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ARTICLE INFO ABSTRACT

Keywords: Objective: Stress is a driver of depression, and people with depression often struggle to cope with stress and
Resilienfze anxiety. This study directly compares the mental health effects of a Wim Hof Method intervention to an active
Hormesis control condition (slow breathing) in women with high stress and high depressive symptoms.

IS);E::SSIOH Methods: We randomized 84 healthy midlife women with high stress and high depressive symptoms to either: 1)
Breathwork the hormetic stress condition based on the Wim Hof Method (WHM) involving a breathing technique designed to

Paced breathing induce intermittent hypoxia and cold showers (n = 41) or 2) an active comparison condition involving slow-

Cortisol reactivity paced breathing and warm showers (n = 43). We provided participants with daily audio instructions (15 min)
for three weeks during the COVID-19 pandemic (2020-2021). Our primary outcomes were depressive symptoms,
anxiety symptoms, and perceived stress collected at pre-intervention, post-intervention, and 3 months later. We
also assessed daily stress rumination and affect with daily diary during the intervention, and participants
completed a laboratory stressor, the Trier Social Stress Test, before and after the intervention, and provided
samples for salivary cortisol reactivity.
Results: Participants in the active control condition perceived the intervention to be more credible and expected
greater mental wellbeing benefits compared to those in the Wim Hof Method condition. Differential attrition was
observed with six participants (7 %) dropping out — all from WHM condition. Among the participants who
completed the intervention, both groups improved on mental health outcomes immediately after the intervention
with a 24 % reduction in depressive symptoms, a 27 % reduction in anxiety symptoms, and 20 % reduction in
perceived stress. Improvements were maintained at the 3-month follow-up with 46 % of the sample reporting
mild or no depressive symptoms. Participants in the WHM condition had significant reductions in rumination
after daily stressful events compared to those in the active control group. Both conditions had reduced daily
negative affect across the intervention and lower peak cortisol reactivity to the lab stressor post-intervention.
Conclusions: Counter to the preregistered predictions, and despite participants’ differing expectations, the in-
terventions led to equivalent reductions in depressive symptoms, anxiety symptoms, and perceived stress, which
were sustained at three months. They also produced comparable reductions in cortisol reactivity and daily negative
affect. However, the WHM condition was associated with greater reduction in reported rumination after daily
stressful events than the active control, a finding that needs replication with larger and more diverse samples.
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1. Introduction

Chronic stress can lead to increases in depression [1], which in turn
enhances risk for morbidity and mortality [2]. During 2020 and 2021,
over 300 million American adults had elevated depressive symptoms,
driven largely by stress [3]. Daily stress causes persistent activation of
the hypothalamic-pituitary-adrenal axis, which over time, can result in a
dysregulated cortisol response and contribute to the development of
depression [4]. Many studies have found relatively flat or blunted
cortisol response curves in people with major depressive disorder [5,6],
particularly in women [7], though findings are heterogeneous [8]. Low
anticipatory cortisol is also associated with more stress-related depres-
sive symptoms [9]. Normalization of HPA axis function appears to be
critical for stable remission of depressive symptoms [10]. Easily acces-
sible, diverse, and low-cost stress resilience interventions are needed to
regulate the physiological stress response and treat depression. This
study examines the psychophysiological effects of a Wim Hof Method
intervention, which leverages intermittent hypoxia and cold showers to
elicit a hormetic stress response in women with high stress and high
depressive symptoms.

A promising new avenue of stress resilience research focuses on
controlled exposure to a type of physiological arousal known as hor-
metic stress [11]. While chronic toxic stress can damage regulatory
systems, repeated moderate-intensity acute stressors can produce posi-
tive psychological and physiological changes [12]. Hormetic stress may
promote synaptic plasticity, which is disrupted in depression [13].
Training in hormetic stress may also normalize acute cortisol reactivity,
in part through buffering against the effects of rumination [14]. Theo-
retically, hormetic stressors should produce cross-stressor adaption, in
which exposure to one type of stressor fosters resilience to other future
stressors [15].

The most well-studied hormetic stressor is exercise. It improves
mood and reduces depressive symptoms, in part by promoting emotional
recovery from the prolonged effects of stress [16]. Puterman et al. found
that level of physical activity moderates the relationship between
rumination and cortisol trajectory, such that sedentary participants with
high rumination had more rapid increases, later peaks, and delayed
recovery from stress compared to those with lower rumination [14];
active participants had equivalent cortisol trajectories, regardless of
rumination. Exercise interventions may be able to reduce or normalize
the stress reactivity in response to stress [17], though depressed par-
ticipants may be more resistant to change [6].

While exercise has become an empirically supported treatment for
depression [18], it is not accessible to those with lifestyle restrictions or
physical disabilities. Additionally, low mood and stress are the most
prevalent barriers to exercise [19]. It is thus important to test alternative
hormetic stress interventions that are accessible to people with depres-
sion. Yet, there are few human studies that examine the effects of acute
intermittent stress on depressive symptoms, beyond studies on exercise,
leaving a wide gap in our translational knowledge.

The Wim Hof Method uses cycles of hyperventilation and breath-
holding, as well as cold exposure, to induce hormetic stress. Pre-
liminary evidence suggests that each of these components individually
may be beneficial for depression. This breathing technique is intended to
produce intermittent hypoxia, which theoretically conditions the HPA
axis to respond more appropriately to mild stressors and sensitizes the
negative glucocorticoid feedback system [20,21]. Though results are
mixed [22], intermittent hypoxia is linked to improvements in depres-
sive symptoms, both for animals [23] and humans [24,25]. It is being
explored as potential treatment for depression, though these therapies
are not accessible to the general public and require further testing [26].
Cold exposure activates the sympathetic nervous system [27], resulting
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in a physiological stress reaction similar to that induced by exercise.
Preliminary evidence suggests that regular cold exposure decreases
cortisol reactivity over the course of several weeks [28] and can reduce
depressive symptoms in non-clinical samples [29].

While the Wim Hof Method is becoming increasingly popular among
people seeking alternative health treatments, few scientific studies have
investigated the efficacy of this method, and most research so far has
focused on the immune system. The first case study of this method found
that Wim Hof, the founder of the method, had a muted inflammatory
response to an endotoxin injection compared to controls [30]. In the first
group study, twelve men performed the Wim Hof Method for ten days
and then were exposed to endotoxin injection [31]. They had lower
pro-inflammatory responses, as well as fewer flu-like symptoms,
compared to the control group. Another study found improvements in
clinical disease markers in people with an autoimmune arthritic condi-
tion who practiced the Wim Hof Method [32].

Researchers are only just beginning to explore the potential mental
health benefits of the Wim Hof Method. Early evidence suggests that
intermittent hypoxia and cold exposure may have a unique synergy that
is beneficial in reducing perceived stress — beyond the effects of each
hormetic stressor independently [33]. One small pilot study of 6 Ant-
arctic expedition members found that an 8-week training program in
Wim Hof Method breathing, cold exposures, and meditation signifi-
cantly reduced self-reported stress and depressive symptoms compared
to their control group, though they observed no differences in reduction
of hair cortisol [34]. However, these benefits may not be as visible for
individuals without significant stress and depressive symptoms, as one
recent randomized controlled trial found no change in psychological
(including perceived stress, positive affect, and negative affect) or
physiological measures comparing healthy participants who completed
a 15-day Wim Hof Method intervention and those assigned to a waitlist
control group, both at rest or during a cold pressor test [35]. No studies
we are aware of have investigated the effect of the Wim Hof Method on
participants with high stress and depressive symptoms, in particular
their acute stress response measured via salivary cortisol.

This study compares the mental health effects of a Wim Hof Method
intervention to an active control condition involving slow breathing in
women with high stress and high depressive symptoms (As Predicted
registration #54051). We compared the efficacy of WHM to a low-
arousal slow-paced breathing and warm shower comparison condition
over a 3-week period. We assessed depressive symptoms, anxiety
symptoms, and perceived stress at pre-intervention, post-intervention,
and 3 months later. During the 21-day intervention, we collected daily
diaries assessing stress rumination, positive affect, and negative affect.
We also assessed salivary cortisol reactivity in response to a laboratory
stressor, the Trier Social Stress Test, before and after the intervention.
We preregistered that we expected participants in the WHM condition to
experience reductions in depressive symptoms, anxiety symptoms, and
perceived stress at post-intervention compared to the comparison group;
that participants in the WHM condition would develop greater resilience
to day-to-day stressors, demonstrated by decreases in daily stress
rumination, decreases in negative affect, and increases in positive affect
across the course of the intervention compared to those in the control
condition; and given that acute stress responses measured with cortisol
reactivity can be blunted or exaggerated with chronic stress and
depression, we explored whether the different conditions would lead to
changes in cortisol response profiles to the laboratory stressor.

2. Methods

Transparency and Openness. In this article, we report how we deter-
mined our data exclusions, analyses run, and all registered measures. We
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follow CONSORT guidelines. We include data, analysis code, and
research materials on the Open Science Framework. Data were analyzed
using SPSS version 28. The trial was pre-registered on As Predicted
(#54051).

