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Abstract

Emerging adults, particularly students, face significant stress, which can lead to chron-

ically low vitality and associated health risks. The Wim Hof Method (WHM), involving

breathing exercises and cold exposure, is proposed as a means to reduce stress and enhance

vitality, but its effectiveness requires further investigation. This study aims to assess the

impact of the WHM intervention on perceived stress and subjective vitality among stu-

dents. Additionally, it explores the association between mindset during cold showers and

their frequency. Healthy students underwent a 15-day intervention involving daily breath-

ing exercises and cold showers following a WHM workshop. Pre- and post-test question-

naires included the perceived stress scale (PSS), subjective vitality (trait (SVSt) and state

(SVSs)), which were tested for significance by the Wilcoxon signed rank test. The Expe-

rience Sampling Method (ESM) measured WHM frequency, stress, vitality, and mindset

levels. The associations were examined with a multi-linear model. Open-ended ques-

tions supplemented data collection and were analysed by deductive coding. 35 participants

(91.9%) completed the intervention. Significant reductions in PSS (18.77%) and increases

in SVSt (13.22%) and SVSs (23.55%) were observed. ESM data revealed an 87.6% mean

compliance rate but was not normally distributed. No significant association was found

between WHM frequency and perceived stress or subjective vitality. The impact of daily

WHM activities on stress or vitality was inconclusive due to insufficient non-participation

data. In conclusion, the WHM shows promise in reducing perceived stress and increasing

subjective vitality after 15 days, suggesting its utility for students. Additionally, ESM has

potential for gaining deeper insights into the WHM, with improvements like incorporating

non-participation periods and using more complex questionnaires recommended for future

studies.

Keywords: Wim Hof Method ; Perceived Stress ; Subjective Vitality ; Experience Sample

Method ; Breathing Exercise ; Cold Exposure ; Emerging adults ; Students
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The Effects of Wim Hof Breathing Techniques and Cold Exposure on Perceived Stress
and Subjective Vitality in Students: A Pre-Post and Daily Experience Sampling Study

The transition from adolescence to adulthood consists of a lot of changes and can be a stress-
ful period [7]. The existence of a new life stage at ages 18–29, known as emerging adulthood,
has been proposed [3, 4]. This marks the period between the end of adolescence and the entry
into stable adulthood [3, 4]. The emerging adulthood phase is an international phenomenon
which occurs in developed countries and is responsible for several mental health implications
[4]. This phenomenon has also been observed in the Netherlands [38] and is considered a criti-
cal period in life [74] and the most unstable period of the lifespan [4]. The changing social roles
and increasing stress levels may affect health later in life [7]. Additionally, university students,
who predominantly fall within the emerging adolescent age scope [42], show a high rate of
stress [14].

Stress is a pervasive issue in modern society and has become a growing global public health
problem [79]. Stress can be considered a state of mental or emotional strain or tension resulting
from adverse or demanding circumstances [57]. Continuous stress may lead to unproductive
rumination that consumes energy and reinforces the experience of stress itself [95]. There is
evidence that a great deal of stress can negatively affect both physical and mental health [17,
84, 27]. Stress is also related to one’s sense of vitality [73, 92].

Vitality is defined as ”one’s conscious experience of possessing energy and aliveness” [73].
Ryan et al. state that vitality concerns a specific psychological experience of possessing enthu-
siasm and spirit [73]. In addition to the psychological influences (e.g., being in love or having
a mission) people may experience vitality with physical influences (e.g., states of fatigue) [73].
Repeated exposure to stress may lead to chronically low levels of vitality, termed ”vital exhaus-
tion” [34]. There are health risks associated with vital exhaustion, such as incident coronary
heart disease and the development of heart failure [34]. Vital exhaustion will get more common
as there are trends in modern society that may be accentuating the risk for exhaustive states, such
as longer work hours, sustained job stress, increasing commuting time, more time pressure, and
other challenges toward maintaining a healthy work-life balance [82].

The escalation of stress and decline in vitality have implications not only at the individual
level but also within the broader public sphere. Annual total work loss costs, in the Netherlands
per million workers, were estimated at C360 million for any mental disorder [35]. The authors
concluded that, as costs stemming from productivity losses were substantial, prevention and
treatment of mental conditions in the workforce have the potential to be cost-effective [35].

As a result of rising stress and declining vitality, it comes as no surprise that self-care meth-
ods are on the rise. For instance, meditation techniques are believed to reduce stress and phys-
iological arousal [83], leading to favorable effects on the balance of the autonomic nervous
system [78]. Moreover, breathing exercises can reduce perceived stress [13, 65]. In addition
to a reduction in perceived stress, there is evidence that meditation also increases vitality [29].
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While mindfulness practices have incorporated slow, deep breathing to induce relaxation [14],
fast deep breathing characteristics have been shown to offer the same benefits [68] Addition-
ally, fast deep breathing enhances respiratory muscle strength and improves quality of life,
surpassing the effects observed with slow deep breathing [54]. A possible self-care technique
that combines fast deep breathing with cold exposure is called the Wim Hof Method (WHM).
The method claims, besides other benefits, to decrease stress and increase one’s vitality [102].
However, more research is needed to verify its effectiveness.

Theoretical Framework

Dutch athlete Wim Hof developed the WHM, it comprises of three main components: 1)
breathing exercises, 2) various types of cold exposure, and 3) a mindset component [102]. Each
component will be discussed in detail below, including physiological changes during breathing
exercises and cold exposure, claimed benefits, and scientifically supported effects of the method.

Breathing Exercises

The WHM breathing exercise consists of three or more rounds, each comprising three
phases: hyperventilation, breath retention, and recovery breath [15]. These phases are visu-
alised by Kox et al. in Figure 1, which will be elaborated in chronological order.

Figure 1: Visualisation of the 3 phases during the breathing exercise by Kox et al.

During the first phase a controlled form of hyperventilation is practised. The individual
rapidly increases their respiratory rate to about 20 breaths per minute for several minutes, inhal-
ing deeply through the nose or mouth to fully expand the lungs. This phase induces physiolog-
ical changes such as increased heart rate and decreased mean arterial pressure, because of the
activation of the sympatic nervous system (SNS) [53, 48]. It also lowers blood carbon dioxide
(CO2) levels, thereby increasing blood pH [45]. Following hyperventilation rounds, there is a
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notable increase in blood oxygen levels (pO2) and pH, with decreased carbon dioxide levels
(pCO2) and bicarbonate ions (HCO3-) [48].

The second phase is the breath retention, during which participants hold their breath with
empty lungs for a maximum of 2 minutes, depending on the round. This phase exploits the
hypocapnia and pre-oxygenation induced by the hyperventilation, allowing for extended breath
retention without discomfort [55, 33]. The breath retention helps rebalance pH levels disrupted
by hyperventilation [48]. Moreover, the breath retention triggers the body’s diving response,
promoting vasoconstriction, bradycardia and optimizing blood flow to vital organs with the
activation of the SNS [20, 23, 25]. It also stimulates spleen contraction, releasing additional red
blood cells into circulation within seconds [87].

The third phase, called the breath hold, concludes each round with a 15-second breath hold
at full lung capacity. The physiological changes can be explained by the same mechanics as
described in the breath retention phase[20, 25, 87]. Although, the participant may feel more
sensations like lightheadedness, because of the full lungs and thus an increase in intrathoracic
pressure [10].

Cold Exposure

The cold stimulus in the WHM, achievable through a cold shower or an ice bath, triggers
numerous physiological changes in the body. These changes are because the diving response
is triggered and the SNS is activated, in response to the cold [71, 56]. Initially, the body re-
sponds with vasoconstriction to preserve warm blood for vital organs due to the decrease in
body temperature [45]. This response leads to a decrease in heart rate, mediated by barorecep-
tors, which prevents an increase in blood pressure during cold exposure [77]. These reactions
can be observed with a temperature difference as small as 5 degrees Celsius [77].

Mindset

The mindset component is recognized as the third foundational element of the WHM, en-
compassing willpower, self-control, and commitment [102]. According to the official site, in-
dividuals with greater levels of these traits tend to be happier and healthier [102]. This claim
is supported by research indicating that self-control positively influences subjective well-being
[40], as those with high self-control are more likely to achieve their goals [89]. However, it
remains unclear how the WHM specifically aims to enhance self-control. Besides self control,
another important aspect of mindset is the visualization of enduring the cold, which aids in cop-
ing with cold exposure. This aspect of mindset, in the form of self-efficacy, will be examined
in greater detail below.

