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Combined cold-water immersion and breathwork may be associated with
improved mental health and reduction in the duration of upper respiratory tract
infection - a case—control study
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ABSTRACT

A polar plunge is a term referring to an ice-cold water immersion (CWI), usually in the winter
period. It is also a part of a specific training program (STP) which currently gains popularity
worldwide and was proven to display paradigm-shifting characteristics. The aim of this study was
to compare the indices of mental functioning (including depression, anxiety, mindfulness) and
duration of upper respiratory tract infection (URTI) measured among the study participants. A set
of questionnaires was distributed via the Internet. Participants declaring regular STP practice
were selected (N =77). Two groups were matched based on a case-control principle: the first one
(the control group) comprised participants who did not declare nor CWI practice, nor STP
practice. The second one comprised participants declaring regular CWI practice only. The CWI
only group displayed better mental health indices and shorter URTIs compared to the control
group. Moreover, the STP group also displayed better general mental health, less somatic
complaints, and shorter URTIs compared to the CWI only group. This study suggests the existence
of CWI's potential in boosting mental health and immune system functioning, however when
complemented by a specific breathwork, this potential can be increased. However, further
research is required.
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Intreduction performed in the open spaces (lakes, rivers) has been a

Detrimental effect of chronic stress is indisputable. Its
negative influence is noticeable in up to 90% of diseases
[11. In 2016, the World Health Organization (WHO)
dubbed stress as a health epidemic of the 21° century
[2]. Moreover, due to COVID-19 pandemic, prevalence of
stress-related diseases (including anxiety and depression)
increased by 25% worldwide [3]. According to Gallup
Organization, 44% of employees declared experiencing
“a lot” of work-related stress the previous day the
research was conducted, and this percentage remained
at a record high in 2022 [4]. In addition, the toll on health,
anxiety, and depression leads to 1 trillion dollars of lost
productivity per year worldwide [5]. As a natural conse-
quence, a surge in popularity of various self-help mental
health practices has taken place in recent years. Yoga,
mindfulness meditation and breathing exercises (or
breathwork) seem to be among the most popular ones
[6-8]. Interestingly, regular exposure to cold in the form
of cold-water immersions (CWI) has also started to be
listed among them. A form of CWI during wintertime

popular practice in Northern and Eastern Europe. In
Finland, the CWI is an inseparable part of the sauna
routine. In Poland, practising CWIs during wintertime is
called morsowanie (pol. mors — a walrus). The closest
related English term is to do a polar bear plunge or
simpler — polar plunging. In the past few years, polar
plunging has become very popular in Polish society. In
most cases, it is performed once a week in a pond or a
lake closely located to the place of residence. The plunge
is usually preceded by a short warm-up conducted in the
open air. After the immersion, no intensive rewarming (e.
g. sauna) is practised. During the annual gathering of the
polar plungers in February 2023, almost 9000 people
took a joint dip in the Baltic Sea. Water temperature
recorded that day was 3°C [9]. A beneficial effect of
polar plunge on immune system and wellbeing has
been reported. Lower levels of stress and higher salivary
immunoglobulin A concentration were noted among
polar plungers compared to those who do not practice
CWI [10,11]. Moreover, a prospective study from The

CONTACT Jan Czarnecki @ jczarnecki@ipin.edu.pl @ Second Department of Psychiatry, Institute of Psychiatry and Neurology, Sobieskiego Street 9,

Warsaw 02-957, Poland

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2024.2330741&domain=pdf&date_stamp=2024-03-20

2 (&) J. CZARNECKI ET AL.

Netherlands conducted in 2016 provided indirect evi-
dence for those claims. In this study, the participants
had to take regular cold showers while the members of
the control group should not change their everyday
functioning. Results showed that members of the inter-
vention group reduced the sickness absence during win-
tertime by almost 30% [12].