Participants. This study was approved by the UCSF Investigational
Review Board (IRB# 18-25449) and participants signed informed con-
sent for all procedures.

Inclusion and exclusion criteria. Due to known sex differences in stress
responses, we recruited medically healthy women between the ages of
30 and 60 years old who reported moderate levels of depressive symp-
toms defined by a score more than or equal to 10 and less than 20 on the
eight-item Patient Health Questionnaire (PHQ-8; [36]). The PHQ-8 is
commonly used to screen for clinical depression. Participants with a
score equal to or greater than 20, indicating severe major depression,
were included only if they were concurrently in treatment (therapy or
medication). (Although our inclusion criteria targeted moderately
depressed women, depression measures collected after enrollment
indicated that this sample had high depressive symptoms and was at risk
for depression with an average CES-D score above 16.) We excluded
individuals with self-reported chronic diseases, major psychiatric con-
ditions (e.g., bipolar or schizophrenia), and/or severe anxiety defined by
a score greater than or equal to 15 on the self-reported Generalized
Anxiety Scale (GAD; [37]). We also excluded those with a self-reported
BMI of more than 35, currently pregnant, smoking, or taking medica-
tions that affect the autonomic nervous system (beta blockers or ace
inhibitors) or immune system. Additional safety exclusions included
excluding those with physical disabilities or injuries that prohibit them
from lying on the ground and individuals with Raynaud’s disease that
prohibits them from being randomized to cold-water exposure. Finally,
we excluded individuals with panic disorder, as those who experience
panic attacks on a regular basis will likely be afraid of hyperventilating
and short-term breath control.

Recruitment and screening. We recruited participants (N = 84)
through local community and organizational outreach, newsletters sent
to University of California, San Francisco employees, flyers posted
throughout the San Francisco Bay Area, online advertisements, pub-
lished interviews, previous participant databases, and word of mouth,
sharing our recruitment website https://www.stressresilience.net. The
study took place between July 2020 and January 2021. We paid par-
ticipants up to $470 for completion of all parts of the study, based on
intervention and questionnaire completion. This payment included
$150 for attending the pre-intervention lab visit, $100 for completing
the 21-day intervention, $150 for attending the post-intervention lab
visit, and $20 for completing the three-month follow-up questionnaire.
We also provided incentive bonuses based on levels of daily intervention
completion. Specifically, we provided $10 for having 51-65 %
completion, $20 for having 66-84 % completion, and $40 for having
85-100 % completion. Additionally, we entered participants into a raffle
to win a $200 Amazon gift card if they completed over 85 % of their
intervention.

Interested participants completed a web-based self-report survey to
determine the first phase of eligibility (i.e., based on age, sex, medical
conditions). Study staff contacted potential participants who completed
the web-based survey to conduct a phone interview to determine final
eligibility. During the phone screening, study staff provided an overview
of the study and confirmed eligibility criteria. They also requested that
participants maintain the same level of medications and other daily
routines (exercise/diet) throughout the study period and alert study staff
of any changes. Once final eligibility was confirmed, prospective par-
ticipants received the study consent form via DocuSign to provide their
electronic signature and officially enroll in the study.

Interventions. We randomized participants to the two intervention
conditions. Participants in all conditions received in-person, interven-
tion-specific training after the first laboratory visit. Both interventions
included detailed instructions for showering every morning. The
breathing practices were designed to take roughly 15 min per session
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and required daily practice in the morning (or evening if their personal
schedule did not allow). Participants also received a brief manual with
FAQs (shared on OSF).

1) Wim Hof Method (WHM) condition: The WHM condition is based on
the Wim Hof Method.! This condition included rapid breathing and
breath hold along with cold exposure in the form of cold showers.
Wim Hof and other experts assisted in the development of the WHM
condition, but to avoid any bias, they did not contribute beyond the
development of the intervention. The WHM condition consisted of a
breathing technique intended to induce hyperventilation followed by
breath retention of one to 3 min (under the discretion of the
participant). Once the participant determined they were not able to
retain their breath any longer, they took a deep inhalation and held it
for 15 s. Participants repeated this sequence for four cycles guided by
an audio recording. Study staff reviewed safety information associ-
ated with this technique. The showering protocol included gradually
exposing themselves to cold water by finishing their daily showers
using cold water. They started with their normal shower routine at
any temperature and transitioned to the coldest water option avail-
able at the end. The minimum duration of the cold shower slowly
increased over the course of the intervention period: 30 s for days
one to three, one to 3 min for days four to six, and two to 3 min for
the remaining days. Total time duration not to exceed 3 min.

2) Active control condition: The low-arousal slow breathing and warm
showers condition consisted of a 15-min breathing practice and a
detailed description of showering instructions. The typical adult
breathing rate is 12-18 breaths per minute, so we guided partici-
pants to breath at 8 breaths per minute. The audio led them to focus
their attention on the inhalations and exhalations, and it was
accompanied by rhythmic music to guide pace. We also instructed
participants to extend their normal shower routine and transition to
warm water for 3 min at the end (~105 °F), which we estimated was
within the typical range of shower temperature. We provided par-
ticipants with thermometers to confirm the temperature setting. The
warm showers were designed to match the cold showers in time and
effort, but the temperature was not meaningfully different than one’s
normal shower and thus served as an active control shower activity.

2.1. Measures

Trait Measures: Depressive symptoms, anxiety symptoms, and perceived
stress. We assessed depressive symptoms, anxiety symptoms, and
perceived stress via online questionnaires prior to randomization to the
intervention, after the 3-week intervention ended, and 3 months post-
intervention. We measured depressive symptoms with the 20-item
Center for Epidemiologic Studies Depression Scale (CES-D; [38]). Par-
ticipants reported how frequently they have experienced depressive
symptoms in the last week. The response options range from 0 (rarely or
none of the time) to 3 (most or all of the time). In order to try to assess
whether depression levels were more chronic or due to the pandemic, we
also used a modified version of the 12-item Patient-Reported Outcomes
Measurement Information System (PROMIS) for Depression at baseline
to retrospectively assess depressive symptoms recalled before onset of
the pandemic [39]. Participants recalled their depressive symptoms
during a normal week in February 2020 (about a month before the
COVID-19 outbreak) and reported if their experience has changed since
then. The response options for the six pre-pandemic questions range
from 1 (never) to 5 (always) with higher scores indicating more
depressive symptoms before the COVID-19 outbreak. For each item,

! Wim Hof Method is easily searchable on the internet, so we never refer-
enced this method by name to prevent any expectations that might alter beliefs
about the condition or subjective states.
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they also reported change in depressive symptoms since the COVID-19
outbreak from 1 (it’s gotten a lot worse) to 5 (it’s gotten a lot better)
with higher responses indicating an improvement and lower responses
indicating deterioration during the pandemic.

We assessed generalized anxiety symptoms with the 7-item GAD-7
[37], which assesses symptoms such as feeling nervous, restless, and
worrying from O (not at all) to 4 (nearly every day). Scores above 10
indicate moderate anxiety [37]. We assessed perceived stress with the
10-item Perceived Stress Scale (PSS; [40]). Participants were asked to
report how frequently they experienced stress in the last month. The
response options range from 0 (never) to 4 (very often). Higher scores
indicate more perceived stress.

Daily Measures: stress rumination, positive affect, and negative affect. We
collected daily self-reports once a day in the evening for four days before
participants began the intervention and throughout the 21-day inter-
vention period. Each morning and evening of the 21-day intervention
period, we sent a web link to participants’ preferred method of contact
(email or SMS text) to complete a brief assessment. In these assessments,
we measured stress rumination by asking participants to identify the
most stressful event of the day and report “to what extent did you find
yourself thinking about this stressful situation in the rest of the day af-
terward?” The response options range from 1 (not at all) to 5 (a lot) with
higher scores indicating more rumination after stress. We measured
positive and negative affect using a subset of four questions from the
Modified Differential Emotions Scale (MDES; [41]). Each item asked
participants how much they were feeling an affective state using three
similar emotion terms. Two items assessed positive affect based on se-
renity (content, serene, peaceful) and happiness (glad, happy, joyful)
and two items assessed negative affect based on stress (stressed, nervous,
overwhelmed) and sadness (sad, downhearted, unhappy). The response
options ranged from 1 (not at all) to 5 (extremely).

Intervention expectations, credibility, and accessibility. During the in-
person intervention-specific training, we assessed participants’ expec-
tations for how their intervention would impact their mental and
physical health. We used two items similar to those used in Kox et al.
[31] in which participants reported how much they expected their
mental and physical health to improve on a scale from 1 to 10.

We also assessed the credibility and accessibility of the interventions
immediately after the intervention via online questionnaire. The Cred-
ibility Expectancy Questionnaire (CEQ) has three questions related to
how valuable the participants thought the intervention was [42]. The
response options range from 1 to 9 with higher scores indicating more
intervention credibility. The Treatment Acceptability Questionnaire
(TAQ) has six questions to assess intervention acceptability [43]. The
response options range from 1 to 7 with higher scores indicating more
intervention acceptability.