The effects of self-efficacy in relation to cold or pain endurance have been seen before in
research. Individuals with higher self-efficacy, could endure the discomfort associated with
cold exposure during a pain tolerance test for a more extended period [101]. Research done by
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Kozhevnikov in 2013 [49], illustrates the dual contribution of physical and mental processes in
achieving and maintaining increased body temperatures. Specifically, while the physical actions
of breathing exercises prompt thermogenesis, it is the neurocognitive process—through medi-
tative visualisation—that sustains these heightened temperatures over time [49]. These findings
highlight the critical role that mental state and belief in one’s capabilities play in effectively en-
gaging with and benefiting from cold exposure practices, thus supporting the emphasis placed
on the mental component within the WHM.

Potential of The WHM

The WHM has garnered attention in the general public for its purported array of benefits
[90]. The official site of the WHM claims, for example, the method: improves mood, reduces
stress and anxiety, enhances immune function, improves cardiovascular health, and increases
energy and vitality [102]. However, these claims should be approached with caution, as sci-
entific support is still limited but growing [90]. For instance, it might be an approach for in-
dividuals with sleep disorders [18] and could influence the autonomic nervous system [47, 48,
104].

Furthermore, research suggests a relationship between the WHM and stress reduction [93,
91, 61]. Wim Hof claims that hormetic stressors contribute to this effect [39]. Previous re-
search has shown that hormetic stressors can induce positive mental effects [6, 41, 37]. The
theory states that hormetic stressors cause initial disruptions in homeostasis, enhancing one’s
ability to withstand more severe stress over time [6, 41, 37]. This disruption, and the subsequent
restoration of homeostasis after the stressor, are stated as critical to both physical and mental
health, promoting the increased resilience against stress [9, 76]. The stressor in this case is the
activation of the SNS and the subsequent release of catecholamines—such as dopamine, nore-
pinephrine, and epinephrine— [66], this occurs during the breathing exercise [32, 47, 48, 104]
and during the cold exposure [43, 71, 56] of the WHM. An increase in catecholamines can lead
to increased alertness, vigilance, focus and could decrease fatigue [43, 8, 97, 11, 19]. Similarly
to the WHM, the activation of the SNS and the release of catecholamines are also observed
during physical exercise [66], which is recognized as a beneficial adjunct to psychotherapy for
depression [63, 50, 98]. Another form of therapy utilising hormetic stressors is hydrotherapy,
which has been shown to be effective in managing several stress-related pathologies [6, 51].
Cold showers, considered a form of hydrotherapy [91], act as hormetic stressors because of the
change in temperature [6].

Measurement of Stress and Vitality

When studying effects of the WHM on stress or vitality, it’s crucial investigate the type of
stress or vitality and to use the correct scale. With regards to stress, it is important to differentiate
between exposure to stressful events, known as stressors, and the responses to these events [22].
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Stressors are specific events that can objectively disrupt psychological functioning. In contrast,
stress responses include psychological, behavioural, cognitive, and physiological reactions that
occur before, during, or after exposure to a stressor [22]. For this research, measuring stress
responses is more relevant, as they often have a greater impact on physical health than the mere
exposure to stressors. Additionally, Stress responses provide additional valuable information
beyond just the exposure.

Stress responses can be measured through self-reports, behavioural coding, physiological
assessments, encompassing emotions, thoughts, behaviours, and physiological changes trig-
gered by stress [22]. To choose appropriate stress measures, it is advised to follow the 7-
step process by Crosswell & Lockwood [22]. This process involves determining the type and
timescale of stress, identifying the stress responses and life stage affected, selecting relevant
stressor characteristics and appropriate measures, and utilising well-validated scales [22]. This
scale is primarily focused on capturing psychological stress and does not include physiological
health. Although, one the strengths of measures of vitality are the strong associations with both
physical and mental components of health [92].

Vitality is considered an integrated index of somatic and psychological functioning. It serves
both regenerative and restorative functions, which lend flexibility in the face of stressors [36,
72]. Despite its importance, research on vitality in relation to stress and physiology, is lim-
ited [92]. To measure vitality scientifically, there are multiple suited scales [92]. They evalu-
ated these scales for their strengths and weaknesses, considering factors such as suitability for
healthy or sick populations, ease of use, reliability, and theoretical integration. This evaluation
helps determine the most appropriate scale for specific situations.

Besides the investment into the search for a correct scale, it is important to investigate the
correct study method. The studies measuring the effects on stress or vitality of the prior WHM
studies used a randomised controlled trial [90, 91], which can be underpowered when used with
a small sample size [75]. This suggests that an additional approach could help clarify whether
the WHM affects stress and vitality. The use of Experience Sampling Method (ESM) provides
a continuous data collection, which could allow for a more comprehensive understanding of the
effects of WHM on stress and vitality [28, 62]. ESM offers the potential to capture real-time
fluctuations in psychological parameters, providing valuable insights into the dynamic nature
of stress and vitality in response to WHM practices [28, 62].

Research Questions

The mixed results regarding how the WHM affects stress and vitality [90], combined with
the absence of studies focusing on emerging adults [3, 4], and the absence of continuous ESM
data, highlight a significant gap in the current research. This study investigates the impact of the
breathing exercises and cold exposure of the WHM on stress and vitality with emerging adults
over a two-week intervention period. Additionally, the association of mindset on cold showers
will be assessed. The following hypotheses were formulated:
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Stress

H1Sa There is a significant negative between-subject association between the mean stress score
and the number of days the breathing exercise was performed.

H1Sb There is a significant negative between-subject association between the mean stress score
and the number of days the cold shower was performed.

H2Sa Individuals report a significantly lower stress score on days they did a breathing exercise
than on days they did not do a breathing exercise.

H2Sb Individuals report a significantly lower stress score on days they did a cold shower than
on days they did not do a cold shower.

H2Sc Individuals report a significantly even lower stress score on days they did the combination
of the method than on days they did only one aspect of the method.

H3S There is a significant decrease in perceived stress in the post-test measurement compared
to the pre-test measurement.

Vitality

H1Va There is a significant positive between-subject association between the mean vitality score
and the number of days the breathing exercise was performed.

H1Vb There is a significant positive between-subject association between the mean vitality score
and the number of days the cold shower was performed.

H2Va Individuals report a significantly higher vitality score on days they did a breathing exer-
cise than on days they did not do a breathing exercise.

H2Vb Individuals report a significantly higher vitality score on days they did a cold shower than
on days they did not do a cold shower.

H2Vc Individuals report a significantly even higher vitality score on days they did the combina-
tion of the method than on days they did only one aspect of the method.

H3V There is a significant increase in subjective vitality in the post-test measurement compared
to the pre-test measurement.

Mindset

H1M There is a significant positive within-person association between the average level of
mindset in maintaining the cold exposure and the total number of daily cold exposures.
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Theoretical Model

Combining the literature with the research questions leads to the development of the theoret-
ical model. This model, which is depicted in Figure 2, illustrates the central components of the
WHM, namely the three pillars: breathing exercises, cold exposure, and Mindset. This model
predicts that by utilising the breathing exercise and cold shower, the perceived stress should
decrease and vitality should increase [102]. Furthermore, the model predicts that combining
these methods will produce a more substantial effect than using each one individually, as has
been shown in research before [91]. Additionally, research has explored the impact of mindset
on the endurance of cold exposure [49], prompting the model to propose that an increase in
mindset of maintaining the cold exposure, is positively associated to the total amount of daily
cold exposures. The numbers related to the hypothesis are added to the model in Figure 2 for a
more concise overview.

Figure 2: The theoretical model.

Methodology

The methods used to test these hypotheses, and therefore test the theoretical model, are
outlined as follows. First, the study design is discussed, followed by details on the participants,
procedure, intervention, materials, data analysis, and finally, the ethical considerations.

Study Design

A pretest-posttest design was utilised to evaluate the effectiveness of the WHM on perceived
stress and vitality over a 15-day intervention period, as done in previous studies [90, 91]. The
pretest was administered at 16:00 on the day of the workshop before the intervention began, and
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the posttest was administered at 16:00 on the 15th day, after the intervention ended. Both tests
included the Perceived Stress Scale (PSS) and Subjective Vitality Trait (SVSt) and State (SVSs)
scales. The pretest also included two open-ended questions about the reasons for participation
and expectations of the intervention, while the post-test asked if these expectations were met.

