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Abstract

Objective: The aim of this prospective observational study was to investigate the effects of a

novel Wim Hof psychophysiological training program on stress responses and hormone release

in healthy participants during an Antarctic expedition.

Methods: All members of an Antarctic expedition were included in the study. The participants

were healthy volunteers allocated to an intervention group (n¼ 6) and a control group (n¼ 7).

The intervention consisted of 8 weeks of Wim Hof training. The training program comprised

three integrated parts: breathing exercises, cold exposure and meditation. Psychometric meas-

ures (the Beck Depression Inventory and the Trauma Symptom Checklist-40) and neuroendo-

crine measures (cortisol, melatonin) were assessed pre- and post-intervention.

Results: The results showed that the 8-week training program significantly reduced stress

responses, as indicated by a reduction in depressive symptoms. A non-significant reduction in

cortisol was also observed.

Conclusions: These data constitute preliminary findings indicating that the Wim Hof Method

may positively affect stress symptoms and adaptability of the hormonal system to respond ade-

quately to the circadian rhythm in healthy volunteers who participated in an Antarctic expedition.
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Introduction

Recent research provides preliminary evi-
dence for the effectiveness of a novel psy-
chophysiological training program called
the Wim Hof Method (WHM). The
WHM is based on cold exposure and spe-
cial meditation techniques and was devel-
oped by a Dutch athlete named Wim Hof
who exposed himself to extreme cold tem-
peratures. The WHM consists of three main
components: 1) breathing exercises, 2) var-
ious types of cold exposure,1,2 and medita-
tion related to mindful body awareness,
including enhancement of willpower and
self-awareness.3–6

There are only a few studies on this novel
training program and its psychophysiologi-
cal effects, but findings suggest that the
WMH has positive effects on immune and
endocrine functions.1,2,5,6 A recent neuro-
imaging study using functional magnetic
resonance imaging analyses showed that
the WHM training program activates pri-
mary control centers for descending pain/
cold stimuli modulation in the periaqueduc-
tal gray, possibly initiating a stress-induced
analgesic response. In addition, this study
reported that the WHM activated the left
anterior and right middle insula, which are
associated with self-reflection, and that res-
piration practice may affect sympathetic
activation.2

The aim of this study was to investigate
the effects of a WHM training program on
psychological and neuroendocrine stress
responses caused by extreme conditions
during an expedition based at the J.G.

Mendel Antarctic Station from January

to March 2019.7,8 All participants were

healthy individuals who were researchers

at the Antarctic station. This research

focused on psychometric measures related

to long-term stress (Beck Depression

Inventory [BDI-II] and the Trauma

Symptom Checklist-40 [TSC-40]) and neu-

roendocrine measures (cortisol, melatonin).

Measures were taken at the start and at the

end of an 8-week Antarctic expedition in a

WMH training group and a control group.

Methods

Participants

Participants in this prospective observation-

al study comprised all members of the

expedition. Participants were divided into

two groups based on their interest in the

WMH psychophysiological training: an

intervention group and a control group.
The expedition physician ascertained

that none of the participants had any seri-

ous comorbidities, were taking any chronic

medication that affected the central nervous

system or the hormonal system (including

hormonal contraception), had any mental

health issues or chronic disorders (including

hormonal or immune system) disorders, or

had colored hair, and that all had American

Society of Anesthesiology health scale

scores of 1 to 2. All participant details

were de-identified and all participants pro-

vided signed informed consent related to

this study. Potential adverse effects were
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explained to participants. The study was
approved by the university hospital ethical
committee (Medical Psychology and
Psychopathology review board) of Charles
University, First Faculty of Medicine;
approval no. 1162017A1), Prague, on
16 January 2017. We have followed the rel-
evant EQUATOR STROBE guidelines for
observational studies.9

Wim Hof psychophysiological training
program

Approximately 1 month before the expedi-
tion, the intervention group underwent
introductory WHM training led by a certi-
fied instructor. The instructor prepared a
specific tailored program that followed the
WHM procedure. The intervention con-
sisted of 8 weeks of Wim Hof training and
included three integrated parts: breathing
exercises, cold exposure and meditation.

The breathing exercises comprised a
series of four rounds. Each round consisted
of 30 deep breaths, after which participants
exhaled and held their breath until the
moment they felt the urge to breathe in.
This phase was a retention phase. After
the retention phase, participants took a
deep breath and exhaled after 10 s. During
the retention phase, participants were
instructed to completely relax and keep
their eyes closed. As each retention phase
lasted 2 to 3 minutes, the four rounds
were equivalent to 10 minutes of relaxed
meditation. During the meditation, partici-
pants were instructed to focus on “body
awareness,” including enhancement of will-
power and self-awareness.