Cortisol reactivity during acute stress. We collected salivary samples
during two laboratory visits before and after the intervention. Three
samples were collected per visit: a baseline sample before the Trier So-
cial Stress Test (TSST), 20 min after the onset the TSST, and 40 min after
onset of TSST (See Appendix A for more details on lab procedures.).
Participants were provided with salivettes (Sarstedt, Niimbrecht, Ger-
many) and instructed to chew on the cotton swab for 90 s. Samples were
stored at a minimum of —20 °C. Then they were assayed to measure
salivary free cortisol at the Salimetrics’ SalivaLab (Carlsbad, CA) using
the Salimetrics Salivary Cortisol Assay Kit (Cat. No. 1-3002). The assay
had a lower limit of sensitivity of 0.007 pg/dL and a standard curve
range from 0.012 to 3.0 pg/dL. The average intra-assay coefficient of
variation was 4.60 %, and the inter-assay coefficient of variation was
6.00 %, which meets the manufacturers’ criteria for accuracy and
repeatability, as well as the applicable NIH guidelines for Enhancing
Reproducibility through Rigor and Transparency. The area under the
curve with respect to ground (AUCg) and the area under the curve with
respect to increase (AUCi) were calculated for each visit using methods
established by Khoury et al. [44].
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2.2. Analytic strategy

Data were cleaned and analyzed in SPSS 28. We adopted a statistical
significance level of 0.05 for all statistical analyses. To examine change
in participants’ depressive symptoms, anxiety symptoms, and perceived
stress, we conducted a series of linear mixed models that accounted for
the nested nature of the data, as participants provided three reports over
the course of 3 months (West et al., 2014). We examined the effect of
time (baseline and post-intervention, as well as baseline and 3-month
follow-up), the effect of condition (WHM vs. active control), and the
interaction between time and condition. Each of these models were set
with a random intercept and an unstructured covariance structure.
Similarly, to examine change in participants’ cortisol reactivity during
acute stress, measured as AUCi and AUCg, we examined the effect of
time (baseline and post-intervention), the effect of condition (WHM vs.
active control), and the interaction between time and condition.

To examine change in daily stress rumination, positive affect, and
negative affect over the course of intervention, we conducted multilevel
growth curve analyses (Bolger & Laurenceau, 2013). We specified all
models with linear and quadratic effects for time to examine curvilinear
patterns of change in stress rumination, positive emotions, and negative
emotions during the 21-day intervention period. We included random
intercepts and a random slope for the linear effect of time. We specified
models with an unstructured covariance structure. As in the above an-
alyses, we examined the pattern of change over the 21-day intervention
period for those in the WHM condition, and then examined whether
there was a significant difference between conditions. All 84 random-
ized participants were included in the analyses. No secondary “as-
treated” analyses were performed due to the small difference in sample
size.

3. Results

Recruitment and enrollment. Nine participants withdrew from the
study prior to randomization due to family emergencies (n = 2), COVID-
19 concerns (n = 2), concern over the study protocol (n = 2), and other
time commitments (n = 3). As shown in Fig. S1 of study flow, 84 women
were eligible, randomized, and consented and began the intervention.
We used a random number generator to assign study condition in order
to produce equivalent groups. Of the 84 participants who received
intervention training, six dropped out during the 21-day intervention
due to family emergencies (n = 2), COVID-19 concern (n = 1), study
requirements (n = 1), and unknown reasons (n = 2). All six had been
randomized to the WHM condition. Overall, 78 participants completed
their assigned intervention (93 % retention). Eight of the 78 participants
who completed the intervention (10.26 %) completed less than 70 % of
the intervention. For the follow-up survey three months later, we invited
only those who had high adherence (defined in our study registration as
completing 70 % of intervention) for an ‘as treated’ analysis. We
assessed daily intervention based on completion of the intervention
survey, or if that was missing, on self-report in the evening diary. While
91 % of participants were eligible based on adherence, 65 % (n = 46) of
eligible participants completed the 3-month follow-up survey (59 % of
all completers). One of the 84 participants is missing self-report mental
health data from baseline only and was included in models. See Ap-
pendix B for results of intervention expectations, credibility, and
acceptability.

As reported in our demographic statistics (Table S1), the average age
of the participants was 43.51 (SD = 10.39; 30 to 60) and the average
BMI was 26 (SD = 4.79; range 19-37). The sample roughly reflected the
demographics of the region, and participants on average were well-
educated. The majority were unmarried (59.5 % unmarried; 39.3 %
married; 1.2 % no answer). All participants were at least halftime
employed or had a job in the past 12 months (including unpaid care-
taking in the home). Despite randomization, there was a significant
difference in race/ethnicity distribution between conditions (p = .042),
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with more Pacific Islander or Asian Americans in the WHM condition
and more Black Americans in the active control condition. There were
no other differences between the sociodemographic profiles. One
participant had a score of 21 on the PHQ-8 questionnaire screening for
depressive symptoms, and they were also already receiving concurrent
treatment for depression, meeting our eligibility criteria. This individual
was randomly assigned to the active control condition. An analysis of
variance (ANOVA) also showed no significant differences in depressive
symptoms, anxiety symptoms, or perceived stress at baseline between
conditions.

3.1. Descriptive statistics and bivariate correlations

Consistent with the recruitment strategy, participants had moderate
depressive symptoms on average at baseline screening (Mpgq-g = 12.46;
SD = 2.62) (though their pre-intervention scores using a different scale,
the CES-D, indicated high levels of depressive symptoms). Only 33 %
reported that their depressive symptoms worsened from pre-pandemic
level, suggesting pre-existing depressive symptoms in two-thirds of
participants. Seventeen of the 84 participants (20.24 % of the sample)
were taking medication for mood (depression or anxiety) at baseline.
Descriptive statistics and bivariate correlations for primary study vari-
ables are shown in Table S2.

As expected, trait-level distress measures were correlated with each
other both before and after the intervention. At baseline, anxiety was
negatively correlated with age, r (84) = —0.248, p < .023; at post-
intervention, depressive symptoms, anxiety symptoms, and perceived
stress were negatively correlated with age, r (78) = —0.273,p < .015; r
(78) = —0.306, p < .006, and r (78) = —0.237, p < .036, respectively,
suggesting that younger women suffered from more distress both before
and after the intervention. However, age was not included in models
predicting distress measures, because we do not have theoretical reason
to believe that age should alter the impact of the intervention and we are
not powered to examine age as a moderator. Given the lack of significant
correlation, BMI was only included as a covariate in the cortisol models,
where the literature has established a need to control for body mass
[45].

3.2. Trait outcome 1: depression (CES-D)

Results of multilevel analyses examining change in depression found
that, compared to baseline scores, participants in both conditions were
less likely to report depressive symptoms post-intervention and at the 3-
month follow-up (top section of Table 1), even after controlling for
differential mental health treatment expectations (Table S4). The effect
size of the reduction in depressive symptoms for those in both conditions
was moderate (20.13 % reduction at post-intervention and 30.29 %
reduction at the 3-month follow-up; Fig. 1). Of those from both groups
who completed the 3-month follow up questionnaire, 46 % converted
from high symptoms (16 or higher on CES-D at baseline, indicating
moderate to severe clinical depression) to scores below 16 at post-
intervention, indicating mild or no depression (Weissman et al., 1977).

3.3. Trait outcome 2: anxiety (GAD-7)

As in the analysis of depression, participants in both conditions were
less likely to report symptoms of anxiety symptoms at post intervention
and at the 3-month follow-up (middle section of Table 1), even after
controlling for differential mental health treatment expectations
(Table S5). The effect size of the reduction in anxiety for both conditions
was moderate (20.93 % reduction post-intervention and 39.30 %
reduction at 3-months), and contrary to predictions there was no dif-
ference between conditions (Fig. S2).
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Table 1

Results of multilevel analyses examining change in depressive symptoms, anx-
iety symptoms, and perceived stress before and after the intervention by con-
dition with WHM condition as reference group.

Outcome Predictor B p 95%CI r
LL UL
CESD Intercept 22.656 <0.001 19.690 25.622 -
Post- —4.250  0.005 -7.197 -1.303 0.25
Intervention
3-Month Follow-  —5.762  0.002 -9.283 -2.242 0.27
Up
Condition 1.545 0.471 —2.685 5.776 0.06
Post- —2.355 0.255 —6.433 1.724 0.10
Intervention x
Condition
3-month x -1.077 0.668 —6.033 3.880 0.04
Condition
Outcome  Predictor B P 95%CI r
LL UL
GAD-7 Intercept 8.605 <0.001 7.301 9.909 -
Post- -1.471  0.027 -2.776  -0.166  0.20
Intervention
3-Month Follow- —2.800 <0.001 —4.357 -1.242  0.30
Up
Condition 0.172 0.856 -1.695  2.038 0.02
Post- —1.500 0.104 -3.314 0.313 0.15
Intervention x
Condition
3-month x —0.453  0.685 -2.656  1.750 0.04
Condition
Outcome  Predictor B P 95%CI r
LL UL
PSS Intercept 22.516 <0.001 20.850 24.181 -
Post- —3.700  <0.001 -5.394 —-2.000 0.36
Intervention
3-Month Follow-  —5.217  <0.001 -7.244 -3.191 0.40
Up
Condition -0.345 0.774 —2.720  2.030 0.02
Post- —-1.401 0.241 -3.752  0.950 0.10
Intervention x
Condition
3-month x 0.088 0.952 —2.766  2.942 0.01
Condition

Note. CI = confidence interval; LL = lower limit; UL = upper limit. r was
calculated using the method used by Kashdan and Steger (2006): r = \/ (%
t24df); CESD = Center for Epidemiologic Studies Depression Scale; GAD-7 =
Generalized Anxiety Disorder scale; PSS = Perceived Stress Scale.