ESM was used to record the frequency of daily breathing exercises and cold exposure, as
well as daily perceived stress and vitality levels. All ESM questionnaires were sent out at
16:00 and could be submitted until 18:00. Participants attended a workshop the day before the
intervention, where they received instructions on the m-Path app and a lecture on the three com-
ponents of the WHM by a certified WHM instructor. Two starting dates, separated by one day,
were offered for the workshop, and participants chose their preferred date during recruitment,
which took place 1 to 3 weeks prior to the first workshop.

Participants

Students from secondary vocational education, higher professional education, and univer-
sity education in the Twente region were recruited using reverse snowball sampling. Informa-
tion about the study, including details on the WHM, research goals, inclusion/exclusion criteria,
health risks, time commitment, and starting dates, was shared on various social media platforms
(WhatsApp group chats, LinkedIn, and Instagram) three weeks before the intervention. Addi-
tionally, the SONA system at the University of Twente was used to recruit students required to
complete test subject hours [96].

Interested students filled out a Google form at least one week prior to the first workshop,
providing their email address and selecting one of the two available workshop dates. They
confirmed they met the inclusion criteria (18-29 years old, student or scholar, able to read and
understand English, no prior experience with fast deep breathing exercises or cold exposure,
and able to attend the workshop at the University of Twente on May 7th or 8th) and did not
meet any exclusion criteria (various physical and mental health conditions contraindicated for
the WHM, as listed by [91, 102]. Sample size and power analysis, performed using G*Power
version 3.1.9.7 [30], indicated that 73 participants were needed, with an effect size of f = 0.4

and a significance level of α = 0.05 [90].

Procedure

Three weeks before the first workshop, participants received a Google form to confirm their
availability and choose a workshop date. One week before the workshop, they received an
email with detailed study information (Appendix A). Participants available on both dates were
randomly assigned to one of the two groups, so that the groups became equal. A reminder email
with workshop details was sent the day before the workshop.

The workshop, held during the lunch break at the University of Twente, lasted from 12:30
to 13:30. Participants signed an informed consent form and a health declaration form (Appen-
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dices A & B) and downloaded the m-Path app for research participation. Instructions on using
the app and answering the questionnaires were provided. The remaining time was dedicated
to teaching the components of the WHM by a certified instructor. The focus was on correct
breathing techniques, tips for taking cold showers, and mindset strategies. Specifically, partici-
pants practiced a short version of the breathing exercise, consisting of 10 breaths, to get familiar
with the rhythm and phases. Additionally, they learned mindset techniques for enduring cold
exposure by placing their hands in an ice bath while practicing slow breathing and remaining
calm. They were advised to perform the WHM components (breathing exercises followed by
cold exposure) in the morning, at least three hours postprandial.

After the workshop, participants were asked to immediately complete the demographics
questionnaire. In addition, they received an informational handout (Appendix C) with exercise
timing details, questionnaire schedules, and a QR code linking to a WHM video. The pre-
intervention questionnaire was sent via the m-Path app at 16:00 on the workshop day, followed
by a summary of the workshop and exercise tips through the mail. Throughout the 15-day
intervention, participants received daily ESM questionnaire, which could be submitted from
16:00 till 18:00. On the day after the intervention, they received an email thanking them for
their participation and reminding them to complete the post-test questionnaire, which was also
available at 16:00.

Intervention

Participants followed a specific sequence of deep, cyclic breaths guided by a Wim Hof video
on YouTube. They sat or lay in a comfortable position and performed 30 conscious breaths,
inhaling deeply into their abdomen and chest and exhaling without effort. Each breath had
a frequency of approximately 0.32 Hz, and the hyperventilation phase lasted about 1 minute
30 seconds per round. At the end of this phase, participants fully exhaled to residual volume
and held their breath until they felt a stimulus to breathe or reached a safety time limit (60
seconds for the first round, 90 seconds for the second, and 120 seconds for the third). Afterward,
they took a deep inhalation (recovery breath) and held it for 15 seconds. This procedure was
repeated three times. Participants were instructed to perform the breathing exercises on an
empty stomach at the start of the day before cold exposure.

The cold exposure involved taking cold showers. Participants were instructed to end their
shower with cold water for 30 seconds, using a timer app or counting the seconds. They started
by showering their feet and legs (front and back) for 10 seconds, then their torso for 10 seconds,
and finally their back for 10 seconds. The water temperature was adjusted to the coldest possible
setting, ranging between 10 and 15 degrees Celsius in Overijssel [99] which can be considered
cold [52].
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Materials

Data was collected using m-Path, a free, GDPR-compliant platform. Participants completed
the demographics, pre-intervention, post-intervention, and ESM questionnaires on their mobile
phones via the m-Path app. Demographic data included gender, age, height, body mass, study
level, and weekly medium-intensity activity in minutes.

Besides that, the pre- and post-intervention questionnaires were utilised, which included
the PSS, SVSt, and SVSs. The pre-test also asked participants why they joined the study and
their expectations, while the post-test asked if the intervention met their expectations. Open-
ended responses were coded using ATLAS.ti [80]. The PSS-10 consisted of 10 items rated on
a 5-point scale (0 = “never” to 4 = “very often”) [21]. Responses to positively stated items
(4, 5, 7, 8) were reversed before summing the total score, with higher scores indicating greater
perceived stress. Both the SVSt and SVSs used a 7-point rating scale (1 = ”not at all true” to
7 = ”very true”). Higher scores indicated better psychological well-being, while lower scores
were associated with negative mental health outcomes [73, 12].

Moreover, the daily ESM questions asked participants whether they completed the breathing
exercises and cold showers (yes/no), rated their stress, vitality and mindset on a 7-point Likert
scale. An optional open-ended question allowed participants to provide additional comments.

Data Analysis

Data analysis was conducted using RStudio (version 4.4.0) [69]. For pre- and post-test data,
Cronbach’s alpha assessed internal consistency for the PSS, SVSt, and SVSs. Item correla-
tions below 0.5 were noted. The Shapiro-Wilk test (p<0.05), skewness (<2) and kurtosis (<7)
checked normality [60, 81]. In addition, Levene’s test examined equality of variances and the
The variation inflation factors (VIF) checked the multicollinearity. Differences in perceived
stress and vitality were analyzed using the Wilcoxon signed-rank test. Open-ended responses
were analyzed through deductive content analysis by a single coder.

For ESM data, the Shapiro-Wilk test checked normality. Yes/no questions determined com-
pliance with the breathing exercises and cold showers. Responses of ’yes’ were coded as 1, and
’no’ responses as 0. Additionally, doing both the breathing exercises and cold exposure was
coded as 1 and a value of 0 if not. Multilevel modeling was employed to assess the association
of the WHM with perceived stress and vitality, as well as the association of mindset with cold
showers. Missing data were handled using maximum likelihood estimation in R. If missing data
exceeded 40%, adjustments were made [85, 58]. ESM open-ended questions were examined in
case of abnormalities in the participant’s data.
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Ethical Considerations

This study adhered to the Declaration of Helsinki [103] and University of Twente ethical
guidelines, with approval from the Ethics Committee of the Faculty of Behavioural, Manage-
ment, and Social Sciences (240502). Participation was voluntary, with a small WHM workshop
as an incentive. A certified WHM instructor ensured safety and correct technique. Recruitment
targeted acquaintances, including friends of the researcher. Clear communication emphasized
that participation should be based on personal interest in the Wim Hof Method, not personal
support for the researcher.

Participants were informed about risks and safety measures, advised not to perform breath-
ing exercises during activities requiring attention. Participants signed an informed consent form
and filled out a health declaration form at the workshop’s start. They were informed of their
right to withdraw at any time without consequence. Upon completion, participants were de-
briefed on the findings and received a copy of the full thesis.

Participants could withdraw at any time without consequences. Data confidentiality was
maintained by having anonymous data with unique identifiers in m-Path. Raw data were stored
securely and preserved for three years before being destroyed. Health declaration and consent
forms were destroyed one month after the study to ensure anonymity and confidentiality.