Cold exposures were performed on an
individual basis in the shower with water
coming straight from a creek or by immer-
sion in the water of Prince Gustav Channel.
Cold water exposure was preceded by 5 to
10 long deep breaths coupled with contrac-
tion of specific abdominal and pelvic
muscle groups. After three initial monitored

sessions at the station, participants were
instructed to perform the exercises once a
day on their own, fitting them around their
work schedule. One session lasted approxi-
mately 20 minutes.

Psychometric measures

Trauma Symptom Checklist-40 (TSC-40). The
TSC-40 is a standardized and reliable mea-
sure of stress-related symptoms in adults.10

The TSC-40 is a self-report scale with 40
items on six clinical subscales (Anxiety,
Depression, Dissociation, Sexual Abuse
Trauma Index, Sexual Problems and Sleep
Disturbance). Respondents were asked to
rate the relevance of each item on a
4-point Likert scale ranging from 0 (never)
to 3 (often) during the last 2 months. The
instrument has been standardized for both
clinical and non-clinical populations.11 The
Czech version of the TSC-40 has high reli-
ability and internal consistency (Cronbach’s
alpha 0.91, test–retest reliability after
1 week 0.88) (data not published).

Beck Depression Inventory (BDI-II). The BDI-II
was used to assess depressive symptoms as a
possible reaction to long-term stress
conditions related to the Antarctic expedi-
tion.12,13 The BDI-II is a 21-item self-report
instrument with good psychometric
properties that is widely used to screen for
depressive symptoms in adults and adoles-
cents.14,15 Respondents are asked to rate
their experiences during the last 2 weeks
on a 4-point Likert scale ranging from 0
(rarely/none) to 3 (most of the time). The
Czech version of the BDI-II has high reli-
ability and internal consistency.16

Hair cortisol and salivary melatonin analysis.

Cortisol analysis of hair samples is a retro-
spective measure of long-term cortisol con-
centrations. Hair grows an average of 1 cm
per month, but because of a “washout”
effect, this method only enables
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retrospective analysis of cortisol concentra-
tions for a maximum of 3 to 6 months.17

Hair samples for all participants were
collected before (on the day of departure
from the home country) and after 8 weeks
of the expedition and WHM practice. Clean
scissors were used to cut small hair samples
from the posterior vertex of each partici-
pant’s scalp because the variation of hair
cortisol levels is relatively small in that loca-
tion. Hair samples were stored in envelopes
at room temperature according to the rec-
ommended procedure.18 The temperatures
inside the Antarctic station were between
18�C and 23�C.

In the laboratory, each �1 cm scalp hair
sample (to assess cortisol concentrations in
the month prior to sampling) was weighed
and diced into pieces 1mm long. The corti-
sol was extracted in methanol for 16 h at
80�C. The liquid was then evaporated
under nitrogen and the sample dissolved
in phosphate-buffered saline. The sample
was frozen at �25�C until analysis. For
analysis, the sample was processed using a
Cortisol sal. ELISA kit (DiaMetra Srl
Unipersonale, Segrate, Italy) according to
the manufacturer’s recommendation. The
obtained concentration was recalculated
per mg of original hair. As previous findings
indicate, this method of hair cortisol analysis
provides reliable and valid results.19

Melatonin saliva samples were collected
after waking before (on the day of depar-
ture) and after 8 weeks of practicing the
WHM, and processed using the Melatonin
ELISA kit (ab213978, Abcam, Baria, Czech
Republic) according to the manufacturer’s
recommendation. Salivary samples were
immediately frozen and kept at �20�C
until the melatonin analysis was conducted.

Statistical analysis. To assess the difference
between the WMH intervention group and
the control group, we analyzed changes in
all assessed variables at the beginning and
at the end of the expedition (after 8 weeks

of practice for the intervention group). To
measure the effect of the WMH program,
we calculated differences before and after
the expedition for each variable (D – score
differences); the same differences were cal-
culated for the control group. To compare
the assessed variables between the groups
we used the non-parametric Mann–
Whitney U test. The software package
Statistica Version 6 (StatSoft, Tulsa, OK,
USA) was used to perform all statistical
analyses.

Results

Of the 13 participants, 3 were women and
10 men. There were 6 participants in the
intervention group (2 women and 4 men)
and 7 in the control group (1 woman and
6 men). Participants were aged 27 to
60 years (mean age 36.4 years, standard
deviation 10.1 years). One female partici-
pant from the intervention group discontin-
ued the training program owing to personal
reasons and was not included in the study.

Two participants (one from each group)
had high school education and the other
participants had university degrees. One
male participant was a mild smoker; the
other participants were non-smokers.

