0.03). 
Moreover, the result of TMT B was significantly lower 

(better) after WBC + SS in the CFS group compared to 
the control group before WBC + SS (43.3 ± 11.3  s vs 
59.7 ± 25, respectively, p = 0.02) (Fig.  5B). No signifi-
cant effects on difference between the result of TMT B 
and A was noted (p > 0.05). WBC + SS led to reduction 
(i.e. improvement) in the number of digits left in cod-
ing after 1st and 2nd minute (F = 37.4, p = 0.0000002, 
F = 37.6, p = 0.0000001, respectively). Post-hoc analysis 
showed that in CFS group number of symbols left after 
1st minute decreased from 52.8 ± 9.5 symbols left before 
WBC + SS to 47.8 ± 6.2 after WBC + SS (p = 0.0001) 
and after 2nd minute decreased from 12.7 ± 11.5 sym-
bols left before WBC + SS to 6.1 ± 7.9 after WBC + SS 
(p = 0.0001). In control group number of symbols left 

Fig. 5  CFS and HC mean values (± SE) at rest of A TMT A (Trial Making Test part A); B TMT B (Trial Making Test part B); C Coding 1 min (number of 
symbols left to go after 1 min in Coding); D Coding 2 min (number of symbols left to go after 2 min in Coding)
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after 1st minute decreased from 55.2 ± 7.3 symbols left 
before WBC + SS to 49.3 ± 8.1 after WBC + SS (F = 37.4, 
p = 0.0009) and after 2nd minute decreased from 
15.1 ± 11.1 symbols left before WBC + SS to 8.1 ± 9.1 
after WBC + SS (p = 0.001). Results after I and II minute 
after WBC + SS in CFS group were better than in control 
group before WBC + SS (47.8 ± 6.2 vs 55.2 ± 7.3 symbols 
left after I minute, p = 0.009 and 6.1 ± 7.9 symbols left 
after II minute vs 15.1 ± 11.1, p = 0.01) (Fig. 5C, D). Data 
on effects of WBC + SS on cognitive function in CFS and 
HC groups is summarized in Table S6.

Discussion
Effects of WBC
Intensive cooling of the skin surface associated with 
application of a cryogenic factor at temperatures of 
− 120  °C causes a number of physiological changes 
within the cardiovascular and autonomic systems. These 
effects are mainly by the translocation of blood from 
within the skin to blood vessels located centrally. Our 
study has confirmed that WBC is well tolerated by those 
with CFS and leads to symptomatic improvements asso-
ciated with changes in cardiovascular and autonomic 
function. Our results represent preliminary data that will 
inform discussion as to the physiological impact of low 
temperatures in those with CFS. Further work is needed.

Influence of WBC on cardiovascular system and autonomic 
nervous system function
As an acute response to WBC session skin temperature 
might diminish because cutaneous microcirculation 
decrease. This reaction is governed by sympathetic nerv-
ous system leading to superficial veno- and vasoconstric-
tion which leads to decrease in blood perfusion through 
the skin, and increasing central blood flow through large 
vessels. Higher central blood flow might in consequence 
lead to higher ventricular filling and the flow of peripheral 
blood characterized by decreased temperature into the 
area of the atrial sinus node would impact on heart rate 
decrease [13]. Centralization of circulating blood after 
WBC causes a greater filling of large vessels and, conse-
quently, increased ventricular filling, this is confirmed by 
a significant change in cardioimpedance parameters, i.e. 
an increase in left ventricular ejection and stroke index. 
In summary, acute response on WBC session seems to 
involve modulation of HR and SV what impact on the 
subsequent physiological reactions [16–18].

Effects of WBC on fatigue and daytime sleepiness
In the current study, fatigue and daytime sleepiness 
decreased in the CFS group in response to WBC. To 
the Authors best knowledge, this is the first study that 
explores the application of WBC therapy in CFS patients. 

A WBC programme similar to that applied in the cur-
rent study was shown to improve health-related qual-
ity of life in fibromyalgia patients [22]. The benefits of 
WBC in fatigue-related symptom reduction have been 
observed previously in groups of healthy subjects. WBC 
led to a decrease in the perception of muscular tired-
ness and pain after physical exercise compared to other 
recovery interventions [23]. A WBC programme in elite 
female synchronized swimmers, applied following train-
ing sessions, improved sleep quantity during the period 
of intensive training programme before the Olympic 
Games [24]. Schaal et al. suggested that the sleep enhanc-
ing effects were related to an increase in post-exercise 
parasympathetic reactivation [24]. Moreover, reduction 
of daytime sleepiness in CFS in the current study could 
be related to a decrease in core temperature after the 
WBC session that occurs 50–60 min after exposure [18]. 
A relationship between the circadian rhythms of core 
temperature and sleep has been observed [25]. In CFS 
patients abnormalities in circadian rhythm has also been 
observed [26]. Therefore, we suggest that future study 
should further explore the effects of WBC exposure at 
different times of day upon changes in core temperature, 
circadian rhythm and associated sleep efficacy improve-
ment in CFS patients.

Influence of WBC on cognitive function
While the potential benefits of cryotherapy have been 
relatively well explored in a number of contexts (e.g. sport 
benefits, muscle damage, inflammation or sleep prob-
lems), to our knowledge, this is one of very few studies 
assessing the impact of short-term exposure to extreme 
cold on cognitive function, and the first to include 
patients with CFS [14, 27]. Interpreting our results in a 
wider context is therefore limited, with the low number 
of previous studies compounded by their use of differ-
ent treatment protocols, cognitive tests and the choice 
of populations under assessment. Within these limita-
tions however, ours and previous studies consistently 
show a beneficial impact of cryotherapy on cognitive 
function. Specifically, a recent investigation, using WBC 
in an older population with mild cognitive impairment, 
showed an improvement in immediate recall on Dem-
Tect test and orientation on Test Your Memory task [28], 
while three studies in healthy populations, albeit using 
partial extreme cold application to the head [29], cheeks 
[30], and the body apart from the head [31], showed 
improvement in executive function, namely in cognitive 
inhibition measured by the Stroop task [28–31].