Results

Utilising these methods, results were produced which will be discussed in the following
order. First, the demographics of the study population will be presented, followed by the pre-
post test data. Then, the ESM data will be examined, with separate discussions on the sub-
components of perceived stress, subjective vitality, and mindset. Finally, the qualitative data
from the three open-ended questions in the pre- and post-tests will be analysed.

Demographics

The recruitment rate is absent in this study, as it is unknown how many individuals were
reached by the different social media platforms. Initially, 40 participants signed up to the study,
but three were absent at the workshop, leaving 37 participants to be enrolled for the intervention.
Out of these participants, 35 were included in the ESM pre- and post-test data analysis, as two
participants stopped filling in the ESM questionnaires as well as failing to fill in the pre- or post-
test questionnaires. It is assumed that they resigned without a given reason. The flow diagram
can be seen in Figure 3 [5].

The study population consisted of 25 males (71.4%) and ten females (28.6%), with an av-
erage age of 22.7 ± 2.6 years. Among the participants, 32 (86.5%) were university education
students, while 5 (13,5%) were students in professional education. The population had a mean
BMI of 23.4 ± 2.8 and 77.1% of the participants maintained a healthy BMI falling within the
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Figure 3: Flow diagram for the study population.

range of 18.5 to 25, while 22.9% were overweight. In terms of exercise habits, 62.9% exercised
more than 150 minutes weekly, followed by those exercising between 100 and 150 minutes
(28.6%), and between 50 and 100 minutes (8.6%). The nationalities of the population consisted
of 26 Dutch participants (74.3%), followed by three Italian (8.6%), and single entries for Israeli,
German, French, Polish, Swedish, and Belgian backgrounds (2.9%).

Pre- Post-Test Data

In this section, the pre- post-test data regarding the PSS, SVSt and SVSs scales are assessed.
First the quality and reliability of the data will be examined, before moving on the significance
of the difference. To asses the quality and reliability, the important values are added in Table
1 and contain the mean scores, standard deviation (SD), Median, interquartile range, results of
the Shapiro-Wilk test, Cronbach’s alpha and the lowest item correlation score. The data of the
pre-test PSS, SVSt, and SVSs are normally distributed according to the rejection of the null
hypothesis of the Shapiro-Wilk test, as seen in Table 1. In the post-test dataset the PSS scale
was normally distributed, but not the post-test SVSt and SVSs. The distribution is visualised
using box plots in Figure 4. The values of the Cronbach’s alpha in all the scales were all above
0.78, as shown in Table 1. The pre-test PSS-10 showed values of item correlation below 0.5
for question 4 (0.32) and question 9 (0.43). The values of item correlation for the pre-test SVSt
and SVSs were well above 0.5. The post-test item correlations were below 0.5 for questions
1 (0.48), 6 (0.45), 7 (0.44), and 9(0.12) of the PSS scale. In the SVSt scale question 2 had a
value below 0.5 (0.38) and the SVSs scale had all the values above 0.5. Levene’s test was 0.78,
suggesting that there is no significant difference between the variances of the two data sets.
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Table 1: Values of measurements for the PSS, SVSt, and SVSs in the pre- and post test.
Test Measurement PSS SVSt SVSs

Pre-test

Mean & SD 17.69 ± 4.93 26.7 ± 5.88 24.20 ± 4.79
Median & IQR 19.00 ± 6.00 28.0 ± 9.50 23.00 ± 10.00
Shapiro-Wilk test p-value 0.51 0.62 0.44
Cronbach’s alpha 0.78 0.85 0.91
Lowest item correlation 0.32 0.58 0.61

Post-test

Mean & SD 14.37 ± 5.10 30.23 ± 4.79 29.09 ± 5.59
Median & IQR 13.00 ± 6.00 31.00 ± 7.50 30.00 ± 6.00
Shapiro-Wilk test p-value 0.13 0.04 0.04
Cronbach’s alpha 0.83 0.83 0.89
Lowest item correlation 0.12 0.38 0.60

Figure 4: Boxplots of the PSS, SVSt, and SVSs scales pre-and post-test.

The p-values of the Wilcoxon signed-rank tests show there is a significant pre- post-test
difference for all the scales, as seen in Table 2. However, there are zero’s and ties within the
pre- and post-test dataset, the Wilcoxon signed-rank test drops these values and gives therefore
an approximation of the p-value [70]. To ensure the correctness of the p-value, a paired sign
test was added which also showed a significant difference.
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Table 2: Results of the Wilcoxon tests and Paired sign test for the PSS, SVSt, and SVSs.
Scale Wilcoxon test p-value Paired sign test p-value Confidence interval
PSS 6.40× 10−4 1.75× 10−2 (-Inf, -3.00)
SVSt 1.20× 10−5 1.62× 10−4 (3.00, Inf)
SVSs 2.53× 10−5 2.54× 10−4 (3.12, Inf)

These results ultimately indicate a significant decrease in perceived stress in the post-intervention
measurement compared to the pre-test measurement and a significant increase in subjective vi-
tality in the post-intervention measurement compared to the pre-test measurement. When mea-
suring the reduction of the mean as shown in Table 1, a reduction in PSS score by 18.77%, and
an increase in SVSt and SVSs by 13.22% and 23.55% was calculated respectively.

ESM data

Having evaluated the pre-post test data to assess changes before and after the intervention,
our attention now shifts to the continuous ESM data. In this section, the values of adherence,
compliance, means and SD’s of the ESM data are presented. Next, the distribution and mul-
ticollinearity of the data are examined. Before moving on to the results on perceived stress,
subjective vitality, and mindset, which will be separately discussed. Finally concluding with a
summary of these findings.

The retention rate of the population enrolled in the ESM study was 91.9% (35/37), and the
mean compliance rate was 87.6% (458/525). The mean daily frequency of breathing exercises
was 0.86 ± 0.27, cold exposures was 0.92 ± 0.27, and the completion of both was 0.83 ± 0.37.
The daily frequency of the method’s aspects is graphed in Figure 5A, showing a slight decrease
in adherence as the intervention progresses. Additionally, there is a noticeable dip on the 9th
and 12th days; the dip on the 12th day may be due to the Pentecost weekend.

During the intervention, the mean stress level in the ESM data was 2.06 ± 1.33, the mean
vitality was 3.48 ± 1.24, and the mindset for maintaining cold exposure had a mean of 4.50 ±
1.41, indicating relatively high vitality and mindset (Figure 5B). The compliance rate for filling
in the questionnaire also gradually declined over time, as seen in Figure 5C.

The answers of the perceived stress, vitality and mindset in the ESM questionnaires were
not normally distributed, as indicated by the Shapiro-Wilk test in Table 3. The asymmetry and
the tailedness were examined by the skewness and kurtosis tests respectively, these values were
within the acceptable range and also shared in Table 3. The VIF values were added in table 4
and show a medium correlation for the cold showers and a large correlation for the breathing
exercises and the combined use of the method, for both stress and vitality.
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Figure 5: Daily count of breathing exercises, cold showers and the completion of both (A). Total
scores of Stress, vitality and mindset over the days of the intervention (B). Daily compliance
rate of the ESM during the intervention (C). The y-axis is adjusted for visibility; min and max
values are in the blue square at the top right.

Table 3: Values of the Shapiro-Wilk, Skewness and Kurtosis tests.
Question Shapiro-Wilk p-value Skewness Kurtosis

Stress 9.50× 10−14 0.44 2.95
Vitality 4.50× 10−13 -0.29 2.88
Mindset 2.20× 10−16 -0.88 3.44

Table 4: The Variation inflation factors of the variables on Stress and Vitality.
ESM Breathing ESM Shower Completed both

Stress 5.99 2.18 8.56
Vitality 6.10 2.19 8.69
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Perceived Stress

This section first examines the hypothesis relating the impact of the number of days per-
forming the exercise on stress levels. Next, the associations and outliers are explored regarding
the breathing exercise and cold shower on perceived stress for each day. A linear regression
model was used to test the significance of the association between stress levels and the num-
ber of days the methods were performed, as shown in Table 5. The days performing breathing
exercises showed a association of 0.08, while the days performing cold showers showed a asso-
ciation of -0.04. However, neither the breathing exercise (p=0.25) nor the cold shower (p=0.66)
had a significant effect according to this model.

Table 5: Linear model of the days performing breathing exercises and cold showers on perceived
stress.

