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Abstract

Objective: To examine the effects of the Wim Hof Method (WHM), with cold exposure (WHM-C) and
without (WHM-NC), on mental and physical health in individuals with chronic spinal cord injury (SCI).

Design: Randomized-controlled trial.
Setting: Rehabilitation center.
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Participants: Sixty-two adults with chronic SCI (37% tetraplegia, 41% motor complete) were rando-
mized into three groups: WHM-C, WHM-NC, and usual care (UC).

Intervention: The intervention groups participated in a 7-week program involving weekly supervised ses-
sions and daily home practice. WHM-NC included breathing exercises and mindset training, while WHM-
C also incorporated cold exposure. UC participants received no intervention.

Main measures: The primary outcome was the Mental Health Inventory (MHI-5) score. Secondary out-
comes included inflammatory and metabolic markers, pulmonary function, body composition, sleep qual-
ity, spasticity, chronic pain, and psychological stress.

Results: WHM-NC had eight dropouts, mostly due to motivation or unrelated medical issues, while
WHM-C and UC had one dropout each. No significant differences in MHI-5 scores were observed
between groups. However, WHM-C participants reported reduced pain interference in daily activities
compared to UC (p=0.027). WHM-C also showed improvements in inspiratory parameters FIVI
(+27%, p=0.02) and PIF (4+23%, p=0.02) and a significant reduction in fasting glucose concentration
(-6%, p=0.006) compared to UC.

Conclusions: While 44% of WHM-NC dropped out, WHM-C appears to be a feasible, effective inter-
vention for improving aspects of physical health and pain perception in a broad group of individuals
with chronic SCI, although no significant mental health benefits were observed.
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Breathing Exercises* / methods, Cold Temperature*, Health Status, Mental Health, Spinal Cord Injuries* /
complications, Spinal Cord Injuries* / rehabilitation
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therapies. The Wim Hof Method is based on three
elements: 1) deep breathing exercises; 2) mindset,
that is, commitment to maintaining focus on the
task without distraction; and 3) gradual cold expos-
ure (e.g., cold showers or cold-water immersion).”
The development of the Wim Hof Method and its
content is described in detail in a systematic
review.°

The effects of the Wim Hof Method breathing
and mindset exercises were previously investigated
in persons with spinal cord injury,’ showing that this
intervention is feasible and can lead to improve-
ments in respiratory function and sleep outcomes.
These results are supported by studies investigating
the effect of the Wim Hof Method in able-bodied
and other patient groups, suggesting that the inter-

Introduction
A spinal cord injury can lead to a variety of second-
ary complications, such as respiratory problems due
to decreased respiratory function, spasticity, chronic
pain,’ chronic low-grade inflammation,” and unfavorable
body composition and lipid profile.® Besides phys-
ical complications, persons with spinal cord injury
often experience psychological difficulties, such as
a high perceived stress, which is directly related to
depression, anxiety, and reduced life satisfaction.*
These complications are often persistent and multi-
factorial, requiring interventions that address
both physiological and psychological domains
simultaneously.

The Wim Hof Method may have a positive effect
on these physical and psychological secondary com-

plications and offers a unique integrative approach
that is both accessible and low-cost, making it par-
ticularly suitable for individuals with chronic spinal
cord injury who may face barriers to conventional

vention may reduce inflammation in healthy adults
and those with axial spondyloarthritis.® Additional
benefits have been reported on psychological
response such as perceived stress, well-being, and
depression.®®* However, not all studies have found
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positive effects; for example, one study showed that
daily practice of the Wim Hof Method did not improve
cardiovascular or psychological parameters.’

Existing studies on the Wim Hof Method have lim-
itations, including lack of randomization,”® short
intervention durations,®® and not including cold
exposure.” Cold exposure and breathing exercises
may offer independent benefits—cold exposure
improves insulin sensitivity,'® lipid profiles,'"' mood
and depression,'? while breathing exercises reduce
stress and anxiety'>—yet direct comparisons between
interventions remain lacking. To address these gaps, a
randomized controlled trial with a larger sample size
comparing the Wim Hof Method with and without
cold exposure in persons with spinal cord injury is
needed to obtain a more robust evidence base for
the clinical application of this intervention.