3.4. Trait outcome 3: Perceived Stress Scale (PSS)

Participants in both conditions were less likely to report perceived
stress at post intervention and at the 3-month follow-up (bottom section
of Table 1), even after controlling for differential mental health treat-
ment expectations (Table S6). The effect size of the reduction in
perceived stress for both conditions was moderate, 17.26 % reduction at
post-intervention and 24.83 % reduction at the 3-month follow-up, and
again we did not observe any differences between conditions (Fig. S3).

In sum, we observed reductions in trait depressive symptoms, anxi-
ety symptoms, and perceived stress over time at the end of the inter-
vention and three months post-intervention. Contrary to expectations,
the conditions did not differ from each other.

3.5. Daily outcome 1: stress rumination

We examined growth trajectories in participants’ self-reported
rumination about the most stressful event of the day over the course
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Fig. 1. Depressive Symptoms (CES-D means and S.E.) by Condition at Each
Wave of Data Collection.

of the 21-day intervention (top section of Table 2). There were no sig-
nificant changes over time in either WHM or the active control. How-
ever, both the linear and quadratic interactions between condition and
time were significant predictors of rumination after stress (p = .032 and
p = .048, respectively) with small effect sizes (r = 0.05 for both). To
decompose simple slopes of these interactions, we set either the active
control or the Wim Hof Method intervention as the reference condition,
and then examined the significance of the linear and quadratic co-
efficients. Participants in the active control condition demonstrated no
significant linear or quadratic changes (Table S3.) Additionally,
although the pattern of change for participants in the WHM condition
was opposite to those in the active control condition (i.e., the trend was

Table 2
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for a decrease in rumination which then leveled off later in the inter-
vention), the linear or quadratic change components for rumination
were also not significant for the those in the WHM (Fig. 2).

3.6. Daily outcome 2: positive affect
We examined growth trajectories in participants’ self-reported pos-
itive affect over the course of the 21-day intervention (middle section of

Table 2). There were no significant changes over time in either condi-
tion. Results suggest there were no changes in positive affect over time.

3.7. Daily outcome 3: negative affect

We examined growth trajectories in participants’ self-reported

Linear: B=.035, p=.117
Quadratic: B=-.001, p =.103

295 4
29
2.85

4
2

2.75 —— WHM Condition

e
93

2654 ~C ] e Control Condition

Daily Stress Rumination

1
-

Linear: B =-.035, p =.140

2.55 Quadratic: B =.001, p =.237

25

Pre-Intervention Post- Intervention

Fig. 2. Quadratic growth trajectory of daily rumination after stress to explore
quadratic time by condition effect (p = .048) for participants in the WHM
condition compared to the active control condition.

Results of multilevel analyses examining change in daily stress rumination, positive affect, and negative affect across the intervention by condition with WHM

condition as reference group.

Outcome Predictor B p 95%CI r
LL UL
Daily Stress Intercept 2.899 <0.001 2.574 3.224 -
Rumination Time —0.035 0.140 —0.081 0.011 0.04
Time? 0.001 0.237 0.003 0.003 0.03
Condition —0.300 0.195 —0.756 0.155 0.09
Time x Condition 0.070 0.032 0.006 0.133 0.05
Time? x Condition —0.002 0.048 —0.005 —0.00003 0.05
Outcome Predictor B p 95%CI r
LL UL
Daily Intercept 1.474 <0.001 1.218 1.729 -
Positive Emotions Time 0.011 0.474 —-0.019 0.040 0.02
Time? —0.0005 0.388 —0.002 0.001 0.02
Condition 0.189 0.300 -0.171 0.549 0.09
Time x Condition —0.016 0.430 —0.057 0.024 0.02
Time? x Condition 0.001 0.164 —0.0004 0.002 0.03
Outcome Predictor B P 95%CI r
LL UL
Daily Intercept 1.263 <0.001 1.009 1.516 -
Negative Emotions Time —0.055 <0.001 —0.084 —0.026 0.09
Time? 0.002 <0.001 0.001 0.003 0.09
Condition -0.111 0.542 —0.468 0.247 0.05
Time x Condition 0.025 0.220 —0.015 0.064 0.03
Time? x Condition —0.001 0.098 —0.003 0.0002 0.04

Note. CI = confidence interval; LL = lower limit; UL = upper limit. r was calculated using the method used by Kashdan and Steger (2006): r = \/ (t2/t24df).
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negative affect over the course of the 21-day intervention (bottom sec-
tion of Table 2). We did not observe a main effect of condition, nor a
condition by time interaction. There was a significant time effect with
both linear and curvilinear changes in negative affect. Both groups
showed a decline in daily negative affect soon after the start of the
intervention, which then tapered off and increased again towards the
end of the intervention. The effect sizes were small.

3.8. Cortisol reactivity

Mean Cortisol levels. In addition to examining AUC summary
measures, we tested differences in cortisol at each point between groups.
These comparisons demonstrated no differences pre-intervention (t(df)
= 0.807(74), p = .422 at baseline; t(df) = 0.536(73), p = .593 at 20 min
post-stressor; t(df) = 0.894(74), p = .374 at 40 min post-stressor) or
post-intervention (t(df) = 0.1.388(74), p = .169 at baseline; t(df) =
0.900(72), p = .371 at 20 min post-stressor; t(df) = 0.929(72), p = .356
at 40 min post-stressor). However, an examination of within-group
differences in cortisol comparing pre-intervention vs. post-intervention
per group demonstrated a significant reduction in cortisol at 40 min
post-stressor after the intervention compared to before the intervention
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for both groups (t(df) = 2.059(32), p = .024 in the WHM group; t(df) =
2.279(39), p = .028 in the active control group), as shown in Fig. 3.

Total (AUCg) Cortisol. Participants in the WHM and active control
showed no significant change in cortisol between baseline and post-
intervention, based on area under the curve with respect to ground
(AUCg) (See the top section of Table 3.). Age and BMI were not signif-
icant predictors of AUCg.

Reactive cortisol (AUCi). Compared to their baseline scores, both
conditions showed lower cortisol at post-intervention, based on area
under the curve with respect to increase (AUCI) (See the bottom section
of Table 3.). The effect size was moderate. Age was not a significant
predictor of AUCI cortisol, though higher BMI predicted lower AUCi
cortisol. These results suggest that participants in both conditions
experienced a reduction in AUCI cortisol at post-intervention compared
to baseline, controlling for age and BMI.

4. Discussion
Identifying effective, easily accessible, brief stress resilience in-

terventions is critical to both prevent and reduce depression. This study
assessed the impact of a high-arousal intermittent hypoxia and cold
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Table 3
Results of multilevel analyses examining change in cortisol (AUCg and AUCi)
across the intervention by condition with WHM condition as reference group.

Outcome Predictor B p 95%CI r
LL UL

AUCg Intercept 2.402 <0.001 1.627 3.176 -
Post- —0.038  0.730 —0.257  0.181 0.04
Intervention
Condition —0.049 0.727 —0.329 0.230 0.03
BMI —0.009  0.486 —0.033  0.016 0.08
Age —0.007  0.252 —0.018  0.005 0.13
Post- -0.121 0.417 —0.418 0.175 0.10
Intervention x
Condition

Outcome  Predictor B P 95%CI r

LL UL

AUCi Intercept 3.393 <0.001  3.154 3.632 -
Post- —0.169  <0.001 —0.261 —0.076  0.38
Intervention
Condition 0.020 0.675 -0.075 0.115 0.04
BMI —0.009  0.029 -0.016 —-0.001 0.25
Age 0.001 0.609 —0.003  0.004 0.06
Post- 0.076 0.234 —0.050  0.201 0.14
Intervention x
Condition

Note. CI = confidence interval; LL = lower limit; UL = upper limit. r was
calculated using the method used by Kashdan and Steger (2006): r = \/ %/
t24+df); AUCg = area under the curve with respect to ground for cortisol; AUCi =
area under the curve with respect to increase for cortisol.

shower condition based on the Wim Hof Method compared to a low-
arousal active control condition with slow-paced breathing and warm
showers. Contrary to predictions, we did not observe differences be-
tween the conditions in changes in depressive symptoms, anxiety
symptoms, or perceived stress. Instead, both conditions were associated
with decreases in depressive symptoms (}24 %), anxiety symptoms (|27
%), and perceived stress (/20 %) after three weeks of practice. These
changes were sustained at the 3-month follow-up for depression (|32
%), anxiety (139 %), and perceived stress (126 %) compared to baseline.
Critically, the 3-month post-intervention comparison was a smaller
sample — an “as treated” analysis (65 % of adherent participants, 59 % of
all completers).