Predictors Estimates CI p-value

(Intercept) 1.52 0.30 – 2.74 0.016
Days Done Breathing 0.08 -0.06 – 0.23 0.254
Days Done Shower -0.04 -0.20 – 0.13 0.656

When examining within-subject relationships, first spaghetti plots were utilised to examine
the individual regression lines and to identify outliers. Twelve participants were excluded for
having no non-participation data in breathing exercises, leaving 23 participants with 303 obser-
vations for the within-subject analysis of breathing exercises. This analysis showed a positive
but non-significant association of 0.26 (p=0.17) (Figure 6A). For cold showers, sixteen partic-
ipants were excluded, leaving 19 participants with 243 observations. This analysis showed a
non-significant negative association of -0.21 (p=0.42) (Figure 6B). The combined effect of both
methods included 23 participants with 328 observations, showing a non-significant positive as-
sociation of 0.30 (p=0.09) (Figure 6C).

In the same spaghetti plots of Figure 6A, B and C, the abnormal values are visualised using
the orange lines. These are values with more than two SD’s from the mean. The ESM data of
participants 2, 14, and 24, who showed abnormal stress increases, are detailed in Appendix D.
Due to the open-ended questions in the questionnaire, these outliers can be examined in more
detail. Participant 14 mentioned that a holiday and a headache led to skipping the method on a
low-stress day, and an exam caused increased stress despite performing the method. Participant
24 associated increased stress with occupational days early in the intervention, but mentions no
comment and a low stress on the day of non-participation. Participants 2 and 24 provided no
explanation for low stress on non-exercise days. None of the three mentioned any influence of
the WHM on their perceived stress.
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Using the linear model on all 35 participants, Figure 6D shows the estimated associations
and significance of the effects of the breathing exercise, cold exposure, and their combination
on perceived stress. Breathing exercises had a significant negative association of -1.09 with
stress, cold showers had a non-significant negative effect of -0.58, and the combined methods
showed a significant positive association of 1.40, in addition to the negative association of -1.09
from breathing exercises alone.

Figure 6: A spaghetti plot of the association of breathing exercise (A), cold shower (B) and the
combination of the method compared to the individual practise (C) on the perceived stress of
that day. The orange lines are showing the abnormal values bigger than 2*SD from the mean.
The linear model showing these associations without the excluded participants is located in the
below right corner (D).
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Subjective Vitality

This section investigates the hypothesis regarding the effect of the number of days per-
forming the exercise on subjective vitality. Besides that, the association and outliers related to
the breathing exercise and cold shower on subjective vitality for each day will be examined.
A linear regression model linking subjective vitality to the number of days the methods were
performed is shown in Table 6. Neither the breathing exercise (p=0.99) nor the cold shower
(p=0.93) had a significant effect.

Table 6: Linear model of the days done the breathing exercises and the days done the cold
shower on the subjective vitality.

Predictors Estimates CI p-value

(Intercept) 3.59 2.57 – 4.60 < 0.001
Days Done Breathing -0.00 -0.12 – 0.12 0.992
Days Done Shower -0.01 -0.14 – 0.13 0.933

For the within-subject analysis with spaghetti plots, the same participants and observations
as the perceived stress analysis were utilised due to similar exclusions. The breathing exercise
showed a significant association of 0.53 with subjective vitality (p<0.01). The cold shower also
showed a significant association of 0.84 with subjective vitality (p<0.01). The combined effect
of both methods showed a significant positive association of 0.58 (p<0.01).

In the spaghetti plots (Figure 7A, B and C), the orange lines represent abnormal values
more than two SD’s from the mean. Participants 4, 12, 14, and 16 showed abnormal decreases
in vitality. and their ESM data are detailed in Appendix D. Unlike the abnormal stress values,
participants 4, 12, and 16 skipped the method more than once. Participant 14, who also had ab-
normal stress values, noted being on holiday on a low-vitality day and experiencing increased
stress due to an exam. Participant 16 mentioned having a long day with no time for the exer-
cise, coinciding with low vitality. Participants 4 and 12 did not provide any comments. None
mentioned the WHM’s influence on their subjective vitality.

Using the linear model on all 35 participants, Figure 7D shows the estimated associations
and significance for the effects of the breathing exercise, cold exposure, and their combination
on subjective vitality. The breathing exercise had a non-significant positive association of 0.57,
cold showers had a non-significant positive association of 0.52, and the combined methods
showed a non-significant negative association of -0.16, in addition to the 0.57 association from
the breathing exercises alone.
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Figure 7: A spaghetti plot of the association of breathing exercise (A), cold shower (B) and the
combination of the method compared to the individual practise (C) on the subjective vitality of
that day. Together with the linear model showing these associations (D).

Mindset

Figure 8 illustrates the average mindset level plotted against the total number of daily cold
showers. The regression line indicates a positive association, though the data points are widely
distributed. According to the linear model in Table 7, an increase in mindset by one unit is
associated with an increase of 0.71 in the number of daily showers. However, this association
is not significant (p=0.19).

Table 7: Linear model of the average mindset on amount of total cold showers
Predictors Estimates CI p

(Intercept) 8.86 3.93 – 13.79 0.001
Avg Mindset 0.71 -0.36 – 1.78 0.187
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Figure 8: The average mindset on the total amount of showers taken with a mean regression
line and the standard error.

Conclusion of The ESM Data

In conclusion, the ESM data suggests that there is no significant negative association be-
tween mean stress or vitality scores and the number of days participants performed breathing
exercises or took cold showers. Additionally, the average mindset did not significantly affect
the number of daily cold showers. Moreover, due to the lack of non-participation data, the data
was more perceptible to outliers and external events. Therefore it was difficult to draw definitive
conclusions about the association of breathing exercises, cold showers, or their combined use
on the stress and vitality levels of that day.

Qualitative Research

In this segment, the qualitative data from the pre- and post-test questionnaires of 35 par-
ticipants will be discussed. The discussion begins with exploring participants’ motivations to
participate and their expectations of the results. Following this, an examination of how these
expectations were realized will be conducted. Coding schemes are provided with themes and
codes listed from most to least frequent. After analysing all the individual questions in the
questionnaires, a concluding paragraph summarising the qualitative data will be shared.
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Motivation to Participate

The coding scheme for participant’s reasons for joining the intervention is detailed in Ta-
ble 8. The predominant reason, cited 29 times, was interest in the method, driven by curiosity or
interest about the study’s results or the method itself. Curiosity was specifically noted nineteen
times, with Participant 11 commenting, “I am curious to see what consistent breath work and
cold exposure can do for me and others”. Interest solely in the method was mentioned ten times,
exemplified by Participant 6: “I am intrigued by the WHM.”

Self-improvement was another key theme, appearing 13 times, with specific mentions of
self-improvement alone occurring eight times. For instance, Participant 15 noted it could add
”Something for my ’toolbox’ for my personal development and self-care.” The theme ‘self-
improvement’ was also linked to challenge-seeking, which was mentioned five times. Par-
ticipants expressed a desire to test their limits, such as Participant 17 who said, “It is also a
challenge to see if I can complete these 15 days.”

Supporting the researcher was another motivation for joining, noted nine times. For ex-
ample, Participant 25 aimed to “Help my friend with his master’s thesis.” Other, less common
reasons included trying something new (mentioned twice) and one-time mentions of joining for
fun, earning study credits, or finding a compelling reason to engage in the practices. Participant
31 explained, “I have played around with the idea of cold exposure, however, never had the
mental strength to continue it. This gives a reason to do it.”

Table 8: Coding scheme for the pre-test questionnaire regarding the reason for joining the
intervention.

Theme Code Frequency

Interest in method
Curiosity 19
Interest in method 10

Self-improvement
Self-improvement 8
Challenge seeking 5

Helping the researcher 9

Other

Trying something new 2
Sona points 1
A reason to do it 1
Fun to join study 1

Expectations of Intervention

The expectations of participants prior to the intervention were organised and displayed in
Table 9. The most commonly anticipated outcome was ‘Physical Benefits’ and was noted 19
times. This included expectations of increased energy, which was mentioned nine times. In-
creased energy was often linked to feeling more awake, which was referred to in five instances.
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For example, Participant 34 said, “To feel more energised and awake every day”. Expectations
of improved breathing were noted twice, with Participant 7 aiming to “learn more about how to
breathe properly,” and one participant hoped to feel less cold because of the WHM.