The present study, therefore, investigated the
effects of a 7-week Wim Hof Method intervention,
with and without cold exposure, on both mental and
physical health outcomes in persons with chronic
spinal cord injury through a three-arm randomized
controlled trial design. The primary outcome was men-
tal health, while secondary outcomes included inflam-
matory and metabolic markers, pulmonary function,
body composition, sleep quality, spasticity, chronic
pain, and psychological stress. It was hypothesized
that the Wim Hof Method with cold exposure would
lead to greater improvements in mental health and sec-
ondary outcomes compared to the method without
cold exposure, and that both interventions would out-
perform usual care.

Methods

The study protocol was previously described in a
dedicated protocol paper'* and registered at
ClinicalTrials.gov (Trial registration number:
NCT05704322). We adhered to the CONsolidated
Standards Of Reporting Trials (CONSORT) 2025
checklist for reporting randomized trials.">

Ethical approval was obtained from the Medical
Ethics Committee of the Maxima Medical Centre
(Veldhoven, the Netherlands; identifier: w22.069),
in accordance with the Helsinki Declaration revised
in 1983, and informed consent was signed by all
participants prior to any study procedures.

Participants

Participants were actively recruited during outpatient
rehabilitation visits at Reade Center for Rehabilitation
& Rheumatology (Amsterdam, the Netherlands),
and passively recruited via the Dutch spinal cord
injury patient organization and other rehabilitation
centers with a spinal cord injury unit. Screening
and enrollment were conducted by rehabilitation
professional.

The participants’ inclusion criteria were as follows:
having a chronic spinal cord injury (time since
injury > 1 year), regardless of level or complete-
ness—assessed using the ASIA scale—and being
aged between 18 and 75 years.

Exclusion criteria were: a history of severe auto-
nomic dysreflexia, insufficient mastery of the Dutch
language, severe cognitive or communicative disor-
ders, cardiac arrhythmias or disease, progressive dis-
ease, being or becoming pregnant during the study
period, severe psychiatric illness or disorders, severe
pulmonary disease, recent experience with (parts of)
the Wim Hof Method that may have resulted in
improvements in outcome measures, being involved
in another intervention which may have an effect on
the outcome measures of the present study, and contra-
indication identified by a physician to participate in the
intervention based on a medical screening.

Study Design

A three-arm, parallel-group, superiority randomized
controlled trial was conducted to compare two interven-
tion groups (Wim Hof Method with and without
cold exposure) and a usual care group. Following pre-
treatment assessments, participants in the Wim Hof
Method with and without cold exposure groups engaged
in a 7-week intervention, while those allocated to usual
care were asked to continue their daily life as usual.
Posttreatment assessments were made 3—10 days fol-
lowing the final Wim Hof Method group session.
Participants continued with the home-based sessions
of the intervention until the posttreatment assessment.

Randomization, Treatment Allocation, and Blinding

After enrollment, participants were randomized in a
1:1:1 allocation ratio to one of three study groups.
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Randomization was stratified by level of injury (tetra-
plegia/paraplegia) using a web-based program (study-
randomizer.com) and a random permuted block
algorithm with variable (6-12) block sizes. The ran-
domization sequence was generated and managed by
the Principal Investigator (SdeG), who was not involved
in participant enrollment or intervention delivery.

Blinding of participants to their group allocation
was difficult to accomplish due to the obvious dif-
ferences between conditions. However, to minimize
expectancy effects and motivational bias, no explicit
mention of expected intervention benefits was com-
municated by the investigators. To enhance engage-
ment, participants allocated to usual care were offered
the Wim Hof Method intervention after the posttreat-
ment assessments. Pre- and posttreatment assessments
were performed by independent assessors. Although
the study design aimed to ensure blinded assessment,
blinding could not be fully maintained during data col-
lection, as participants occasionally and inadvertently
revealed their group allocation.

Intervention Groups

The Wim Hof Method is structured around three core
components: breathing exercises, mindset, and cold
exposure. Participants in the Wim Hof Method without
cold exposure engaged in breathing exercises and mind-
set only, while those in the Wim Hof Method with cold
exposure group additionally took cold showers. Detailed
instructions were provided at the start of the intervention.
Both intervention groups participated in weekly group
sessions led by a certified Wim Hof Method instructor
and were instructed to perform one daily Wim Hof
Method session at home. To facilitate communication
and support, participants were in a WhatsApp group
with the therapists/instructors, allowing them to ask
questions about their home sessions.