Breathwork also started to gain scientific attention in
recent years. Diaphragmatic breathing was proven to
decrease salivary cortisol concentration, decrease systo-
lic and diastolic blood pressure, and improve self-
reported stress indices [7]. Results of a meta-analysis
published in 2023 found significant small-medium
effects of breathwork on self-reported stress, anxiety
and depression compared to non-breathwork control
conditions [6]. Concurrently, a specific training program
(STP) based on the combination of the mentioned
techniques (breathwork and CWI) was proven to display
surprising characteristics. According to a study con-
ducted in 2014, an innate immune response can be
attenuated voluntarily by individuals who undergo
that program beforehand [13]. Also, two exploratory
studies have been conducted which implemented the
STP as an adjunctive therapy. Results provided evidence
for the STP’s ability to reduce the activity of axial spon-
dyloarthrosis and psoriasis [14,15]. Other preliminary
trials gave evidence for the intensification of the Cori
cycle and increasing the pain threshold [16,17]. An fMRI
scan conducted on the creator of the STP showed his
ability to activate the periaqueductal grey (PAG) in a
voluntary manner during cold exposure. Interestingly,
the bespoken part of the central nervous system (CNS)
is a subcortical region which takes part in fear manage-
ment and aversive behaviour [18,19]. Due to numerous
anecdotal evidence for its beneficial effects and studies
conducted in the past, the STP gains scientific attention
as well as supporters practising it worldwide.

In the face of a global mental health crisis, the
development of self-help applications characterised by
affordability, safety and confirmed efficacy is essential
to tackle the problem at its core. Therefore, we con-
ducted this case-control study to verify if the STP could
function as one of them.

Aim

The aim of this study was to compare the self-reported
mental health indices, dispositional mindfulness, and
upper respiratory tract infections (URTI) between those
who practice the STP (combination of CWI and breath-

work), those who declared regular CWI only and to
those who did not practice any of those (control group).

Materials and methods
Study design and sample

This is a secondary analysis to a cross-sectional study on
the association between polar plunging, its frequency,
and selected somatic and psychosocial factors (article in
review process).

The STP group and CWI only group were recruited
by distribution of an online survey via social media
groups which were found using Polish equivalents of
phrases polar plunging, or polar plungers (morsowanie,
or male morsy, or female foczki, respectively), which
took place in June 2022. The groups concerned parti-
cular geographical areas, e.g. towns, cities or provinces.
The control group was recruited via social media
groups matching those areas. The online survey
included a summary of the study. A form building
service called forms.app was selected to organise the
set of questionnaires. Prior to filling of the question-
naires, the respondents provided an informed consent
- by clicking a button captioned Agreed. The survey
comprised psychological tests (described below) and a
set of authors’ questions concerning: sex, age, URTI, and
sick leave duration (both measured in days) in the last
autumn-winter period, systematic STP practice, fre-
quency and experience in polar plunging (number of
seasons). According to the in-built visit counter pro-
vided by the forms.app, the survey web page was
opened 7459 times and filled 1628 times, which gave
a response rate of 22%. Number of respondents who
were excluded due to a positive answer to a question
regarding a severe stress or psychological trauma
experienced within the last 6 months equalled N =373.
Thereafter, N=79 persons, who reported systematic
conduct of the STP were selected as the case group.
Since the aim of the study was to elucidate the effect of
the STP, two kinds of controls were selected: respon-
dents reporting regular CWI only (CWI only group) and
respondents reporting no CWI and no STP (control
group). The match was performed based on sex, age
(£ 2 years), and in case of CWI additionally: number of
seasons (+ 1 year) and frequency of practice (+ one
category). N =2 respondents from the STP group were
excluded due to no age match. The final sample com-
prised N=231 respondents, with 77 persons in each
group (Figure 1 and Table 1).

Questionnaires

The General Health Questionnaire, 28-item version
(GHQ-28) is a questionnaire designed to screen for
mental health issues in a non-psychiatric population
in four aspects: somatic symptoms (A), anxiety/
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media
(N=7459)

Possible respondents reached via social
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v
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the online survey
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Agreed to take part in the study and filled

(N=5834)

Reported a traumatic

v

event within six months
preceding the study

Reported no traumatic event within six
months preceding the study (N=1252)

(N=373)

v

Case control match: sex, age (+/- two years),
in case of CWI also: number of seasons (+/- one year), frequency of practice
(+/- one category).

v '

v

CONTROL GROUP

Reported no CWI or

breathwork practice
(N=77)

CWI ONLY GROUP
Systematic practice
of CWI only (N=77)

STP GROUP
Systematic practice of CWI
and breathwork (N=77)

Figure 1. Flow chart depicting group selection process.