These findings are similar to our study with non-depressed, but
highly stressed women comparing the same WHM intervention to ex-
ercise, meditation, and active control, where all groups improved
similarly at three weeks [61]. This study suggests that stress resilience
interventions targeting low and high arousal can similarly improve
depressive symptoms, anxiety symptoms, and perceived stress even in a
group with probable major depression. However, the improvements
could also be a function of time given we did not include a standard
no-treatment control group. Findings might be due to regression to the
mean based on recruiting a moderately depressed and stressed sample.

There are several factors that could have contributed to a lack of
differences across the two conditions. The active control condition led to
greater mental health treatment expectations at baseline and higher
perceived credibility than the WHM, which may have resulted in a more
positive belief about the effect of the intervention throughout the three
weeks. Medical studies have shown that depression is an outcome highly
influenced by placebo effects [46]. Expectancy optimism has proven to
be an important determinant of the physiological effects of the Wim Hof
Method (such as immunological response to endotoxin) [47]. However,
even after controlling for the differential mental health treatment ex-
pectations, participants in both groups had similar reductions in
depressive symptoms, anxiety symptoms, and perceived stress, sug-
gesting that the active control may have acted as a genuinely effective
intervention.

There are two possible mechanisms through which the active control
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condition may have improved mental health in our participants. The
slow-paced breathing audio closely guided participants to focus on their
breath and promoted natural and comfortable breathing through the
nose, matching the guidance in the WHM condition. This audio pro-
moted mindful attention on the breath, which has demonstrated benefits
for mental health [48]. Secondly, the rhythmic breathing was paced at 8
breaths per minute, which is slower than people’s typical breathing rate
and at a level that can benefit blood pressure [49]. Slow-paced breathing
can also improve vagally-mediated heart rate variability and potentially
improve stress management through afferent signaling to the brain
[50-52]; improvements in heart rate variability may even strengthen
neural networks related to emotion regulation [53]. Thus, our active
control condition might have been effective at reducing stress by
enhancing mindfulness and improving autonomic balance, beyond
expectation effects. Indeed, in our examination of effects on the auto-
nomic nervous system changes, the slow breathing active control con-
dition appeared to have a beneficial effect [62]. The warm shower
element of this condition is unlikely to be driving intervention effects,
given that participants completed their warm shower as normal.

The only significant difference between the two interventions was
daily rumination about a stressful daily event. Compared to participants
in the active control condition, participants in the Wim Hof Method
condition reported a reduction in rumination about a stressful daily
event in the first two weeks of the intervention, though this effect faded
by the end of the intervention. This finding suggests that WHM may
reduce depressive symptoms through similar psychophysiological
mechanisms as exercise, by promoting recovery from stress through
reduced rumination [14]. One other study similarly found that the Wim
Hof Method — but not breathwork or cold exposure alone — reduces
perceived stress [33]. However, the rumination effects in our study were
small, and this one difference would not survive a multi-comparison test.

Both groups showed reductions in daily negative affect, but no in-
creases in positive affect. This is in contrast to our previous study on non-
depressed women with high stress, where the WHM condition was
associated with increases in daily positive affect (Epel et al., in review).
Particularly for people under chronic stress, positive affect can protect
against severe depression and is an important component of well-being
[54]. We tentatively conclude that these low and high arousal stress
resilience interventions do not appear effective for improving positive
affect for people with depression, although this will require further
study with larger samples.

Depression can blunt cortisol reactivity [5,6], in part due to elevated
basal cortisol, whereas chronic stress can facilitate greater reactivity
[55]. In the current sample recruited for high depressive symptoms,
participants indeed appear to have a profile typical of depression with
high basal cortisol and relatively flat reactivity curves; compared to a
sociodemographically similar sample of women recruited for high
perceived stress scores [61], this depressed sample had higher mean
baseline cortisol at pre-intervention (M = 0.12, M = 0.20, respectively)
and no increases above baseline. This cortisol trajectory could be due to
anticipatory anxiety or chronically elevated baseline levels of cortisol.
At post-intervention, the current sample showed reduced cortisol reac-
tivity (based on area under the curve with respect to increase). Exami-
nation of time points revealed that women in both conditions had
equally elevated baseline cortisol levels at each session, before and after
the intervention, but a significant reduction in cortisol at 40 min
post-stressor compared to pre-intervention, indicating improved recov-
ery from acute stress in both groups. This finding could be explained by
habituation and reduced novelty of the stressor, though the Trier Social
Stress Test was modified for the second visit in an attempt to evoke the
same physiological stress reaction. This improvement in recovery could
also be driven in part to their lower levels of depressive symptoms,
anxiety symptoms, and perceived stress.

Although the interventions were rated as equally acceptable, the
WHM condition was less popular based on dropout, perceived as less
likely to improve mental health, and perceived as less credible than the
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active control condition among participants with moderate depressive
symptoms (see Appendix B for intervention expectations, credibility,
and acceptability). While our previous study had similar dropout rates
between all interventions, the six participants who dropped out of this
study were all from the WHM. Interestingly, participants did not attri-
bute their decision to leave the study to the characteristics of the
intervention itself, but the uneven distribution suggests that they may
have disliked the high-arousal breathing exercises and cold showers.
Open-ended feedback indicated that participants wanted a better
explanation for why they were doing the breathing exercises and cold
showers. While the higher number of dropouts suggests that it may be
more difficult to retain people with moderate depressive symptoms in
the WHM condition, it may yet be a promising stress resilience inter-
vention for people with depression.

Limitations. The design of this study is limited by its focus on distress
measures, like depression, anxiety, and perceived stress, without a
battery of well-being measures [56]. Also, the temperature for the cold
exposure component of the Wim Hof Method intervention was not
strictly controlled and likely varies based on geography, time of year,
and participant adherence. A limitation to testing compliance is that we
do not have measures of autonomic nervous system activity (RSA and
PEP) during the home practices to test compliance and effects. However,
at the end of the study, we asked participants to practice the breathing
during a lab session when their autonomic activity was monitored. The
results showed significant elevations in sympathetic activity for the Wim
Hof Method breathing and parasympathetic activity for the slow
breathing. This shows that the participants were able to create the ex-
pected autonomic states within each condition [62]. We did not assess
use of intervention skills between the post-intervention and 3-month
follow-up, so it remains unclear if the maintenance of mental health
benefits in the subsample who continued to respond to questionnaires is
due to the 3-week intervention solely or to continued practice.

Future studies would ideally add well-being questionnaires; measure
water temperature or find other ways to standardize cold exposure;
collect autonomic nervous system activity during home practices; and
assess continued practice to interrogate sustained effects. While we
requested that participants maintain a consistent daily routine in terms
of diet and exercise, we also suggest that future studies track these
routines throughout the study as they can impact mental and physical
health outcomes. Larger sample sizes would facilitate detection of
smaller effects and could assess the potential impact of anti-depressant
treatments. Additionally, future studies should interrogate which com-
ponents of the WHM intervention may be driving effects on mental
health, or if they interact to create a greater cumulative effect. For
example, a recent study tested the independent and combined effects of
intermittent hypoxia and cold exposure on perceived stress, finding
greater benefits related to synergy between these techniques [33].
Finally, we recommend that future studies include a non-active control
group in addition to an active control group.

Conclusion. Contrary to preregistered predictions, we observed that
both low- and high-arousal stress reduction interventions appeared
effective for reducing depressive symptoms, anxiety symptoms, and
perceived stress in people with moderate depressive symptoms. How-
ever, we cannot rule out the contribution of time effects, such that
women recruited at moderate levels of depressive symptoms experi-
enced reductions in symptoms over time due to regression to the mean.
To our knowledge, this study is the first to establish the potential effi-
cacy of a Wim Hof Method intervention with an intermittent hypoxia
breathing technique and cold shower intervention compared to an active
control condition with slow-paced breathing and warm showers in
people with high depressive symptoms, with the limitation of not having
a no-treatment control group. Notably, the outcomes with slow paced
breathing at 8 breaths per minute were stronger than we expected, and
participants reported liking the practices. We recommend further
research into both fast-paced and slow-paced breathing exercises for
patients with moderate to high depressive symptoms, as well as a close
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examination of the exact psychobiological pathways facilitating mental
health benefits in order to optimize future intervention development.
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Appendix A. Lab Visit Procedures

Pre-intervention lab visit. Eligible participants were invited to the lab
for their initial baseline visit. Autonomic nervous system measures were
taken, described in a separate analysis (Don et al., 2023, in preparation).
Participants sat quietly for 5 min after which the baseline salivary
sample was collected. Participants then watched a neutral video, “The
Appalachian Trail,” to create a passive rest period. Participants were
asked to complete a Trier Social Stress Task (Kirschbaum et al., 1993).
They were asked to present their qualifications for a dream job to a panel
of two evaluators and perform a mental arithmetic task that involved
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counting backwards by sevens from 5-digit numbers. After a 5-min re-
covery period, the second salivary sample was collected (20 min after
the start of the TSST). Then the third and final salivary sample was
collected (40 min after the start of the TSST). Finally, participants were
randomized and informed of their intervention condition. Participants
watched an instructional intervention-specific video, then practiced
their intervention in the lab, and discussed the daily diaries before
heading home. Participants had a zoom video appointment with a
trained coach later that day, or the next morning, to review questions
about the intervention.