Breathing Exercises. The Wim Hof Method breathing
protocol consisted of two exercises. First, partici-
pants performed deep inhalations through the nose
or mouth, followed by relaxed exhalations through
the mouth, for an average of 30 breaths. After the
final exhalation, the participant exhaled deeply and
held their breath in an unforced manner until they
felt a stimulus to inhale (“retention phase”). For safety

reasons, breath retention was limited to a maximum of
3.5 min. This was followed by a deep inhalation
breath, held for 15 s, after which a new cycle began.
Participants followed the breathing instructions—that
is, when to inhale and exhale—provided by the voice
guidance in the Wim Hof Method app. During the first
3 weeks, participants completed 3 cycles of 30 breaths
per session, and 4 cycles of 40 breaths thereafter.

Mindset. The mindset was trained during the breathing
exercises in both intervention groups, and in the cold
exposure group, it was also trained during the cold
showers, that is, to focus on their breathing rather than
on the cold. There was no additional time dedicated spe-
cifically to mindset training. Commitment to focusing on
the task without being distracted was encouraged during
the group sessions and required during the home-based
sessions. Key psychological components of the Wim
Hof Method, that is, willpower, self-control, and com-
mitment, were emphasized as essential to the practice.

Gradual Cold Exposure. Throughout the intervention,
the participants of the Wim Hof Method with cold expos-
ure underwent progressive cold exposure. During the
first 14 days, cold exposure—specifically adapted for
our group with SCI—consisted of washing nonpara-
lyzed body parts with cold cloths. Once tolerated, the
paralyzed body parts were washed similarly. After this
initial phase, the regular progressive cold-exposure com-
ponent of the Wim Hof Method was introduced.
Participants began taking cold showers starting at 30 s,
increased by 10 s each day until reaching a maximum
of 2.5 min. Participants were asked to measure the tem-
perature of the water with a thermometer (Digital therm-
ometer, Mini LCD - THO11) they received from the
researchers. The first cold shower was taken under super-
vision of a health care professional at the rehabilitation
center. After the final group session, participants in the
Wim Hof Method with cold exposure group were offered
the opportunity to take an ice bath for a maximum of
2 min.

Usual Care Group

Participants in the usual care group participated only
in the pre- and posttreatment assessments and were
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requested to continue their daily life as usual during
the 7 weeks in between.

Outcome Measures

The following questionnaires and tests were admi-
nistered pre- and post-treatment (after 7 weeks,
i.e., immediately following the intervention period
for the intervention groups).

Primary Outcome. Mental health was assessed through
the Mental Health Index-5, a subscale of the 36-Item
Short Form Health Survey (SF-36).'® The Mental
Health Index-5 specifically assesses five aspects of
mental health: nervousness, sadness, peacefulness,
mood, and happiness. A sum score was calculated ran-
ging from 0 (lowest mental health) to 100 (highest
mental health). A cutoff point of <72 refers to mental
health problems, and a cutoff point of <60 refers to
severe mental health problems.

Psychological Outcomes. Health-related quality of life
was assessed with the Dutch translation of the men-
tal and physical component of the SF-36."7 The
SF-36 comprises 36 items and evaluates eight
domains: physical functioning, role limitations due
to physical health, bodily pain, general health per-
ceptions, vitality, social functioning, role limitations
due to emotional problems, and general mental
health. Each domain score, including the Mental
Health Index-5, ranges from 0 to 100, with higher
scores indicating better health-related quality of life.

Mindful attention awareness was measured with
the 16-item Mindful Attention Awareness Scale.'®
The average score is low (0-3.58), meaning a low
self-reflection, behavior, and/or environmental
awareness; moderate (3.58—4.22), meaning varying
degrees of awareness; or high (above 4.22), mean-
ing a lot of awareness.

Experienced hyperventilation was assessed with
the 16-item Nijmegen Hyperventilation Syndrome
Questionnaire.'” The Nijmegen Hyperventilation
Syndrome questionnaire primarily focuses on the
subjective and psychological aspects of breathing
and how it reacts to stress. A total score exceeding
23 indicates notable hyperventilation symptoms.