Table 1. Characteristics of the case—control study sample, comparing the results of the specific training program group (STP),
the cold-water immersion (CWI) only group and the control group with a summary of goodness of match regarding age, sex,

seasons, and frequency of CWI practice.

Control (N=77) CWI only (N=77) STP (N=77) Test p
Age, M£SD 40.74+7.31 40.81+£7.03 40.84+7.13 0.004 0.996
Women, N (%) 29 (38%) 29 (38%) 29 (38%) <0.001 0.999
Seasons of CWI practice, M+SD - 3.36 +1.81 343+233 0.037 0.847
Frequency of CWI, N (%)
1 per month or less 3 (4%) 4 (5%) 0.837 0.991
1 per 3 weeks 1 (1%) 1 (1%)
1 per two weeks 3 (4%) 2 (3%)
1 per week 26 (34%) 26 (34%)
2 per week 17 (22%) 16 (21%)
3 per week 14 (18%) 12 (15%)
4 per week 13 (17%) 16 (21%)

M - mean, SD - standard deviation, N — number of observations, Test — Snedecor’s F test or, Welch's test or Chi-square test result, depending on the
type of variable and homogeneity of variance in case of continuous variables, p — probability in the respective test.

insomnia (B), social dysfunction (C) and depressive
symptoms (D). It was developed by Goldberg and
adapted to Polish by Makowska and Merecz [20,21].
Each scale consists of seven items, with answers
representing the frequency of the named symptoms.
The items’ answers were scored from 0 to 3. Thus,
scores ranged from 0 to 21 in each subscale and
from 0 to 84 in total. Cronbach’s alpha quotients
for the A to D scales stem from 0.77 to 0.87.

The Five Facet Mindfulness Questionnaire — Short
Form (FFMQ-SF) was developed by Bloimeister based

on an original scale by Baer et al. and adapted to Polish
by Radon and Rydzewska [22-24]. This tool was created
in order to measure dispositional mindfulness, a specific
trait which can be improved by practising mindfulness
meditation. The questionnaire contains 24 items
divided into five subscales (Nonreactivity, Nonjudging,
Acting with awareness, Observing, and Describing), yet
only the total score (i.e. the mean value from five sub-
scale scores) was utilised in the current study as a
measure of general dispositional mindfulness. The
score ranges from 1 to 5 (mean from all answers),
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with a higher score indicating greater dispositional
mindfulness. Cronbach’s alpha in the adaptation study
ranged from 0.72 to 0.75.

Statistical analysis

The statistical analysis was conducted in JASP 0.16.4
(University of Amsterdam, the Netherlands). Each bino-
mial variable was presented as a prevalence in the
sample, as both absolute (number of observations, N)
and relative scores (percentage, %). Each continuous
variable was characterised as mean with standard
deviation (SD). For continuous variables, the distribu-
tion was assessed based on the Shapiro — Wilk W-test,
the Q-Q plots of the residuals. The heterogeneity of
variance between the groups was verified with the
Levene’s test. Intergroup comparisons were conducted
by analysis of variance: the Snedecor’s F test or Welch's
test, depending on whether the assumption of homo-
geneity was or was not met, respectively. 95% confi-
dence intervals of mean differences between the
compared groups (derived from a Bootstrap method
with N = 1000 samples) were evaluated as an equivalent
to a post hoc test in the analysis of variance. A chi-
square test was performed to assess contingencies in
tables. Statistical significance was defined as p < 0.05 or
a confidence interval not encompassing O.

Bioethical considerations

The study protocol conforms to international ethical
standards and was conducted in accordance with the
Declaration of Helsinki. It was approved by the
Bioethical Committee of the Institute of Psychiatry and
Neurology in Warsaw on NaN Invalid Date , resolution
no. 24/2022. Ethical matters of the study concern
mainly the selection and use of psychometric tools
and the interpretation of their results; these are dis-
cussed in a more detailed manner in the literature [25].