Post-intervention lab visit. After 21 days of intervention practice,
participants returned to the lab for their follow-up visit. The follow-up
was similar to the baseline visit with the exception of a modified TSST
to avoid practice effects and ensure a stress response to a novel task. The
speech task was more similar to the traditional TSST where the subject
was instructed to give a 5-min speech on their strengths and weaknesses
as a person. For the math task, participants were presented with a string
of numbers of varying lengths that they were asked to recite backwards
to the panel of evaluators by memory. At the end of the follow-up visit,
participants were debriefed and paid for their time spent in the study.

Appendix B. Intervention Expectations, Acceptability,
Credibility

At baseline, after the interventions were described to the partici-
pants, we examined whether differences existed between the conditions
in expectations for improvements on mental and physical wellbeing.
Results of an independent samples t-test demonstrated significant dif-
ferences between the groups in terms of mental health expectations; t
(df) =-2.663(75), p = .009. Those in the SPB condition expected greater
improvements in their mental wellbeing (M = 7.30, SD = 1.43) than the
FPB group did (M = 6.17, SD = 2.20). An independent samples t-test
found no significant difference between the groups in terms of physical
health expectations; t(df) = -0.904(75), p = .369.

Additional models were run to assess the impact of mental health
treatment expectations on primary outcomes. We ran a three-way mixed
model with depression as the outcome, and we found a significant
interaction between group assignment and expectations. The effect size
was small. We set the FPB group as the reference condition, and found
that, in the SPB group, high mental health expectations significantly
predict low depression overall (B = —2.484, 95 % CI [—4.545, —0.424],
p =.019, r = 0.20), whereas in the FPB group they did not (B = 0.180,
95 % CI [-1.178, 1.539], p = .793, r = 0.02). The effect size was small.
Mental health expectations and baseline depression were correlated at
baseline in the SPB group (r = —0.374*) and not the FPB group (r =
0.054), but there was no significant 3-way interaction between group
assignment, expectations, and time. This finding suggests that expecta-
tions did not drive change in depression over the intervention, but rather
initial depressive levels were associated with expectations (Table S4).
We also assessed the impact of mental health treatment expectations on
anxiety and perceived stress. We found that mental health treatment
expectations did not predict anxiety or perceived stress, and there were
no significant interactions between group assignment and expectations
(Tables S5 and S6).

An independent samples t-test was performed to compare CEQ ex-
pectancy scores in the FPB and SPB conditions collected at post-
intervention. There was a significant difference in CEQ credibility be-
tween the FPB (M = 16.68, SD = 7.43) and the SPB condition (M =
21.02, SD = 5.33); t(df) = -2.956(74), p = .004. This finding shows that
participants experienced the SPB intervention as significantly more
credible than the FPB intervention.

We performed an independent samples t-test to compare TAQ scores
in the FPB and SPB condition collected at post-intervention. There was
no significant difference in TAQ between the FPB (M = 34.75, SD =
5.55) and the SPB condition (M = 36.68, SD = 1.45); t(df) = -1.65(75), p
=.104.

10

Comprehensive Psychoneuroendocrinology 20 (2024) 100272
References

[1] K.S. Kendler, L.M. Karkowski, C.A. Prescott, Causal relationship between stressful
life events and the onset of major depression, Am. J. Psychiatr. 156 (1999)
837-841, https://doi.org/10.1176/ajp.156.6.837.

J.K. Kiecolt-Glaser, R. Glaser, Stress and immunity: age enhances the risks, Curr.
Dir. Psychol. Sci. 10 (2001) 18-21, https://doi.org/10.1111/1467-8721.00105.
C.K. Ettman, G.H. Cohen, S.M. Abdalla, L. Sampson, L. Trinquart, B.C. Castrucci, R.
H. Bork, M.A. Clark, I. Wilson, P.M. Vivier, S. Galea, Persistent depressive
symptoms during COVID-19: a national, population-representative, longitudinal
study of U.S. adults, Lancet Reg Health Am 5 (2022) 100091, https://doi.org/
10.1016/j.1ana.2021.100091.

V. Maletic, C.L. Raison, Neurobiology of depression, fibromyalgia and neuropathic
pain, Front. Biosci. 14 (2009) 5291-5338, https://doi.org/10.2741/3598.

H.M. Burke, M.C. Davis, C. Otte, D.C. Mohr, Depression and cortisol responses to
psychological stress: a meta-analysis, Psychoneuroendocrinology 30 (2005)
846-856, https://doi.org/10.1016/j.psyneuen.2005.02.010.

M. Gerber, C. Imboden, J. Beck, S. Brand, F. Colledge, A. Eckert, E. Holsboer-
Trachsler, U. Pithse, M. Hatzinger, Effects of aerobic exercise on cortisol stress
reactivity in response to the trier social stress test in inpatients with major
depressive disorders: a randomized controlled trial, J. Clin. Med. 9 (2020) 1419,
https://doi.org/10.3390/jcm9051419.

J.V. Zorn, R.R. Schiir, M.P. Boks, R.S. Kahn, M. Joéls, C.H. Vinkers, Cortisol stress
reactivity across psychiatric disorders: a systematic review and meta-analysis,
Psychoneuroendocrinology 77 (2017) 25-36, https://doi.org/10.1016/j.
psyneuen.2016.11.036.

L.S. Nandam, M. Brazel, M. Zhou, D.J. Jhaveri, Cortisol and major depressive
disorder—translating findings from humans to animal models and back, Front.
Psychiatr. 10 (2020).

R. Shao, 1.S.C. Man, S.-Y. Yau, C. Li, P.Y.P. Li, W.K. Hou, S.X. Li, F.Y. Liu, Y.

K. Wing, T.M.C. Lee, The interplay of acute cortisol response and trait affectivity in
associating with stress resilience, Nat. Mental Health 1 (2023) 114-123, https://
doi.org/10.1038/s44220-023-00016-0.

T. Steckler, F. Holsboer, J.M.H.M. Reul, Glucocorticoids and depression, Best Pract.
Res. Clin. Endocrinol. Metabol. 13 (1999) 597-614, https://doi.org/10.1053/
beem.1999.0046.

M.P. Mattson, Hormesis defined, Ageing Res. Rev. 7 (2008) 1-7, https://doi.org/
10.1016/j.arr.2007.08.007.

E.S. Epel, The geroscience agenda: toxic stress, hormetic stress, and the rate of
aging, Ageing Res. Rev. 63 (2020) 101167, https://doi.org/10.1016/j.
arr.2020.101167.

W. Liu, T. Ge, Y. Leng, Z. Pan, J. Fan, W. Yang, R. Cui, The role of neural plasticity
in depression: from Hippocampus to prefrontal cortex, Neural Plast. 2017 (2017)
6871089, https://doi.org/10.1155/2017/6871089.

E. Puterman, A. O’'Donovan, N.E. Adler, A.J. Tomiyama, M. Kemeny, O.

M. Wolkowitz, E. Epel, Physical activity moderates effects of stressor-induced
rumination on cortisol reactivity, Psychosom. Med. 73 (2011) 604-611, https://
doi.org/10.1097/PSY.0b013e318229¢1e0.

M.S. Sothmann, J. Buckworth, R.P. Claytor, R.H. Cox, J.E. White-Welkley, R.

K. Dishman, Exercise training and the cross-stressor adaptation hypothesis, Exerc.
Sport Sci. Rev. 24 (1996) 267-287.

E.E. Bernstein, R.J. McNally, Exercise as a buffer against difficulties with emotion
regulation: a pathway to emotional wellbeing, Behav. Res. Ther. 109 (2018)
29-36, https://doi.org/10.1016/j.brat.2018.07.010.

S. Klaperski, B. von Dawans, M. Heinrichs, R. Fuchs, Effects of a 12-week
endurance training program on the physiological response to psychosocial stress in
men: a randomized controlled trial, J. Behav. Med. 37 (2014) 1118-1133, https://
doi.org/10.1007/510865-014-9562-9.

E.W. Martinsen, Benefits of exercise for the treatment of depression, Sports Med. 9
(1990) 380-389, https://doi.org/10.2165/00007256-199009060-00006.

J. Firth, S. Rosenbaum, B. Stubbs, P. Gorczynski, A.R. Yung, D. Vancampfort,
Motivating factors and barriers towards exercise in severe mental illness: a
systematic review and meta-analysis, Psychol. Med. 46 (2016) 2869, https://doi.
org/10.1017/50033291716001732.