The 9-item Pittsburgh Sleep Quality Index*® was
used to assess sleep patterns and perceived sleep quality

over the preceding month. The Pittsburgh Sleep
Quality Index consist of the component scores subject-
ive sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medi-
cation, and daytime dysfunction. The overall
Pittsburgh Sleep Quality Index score is derived from
the sum of these seven component scores, with lower
total scores indicating better sleep quality.

Chronic pain was measured with the International
Spinal Cord Injury Pain Basic Data Set,*! including
items related to pain intensity, interference with daily
activities, mood, and sleep during the last week.

The degree of spasticity of the legs at the test day
and the degree of discomfort due to this spasticity
were scored on a 0—10 scale. The hindrance partici-
pants perceive due to spasticity was assessed for dif-
ferent aspects of daily living activities: sleeping,
making transfers, washing and clothing, wheelchair
maneuvering and propulsion, and “other activ-
ities.”*? An overall spasticity hindrance score was
calculated by summing the individual scores, yield-
ing a total score ranging from 0 (no hindrance) to 10
(significant hindrance across all activities of daily
living).

Physical Health Outcomes. Pulmonary function was
assessed according to a standardized protocol” with
the EasyOne Air (NDD Medical Technologies,
Andover, MA, USA). The following parameters
were measured: forced vital capacity, forced expira-
tory volume in 1 s, forced inspiratory volume in 1 s,
peak expiratory flow and peak inspiratory flow.
Participants had to breathe through a mouthpiece
while wearing a nose clip. Each measurement was per-
formed until 3 reproducible measurements within at
least + 5% were registered. The highest measured
value of each parameter was used for further analysis.

Blood pressure was assessed in triplicate through an
automated arterial pressure monitor (Omron M6
Comfort (HEM-7360-E), Omron Healthcare, Kyoto,
Japan).

Body mass was measured to the nearest 0.1 kg on
a wheelchair weighing scale (SECA Benelux,
Medical Measuring Systems and Scales, Naarden, the
Netherlands). Mass from the wheelchair was deducted
from the total measured mass (wheelchair + user) to
determine the body mass of the individual.
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Body composition was assessed in a supine pos-
ition by bioimpedance analysis (Bodystat 1500MDD,
Bodystat Inc, Douglas, United Kingdom). Two elec-
trodes were attached to the right foot, at the end of
the second metatarsal, and between the medial and lat-
eral malleoli of the ankle. Two other electrodes were
attached to the right hand, at the distal end of the third
metacarpal and between the styloid processes of the
radius and ulna. The participants were asked not to par-
ticipate in heavy exercise and to empty the bladder
before the measurement. Furthermore, the participant
was asked to liec down quietly for a few minutes before
the measurement started so that fluid could evenly be
distributed over the body. Outcome measures of BIA
are fat mass (kg) and lean body mass (kg).

Following an overnight fast and 15 min of seated
rest, a blood sample was collected from an antecubi-
tal vein. The circulating concentration of C-reactive
protein, glucose, triglycerides, total cholesterol, and
low- and high-density lipoprotein-cholesterol was
determined immediately following blood draw by
a specialized laboratory facility at the Amsterdam
University Medical Center. At the same laboratory
facility, plasma was stored at —80 °C for batch ana-
lysis of interleukin-6 concentration via enzyme-
linked immunosorbent assays.

Adherence and Experiences. All adverse events and
serious adverse events were monitored throughout
the study period. Participants were asked to com-
plete a diary after each Wim Hof Method session
between the first and last group session, noting the
number of breaths and cycles per session, their sub-
jective experience, and any cold exposure, including
duration and water temperature, and any unexpected
symptoms or complications, if applicable. These
diaries were reviewed by the study team during
each weekly group session and used to assess adher-
ence to the intervention. Finally, an in-person exit
interview was conducted to gather qualitative data
on participants’ experiences with the intervention.