Consent

Every participant had to give an informed consent
before participating in the research. Not providing one
disqualified from taking part in it.

Results

Shorter URTI duration and lower GHQ-28 total score
were declared by the members of the CWI only group.
Also, members of the STP group displayed significantly
different results in comparison to the control group.
This notion pertains to all measured variables.
Moreover, URTI duration, GHQ-28 total score and
FFMQ-SF total score were significantly different
between the STP group and the CWI only group. The
STP group reported shorter URTIs (by 0.48 day), lower
total GHQ-28 score (by 3.91 point), lower score in the
subscale dedicated to intensity of somatic symptoms
(by 1.29 point), and higher score in the FFMQ-SF (by
0.22 point). Specific data is shown in Table 2.

Discussion

In hereby study, STP was found to be associated with a
shorter time of URTI, less somatic complaints, better
general mental health and better mindfulness when
compared to both control and CWI only group. The
STP group had shorter sick leave time than the control
group. Also, CWI only group had shorter URTIs and
better general mental health indices, but not mindful-
ness, compared to the control group.

It has been considered a common knowledge that
practising CWI is beneficial for the mind and body. In
the past, several studies provided evidence for beneficial
effects of the regular CWI. Improvement in mental well-
being, red cell-line parameters, serum anti-oxidative
activity, or reduction in reactivity of the sympathoadrenal
system can be mentioned among them [10,26-29].

Table 2. Case-control comparison of the selected variables of interest regarding times of infection and sick leave in the past year,
mental health indices and selected personal dispositions between people practising specific training program (STP), cold-water
immersion (CWI) only and controls. Presented as means with standard deviations.

Control CWI only STP

(N=77) (N=77) (N=77) F p n?
URTI duration (days) 8.68 £12.53 339+7.81° 291 +4.28%° 9.006* <0.001 0.067
Sick leave duration (days) 3.22+4.69 3.27+£420 1.47 +3.58° 3.367* 0.037 0.029
GHQ-28 total score 22.88 +12.69 18.07 + 8.40° 14.16 +7.81%° 13.815* <0.001 0.117
Somatic symptoms 6.09 +3.14 5.07 +2.79° 3.78 +£2.53%P 12.883 <0.001 0.102
Anxiety/insomnia 6.30+4.73 4.70 +2.89° 4,03 +3.22° 6.047* 0.003 0.063
Social dysfunction 7.40+£239 6.53 +2.74° 5.10 +2.62° 15.508 <0.001 0.120
Depressive symptoms 3.09 +4.91 1.77 £2.92° 1.25 +2.48° 4.372*% 0.014 0.045
Mindfulness 3.65+0.55 3.69+£0.53 3.87 +0.46>° 4.064 0.018 0.034

M - mean, SD - standard deviation, N — number of observations, F — Snedecor’s F test or * Welch's test, depending on the homogeneity of variance, p -
probability in the respective test, n - effect size, a — statistically significant difference in relation to the control group, b - statistically significant difference
in relation to the ice-cold water immersion group, URTI — upper respiratory tract infection, GHQ-28 — General Health Questionnaire 28-item version.



Authors explained this phenomenon by an unspecified
process of hardening. Moreover, the presented differ-
ences could be explained by the hormesis hypothesis.
According to it, a stimulus which initiates self-preserva-
tion mechanisms and is detrimental in the short term
could elicit adaptation processes and therefore have a
positive impact in the long term [30,31]. The hormesis
theory does not specify the kind of stimulus, frequency
of exposition, its duration or general measurement of its
intensity necessary for the benefits to appear. Assuming
the regular exposure to cold in a form of a cold-water
immersion to be one of those stimuli, positive results
declared by the members of the CWI only and the STP
groups could be explained by the hormesis theory. Also,
it must be mentioned that performing breathing exer-
cises which the STP comprises induces a temporary
hypoxia [13]. Some authors pointed out its therapeutic
potential in relation to disorders like anaemia, arterial
hypertension or depression [32]. It can be hypothesised
that practising those two components induces a cumu-
lative effect which was reflected in better results among
members of the STP group compared to those declared
by the members of the CWI only group. In the past, this
notion was confirmed in the aspect of the STP’s anti-
inflammatory properties [33]. It can be hypothesised that
one (or both) of the STP elements improve dispositional
mindfulness, as the STP group displayed small but sig-
nificant differences compared to both of the groups. STP
includes concentration on the breath and body sensa-
tions, with a particular focus on the feeling of “letting
go”. Similar instructions can be found in different med-
itation forms, which are key to mindfulness-based prac-
tice. The latter has been steadily developed and
confirmed in the aspect of stress reduction, improve-
ment in sleep and life quality in general [34-37].