The mechanisms related to cognitive improve-
ment after short-term extreme cold application are 
largely unknown. The only study using fMRI showed an 
increase in the ventrolateral prefrontal cortex activity 
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in response to cold stimuli, allowing some insight into 
potential mechanisms at the neural level [30]. Another 
study, which combined an assessment of cognitive and 
autonomic functions, proposed that improvement in 
cognitive performance was related to a greater parasym-
pathetic cardiac control and a greater cerebral O2 extrac-
tion following a PBC session [31]. Similar to Theurot 
et al, we also observed an increase in the parasympathetic 
function after WBC (seen as a decrease in LF, LF/HR 
ratio, and HR, and an increase in HF) in healthy individu-
als. In CFS patients, however, these parameters changed 
in the opposite direction, indicating an increase in the 
sympathetic tone in this group after cryotherapy. Given 
that cognitive performance has been consistently shown 
to worsen with increasing sympathetic tone, and that in 
our study cognitive improvement was observed in both 
healthy and CFS groups, changes in autonomic function 
appear less likely to be the main mechanism through 
which cryotherapy leads to improvement in cognition 
[32, 33]. Before any conclusions can be drawn, our find-
ings need replicating; to our knowledge, no other studies 
exploring this subject in CFS have been published. It also 
needs to be considered that other factors may contrib-
ute to the observed cognitive change. An important one 
is the learning effect associated with repeated testing, in 
particular when a test does not have parallel versions that 
can be applied pre- and post-treatment, as in the case of 
TMT used in this study [34, 35]. We attempted to miti-
gate this effect by applying the same tests to both CFS 
and control groups. However, as both groups improved, 
at least a partial learning effect cannot be excluded.

Interestingly, both in our, and previous studies, cryo-
therapy improved selected cognitive abilities, while 
others were unaffected. For example, Theurot et  al. 
[31] showed an improvement in the reaction time but 
not accuracy on the Stroop test, while we showed an 
improvement in the processing speed, cognitive flexibil-
ity and executive control but not in DSST set shifting. A 
meta-analysis by Pilcher et  al. [36] showed importance 
of parameters such as the duration of exposure to the 
experimental temperature, or the duration of the task, for 
the effect on cognitive performance [36]. Although only 
studies using non-extreme temperatures were included, 
the results suggest that changes in the protocol may have 
an impact on treatment outcomes. Different parameters 
will need to be tried, however, a short-term application 
of extreme cold, as in our study, seems to be crucial for 
the beneficial effect. Longer exposures to non-extreme 
cold, e.g. 2 h in 10 °C air [37] or immersion in cold water 
[38], were shown to have a detrimental effect on cogni-
tive function [37, 38]. This may be linked to differences 
in physiological reactions triggered by different tempera-
tures and exposure times, or to the shift of attention away 

from cognitive tasks caused by the experience of pro-
longed cold, perceived as stress [39, 40].

An important aspect of cryotherapy is its high toler-
ability. While good tolerance of cryotherapy has been 
consistently seen in case of many conditions, our study is 
the first to show it in CFS, with all included participants 
completing the study [41]. This is in contrast to some 
other approaches, for example, an aerobic activity pro-
gramme, from which the dropout rate was about 50% [42, 
43]. If replicated, this will be one of the important advan-
tages of cryotherapy.

Given the preliminary data showing the beneficial 
effect of cryotherapy on cognitive function, its relative 
ease of application, good tolerability, and proven safety, 
therapy with extreme cold appears to be an approach 
worth attention. Further exploration of cryotherapy as 
a potential treatment for cognitive dysfunction in CFS 
is particularly important in light of the lack of effective 
therapeutic options for these common and often disa-
bling symptoms.

Role of WBC exposure as stressor/similarities with physical 
activity
A WBC programme might also be considered as physi-
cal exercise programme mimetics due to the fact that it 
induces a pulsative expression of myokines (IL-6, irisin) 
[14]. Authors suggest that some of the patterns of ANS 
modulation due to the WBC programme are similar to 
the effects of physical exercise training [44]. The acute 
effects of both stressors, namely physical exercise and 
cold exposure, are related to an increase in stress hor-
mones and sympathetic activity [45]. The acute effects of 
WBC are related to reduction of resting heart rate and 
increase in stroke volume [16], stimulates autonomic 
nervous parasympathetic activity and increases norepi-
nephrine [18, 46]. However, the ratio of stress hormones 
produced in response to acute physical exercise in com-
parison to cold exposure might be different [47]. It has 
been observed that cold exposure leads to an increase 
in noradrenaline while physical exercise increases the 
adrenaline level [48]. In our previous study with an inter-
vention based upon a physical activity programme in CFS 
patients, circa 51% of dropout rate was noted due to PEM 
[43]. Therefore, both intensity and type of stressor and 
subtle differences is in hormonal levels could potentially 
explain the better tolerability of WBC in comparison to 
programmes based on physical activity that we have used 
in previous studies.

Potential mechanism underlying cooling methods effects 
in CFS
Both pre-, per- and post cooling methods are applied 
in sport to improve athletes’ performance. Prolonged, 
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intensive physical exercise sessions in high ambient tem-
perature could lead to hyperthermia. Pre-cooling of sub-
jects with physical exercise-induced hyperthermia has 
been shown to be beneficial for both aerobic and aero-
bic and cognitive performance, which are disturbed by 
hyperthermia [49]. The underlying mechanism of pre-
cooling effectiveness in sports performance improve-
ment is not yet fully understood [50].

In physical medicine, a variety of cooling methods can 
be applied, such as WBC, water immersion partial body 
cryotherapy, local cooling, etc. It seems, that there are 
differences in the physiological responses to those meth-
ods. For instance, a more pronounced decrease in blood 
flow and tissue temperature were noticed in response to 
cold water immersion in comparison to WBC [51] and 
cold-water immersion led to a greater reduction of skin 
microcirculation in comparison to partial body cryother-
apy [52]. WBC induced a greater stimulation of the ANS 
than partial-body cold exposure [46]. In a previous study, 
a relatively small drop (0.3 ± 0.2 °C) in core temperature 
was noticed 60 min after WBC exposure ((− 110 ± 3 °C) 
for 3 min and 40 s in the main chamber) [53]. The basis 
of pre-cooling and per-cooling strategies is to reduce the 
heat stress of the thermoregulatory system prior to, and 
during, exercise by increasing the heat storage capacity 
[54, 55]. Several hypotheses on pre-cooling mechanisms 
have been proposed [50]. Cooling leads to attenuation 
of the stress of the metabolic and cardiovascular system 
[56], changes in temperature could influence on func-
tion of enzymes [57] and a decrease in the core tempera-
ture might attenuate accumulation of blood lactate and 
the lactate threshold. improvement [58]. In addition, a 
decrease in core temperature could be related to a reduc-
tion of heart rate during physical exercise [59, 60] and 
cutaneous circulation that leads to a decrease in cardiac 
filling [58]. In terms of post-cooling methods, a reduction 
of inflammatory response of muscle tissue to strenuous 
exercise has been proposed [50]. Peripheral vasoconstric-
tion of the muscle vasculature induced by cold exposure 
and decrease in muscle tissue temperature might lead 
to decrease in permeability of cell, lymph and capillar-
ies, which in turn would reduce the diffusion of fluids 
towards interstitial space and reduce the edema of muscle 
fiber [61, 62]. The changes in fluids dynamics described 
above might coexist with attenuated acute inflammation 
in response to damage of muscle tissue [50]. An increase 
in metabolic stress might lead to improvement in the 
mitochondrial energy production, which plays an impor-
tant role in the production of Reactive Oxygen Spe-
cies (ROS) in a muscle cell [63]. Therefore, post-cooling 
might lead to a decrease in ROS production induced by 
muscle damage, and therefore to reduction in the mito-
chondrial energy production [50]. In addition, a negative 