Sample Size

The sample size calculation of this study was per-
formed a priori on the main outcome measure Mental
Health Inventory-5."” Based on minimum clinically

important difference of the Mental Health Index-5,%*
Mental Health Index-5 data of the Wim Hof Method
pilot study,” and a 10% drop-out rate, resulted in a
required sample size of 20 participants per group.'*
Foradetailed description of the sample size calculation,
we refer to our study protocol paper.'*

Statistical Analyses

The 25" version of SPSS was used for all statistical
analyses. Potential differences in baseline character-
istics among the three groups were assessed using a
chi-square test and one-way analysis of variance. To
examine whether participants who dropped out of
the study differed significantly in personal and lesion
characteristics from those who completed the study,
independent #tests, and chi-square tests were used.

To evaluate intervention effects, a linear regression
analysis was performed with the difference in change
of the outcome measures between pre- and posttreat-
ment assessments as the dependent variable. Group
allocation was included as independent variable, using
two dummy variables: one with usual care as the refer-
ence (i.e., usual care vs. Wim Hof Method with cold
exposure, and usual care vs. Wim Hof Method without
cold exposure) and another, in a second regression ana-
lysis, with Wim Hof Method without cold exposure as
the reference (i.e., Wim Hof method without cold
exposure vs. usual care, and Wim Hof method without
cold exposure vs. Wim Hof method with cold exposure).
Participants who dropped out during the study were included
in the study based on the intention-to-treat principle. Since
low values of C-reactive protein and interleukin-6 were
reported as <0.3 or <0.6 (C-reactive protein) and <1.50
(interleukin-6), and entered into the database as 0.29, 0.59,
and 1.49, respectively, and given the presence of some out-
liers (> mean + 3 X standard deviation), sensitivity analyses
were conducted with these data points excluded.

Adherence was defined as the number (and percentage)
of prescribed sessions completed between the first and last
group session. A frequency table was created to summarize
the participants’ reported experiences.

Results

Participant enrolment commenced March 2023,
and the last participant completed the
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Medical screening
(N=64)

Excluded (N=2):
- Started cancer
treatment (N=1)
- Already took a cold
shower daily (N=1)

Randomization

(N=62)
I I
WHM-NC WHM-C uc
(N=18) (N=22) (N=22)

Loss to follow up:
(N=8)
- Motivation (N=3)

Loss to follow up:
(N=1)
- Motivation (N=1)

Loss to follow up:
(N=1)

- Medical reason (N=1)

- Medical reason (N=3)
- Start pain medication
during intervention
(N=1)
- Incarceration(N=1)

Analyzed:
(N=10)

Analyzed:
(N=21)

Analyzed:
(N=21)

Figure |. Flowchart of participants through the trial.

posttreatment assessment in December 2024. The
flowchart in Figure 1 outlines participant numbers
from initial screening to final data analysis and
describes the reasons for dropout. The medical rea-
sons were unrelated to the intervention. The partici-
pants who dropped out of the study did not show
significantly different personal or lesion characteristics
compared to the total group, nor did the Wim Hof
Method without cold exposure participants who did

and did not drop out of the study differ significantly
(Table 1).

Three participants in the Wim Hof Method with
cold exposure group partially discontinued the inter-
vention due to adverse experiences, but completed
posttreatment assessments. One participant stopped
the breathing exercises after 2 weeks—due to pain-
ful tingling sensation in his legs—but continued
with cold exposure; another discontinued the
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home exercises after 5 weeks due to pain and sleep
disturbances; and a third participant withdrew half-
way through the intervention due to pain that was
already present prior to the intervention.

The groups that participated in both the pre- and
posttreatment assessments did not differ in personal
and lesion characteristics (Table 1). Since the two
Wim Hof Method intervention groups did not show
significant differences in their changes over time,
Tables 2 and 3 present only the linear regression
results using the usual care group as the reference.
The reported average water temperature of the cold
showers at home was 14.6 °C +3.6 °C.

Primary Outcome

Twenty-two participants (42%) had mental health
issues (n=12) or severe mental health issues (n=
10) at baseline. Twelve percent of the total group
shifted to a worse mental health category, 71%
remained in the same category, and 17% shifted to
a better category following the intervention phase.
The three groups did not differ significantly in men-
tal health status at pretreatment (P =0.97) nor in the
change in category over time (P =10.90).

The continuous outcome, Mental Health Index-5,
did not show a significant change over time between
the three groups (Table 2, Figure 2A).