A possible explanation for the differences between the
studied groups can be a neurofunctional model of peria-
queductal grey (PAG) activity. This midbrain region plays a
critical role in autonomic function and behavioural
responses to threatening stimuli [38]. A cold-water immer-
sion and hypoxia (when excessively prolonged) can be
life-threatening conditions and therefore engage the PAG
[39-41]. It has been proven that PAG takes part in activity
modulation of the autonomic nervous system, the immu-
nological system, the neuroendocrine system and pain
conductance [42]. Furthermore, it is well known that
repeated exposure to acute stressors can result in physio-
logical adaptation [43]. Assuming the existence of cross-
adaptive mechanisms, biological stimuli would induce an
improvement in psychological functioning. If confirmed,
such mechanisms would open new possibilities for
adjunctive therapeutic strategies, for example the STP
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used in this study. It must be mentioned, however, that
the exact mechanism of action of the STP is yet to be
discovered, as well as potential evidence in support of
hormesis theory.

Exposure to cold in a CWI form has several contra-
indications. Heart arrhythmia, aneurysms, epilepsy,
cold-induced urticaria and cold-induced asthma are
the main conditions which should be mentioned
among them. Regarding STP, the main contraindication
is epilepsy, as it involves hyperventilation and could
induce seizure. Also, it is not known if CWI and STP
are safe practices for pregnant women, as there has
been no studies which could provide conclusive recom-
mendations [44].

Limitations

A possible explanation for the differences between the
groups is that members of the polar plunge or CWI groups
were probably more health-conscious than the general
population, and only healthy people can continuously
perform polar plunge because of the high physical load
involved in polar plunge. Application of the question-
naires which were self-descriptive and not assessed by
qualified medical professionals has to be mentioned as a
first limitation of this study. Secondly, gathering data via
the Internet excludes certain social groups which are not
familiar with (i.e. elderly) or have no technical access to it
(low material situation), but still practice CWI [45].

Also, response rate at the level of 22% can be a
limitation to the drawn conclusions. It has been proven
that people suffering from mental disorders may be less
inclined to participate in questionnaire-based studies
regarding mental health [46]. However, when compar-
ing the obtained results to the comparators from the
general population (other studies), the indices appear
similar. Mean time of declared URTI duration in this
study was 8.7 days in the control group, and the aver-
age assumed time of an URTI is between 7 and 10 days
[47]. In the Polish population aged 18-45, mean total
score of GHQ-28 was determined at 22.9 points,
whereas in this study, the average result of the same
parameter equalled 22.9 points [21].

Despite the fact that analysis involved matching
pairs by experience in and frequency of CWI, it did
not involve average time of exposure to cold (time of
immersion). Therefore, it is not known if the statistical
differences between the STP and CWI would still be
present if the analysis involved also this variable. In
the sociodemographic part of the questionnaire, the
respondents were not asked about the marital status,
employment status, education level or the size of the
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inhabited place. Also, physical activity and diet are
relevant factors in regard to mental functioning, and
questions regarding it were not included in the ques-
tionnaire [48,49].

Conclusions

e Practice of cold-water immersion was found to be
related to better mental health and shorter upper
respiratory tract infections compared to control
group.

e Combination of cold-water immersion and breath-
work seemed to be associated with a cumulative
effect and was linked to better mental health, and
shorter upper respiratory tract infection compared
to cold-water immersion only group.

e Further studies, encompassing an intervention,
and explaining the mechanism of action of the
specific training program, are required.
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