correlation between muscle tissue temperature and nerve 
conduction velocity have been observed [64, 65]. Both 
sensory and motor nerve conduction velocity could be 
reduced [64] which might lead to diminished pain sensa-
tion and increase in the pain tolerance [65].

In addition, ATP is maintained at a similar level for at 
least a day between 10 to 37 degrees of Celsius, however, 
both utilization and synthesis are negatively corelated 
with temperature below 37 degrees of Celsius [66].

Study limitations
Further studies should examine the effects of combined 
therapies in the management of symptoms in ME/CFS. 
As Senczyszyn et al. have noted, combinations of Com-
puterized Cognitive Training (CCT), psychoeducation 
and WBC might be more effective in the reduction of 
depressive symptoms than Computerized Cognitive 
Training (CCT) and psychoeducation only [67]. In addi-
tion, further studies should consider an RCT design with 
bigger sample sizes included, with a few months follow-
up to examine the sustainability of response. Moreover, 
a few different WBC protocols should be examined in 
terms of session’s duration, temperature, frequency and 
rehabilitation programme duration. In addition, explor-
ing the mechanism by which WBC might decrease 
fatigue might lead to development of cooling methods 
that would be more approachable by CFS patients.

We have noted a decrease in daytime sleepiness, how-
ever sleep efficacy was not measured objectively in this 
study. Therefore, the above study results should be rep-
licated on larger sample size with applied long-term 
follow-up, before recommending WBC as a supportive 
therapy in CFS.

Methods
Setting
This study took place from January 2018 to July 2018 and 
was approved by the Ethics Committee, Ludwik Rydygier 
Memorial Collegium Medicum in Bydgoszcz, Nicolaus 
Copernicus University, Toruń (KB 660/2017). Written 
informed consent was obtained from all participants.

Patients
A total of 250 individuals who identified themselves as 
fatigued, were recruited to the initial evaluation. Indi-
viduals who fulfilled the Fukuda criteria for CFS were 
eligible to enter the study if they were (1) age between 
25 and 65 years, (2) fatigue more than 6 months, were 
severely fatigued, operationalized as scoring more that 
36 on the Fatigue Severity Scale, (3) had at least four of 
additional symptoms: malaise after exertion, headache, 
impaired memory and/or concentration, unrefresh-
ing sleep, sore throat, tender lymph nodes (cervical or 
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axillary), muscle or joint pain, (4) the fatigue must not 
be the result of an organic disease [68]. Patients could 
participate in this study if they had been referred by a 
general practitioner, neurology and psychiatry; pre-test 
health state assessment of subjects included: basic neu-
rological, psychiatric, physical examination. The con-
sultant (neurologists or psychiatrists experienced in 
ME/CFS) confirmed the inclusion and exclusion crite-
ria and verified whether an extensive physical examina-
tion and laboratory research tests had been performed 
to exclude any underlying illness. Where an underlying 
illness was suspected, the patient was referred to a spe-
cialist in internal medicine, neurology or psychiatry for 
further investigation. An interview with a psychologist 
was scheduled if the HADS depression subscale score 
was 11 or more (to exclude a major or bipolar depres-
sive disorder) or if the consultant suspected another 
psychiatric illness or motivational problem.

Sample size calculation was made using GLIMMPSE 
3.0.0 on-line available calculator for General Lin-
ear Mixed Model Power and Sample Size (available 
at: https://​glimm​pse.​sampl​esize​shop.​org/#). Power 
was set on 0.9, alpha was set on 0.05. Hotelling Law-
ley Trace test was chosen, as it was advised to choose 
that option because of similarity with mixed effect lin-
ear model. Main effect of WBC + SS on score in FIS 
was chosen as the primary outcome of the study and 
decrease from 93.59 to 61.68 and standard deviation 
of 24.86 points in the CFS group was assumed based 
on our observation in a previous non-pharmacological 
intervention based study on CFS patients [69]. Two 
means scale factors were taken into account: 1 and 0.9. 
Total sample size was calculated from 37 to 45 par-
ticipants, respectively (decimal places were rounded). 
Enrolment ratio was set on 1:0.65 for CFS to con-
trol group, because of predicted higher dropout rate 
in the CFS group. Assuming dropout rate of at least 
11%, it was decided to enroll 50 participants in total 
into study. To obtain 32 CFS patients, 250 patients 
were initially assessed for eligibility. One hundred and 
eighty subjects were excluded as they did not meet the 
Fukuda criteria (n = 180), had an underlying psychi-
atric illness (n = 30), had another diagnosis or fatigue 
was not the primary complaint (n = 8). Eighteen 

healthy individuals were also recruited from the com-
munity as a control group (HC).

Intervention—whole body cryotherapy (WBC)
This was an experimental design with control group. The 
WBC procedures were performed in a liquid nitrogen 
cryochamber which consists of two compartments: the 
antechamber and the proper chamber, which were con-
nected by a door. In the trial, the temperature in the ante-
chamber was − 60 °C, whereas in the proper chamber, it 
reached − 120 °C.

The participants were treated using a cycle of 10 visits 
to a cryogenic chamber over a period of 12  days (from 
Monday to Friday, scheduled at the same time of day on 
5 p.m., one session per day). They were subjected to the 
effects of extreme low temperature in a WBC chamber 
for 0.5 to 2.5 min depending upon of the day of therapy, 
exposure time was incremental (1–3  day for 0.5  min, 
4–5 day for 1 min, 6–7 day for 1.5 min, 8–9 day for 2 min, 
10 day for 2.5 min), Fig. 6.