G.W. Fincham, A. Kartar, M.V. Uthaug, B. Anderson, L. Hall, Y. Nagai, H. Critchley,
A. Colasanti, High ventilation breathwork practices: an overview of their effects,
mechanisms, and considerations for clinical applications, Neurosci. Biobehav. Rev.
155 (2023) 105453, https://doi.org/10.1016/j.neubiorev.2023.105453.

E.A. Rybnikova, N.N. Nalivaeva, M.Y. Zenko, K.A. Baranova, Intermittent hypoxic
training as an effective tool for increasing the adaptive potential, endurance and
working capacity of the brain, Front. Neurosci. 16 (2022) 941740, https://doi.org/
10.3389/fnins.2022.941740.

E. Merellano-Navarro, M. Camacho-Cardenosa, G.P. Costa, E. Wiggers,

G. Marcolino Putti, J. Evandro Nogueira, E. Aparecida da Silva Lizzi, AA. Trapé,
Effects of different protocols of moderate-intensity intermittent hypoxic training on
mental health and quality of life in Brazilian adults recovered from COVID-19: the
AEROBICOVID double-blind randomized controlled study, Healthcare (Basel) 11
(2023) 3076, https://doi.org/10.3390/healthcare11233076.

X.-H. Zhu, H.-C. Yan, J. Zhang, H.-D. Qu, X.-S. Qiu, L. Chen, S.-J. Li, X. Cao, J.
C. Bean, L.-H. Chen, X.-H. Qin, J.-H. Liu, X.-C. Bai, L. Mei, T.-M. Gao, Intermittent
hypoxia promotes hippocampal neurogenesis and produces antidepressant-like
effects in adult rats, J. Neurosci. 30 (2010) 12653-12663, https://doi.org/
10.1523/JNEUROSCI.6414-09.2010.

1. Kang, D. Kondo, J. Kim, LK. Lyoo, D. Yurgelun-Todd, J. Hwang, P.F. Renshaw,
Elevating the level of hypoxia inducible factor may be a new potential target for

[2]

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]


https://doi.org/10.1176/ajp.156.6.837
https://doi.org/10.1111/1467-8721.00105
https://doi.org/10.1016/j.lana.2021.100091
https://doi.org/10.1016/j.lana.2021.100091
https://doi.org/10.2741/3598
https://doi.org/10.1016/j.psyneuen.2005.02.010
https://doi.org/10.3390/jcm9051419
https://doi.org/10.1016/j.psyneuen.2016.11.036
https://doi.org/10.1016/j.psyneuen.2016.11.036
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref8
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref8
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref8
https://doi.org/10.1038/s44220-023-00016-0
https://doi.org/10.1038/s44220-023-00016-0
https://doi.org/10.1053/beem.1999.0046
https://doi.org/10.1053/beem.1999.0046
https://doi.org/10.1016/j.arr.2007.08.007
https://doi.org/10.1016/j.arr.2007.08.007
https://doi.org/10.1016/j.arr.2020.101167
https://doi.org/10.1016/j.arr.2020.101167
https://doi.org/10.1155/2017/6871089
https://doi.org/10.1097/PSY.0b013e318229e1e0
https://doi.org/10.1097/PSY.0b013e318229e1e0
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref15
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref15
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref15
https://doi.org/10.1016/j.brat.2018.07.010
https://doi.org/10.1007/s10865-014-9562-9
https://doi.org/10.1007/s10865-014-9562-9
https://doi.org/10.2165/00007256-199009060-00006
https://doi.org/10.1017/S0033291716001732
https://doi.org/10.1017/S0033291716001732
https://doi.org/10.1016/j.neubiorev.2023.105453
https://doi.org/10.3389/fnins.2022.941740
https://doi.org/10.3389/fnins.2022.941740
https://doi.org/10.3390/healthcare11233076
https://doi.org/10.1523/JNEUROSCI.6414-09.2010
https://doi.org/10.1523/JNEUROSCI.6414-09.2010

R. Blades et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

the treatment of depression, Med. Hypotheses 146 (2021) 110398, https://doi.org/
10.1016/j.mehy.2020.110398.

M.C. Valenza, G. Valenza-Pena, I. Torres-Sanchez, E. Gonzalez-Jiménez, A. Conde-
Valero, G. Valenza-Demet, Effectiveness of controlled breathing techniques on
anxiety and depression in hospitalized patients with copd: a randomized clinical
trial, Respir. Care 59 (2014) 209-215, https://doi.org/10.4187 /respcare.02565.
J. Burtscher, R.T. Mallet, V. Pialoux, G.P. Millet, M. Burtscher, Adaptive responses
to hypoxia and/or hyperoxia in humans, Antioxidants Redox Signal. 37 (2022)
887-912, https://doi.org/10.1089/ars.2021.0280.

M. Nakamoto, Responses of sympathetic nervous system to cold exposure in
vibration syndrome subjects and age-matched healthy controls, Int. Arch. Occup.
Environ. Health 62 (1990) 177-181, https://doi.org/10.1007/BF00383595.

J. Leppéluoto, T. Westerlund, P. Huttunen, J. Oksa, J. Smolander, B. Dugué,

M. Mikkelsson, Effects of long-term whole-body cold exposures on plasma
concentrations of ACTH, beta-endorphin, cortisol, catecholamines and cytokines in
healthy females, Scand. J. Clin. Lab. Investig. 68 (2008) 145-153, https://doi.org/
10.1080/00365510701516350.

N.A. Shevchuk, Adapted cold shower as a potential treatment for depression, Med.
Hypotheses 70 (2008) 995-1001, https://doi.org/10.1016/j.mehy.2007.04.052.
M. Kox, M. Stoffels, S.P. Smeekens, N. van Alfen, M. Gomes, T.M.H. Eijsvogels, M.
T.E. Hopman, J.G. van der Hoeven, M.G. Netea, P. Pickkers, The influence of
concentration/meditation on autonomic nervous system activity and the innate
immune response: a case study, Psychosom. Med. 74 (2012) 489-494, https://doi.
org/10.1097/PSY.0b013e3182583c6d.

M. Kox, L.T. van Eijk, J. Zwaag, J. van den Wildenberg, F.C.G.J. Sweep, J.G. van
der Hoeven, P. Pickkers, Voluntary activation of the sympathetic nervous system
and attenuation of the innate immune response in humans, Proc. Natl. Acad. Sci. U.
S. A. 111 (2014) 7379-7384, https://doi.org/10.1073/pnas.1322174111.

G.A. Buijze, H.M.Y. De Jong, M. Kox, M.G. van de Sande, D. Van Schaardenburg, R.
M. Van Vugt, C.D. Popa, P. Pickkers, D.L.P. Baeten, An add-on training program
involving breathing exercises, cold exposure, and meditation attenuates
inflammation and disease activity in axial spondyloarthritis - a proof of concept
trial, PLoS One 14 (2019) e0225749, https://doi.org/10.1371/journal.
pone.0225749.

C.S. Kopplin, L. Rosenthal, The positive effects of combined breathing techniques
and cold exposure on perceived stress: a randomised trial, Curr. Psychol. 42 (2023)
27058-27070, https://doi.org/10.1007/512144-022-03739-y.

T. Petraskova Touskova, P. Bob, Z. Bares, Z. Vanickova, D. Nyvlt, J. Raboch,

A novel Wim Hof psychophysiological training program to reduce stress responses
during an Antarctic expedition, J. Int. Med. Res. 50 (2022) 03000605221089883,
https://doi.org/10.1177,/03000605221089883.

S. Ketelhut, D. Querciagrossa, X. Bisang, X. Metry, E. Borter, C.R. Nigg, The
effectiveness of the Wim Hof method on cardiac autonomic function, blood
pressure, arterial compliance, and different psychological parameters, Sci. Rep. 13
(2023) 17517, https://doi.org/10.1038/541598-023-44902-0.

K. Kroenke, T.W. Strine, R.L. Spitzer, J.B.W. Williams, J.T. Berry, A.H. Mokdad,
The PHQ-8 as a measure of current depression in the general population, J. Affect.
Disord. 114 (2009) 163-173, https://doi.org/10.1016/j.jad.2008.06.026.

R.L. Spitzer, K. Kroenke, J.B.W. Williams, B. Lowe, A brief measure for assessing
generalized anxiety disorder: the GAD-7, Arch. Intern. Med. 166 (2006)
1092-1097, https://doi.org/10.1001/archinte.166.10.1092.

L.S. Radloff, The CES-D Scale: a self-report depression scale for research in the
general population, Appl. Psychol. Meas. 1 (1977) 385-401, https://doi.org/
10.1177/014662167700100306.

P.A. Pilkonis, L. Yu, N.E. Dodds, K.L. Johnston, C.C. Maihoefer, S.M. Lawrence,
Validation of the depression item bank from the Patient-Reported Outcomes
Measurement Information System (PROMIS®) in a three-month observational
study, J. Psychiatr. Res. 56 (2014) 112-119, https://doi.org/10.1016/j.
jpsychires.2014.05.010.