The results of the Mann–Whitney test
showed no differences between the groups
in all assessed variables at the beginning of
the expedition (before WMH training).
However, there were significant differences
at the end of the expedition between the
WMH intervention group and the control
group in the levels of depressive symptoms
and melatonin (p¼ 0.05, p¼ 0.03, respec-
tively) (Table 1, Figure 1). Melatonin and
depressive symptoms were significantly
lower in the WMH group than in the con-
trol group. At the end of the expedition,
cortisol levels and TSC-40 (stress) scores
were higher in the control group; however,
these differences were not significant.
Hormone levels and scores on the
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psychometric measures for both groups are

shown in Table 2.
During the intervention, we did not

observe any adverse effects or unpleasant

feelings in participants.

Discussion

To our knowledge, this is the first study to

assess the effects of a novel WHM program

in healthy participants under long-term
stress conditions. The present findings indi-
cate that the 8-week WHM training pro-
gram for healthy participants during an
Antarctic expedition significantly reduced
depressive symptoms in comparison with a
control group. These findings are in accor-
dance with those of other studies that
indicate a positive effect of meditation tech-
niques on stress response. For example,
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Figure 1. Statistical differences between the intervention group (G1) and the control group (G2). The
vertical axis describes the score differences between the groups at the end of the expedition.

Table 1. Score differences between the intervention and control groups.

Intervention Control

U (MW test) Z (MW test) p-valueMean SD Mean SD

BDI-II �0.750* 2.363 4.600* 3.847 2 �1.960* 0.050*

TSC-40 �0.250 0.957 11.333 14.640 4 �0.707 0.48

Melatonin �4.800* 5.020 1.500* 3.391 3.5 �2.100* 0.036*

Cortisol 27.560 65.062 122.050 133.064 6 �0.98 0.327

*Statistically significant (p< 0.05). Melatonin (pg/mL); Cortisol (pg/mg). BDI-II, Beck Depression Inventory; TSC-40,

Trauma Symptom Checklist-40); SD, standard deviation; MW, Mann–Whitney.
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a recent meta-analysis demonstrated a low-

ering of cortisol levels after mindfulness
practice.20 Other studies have confirmed
the association between meditation practi-
ces and reduced depressive and anxiety
symptoms in various populations.21,22

The present findings also show that mel-
atonin in saliva samples was significantly
lower in the intervention group than in the

control group. These results suggest that
WHM can improve the adaptability of the
hormonal system so that it can respond ade-
quately to circadian rhythm changes related
to nocturnal increases and daylight decreases
in endogenous melatonin secretion.23

These results support similar previous
findings of an association between melato-

nin changes and some meditation practi-
ces.24–27 For example, one study found
that initial levels of plasma melatonin
were higher in a group of advanced medita-
tors than in a control group, and melatonin
tended to decrease after 3 hours of morning

meditation.27 Another study reported
increased total melatonin levels in 12-hour
overnight urine samples after 1 week of reg-
ular meditation in healthy women compared
with a non-meditating group.24 Other

studies indicate improvement in cardiovas-
cular and respiratory performance and
well-being, together with changes in plasma
melatonin secretion in healthy participants
who practiced yoga and meditation for

3 months.26 Additionally, enhanced endoge-

nous secretion of melatonin has been sug-

gested to underly the effect of meditation

in patients with cancer.28

Limitations

Limitations of this study are the small

sample, which was limited by the number

of participants on the Antarctic expedition.

Participants were not randomly divided

into groups but allocated according to

their interest in WHM. Additionally, the

groups contained unequal numbers of

women and men. Some studies indicate

that hair cortisol concentrations may be

affected by confounding factors such as

gender, hair washing frequency, hair treat-

ment, some anthropometric measures, sys-

tolic blood pressure, and other factors.17,29

In addition, there is no recent evidence on

the effects of the Wim Hof program on

normal healthy individuals in non-stressful

(or non-extreme) conditions. Some of the

above-mentioned variables were not exam-

ined in this study owing to the small

number of participants, which made it dif-

ficult to conduct more detailed analyses.

Conclusion

This study provides preliminary results

indicating that a novel WHM

Table 2. Descriptive statistics for the intervention and control groups.

Pre-intervention Post-intervention

Intervention Control Intervention Control

Mean SD Mean SD Mean SD Mean SD

BDI 2.000 1.826 4.600 5.459 1.250 1.893 9.200 6.535

TSC 6.250 7.762 3.333 1.155 6.000 6.976 14.667 14.844

Melatonin 19.000 2.000 21.333 1.862 14.200 4.494 22.833 3.189

Cortisol 78.120 1.764 78.250 6.193 105.680 63.787 200.300 135.452

Melatonin (pg/mL); Cortisol (pg/mg). BDI-II, Beck Depression Inventory; TSC-40, Trauma Symptom Checklist-40);

SD, standard deviation.
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psychophysiological training program sig-

nificantly reduced depressive symptoms

and positively affected adaptability of the

hormonal system to respond adequately to

circadian rhythm changes in healthy partic-

ipants on an Antarctic expedition.
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