In order to protect the most sensitive body areas, all 
patients entering the rooms were dressed with swimsuits, 
face-mask to protect the nose and mouth, cotton socks, 
slippers and gloves, ear-protector and wooden shoes. 
All jewellery, glasses, and contact lenses were removed 
before entry into the chamber. During the WBC proce-
dure, individuals walked round the chamber without 
touching each other.

Immediately after leaving the cryogenic chamber and 
changing into track suits and trainers, patients under-
went kinesiotherapy lasting 30  min. Kinesiotherapy 
procedures included breathing exercises and passive 
stretching exercises of the muscles of the major joints 
(including the ankle, knee, hip, wrist, elbow, shoulder, 
thoracolumbar spine, and cervical spine). Exercises were 
introduced in the order from superior to inferior parts of 
body. Each stretch was held to the point of slight discom-
fort (not pain) for a period of 20 s per muscle group fol-
lowed by a 10 s passive rest period in a neutral position 
[70]. Each stretch was executed once for each limb. Then, 
during period of rest, supervisor was presenting a follow-
ing stretch. All the exercises were carried out under the 
supervision of experienced physiotherapists.

Fig. 6  Whole-body cryotherapy programme

https://glimmpse.samplesizeshop.org/#
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Measures
The clinical examination was performed in the chronobi-
ology laboratory (windowless and sound-insulated room, 
temperature 22  °C, humidity 60%) at approximately the 
same time of day.

Fatigue measurements
Fatigue severity was evaluated using three validated tools 
commonly used to evaluate physical and mental fatigue 
in patients with CFS; the Chalder Fatigue Questionnaire 
(CFQ), Fatigue Impact Scale (FIS) and Fatigue Severity 
Scale (FSS).

The Chalder Fatigue Questionnaire consists of 11 items 
separated into two dimensions of fatigue severity—men-
tal fatigue and physical fatigue. Seven items represent 
physical fatigue (items 1–7) and 4 represent mental 
fatigue (items 8–11). This scale was scored in “Likert” 
style asking individuals 0, 1, 2 & 3 with a range from 0 to 
33 [71].

The Fatigue Impact Scale (FIS) assesses the impact that 
subjective fatigue has on daily functioning. Forty items 
are each scored on a 5-point Likert scale (0–4) providing 
a continuous scale of 0–160 with a higher score indicat-
ing greater impact [72].

The Fatigue Severity Scale (FSS) is a short question-
naire that rates the level of fatigue. The FSS questionnaire 
contains nine statements that rate the severity of your 
fatigue symptoms on a scale of 1 to 7, based on how accu-
rately it reflects the condition during the past week. A 
low value (e.g., 1) indicates strong disagreement with the 
statement, whereas a high value (e.g., 7) indicates strong 
agreement. A total score of less than 36 suggests no 
fatigue. A total score of 36 or more suggests fatigue [73].

Assessment of daytime sleepiness
Epworth sleepiness scale (ESS) [74] was used to assess 
patients’ general daytime sleepiness. Higher score indi-
cates higher sleepiness.

Assessment of cognitive function
Trail Making Test is a neuropsychological tool offering 
a rapid assessment measuring various skills including 
executive functioning domain: visuospatial skills, task 
switching and working memory [75]. Trial Making Test 
part A (TMT A) requires to connect dots with num-
bers from 1 to 25 in sequential order. The task in Trial 
Making Test part B (TMT B) is to alternate connecting 
points, connecting the number with the letter, and then 
again with the number in ascending order (1-A-2-B, etc.). 
TMT B includes number from 1 to 13 and letters from 
A to L. Results of TMT A and B were the time to com-
plete the task measured in seconds. Result of TMT A is 

an indicator of visual search and motor speed skills [76], 
whereas part B is considered also to be a test of cognitive 
flexibility and executive control [77–79].

Digit symbol substitution test (DSST) includes digit-
symbol pairs and list of digits. Subjects’ task was to write 
down corresponding symbol to every digit in a consecu-
tive manner as fast as possible [79]. Results were the 
number of digits left to be encoded after 60 and 120 s. If 
subject was not able to finish the task within 120  s, the 
task has been interrupted. DSST result is an indicator of 
motor speed, attention, scanning, associative learning, 
executive functions and working memory [80].

Autonomic and cardiovascular symptoms measurements
Subjective assessment of  autonomic symptoms  Partici-
pants completed the Autonomic Symptom Profile [81] as 
a self-report measure of autonomic symptoms. Scoring 
was performed using the recently abbreviated and psy-
chometrically improved version of this questionnaire, the 
Composite Autonomic Symptom Score 31 (COMPASS 
31) [82]. In addition, Orthostatic Grading scale (OGS) 
was used to asses response on orthostatic stress [83].

Objective assessment of  autonomic and  cardiovascular 
function  Cardiovascular and autonomic measurements 
were performed with a dedicated high-tech device—Task 
Force Monitor (TFM, CNSystems, Medizintechnik, Graz, 
Austria). The main area of TFM application is as an auto-
mated and computed beat-to-beat analysis of heart rate 
(electrocardiogram (ECG)) oscillometric and non-inva-
sive continuous blood pressure measurements (oscBP, 
contBP) [84].

The hemodynamic and left ventricular function param-
eters analysed were heart rate [HR], systolic blood pres-
sure [sBP], diastolic blood pressure [dBP], mean blood 
pressure [mBP], stroke index [SI], cardiac index [CI], 
total peripheral resistance index [TPRI], index of con-
tractility [IC], acceleration index [ACI], left ventricual 
ejection time [LVET], left ventricular work index [LVWI], 
total fluid content [TFC], Heather index [HI], total artery 
compliance [TAC]; autonomic parameters: low frequency 
(LF), high frequency (HF) of heart rate variability (HRV) 
and blood pressure variability (BPV), ratio of LF to HF 
[LF/HF], baroreceptor slope mean. TFM automatically 
provides a power spectral analysis for HRV BPV which 
is conducted using the adaptive autoregressive model. All 
parameters were automatically measured at rest (15 min 
after stabilization of the signals) and during an active 
standing test (AS).