‘Psychological Benefits’ emerged as the second most common theme, with a total mention
of nine times. Stress reduction through WHM was anticipated five times, exemplified by Partic-
ipant 19: “I expect that the intervention will help me learn techniques to manage my stress that
I can use in everyday life.” Both motivation enhancement and general mental health improve-
ment were mentioned twice, with Participant 28 expressing, “I think this is going to improve
my general feeling towards life.”

Eight participants entered the study without specific expectations, like Participant 17 shared,
“I don’t have much expectations, just open to see what happens and how it goes,”. Five par-
ticipants expected initial difficulties with the intervention but believed it would get easier over
time, as Participant 25 noted: “I think that at first the intervention will be difficult to follow,
but with time it will become easier.” Additionally, three participants did not foresee significant
changes but remained open to potential surprises, like Participant 14 who stated, “I don’t expect
to notice a lot of difference but I’m ready to be surprised.”

Table 9: Coding scheme for the pre-test questionnaire regarding the expectations of the inter-
vention.

Theme Code Frequency

Physical benefits

More energy 9
Waking up better 5
Better breathing 2
Feeling less cold 1

Psychological benefits
Reducing stress 5
Improvement in motivation 2
General Improvement 2

No expectations 8

Struggle 5

No difference 3

Evaluation of Expectations

When asked how the expectations turned out to be correct, many not only answered the
question directly, but also mentioned their experiences, preferences, and struggles. The cod-
ing scheme can be seen in Table 10 and the most frequently present theme was ‘Beneficial
outcomes’ (34). This consisted of predominantly feeling more energised (9) and feeling more
awake (7) in the morning. This is also what many expected prior to the intervention. In ad-
dition, just like in the pre-test questionnaire, many of these mentions were used together in a
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sentence like participant 3 shows: “They made me quite awake during the morning and left me
energised because of the cold shock”. Participants also mentioned it helped with feeling less
stressed (5), helped with cold exposure (4), made them feel more calm (3) and more alive (2).
Single mentions were recorded for a lower heart rate during running, better general breathing,
feeling more focused and having more structure during the day.

The second most frequent theme was ‘Preference’ (15), and encompasses whenever partic-
ipants mentioned they preferred or disliked certain aspects of the method. However, just the
preference for the shower (10) and the dislike of the breathing exercises (5) was mentioned.
This phenomenon of the preference for the cold shower and the disliking of the breathing ex-
ercise was often shown together as participant 13 mentioned: “Having a cold shower in the
morning made me feel awake, the breath exercises didn’t do much for me”

The third most frequent theme was ‘Struggle’ (12) This encompasses the struggles with
certain events in life, as well as struggles with the method itself. Struggles in life (8) was for
example having a struggle with time management, but also factors from outside that might have
an impact on one’s stress or vitality level. Like participant 7 who expresses concerns about
the effect on the study results: “I’ve had a weird few weeks so i don’t know how this affected
my result of this test”. Struggles with the exercises included: having trouble to put it in their
schedule, but also their perspective towards the exercises, like participant 32 points out: “i felt
like it would be easier, but actually had quite some irritation towards having to take a cold
shower and do the breathing exercises”

The fourth theme in the order is the ‘Realisation of the expectations’ (10). It covers the
positive and negative realisations compared to their expectations. Negative realisations were
mentioned like feeling no effect at all (2), or having no effect on vitality (2), or expected more
from the method (2). Like participant 25 mentions: “I personally did not feel much changes
from doing the experiment”. On the other hand, there were two positive mentions for the method
having more impact (2) and being more pleasant (2) than previously thought. Like shown in the
answer of participant 26: “The WHM had more impact than expected i think, because i came
into the study very sceptical.”
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Table 10: Coding scheme for the post-test questionnaire regarding the correctness of the expec-
tations before the intervention.

Theme Code Frequency

Beneficial outcomes

More energized 9
More awake 7
Less stress 5
Helped with cold exposure 4
Calmness 3
More alive 2
Lower heart rate while running 1
Better breathing 1
More focus 1
More structure 1

Preference
Preference for shower 10
Dislike of breathing 5

Struggles
Struggles in life 8
Struggle with exercises 4

Realisation of expectations

No change 2
No effect on vitality 2
Expected more effect 2
More impact than thought 2
More pleasant than thought 2

Conclusion of Qualitative Data

To conclude, interest or curiosity in the WHM itself and the possible results showed to
be the most frequent reason for participation, followed by the will to improve themselves and
helping the researcher respectively. For the expectations of the population, it was clear that
physical benefits showed to be predominantly the most frequent expectation, especially feeling
more energised and more awake. This was followed by expected psychological benefits and
having no expectations respectively. A smaller amount of the population expected to struggle
while doing the WHM or expected no difference at all after the intervention. When participants
looked back on their expectations, many indeed experienced more energy and more awakeness,
as well as other benefits. Besides that, participants mentioned they prefer the cold shower over
breathing exercises.
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Discussion

Beginning with a general overview, providing direct answers to the hypothesis, we will then
delve into the main findings, discussing the results of the pre- post-test data, the ESM data, and
the qualitative data. Finally, the strengths and limitations of this study are addressed.

Overview

The PSS score exhibited a significant decrease in stress, despite the initial low pre-test score
[94]. Additionally, both SVSt and SVSs scores showed significant increases. Concerning the
ESM data, no significant between-subject association was found between the mean stress or
vitality scores and the frequency of method practice. Moreover, definitive conclusions cannot
be drawn regarding whether individuals reported significantly lower stress or higher vitality on
days they practiced breathing exercises or took cold showers compared to non-practice days.
This limitation is attributed to the scarcity of non-participation data, making the data more
susceptible to outliers. The same phenomenon applies to combined method use concerning
individual stress or vitality scores compared to their individual use. Lastly, there was no sig-
nificant positive within-person association between mindset in maintaining cold exposure and
the total number of daily cold exposures. The scarcity of non-participation in cold showers and
lack of variability in mindsets also influenced these findings.

Main Findings

Pre- Post-Test Data

These results align with the claims of the WHM [102, 39] and the reduction observed in
perceived stress is consistent with the reduction reported by Kopplin et al. (2022) [91]. With
regards to vitality, the increase observed with the WHM surpasses that achieved through other
mindfulness or exercise interventions [31, 46]. Both the results of stress as for vitality are
contradicting the findings of Ketelhut et al. in 2023 [90].

The decrease in perceived stress is likely due to the increase in hormetic stressors, thus
increasing the resilience of the participants against stressful events. [6, 41, 37]. This assumption
is based upon the fact that physical activity and hydrotherapy are similar to the WHM in the
activation of the SNS [48, 6, 66]. Additionally, both methods utilise the theory of hormetic
stressors to explain the positive effects, just like the WHM [39, 6, 66].

The effects on vitality are assumed to be caused by the activation of the SNS and the subse-
quent release of catecholamines during breathing exercises [32, 47, 48, 104] and cold showers
[6, 43]. This activation enhances alertness, vigilance, and focused attention [19], which partici-
pants also reported in the qualitative research.

Additionally, in the SVSt and SVSs scores, there was a small difference within the increases;
the increase in vitality state was higher than the increase in vitality trait. Participants might have



THE EFFECTS OF THE WIM HOF METHOD ON STUDENTS 28

experienced a greater increase in vitality state due to the immediate physiological effects of the
WHM but did not perceive it as a change in their vitality trait. The feeling of increased vitality
could have been prolonged even on the day of the final questionnaire, when the WHM was not
practiced, because of a higher epinephrine baseline level [48].

In this study, the perceived stress and subjective vitality were chosen as dependent variables
to align with WHM’s goal of enhancing personal eudaimonic well-being [102, 39]. While these
results are promising, further research is needed to connect these findings to objective criteria,
such as stress-induced symptoms and diseases, to evaluate WHM’s potential impact on public
health. For example, as physical activity is a proven adjunct to psychotherapy against depres-
sive symptoms [1, 66], future research could investigate the effects of the WHM on depressive
symptoms adjunct to psychotherapy. Additionally, although this and other studies have used a
two-week intervention period [47, 48, 90, 91], evidence for the effects of a longer intervention
period or follow-up is still lacking.