S. Cohen, Perceived stress in a probability sample of the United States, in: The
Social Psychology of Health, the Claremont Symposium on Applied Social
Psychology, Sage Publications, Inc, Thousand Oaks, CA, US, 1988, pp. 31-67.

11

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[61]

[62]

Comprehensive Psychoneuroendocrinology 20 (2024) 100272

M. Galanakis, A. Stalikas, C. Pezirkianidis, I. Karakasidou, Reliability and validity
of the modified differential emotions scale (mDES) in a Greek sample, Psychology 7
(2016) 101, https://doi.org/10.4236/psych.2016.71012.

G.J. Devilly, T.D. Borkovec, Psychometric properties of the credibility/expectancy
questionnaire, J. Behav. Ther. Exp. Psychiatr. 31 (2000) 73-86, https://doi.org/
10.1016/s0005-7916(00)00012-4.

J. Hunsley, Development of the treatment acceptability questionnaire,

J. Psychopathol. Behav. Assess. 14 (1992) 55-64, https://doi.org/10.1007/
BF00960091.

J.E. Khoury, A. Gonzalez, R.D. Levitan, J.C. Pruessner, K. Chopra, V.S. Basile,

M. Masellis, A. Goodwill, L. Atkinson, Summary cortisol reactivity indicators:
interrelations and meaning, Neurobiology of Stress 2 (2015) 34-43, https://doi.
org/10.1016/j.ynstr.2015.04.002.

M. Schorr, E.A. Lawson, L.E. Dichtel, A. Klibanski, K.K. Miller, Cortisol measures
across the weight spectrum, J. Clin. Endocrinol. Metab. 100 (2015) 3313-3321,
https://doi.org/10.1210/JC.2015-2078.

B.R. Rutherford, T.D. Wager, S.P. Roose, Expectancy and the treatment of
depression: a review of experimental methodology and effects on patient outcome,
Curr. Psychiatr. Rev. 6 (2010) 1-10, https://doi.org/10.2174/
157340010790596571.

H. van Middendorp, M. Kox, P. Pickkers, A.W.M. Evers, The role of outcome
expectancies for a training program consisting of meditation, breathing exercises,
and cold exposure on the response to endotoxin administration: a proof-of-
principle study, Clin. Rheumatol. 35 (2016) 1081-1085, https://doi.org/10.1007/
510067-015-3009-8.

F.A. Jain, R.N. Walsh, S.J. Eisendrath, S. Christensen, B.R. Cahn, Critical analysis of
the efficacy of meditation therapies for acute and subacute phase treatment of
depressive disorders: a systematic review, Psychosomatics 56 (2015) 140-152,
https://doi.org/10.1016/j.psym.2014.10.007.

M. Sharma, W.H. Frishman, K. Gandhi, RESPeRATE: nonpharmacological
treatment of hypertension, Cardiol. Rev. 19 (2011) 47-51, https://doi.org/
10.1097/CRD.0b013e3181fclae6.

R.J.S. Gerritsen, G.P.H. Band, Breath of life: the respiratory vagal stimulation
model of contemplative activity, Front. Hum. Neurosci. 12 (2018), https://doi.org/
10.3389/fnhum.2018.00397.

D.J. Noble, S. Hochman, Hypothesis: pulmonary afferent activity patterns during
slow, deep breathing contribute to the neural induction of physiological relaxation,
Front. Physiol. 10 (2019), https://doi.org/10.3389/fphys.2019.01176.

C. Sevoz-Couche, S. Laborde, Heart rate variability and slow-paced breathing:when
coherence meets resonance, Neurosci. Biobehav. Rev. 135 (2022) 104576, https://
doi.org/10.1016/j.neubiorev.2022.104576.

M. Mather, J.F. Thayer, How heart rate variability affects emotion regulation brain
networks, Current Opinion in Behavioral Sciences, Emotion-cognition interactions
19 (2018) 98-104, https://doi.org/10.1016/j.cobeha.2017.12.017.

A.R. Sewart, T.D. Zbozinek, C. Hammen, R.E. Zinbarg, S. Mineka, M.G. Craske,
Positive affect as a buffer between chronic stress and symptom severity of
emotional disorders, Clin. Psychol. Sci. 7 (2019) 914-927, https://doi.org/
10.1177/2167702619834576.

E.S. Young, J.R. Doom, A.K. Farrell, E.A. Carlson, M.M. Englund, G.E. Miller, M.
R. Gunnar, G.I. Roisman, J.A. Simpson, Life stress and cortisol reactivity: an
exploratory analysis of the effects of stress exposure across life on HPA-axis
functioning, Dev. Psychopathol. 33 (2021) 301-312, https://doi.org/10.1017/
S0954579419001779.

C.L.M. Keyes, The mental health continuum: from languishing to flourishing in life,
J. Health Soc. Behav. 43 (2002) 207-222.

E. Epel, B. Don, S. Mayer, R. Blades, A. Mason, E. Fromer, J. O’Bryan, R. Dileo, J.
Guan, S. Schilf, S. Cheng, P. Prather, W. Berry Mendes, A randomized controlled
pilot trial of low and high arousal resilience interventions for depressive symptoms,
Annals of Behavioral Medicine (under review).

B.P. Don, R. Blades, J. O’Bryan, R. Dileo, E. Fromer, A.A. Prather, E.S. Epel, W.B.
Mendes, Stress resilience training: Comparing slow-paced breathing to fast-paced
breathing interventions on autonomic and emotional reactivity to acute stress, in
preparation.


https://doi.org/10.1016/j.mehy.2020.110398
https://doi.org/10.1016/j.mehy.2020.110398
https://doi.org/10.4187/respcare.02565
https://doi.org/10.1089/ars.2021.0280
https://doi.org/10.1007/BF00383595
https://doi.org/10.1080/00365510701516350
https://doi.org/10.1080/00365510701516350
https://doi.org/10.1016/j.mehy.2007.04.052
https://doi.org/10.1097/PSY.0b013e3182583c6d
https://doi.org/10.1097/PSY.0b013e3182583c6d
https://doi.org/10.1073/pnas.1322174111
https://doi.org/10.1371/journal.pone.0225749
https://doi.org/10.1371/journal.pone.0225749
https://doi.org/10.1007/s12144-022-03739-y
https://doi.org/10.1177/03000605221089883
https://doi.org/10.1038/s41598-023-44902-0
https://doi.org/10.1016/j.jad.2008.06.026
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/j.jpsychires.2014.05.010
https://doi.org/10.1016/j.jpsychires.2014.05.010
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref40
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref40
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref40
https://doi.org/10.4236/psych.2016.71012
https://doi.org/10.1016/s0005-7916(00)00012-4
https://doi.org/10.1016/s0005-7916(00)00012-4
https://doi.org/10.1007/BF00960091
https://doi.org/10.1007/BF00960091
https://doi.org/10.1016/j.ynstr.2015.04.002
https://doi.org/10.1016/j.ynstr.2015.04.002
https://doi.org/10.1210/JC.2015-2078
https://doi.org/10.2174/157340010790596571
https://doi.org/10.2174/157340010790596571
https://doi.org/10.1007/s10067-015-3009-8
https://doi.org/10.1007/s10067-015-3009-8
https://doi.org/10.1016/j.psym.2014.10.007
https://doi.org/10.1097/CRD.0b013e3181fc1ae6
https://doi.org/10.1097/CRD.0b013e3181fc1ae6
https://doi.org/10.3389/fnhum.2018.00397
https://doi.org/10.3389/fnhum.2018.00397
https://doi.org/10.3389/fphys.2019.01176
https://doi.org/10.1016/j.neubiorev.2022.104576
https://doi.org/10.1016/j.neubiorev.2022.104576
https://doi.org/10.1016/j.cobeha.2017.12.017
https://doi.org/10.1177/2167702619834576
https://doi.org/10.1177/2167702619834576
https://doi.org/10.1017/S0954579419001779
https://doi.org/10.1017/S0954579419001779
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref56
http://refhub.elsevier.com/S2666-4976(24)00048-1/sref56

	A randomized controlled clinical trial of a Wim Hof Method intervention in women with high depressive symptoms
	1 Introduction
	2 Methods
	2.1 Measures
	2.2 Analytic strategy

	3 Results
	3.1 Descriptive statistics and bivariate correlations
	3.2 Trait outcome 1: depression (CES-D)
	3.3 Trait outcome 2: anxiety (GAD-7)
	3.4 Trait outcome 3: Perceived Stress Scale (PSS)
	3.5 Daily outcome 1: stress rumination
	3.6 Daily outcome 2: positive affect
	3.7 Daily outcome 3: negative affect
	3.8 Cortisol reactivity

	4 Discussion
	CRediT authorship contribution statement
	Compliance with ethical standards
	Funding support
	Declaration of competing interest
	Acknowledgements
	Appendix C Supplementary data
	Appendix A Lab Visit Procedures
	Appendix B Intervention Expectations, Acceptability, Credibility
	References