Statistical analysis
All data are presented as mean ± SD. Applicability of 
parametric tests were verified with the Shapiro–Wilk test 
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and by visual inspection of histograms. To test the effects 
of WBC (before vs after) in CFS group on variables 
which values did not meet the normality of distribution 
assumption, were analysed using Wilcoxon signed-rank 
test, otherwise paired t-test has been used. To analyse the 
effects of WBC (before vs after) in groups (HC vs CFS), 
a linear model with random effect was applied using 
R statistical packages (Lme4 and LmerTest) were used 
[85] with a fixed within-subject, fixed between-subject 
and interaction between those factors. Subject factor 
was considered as a random. Within-subject factor was 
effect of WBC + SS (before vs after) and the between-
subject factor was group (CFS vs HC), while subject was 
chosen as a random effect. Package car was used to con-
duct type III ANOVA on the linear mixed models to test 
significance of group*effects WBC + SS interaction [86]. 
Models were fitted using REML and p-values for the 
main effects and their interaction are derived using the 
Satterthwaite approximation [87]. Results of both effects 
of time, group and interaction between time and group 
(time * group) are reported. For significant main effect 
of WBC + SS, and interaction between effects of group 
* WBC + SS both F and p-values are provided and post-
hoc tests analysis was conducted. Result of post-hoc tests 
were adjusted using Holm correction using lsmeans and 
multcomp packages [88].

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12967-​022-​03460-1.

Additional file 1: Table S1. Basic characteristics of the CFS/ME group 
and HC group. Table S2. Clinical characteristics of the CFS/ME group. 
Table S3. Details of presenting complaints of CFS/ME group. Table S4. 
Mean ± SD resting values of cardiovascular function indicators for subjects 
with CFS and HC. Table S5. Mean ± SD resting values of autonomic meas‑
ures for subjects with CFS and HC. Table S6. CFS group mean values ± SD 
before-, after, and follow-up WBC + SS intervention for cognitive function

Acknowledgements
This article has been supported by the Polish National Agency for Academic 
Exchange under Grant No. PPI/APM/2018/1/00036/U/001.

Author contributions
JS, JLN, PZ participated in conceptualization (create ideas and overarching 
research goals) and methodology. SK, JS, ŁS, PZ gathered data, SK analyzed 
data, SK, JS, BRG, AC-J, MM, JLN, ŁS, PZ drafted manuscript. All authors read 
and approved the final manuscript.

Funding
Funding was provided by Narodowa Agencja Wymiany Akademickiej (PPI/
APM/2018/1/00036/U/001).

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

Declarations

Ethics approval consent to participate
The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by Ethics Committee, Ludwik Rydygier Memorial 
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University, Toruń (KB 
660/2017). Informed, written consent was obtained from all subjects involved 
in the study.

Consent for publication
Not applicable.

Competing interests
The author(s) declare no competing interests.

Author details
1 Department of Exercise Physiology and Functional Anatomy, Ludwik Rydygier 
Collegium Medicum in Bydgoszcz Nicolaus Copernicus University in Toruń, 
Świętojańska 20, 85‑077 Bydgoszcz, Poland. 2 Department of Psychiatry, Uni‑
versity of Oxford, Oxford OX3 7JX, UK. 3 Department of Experimental and Clini‑
cal Physiology, Laboratory of Centre for Preclinical Research, Warsaw Medical 
University, 1b Banacha Street, 02‑097 Warsaw, Poland. 4 Institute of Microbi‑
ology and Virology, Riga Stradinš University, Riga 1067, Latvia. 5 Population 
Health Sciences Institute, The Medical School, Newcastle University, Framling‑
ton Place, Newcastle‑upon‑Tyne NE2 4HH, UK. 

Received: 20 March 2022   Accepted: 25 May 2022

References
	1.	 Estévez-López F, Mudie K, Wang-Steverding X, Bakken IJ, Ivanovs A, 

Castro-Marrero J, Nacul L, Alegre J, Zalewski P, Słomko J, Strand EB. 
Systematic Review of the Epidemiological Burden of Myalgic encephalo‑
myelitis/chronic fatigue syndrome across Europe: current evidence and 
EUROMENE research recommendations for epidemiology. J Clin Med. 
2002;9(5):1557.

	2.	 Słomko J, Newton JL, Kujawski S, Tafil-Klawe M, Klawe J, Staines D, 
Marshall-Gradisnik S, Zalewski P. Prevalence and characteristics of chronic 
fatigue syndrome/myalgic encephalomyelitis (CFS/ME) in Poland: a cross-
sectional study. BMJ Open. 2019;9(3): e023955.

	3.	 Nelson MJ, Bahl JS, Buckley JD, Thomson RL, Davison K. Evidence of 
altered cardiac autonomic regulation in myalgic encephalomyelitis/
chronic fatigue syndrome: a systematic review and meta-analysis. Medi‑
cine. 2019;98(43): e17600.

	4.	 Laborde S, Mosley E, Thayer JF. Heart rate variability and cardiac vagal 
tone in psychophysiological research–recommendations for experiment 
planning, data analysis, and data reporting. Front Psychol. 2017;8:213.

	5.	 Perna G, Riva A, Defillo A, Sangiorgio E, Nobile M, Caldirola D. Heart rate 
variability: Can it serve as a marker of mental health resilience?: Special 
Section on “Translational and Neuroscience Studies in Affective Disorders” 
Section Editor, Maria Nobile MD, PhD. J Affect Disord. 2020;263:754–61.

	6.	 Institute of Medicine (US), Committee on the Diagnostic Criteria for 
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. Beyond Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome: Redefining an Illness; 
National Academies Press: Cambridge, MA, USA, (2015)

	7.	 Logsdon RG, Gibbons LE, McCurry SM, Teri L. Assessing quality of life in 
older adults with cognitive impairment. Psychosom Med. 2002;64:510–9.

	8.	 Zinn ML, Zinn MA, Jason LA. qEEG/LORETA in assessment of neurocog‑
nitive impairment in a patient with chronic fatigue syndrome: a case 
report. Clin Res Open Access. 2016. https://​doi.​org/​10.​16966/​2469-​6714.​
110.

	9.	 Robinson LJ, Gallagher P, Watson S, Pearce R, Finkelmeyer A, Maclachlan 
L, Newton JL. Impairments in cognitive performance in chronic fatigue 
syndrome are common, not related to co-morbid depression but do 
associate with autonomic dysfunction. PLoS ONE. 2019;14(2): e0210394.

	10.	 Cockshell SJ, Mathias JL. Cognitive deficits in chronic fatigue syndrome 
and their relationship to psychological status, symptomatology, and 
everyday functioning. Neuropsychology. 2013;27(2):230.

https://doi.org/10.1186/s12967-022-03460-1
https://doi.org/10.1186/s12967-022-03460-1
https://doi.org/10.16966/2469-6714.110
https://doi.org/10.16966/2469-6714.110


Page 14 of 15Kujawski et al. Journal of Translational Medicine          (2022) 20:273 

	11.	 DeLuca J, Johnson SK, Ellis SP, Natelson BH. Cognitive functioning is 
impaired in patients with chronic fatigue syndrome devoid of psychiatric 
disease. J Neurol Neurosurg Psychiatry. 1997;1997(62):151–5.