ESM Data

This study is notable for being the first to utilise ESM to investigate the WHM method.
The simplicity of the once-daily questions likely contributed to the high adherence rate, which
surpasses that of other ESM studies [86, 59]. The questionnaire took no more than two min-
utes to complete, adhering to recommended guidelines [28]. However, the ESM data was not
normally distributed. Future research should consider including more questions to provide a
better understanding of the effects, as this might help mitigate the ceiling effect observed in the
current study. More questions could also reduce reactivity by diverting attention from specific
items of interest, although this would increase the burden on participants [28]. Additionally,
using more frequent questionnaires throughout the day could capture the duration of WHM’s
effects more effectively. Moreover, a fixed sampling schedule was used for the ESM questions
to ensure comprehensive assessment of the target constructs and to facilitate longitudinal sta-
tistical analyses [28]. However, this approach may have increased reactivity to the method, as
participants knew when they had to complete an assessment and might have adjusted their daily
routines accordingly [28]. This could additionally explain the high adherence to the method.
Ultimately, all of the above is a trade off between adherence, reactivity, and data quality. Future
researchers should decide which course of action is best suited to answer their specific research
questions. The high compliance rate and the lower quality of data in study, indicates a approach
with more questions is advised.

Although the ESM data supported the pre- post-test questionnaires by giving an accurate
calculation of compliance, the study lacked sufficient non-participation ESM data to answer the
connected research questions. For example, only 8% of the data covered days when the cold
shower was not performed. This limited data makes it challenging to reliably test the difference
in stress or vitality between days with and without the method, making the results more suscep-
tible to outliers. For instance, Participant 14 experienced low stress while on holiday and not
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performing the exercises but had increased stress due to an exam while doing the exercise. In
the same way, the lack of non-participation cold showers had also an effect on the association
of mindset on the amount of cold showers. With the lack of non-participation cold showers and
a small amount of low mindset values, the association proved to be really small.

To improve these association examinations of the WHM on stress, vitality or cold showers in
future studies, it is recommended to gather more data on days when participants do not engage
in the WHM. For the association between mindset and cold shower this could be achieved by
including a control group. With regards to the association of the WHM on stress and vitality it
is recommended to add a non-participation period before the intervention.

Qualitative Data

Qualitative data from the study provided new insights, such as participants expressing a pref-
erence for cold showers over breathing exercises. This preference was reflected in the higher
frequency of cold showers compared to breathing exercises, possibly because cold showers
become easier over time [26] and require less effort. Breathing techniques require a full 15
minutes, whereas cold showers take only 30 seconds. To make the breathing exercises more
accessible, it might be beneficial to reduce their duration. Additionally, many participants re-
ported physical and mental improvements in the post-test questionnaire, highlighting the overall
positive outcomes as claimed by the WHM [102, 39].

Strengths

New Field of Interest

This is the first study to use ESM on the WHM. The continuous data collection was useful
in identifying the compliance rate of participants. Open-ended questions were also used to gain
insights into participants’ reasons for participation and their expectations. Patterns could be
identified through graphs and the data within the ESM questionnaire, providing insights into
possible abnormal values.

Adherence

The study population had a high adherence and compliance rate. Typically, ESM data shows
a compliance rate of about 60% to 70% [86] [59], but in this study, it was 87.6%. Additionally,
the ESM data showed a high daily frequency of the WHM, indicating that the intervention was
consistently followed by a significant portion of the study population. The only downside of
this was that the it was more challenging to examine the method’s effect on the days it was
performed, compared to when it was not performed. However it was a great support to the pre-
post-test data, showing that a consistent dedication to the method has a positive influence on
perceived stress and vitality.
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Population

The study population closely resembled the Dutch student population in terms of age, BMI,
overweight percentage, amount of sufficient exercise, and proportion of international students
[16, 24, 64]. Similarly, the pre-test PSS and SVS scores aligned with literature on this tar-
get group [88, 100]. It’s noteworthy that the mean PSS score of Dutch students, and conse-
quently the study population, was already relatively low [94]. Despite differences in male-
female proportion (53/47) and professional-university education proportion (55/45) compared
to the broader Dutch student population [16], we argue that the study findings are applicable to
the entire Dutch student population.

Limitations

Quality of Data

The post-test data and ESM data showed no normality in the distribution. In the post-test
data the SVSt and SVSs both showed a Shapiro-Wilk p-value below 0.05, suggesting a need
for refinement in the measurement tools. This was also true for the stress, vitality, and mindset
in the ESM data. Although, skewness and kurtosis values for the ESM data were within the
acceptable range, indicating a relatively symmetrical and approximately normal distribution
[81]. However, it should also be noted that the ESM data showed, particularly for the breathing
exercises and the completion of both aspects, high multicollinearity between the independent
variable and other variables [67]. In addition, the lack of non-participation data showed to be
a another limitation in this study. Because of the absence, the association was vulnerable to be
effected by outliers. Therefore, the results of the ESM linear model should be interpreted with
caution.

External Influence

There was a quarterly exam period 1.5 weeks prior to the start of the intervention. Addition-
ally, the PSS questionnaire specifically asked about stress levels over the past two weeks, which
may have led the study population to recall the stressful exam period. This timing could have
influenced their reported stress levels, potentially skewing the results. However, this effect was
not quite visible when the PSS score was compared to the general Dutch student PSS score.

Another external influence might be that some participants struggled with external factors
in their lives during the intervention, as mentioned in the qualitative research. Additionally,
the participants with abnormal values shown in appendix D, also pointed to external factors
influencing stress or vitality. These values were not excluded because this research aims to
measure if the intervention can reduce responses to stressors, even during stressful life events.

Finally, the use of questionnaires as a measurement tool introduces self-report bias [2].
Additionally, participants might have been more aware of their stress and vitality levels in the
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post-test compared to the pre-test due to the daily ESM questionnaires. This recall bias [44]
could be reduced by including a non-intervention period of the same length as the intervention,
prior to the pre-test.

Friends in Study Population

As pointed out by the answers in the pre- and post-test of the qualitative data, a part of the
research population were friends of the researcher. This could lead to a reduction in validity
and replication of the research. For example, the participant could be granting the researcher
the results for the hypothesis that the WHM has an effect. Besides that, the high compliance
and adherence rate might have been impacted by the fact that friends joined this research. Thus,
the next research might have more difficulty with the compliance and adherence rate.

However, precautions have been taken to make sure that the participants were anonymous,
thus participants less watched by the researcher. In addition, in the promotional message it was
mentioned that the participants should not join for the researcher, but purely for the interest in
the method or the results.

Conclusion

In conclusion, the WHM shows promise in reducing the perceived stress and increasing the
subjective vitality after 15 days. Therefore suggesting its utility for students dealing with these
issues and adding prove to the general potential of the WHM. In addition, ESM shows signif-
icant potential for gaining deeper insights into the WHM. This first ESM study on the WHM
has identified areas for improvement, including incorporating periods of non-participation and
using more complex ESM questionnaires to enhance data quality.

With its benefits demonstrated in healthy participants, future research should explore the
WHM’s effectiveness as an adjunct to psychotherapy. With growing evidence of the WHM’s
potential, this simple self-care method could be part of the solution to rising stress and decreas-
ing vitality.
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Appendix

Informed consent file for participant

Effects of Wim Hof Breathing Techniques and Cold Exposure on Perceived Stress and
Vitality Levels

Stress levels are on the rise, and vitality is decreasing, especially among emerging adults
or university students. The Wim Hof Method (WHM) might offer a solution to regulate these
issues. This study aims to evaluate the effectiveness of the WHM on the stress and vitality levels
of students aged between 18 and 29.

Study Procedures

You will be asked to attend a workshop from 12:30 till 13:45 on either May 7th or May 8th,
based on your preference. After that, for the 15 days, you’re supposed to do a daily 15-minute
breathing exercise and end your warm shower with a cold shower everyday. Additionally, you
are asked to complete a pretest questionnaire after the workshop, a short 5-question daily ques-
tionnaire for 15 days, and a posttest questionnaire after the intervention period on day 16. Ques-
tionnaires will be accessible each day from 4:00 PM to 6:00 PM, submitting after the deadline
is not possible. Each breathing exercise session will last approximately 15 minutes, completing
the pre- post-test questionnaires will take about 10 minutes, and the daily questionnaire will
take less than 5 minutes.