	12.	 National Institute for Health and Care Excellence Myalgic encephalo‑
myelitis (or encephalopathy)/chronic fatigue syndrome: diagnosis and 
management. NICE guideline https://​www.​nice.​org.​uk/​guida​nce/​ng206​
Date: Oct 29, 2021. Accessed 13 Jan 2022.

	13.	 Westerlund T, Smolander J, Uusitalo-Koskinen A, Mikkelsson M. The blood 
pressure responses to an acute and long-term whole-body cryotherapy 
(− 110 C) in men and women. J Therm Biol. 2004;29(6):285–90.

	14.	 Lombardi G, Ziemann E, Banfi G. Whole-body cryotherapy in athletes: 
from therapy to stimulation. An updated review of the literature. Front 
Physiol. 2017;8:258. https://​doi.​org/​10.​3389/​fphys.​2017.​00258.

	15.	 Kujawski S, Newton JL, Morten KJ, Zalewski P. Whole-body cryostimula‑
tion application with age: a review. J Therm Biol. 2021;96:102861.

	16.	 Zalewski P, Klawe JJ, Pawlak J, Tafil-Klawe M, Newton J. Thermal and 
hemodynamic response to whole-body cryostimulation in healthy 
subjects. Cryobiology. 2013;66(3):295–302.

	17.	 Zalewski P, Buszko K, Zawadka-Kunikowska M, Słomko J, Szrajda J, Klawe 
JJ, Tafil-Klawe M, Sinski M, Newton J. Cardiovascular and autonomic 
responses to whole-body cryostimulation in essential hypertension. 
Cryobiology. 2014;69(2):249–55.

	18.	 Zalewski P, Bitner A, Słomko J, Szrajda J, Klawe JJ, Tafil-Klawe M, Newton 
JL. Whole-body cryostimulation increases parasympathetic outflow and 
decreases core body temperature. J Therm Biol. 2014;45:75–80.

	19.	 Doubt TJ. Physiology of exercise in the cold. Sports Med. 1991;11:367–81.
	20.	 Mourot L, Cluzeau C, Regnard J. Physiological assessment of a gaseous 

cryotherapy device thermal effects and changes in cardiovascular auto‑
nomic control. Ann Readapt Med Phys. 2007;50:2209–17.

	21.	 Kujawski S, Bach AM, Słomko J, Pheby DF, Murovska M, Newton JL, 
Zalewski P. Changes in the allostatic response to whole-body cryotherapy 
and static-stretching exercises in chronic fatigue syndrome patients vs. 
healthy individuals. J Clin Med. 2021;10(13):2795.

	22.	 Vitenet M, Tubez F, Marreiro A, Polidori G, Taiar R, Legrand F, Boyer FC. 
Effect of whole body cryotherapy interventions on health-related quality 
of life in fibromyalgia patients: a randomized controlled trial. Comple‑
ment Ther Med. 2018;36:6–8.

	23.	 Pournot H, Bieuzen F, Louis J, Mounier R, Fillard JR, Barbiche E, et al. 
Time-course of changes in inflammatory response after whole-body 
cryotherapy multi exposures following severe exercise. PLoS ONE. 2011;6: 
e22748.

	24.	 Schaal K, Meur YLE, Louis J, Filliard JR, Hellard P, Casazza G, et al. Whole-
body cryostimulation limits overreaching in elite synchronized swim‑
mers. Med Sci Sports Exerc. 2015;47:1416–25.

	25.	 Carpenter JS, Robillard R, Hermens DF, Naismith SL, Gordon C, Scott EM, 
Hickie IB. Sleep-wake profiles and circadian rhythms of core temperature 
and melatonin in young people with affective disorders. J Psychiatr Res. 
2017;94:131–8.

	26.	 Cambras T, Castro-Marrero J, Zaragoza MC, Díez-Noguera A, Alegre J. 
Circadian rhythm abnormalities and autonomic dysfunction in patients 
with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis. PLoS ONE. 
2018;13(6): e0198106.

	27.	 Dupuy O, Douzi W, Theurot D, Bosquet L, Dugué B. An evidence-based 
approach for choosing post-exercise recovery techniques to reduce 
markers of muscle damage, soreness, fatigue, and inflammation: a sys‑
tematic review with meta-analysis. Front Physiol. 2018;9:403.

	28.	 Rymaszewska J, Lion KM, Stańczykiewicz B, Rymaszewska JE, Trypka E, 
Pawlik-Sobecka L, Kokot I, Płaczkowska S, Zabłocka A, Szcześniak D. The 
improvement of cognitive deficits after whole-body cryotherapy—a 
randomised controlled trial. Exp Gerontol. 2021;146:111237.

	29.	 Lempke LB, Fraser JJ, Erdman NK, Barone NA, Saliba S, Resch JE. The 
effects of cranial cryotherapy on hemodynamics and cognition in healthy 
adults. Transl J ACSM. 2020;2020(5):1–9.

	30.	 Okura Y, Rikimaru T. Cold stimuli on the cheeks activate the left ventro‑
lateral prefrontal cortex and enhance cognitive performance. J Cogn 
Enhanc. 2020;5(2):164–75.

	31.	 Theurot D, Dugué B, Douzi W, Guitet P, Louis J, Dupuy O. Impact of acute 
partial-body cryostimulation on cognitive performance, cerebral oxy‑
genation, and cardiac autonomic activity. Sci Rep. 2021;11(1):7793.

	32.	 Forte G, Favieri F, Casagrande M. Heart rate variability and cognitive func‑
tion: a systematic review. Front Neurosci. 2019;13:710.

	33.	 Jung W, Jang KI, Lee SH. Heart and brain interaction of psychiatric ill‑
ness: a review focused on heart rate variability, cognitive function, and 
quantitative electroencephalography. Clin Psychopharmacol Neurosci. 
2019;17(4):459–74.

	34.	 McCaffrey RJ, Duff K, Westervelt HJ. Practitioner’s guide to evaluating 
change with neuropsychological assessment instruments. New York: 
Kluwer Academic/Plenum Publishers; 2000.

	35.	 McCaffrey RJ, Westervelt HJ. Issues associated with repeated neuropsy‑
chological assessments. Neuropsychol Rev. 1995;5:203–21.

	36.	 Pilcher JJ, Nadler E, Busch C. Effects of hot and cold temperature 
exposure on performance: a meta-analytic review. Ergonomics. 
2002;45(10):682–98.

	37.	 Muller MD, Gunstad J, Alosco ML, Miller LA, Updegraff J, Spitznagel MB, 
Glickman E. Acute cold exposure and cognitive function: evidence for 
sustained impairment. Ergonomics. 2012;55(7):792–8.

	38.	 Solianik R, Skurvydas A, Mickevičienė D, Brazaitis M. Intermittent 
whole-body cold immersion induces similar thermal stress but dif‑
ferent motor and cognitive responses between males and females. 
Cryobiology. 2014;69(2):323–32.

	39.	 Hausswirth C, Louis J, Bieuzen F, Pournot H, Fournier J, Filliard JR, Bris‑
swalter J. Effects of whole-body cryotherapy vs. far-infrared vs. passive 
modalities on recovery from exercise-induced muscle damage in 
highly-trained runners. PLoS ONE. 2011;6(12):e27749.

	40.	 Patil PG, Apfelbaum JL, Zacny JP. Effects of a cold-water stressor on 
psychomotor and cognitive functioning in humans. Physiol Behav. 
1995;58:1281–6.

	41.	 Klintberg IH, Larsson ME. Shall we use cryotherapy in the treatment 
in surgical procedures, in acute pain or injury, or in long term pain or 
dysfunction? A systematic review. J Bodyw Mov Ther. 2021;27:368–87.

	42.	 Zalewski P, Kujawski S, Tudorowska M, Morten K, Tafil-Klawe M, Klawe 
JJ, Strong J, Estévez-López F, Murovska M, Newton JL. The impact of 
a structured exercise programme upon cognitive function in chronic 
fatigue syndrome patients. Brain Sci. 2020;10(1):4.

	43.	 Kujawski S, Cossington J, Słomko J, Dawes H, Strong JW, Estevez-
Lopez F, Murovska M, Newton JL, Hodges L, Zalewski P. Prediction of 
discontinuation of structured exercise programme in chronic fatigue 
syndrome patients. J Clin Med. 2020;9(11):3436.

	44.	 Westerlund T, Uusitalo A, Smolander J, Mikkelsson M. Heart rate vari‑
ability in women exposed to very cold air (− 110 C) during whole-
body cryotherapy. J Therm Biol. 2006;31(4):342–6.

	45.	 Huttunen P, Rintamäki H, Hirvonen J. Effect of regular winter swimming 
on the activity of the sympathoadrenal system before and after a 
single cold water immersion. Int J Circumpol Health. 2001;60:400–6.

	46.	 Hausswirth C, Schaal K, Le Meur Y, Bieuzen F, Filliard JR, Volondat M, 
et al. Parasympathetic activity and blood catecholamine responses 
following a single partial-body cryostimulation and a whole-body 
cryostimulation. PLoS ONE. 2013;8: e72658.

	47.	 Goldstein, David S. Principles of autonomic medicine. (2017)
	48.	 Graham TE, Sathasivam PR, MacNaughton KW. Influence of cold, exer‑

cise, and caffeine on catecholamines and metabolism in men. J Appl 
Physiol. 1991;70(5):2052–8.

	49.	 Douzi W, Dupuy O, Theurot D, Smolander J, Dugué B. Per-cooling 
(Using cooling systems during physical exercise) enhances physical 
and cognitive performances in hot environments: a narrative review. 
Int J Environ Res Public Health. 2020;17(3):1031.

	50.	 Bongers CC, Hopman MT, Eijsvogels TM. Cooling interventions for 
athletes: an overview of effectiveness, physiological mechanisms, and 
practical considerations. Temperature. 2017;4(1):60–78.

	51.	 Mawhinney C, Low DA, Jones H, Green DJ, Costello JT, Gregson W. 
Cold-water mediates greater reductions in limb blood flow than whole 
body cryotherapy. Med Sci Sports Exerc. 2017;49(6):1252–60.

	52.	 Hohenauer E, Deliens T, Clarys P, Clijsen R. Perfusion of the skin’s 
microcirculation after cold-water immersion (10 C) and partial-body 
cryotherapy (− 135 C). Skin Res Technol. 2019;25(5):677–82.

	53.	 Costello JT, Culligan K, Selfe J, Donnelly AE. Muscle, skin and core 
temperature after− 110 C cold air and 8 C water treatment. PLoS ONE. 
2012;7(11): e48190.

	54.	 Marino FE. Methods, advantages, and limitations of body cooling for 
exercise performance. Br J Sports Med. 2002;36(2):89–94.

https://www.nice.org.uk/guidance/ng206Date
https://www.nice.org.uk/guidance/ng206Date
https://doi.org/10.3389/fphys.2017.00258


Page 15 of 15Kujawski et al. Journal of Translational Medicine          (2022) 20:273 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	55.	 Wegmann M, Faude O, Poppendieck W, Hecksteden A, Fröhlich 
M, Meyer T. Pre-cooling and sports performance. Sports Med. 
2012;42(7):545–64.

	56.	 Reilly T, Drust B, Gregson W. Thermoregulation in elite athletes. Curr 
Opin Clin Nutr Metab Care. 2017;2006(9):666–71.

	57.	 Daniel RM, Danson MJ, Eisenthal R, Lee CK, Peterson ME. The effect of 
temperature on enzyme activity: new insights and their implications. 
Extremophiles. 2008;12(1):51–9.

	58.	 James CA, Richardson AJ, Watt PW, Gibson OR, Maxwell NS. Physiologi‑
cal responses to incremental exercise in the heat following internal and 
external precooling. Scand J Med Sci Sports. 2015;25:190–9.

	59.	 Olschewski H, Bruck K. Thermoregulatory, cardiovascular, and mus‑
cular factors related to exercise after precooling. J Appl Physiol. 
1985;1988(64):803–11.

	60.	 Schmidt V, Bruck K. Effect of a precooling maneuver on body tempera‑
ture and exercise performance. J Appl Physiol Respir Environ Exerc 
Physiol. 1981;50:772–8.

	61.	 Leeder J, Gissane C, van Someren K, Gregson W, Howatson G. Cold water 
immersion and recovery from strenuous exercise: a meta-analysis. Br J 
Sports Med. 2012;46:233–40.

	62.	 Ascensão A, Leite M, Rebelo AN, Magalhäes S, Magalhäes J. Effects of cold 
water immersion on the recovery of physical performance and muscle 
damage following a one-off soccer match. J Sports Sci. 2011;29:217–25.