Inclusion and exclusion criteria

The inclusion criteria are: between 18 and 29 years old, a student or scholar, able to read
and understand English, not having prior experience with fast deep breathing exercises or cold
exposure, and being able to physically join the Workshop at the university of Twente on the
7th or 8th of may. The exclusion criteria consist of physical diseases (Asthma, Autoimmune
disease, Cold urticaria, Coronary heart disease, Epilepsy, Heart failure, Hypertension, Intake of
ACE inhibitors, Intake of beta blockers, Kidney failure, Migraines, Pregnancy, Recent surgery,
Raynaud’s Syndrome Type II, Stroke, Type 1 diabetes). In addition, you will be excluded when
you are diagnosed with a mental illness.

Risks and Discomforts

You may experience dizziness and tingling during the breathing exercises due to controlled
hyperventilation inherent in the WHM. Those with physical health issues will be excluded from
the research. It is advised to perform the breathing exercises only while sitting or lying down.
This is done out of precaution, because there is a small risk of passing out doing more excessive
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versions of the exercise. Do not perform the exercise while driving, swimming or any other
activity that requires your attention.

Benefits

Although the WHM claims that it has a lot of benefits, scientific evidence still is needed
to verify this. This research aims to investigate its effectiveness on vitality and stress levels.
Studies have shown that the WHM enhances the immune system.

Confidentiality, withdrawal and compensation

You use a nickname during the research to remain anonymous. Participation is entirely
voluntary, and you can withdraw from the study at any time without penalty. Don’t join the
study just because you feel pressured by the researcher. Make sure you have your own reasons
for participating. As a small reward, you are able to join a WHM workshop led by a certified
WHM instructor.

Contact Information:

You will receive a confirmation of participation on the 29th of april. For any questions or
concerns regarding the study, please contact me at r.h.m.woortmeijer@student.utwente.nl.

Consent Statement:

By signing this form, I confirm that I have read and understood the information provided
about the study. I have had the opportunity to ask questions, and all my questions have been
answered to my satisfaction. I agree to participate in this research under the conditions described
above.

Participant’s Signature and Date
Researcher’s Signature and Date 7-5-2024
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Health Declaration Form

Name: ................................................................
Male / Female
Date of Birth: . . . . . . .. / . . . . . . . . . . / . . . . . . ..
Address.....................................................................................................................................
Postal Code: .........................................
City: ..................................................................
(Mobile) Phone ...........................................
Email: ................................................................
Questions regarding your general health ————————- Yes No
Are you currently healthy?
Have you had any of the following conditions:
Cardiovascular disease?
High blood pressure?
Epilepsy?
Kidney failure?
Severe asthma?
Recent surgery?
Migraine?
Burnout?
Autoimmune disease? (such as rheumatism, MS, Crohn’s, diabetes, asthma) If yes, which?

.......................................................................................................................
• Other, including mental disorders
..................................................................................................................................................

Are you currently using:
• Heart medication
• Other medication, which?
.......................................................................................................................................
Are you allergic to certain substances? (food/environment etc.)
......................................................................................................................................
Are you pregnant or do you want to become pregnant?
Is there anything else your instructor should know?
.......................................................................................................................................
I hereby declare that I have filled in this form truthfully
Date: . . . . . . ./ . . . . . . . . . / ........ Signature of participant:
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Informational flyer to take home
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Outliers ESM data

width=
P ID Date/time Breathing Shower Stress Vitality Mindset Open question

2 5/8/2024 yes yes 4 3 4 Stressful project meeting
2 5/9/2024 yes yes 2 4 4 no
2 5/10/2024 yes yes 3 3 4 no
2 5/11/2024 yes yes 1 4 2 no
2 5/12/2024 no yes 1 3 5 no
2 5/13/2024 yes yes 2 5 5 no
2 5/14/2024 yes yes 3 5 2 no
2 5/15/2024 yes yes 1 5 6 no
2 5/16/2024 yes yes 4 2 1 no
2 5/17/2024 yes yes 5 3 6 no
2 5/18/2024 yes yes 1 5 5 no
2 5/19/2024 yes yes 2 4 3 no
2 5/20/2024 yes yes 2 4 6 no
2 5/21/2024 yes yes 3 4 5 no
2 5/22/2024 yes yes 3 4 4 no

4 5/8/2024 yes yes 2 3 6 no
4 5/9/2024 yes yes 3 3 4 no
4 5/10/2024 yes yes 1 4 6 no
4 5/11/2024 yes yes 0 6 6 no
4 5/12/2024 no yes 1 2 6 no
4 5/13/2024 no yes 0 5 6 no
4 5/14/2024 yes yes 0 6 6 no
4 5/15/2024 yes yes 1 1 6 no
4 5/16/2024 yes yes 0 5 6 no
4 5/17/2024 yes yes 3 6 6 no
4 5/18/2024 no yes 1 5 6 no
4 5/19/2024 yes no 0 6 6 no
4 5/20/2024 yes yes 1 5 6 no
4 5/21/2024 yes yes 1 6 6 no
4 5/22/2024 no yes 1 5 6 no
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width=
P ID Date/time Breathing Shower Stress Vitality Mindset Open question

12 5/8/2024 yes yes 2 3 4 No
12 5/9/2024 yes yes 5 3 4 no
12 5/10/2024 yes yes 1 4 4 no
12 5/11/2024 yes yes 1 4 4 no
12 5/12/2024 yes no 2 4 3 no time for the cold shower unfor-

tunately
12 5/13/2024 yes yes 2 1 4 no
12 5/14/2024 yes yes 3 2 4 no
12 5/15/2024 no yes 3 3 4 no time for the breathing
12 5/17/2024 yes yes 2 2 3 no
12 5/18/2024 yes yes 2 1 4 no
12 5/19/2024 no no 2 2 3 no
12 5/21/2024 no yes 2 3 4 no
12 5/22/2024 no yes 3 4 4 no

14 5/8/2024 yes yes 3 3 4 No just a regular week day
14 5/9/2024 yes yes 0 0 3 i was insanely hungover puking the

entire morning so that explains my
vitality

14 5/10/2024 yes yes 0 3 6 im on holiday
14 5/11/2024 yes yes 0 3 6 a bit hungover and still on holiday
14 5/12/2024 yes yes 0 1 6 the cold shower was in the sea and

im insanely hungover again
14 5/13/2024 no no 0 4 3 still on holiday but had a headache

so wasn’t feeling like doing the ex-
ercise

14 5/14/2024 yes yes 0 3 6 last day on vacation
14 5/15/2024 yes yes 4 2 6 no
14 5/16/2024 yes yes 6 3 6 exam tomorrow
14 5/17/2024 yes yes 3 3 6 had the exam did not go so well
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width=
P ID Date/time Breathing Shower Stress Vitality Mindset Open question

14 5/18/2024 yes yes 1 2 6 hungover
14 5/19/2024 yes yes 3 3 6 no
14 5/20/2024 yes yes 2 4 6 NK klonkiebal
14 5/21/2024 yes yes 4 3 6 no
14 5/22/2024 yes yes 3 3 6 no

16 5/8/2024 yes yes 0 5 6 Nee
16 5/9/2024 no no 0 6 5 Lange dag weg, dus geen tijd gehad

om de oefeningen te doen
16 5/10/2024 yes yes 0 4 6 Nee
16 5/11/2024 yes yes 0 5 5 lekker weer
16 5/13/2024 no yes 0 4 5 no
16 5/15/2024 yes yes 0 5 6 no

24 5/9/2024 yes yes 1 4 4 i was hungover, which was a factor
in my mood before and after show-
ering

24 5/11/2024 yes yes 3 4 3 i am traveling, which is a reason I
am a bit more stressful

24 5/12/2024 yes yes 2 6 3 I had a sports game that I won,
which might influence my answers
to these questions

24 5/13/2024 yes yes 4 4 2 I had a long day today. So feel a bit
tired

24 5/14/2024 yes yes 4 4 5 -
24 5/15/2024 yes yes 2 5 4 -
24 5/16/2024 yes yes 5 4 5 Busy day today
24 5/18/2024 yes no 0 4 3 no
24 5/19/2024 yes yes 0 5 5 -
24 5/22/2024 yes yes 2 5 3 Today was a good day
24 5/23/2024 yes yes 2 6 2 -
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