	63.	 Debold EP. Recent insights into muscle fatigue at the cross-bridge level. 
Front Physiol. 2012;3:151.

	64.	 Herrera E, Sandoval MC, Camargo DM, Salvini TF. Effect of walking and 
resting after three cryotherapy modalities on the recovery of sensory and 
motor nerve conduction velocity in healthy subjects. Rev Bras Fisioter. 
2011;15:233–40.

	65.	 Algafly AA, George KP. The effect of cryotherapy on nerve conduc‑
tion velocity, pain threshold and pain tolerance. Br J Sports Med. 
2007;41:365–9.

	66.	 Negendank WI, Shaller CA. Temperature-dependence of ATP level, 
organic phosphate production and Na, K-ATPase in human lymphocytes. 
Physiol Chem Phys. 1982;14(6):513–8.

	67.	 Senczyszyn A, Wallner R, Szczesniak DM, Łuc M, Rymaszewska J. The 
effectiveness of computerized cognitive training combined with whole 
body cryotherapy in improving cognitive functions in older adults. A case 
control study. Front Psychiatry. 2021;12:1048.

	68.	 Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A, Inter‑
national Chronic Fatigue Syndrome Study Group. The chronic fatigue 
syndrome: a comprehensive approach to its definition and study. Ann 
Intern Med. 1994;121(12):953–9.

	69.	 Kujawski S, Cossington J, Słomko J, Zawadka-Kunikowska M, Tafil-Klawe 
M, Klawe JJ, Buszko K, Jakovljevic DG, Kozakiewicz M, Morten KJ, Dawes 
H. Relationship between cardiopulmonary, mitochondrial and autonomic 
nervous system function improvement after an individualised activ‑
ity programme upon chronic fatigue syndrome patients. J Clin Med. 
2021;10(7):1542.

	70.	 Zmijewski P, Lipinska P, Czajkowska A, Mróz A, Kapuściński P, Mazurek 
K. Acute effects of a static vs. a dynamic stretching warm-up on 
repeated-sprint performance in female handball players. J Hum Kinet. 
2020;72(1):161–72.

	71.	 Jackson G. The Chalder Fatigue Scale (CFQ 11). Occup Med. 2015;65:86.
	72.	 Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech WF. Measuring the 

functional impact of fatigue: initial validation of the fatigue impact scale. 
Clin Infect Dis. 1994;18(Supplement_1):S79–83.

	73.	 Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity 
scale: application to patients with multiple sclerosis and systemic lupus 
erythematosus. Arch Neurol. 1989;46(10):1121–3.

	74.	 Johns MW. A new method for measuring daytime sleepiness: the 
Epworth sleepiness scale. Sleep. 1991;14(6):540–5.

	75.	 Reitan RM. Validity of the Trail Making Test as an indicator of organic brain 
damage. Percept Mot Skills. 1958;8:271–6.

	76.	 Crowe SF. The differential contribution of mental tracking, cognitive flex‑
ibility, visual search, and motor speed to performance on parts A and B of 
the Trail Making Test. J Clin Psychol. 1998;54:585–91.

	77.	 Arbuthnott K, Frank J. Trail making test, part B as a measure of executive 
control: validation using a set-switching paradigm. J Clin Exp Neuropsy‑
chol. 2000;22:518–28.

	78.	 Kortte KB, Horner MD, Windham WK. The trail making test, part 
B:cognitive flexibility or ability to maintain set? Appl Neuropsychol. 
2002;9:106–9.

	79.	 Lezak MD, Howieson DB, Loring DW. Neuropsychological assessment. 
New York: Oxford University Press; 2004. p. 368–70.

	80.	 Jaeger J. Digit symbol substitution test: the case for sensitivity over 
specificity in neuropsychological testing. J Clin Psychopharmacol. 
2018;38(5):513.

	81.	 Suarez GA, Opfer-Gehrking TL, Offord KP, et al. The autonomic symptom 
profile: a new instrument to assess autonomic symptoms. Neurology. 
1999;52:523–8.

	82.	 Sletten DM, Suarez GA, Low PA, et al. COMPASS 31: a refined and 
abbreviated Composite Autonomic Symptom Score. Mayo Clin Proc. 
2012;87:1196–201.

	83.	 Kim HA, Lee H, Park KJ, Lim JG. Autonomic dysfunction in patients with 
orthostatic dizziness: validation of orthostatic grading scale and compari‑
son of Valsalva maneuver. J Neurol Sci. 2013;325(1–2):61–6.

	84.	 Fortin, J., Klinger, T., Wagner, C., Sterner, H., Madritsch, C., Grullenberger, 
R. The task force monitor – a non-invasive beat-to-beat monitor for 
hemodynamic and autonomic function of the human body. Proceedings 
of the 20th Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society, Austin, TX. (1998).

	85.	 Bates D, Mächler M, Bolker BM, Walker SC. Fitting linear mixed-effects 
models using lme4. J Stat Softw. 2015;67:1–48.

	86.	 Fox J, Weisberg S. An R companion to applied regression. 3rd ed. Thou‑
sand Oaks: Sage; 2019.

	87.	 Luke SG. Evaluating significance in linear mixed-effects models in R. 
Behav Res Methods. 2017;49(4):1494–502.

	88.	 Lenth RV. Least-squares means: The R Package lsmeans. J Stat Softw. 
2016;69:1–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Combination of whole body cryotherapy with static stretching exercises reduces fatigue and improves functioning of the autonomic nervous system in Chronic Fatigue Syndrome
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Results
	Whole study group analysis
	Effects of WBC + SS on self-reported measures of fatigue and daytime sleepiness in the CFS group
	Cardiac and autonomic assessment before,- and after WBC + SS intervention: comparison between the CFS and HC groups
	Cognitive function assessment before,- and after WBC + SS intervention: comparison between the CFS and HC groups

	Discussion
	Effects of WBC
	Influence of WBC on cardiovascular system and autonomic nervous system function
	Effects of WBC on fatigue and daytime sleepiness
	Influence of WBC on cognitive function
	Role of WBC exposure as stressorsimilarities with physical activity
	Potential mechanism underlying cooling methods effects in CFS
	Study limitations

	Methods
	Setting
	Patients
	Intervention—whole body cryotherapy (WBC)
	Measures
	Fatigue measurements
	Assessment of daytime sleepiness
	Assessment of cognitive function
	Autonomic and cardiovascular symptoms measurements
	Subjective assessment of autonomic symptoms 
	Objective assessment of autonomic and cardiovascular function 


	Statistical analysis

	Acknowledgements
	References