Psychological Outcomes

No significant differences in change over time were
observed among the three groups, except for the
impact that pain had on performing daily activities
in the past week (Table 2; Figure 2B). The group
practicing the Wim Hof Method with cold exposure
showed a reduced impact of pain on daily activities,
compared to the usual care group.

Physical Health Outcomes

Table 3 presents the physical health outcomes for the
three groups at both pre- and posttreatment assess-
ments. Inspiratory parameters—forced inspiratory vol-
ume in 1 s and peak inspiratory flow—significantly
increased over time (Figure 2C and 2D), with the
Wim Hof Method including cold exposure

demonstrating an improvement in contrast to usual
care. Furthermore, the Wim Hof Method with cold
exposure showed a significant reduction in glucose
concentration relative to the usual care group
(Figure 2E). No significant effects were found for
expiratory parameters, blood pressure, body compos-
ition, inflammatory markers such as interleukin-6
(Figure 2F), or lipid concentration. Sensitivity analyses
for C-reactive protein and interleukin-6 yielded compar-
able results, that is, no significant effects.

Adherence

Table 4 shows adherence to the number of breath
cycles, the number of breaths per cycle, and cold
showering during the home sessions between the first
and last group session. In weeks 1 and 2, few partici-
pants took a cold shower since they were instructed to
start with cold cloths rather than showering.

Adverse Events / Participant Experiences

No serious adverse events occurred during the
study. A range of experiences were reported during
the breathing exercises and cold exposure, though
not all were perceived as negative.

Participants reported tingling sensations in the
head, upper body, arms, and legs (N = 8); headaches
(N=5), lightheadedness (N =3), burning below the
lesion level (N =3), nerve pain (N =3), and spasms
(N=3). Additional symptoms, each mentioned
once, included anxiety, cold extremities, chest pres-
sure, unpleasant sensations, foot cramps, throat and
head pressure, and mild shocks in the lower limbs.

Reported experiences related to cold exposure in
the Wim Hof Method group were as follows: feeling
cold all day after shower (N=3); painful cold
showers (N=2); spasms during or after cold
showers (N=2); cold/stiff muscles and cramps (N
=1); and difficulty breathing (N=1). Increased
pain, reduced sleep quality, and severe pain were
each mentioned by one participant in the Wim Hof
Method with cold exposure group, without being
specifically attributed to the breathing exercises or
cold exposure. Importantly, no cases of autonomic
dysreflexia were reported during the cold showers
or the optional ice bath (N =14 out of 21).
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Figure 2. Overview of the individual data at the pretest (T, x-axis) and posttest (T2, y-axis) for (A) mental health
index (MHI-5), (B) pain interference in activities of daily life (ADL), (C) forced inspiratory volume in | s (FIVI), (D)
peak inspiratory flow (PIF), (E) glucose concentration, and (F) interleukin-6 (IL-6) concentration. UC: Usual Care
group; WHM-C: Wim Hof Method intervention group with cold exposure; WHM-NC: Wim Hof Method intervention
group without cold exposure. The diagonal line is the line of identity (loi): when the dot is on this line it indicates that
the pre and post values are exactly the same. Favorable changes are seen when the dots are on the left side of the loi
for the MHI-5, FIVI, and PIF, and on the right side of the loi for pain interference in ADL, glucose, and IL-6

concentration.

Exit Interview

The Wim Hof Method intervention received an
excellent rating on a 0—10 scale from both the group
without cold exposure (8.8 +0.8, N=10) and the

group with cold exposure (8.7+1.0, N=21).
Three (30%) participants in the group without cold
exposure and 10 (48%) in the group with cold
exposure responded (very) certain to the statement
“The training has led to a better understanding of
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Table 4. Overview of the adherence of the breathing exercise (number of breath cycles, breaths per cycle) and cold
exposure protocol followed by the WHMk-intervention groups between the first and last group session (N=31 for

breathing exercises and N=21 for cold exposure).

According to protocol Week | Week 2 Week 3 Week 4 Week 5 Week 6
Day | Number of breath cycles, n (%) 22 (71%) 27 (87%) 27 (87%) 26 (83%) 21 (68%) 21 (68%)
Number of breaths, n (%) 25 (81%) 28 (90%) 28 (90%) 24 (77%) 21 (68%) 23 (74%)
Took a cold shower, n (%) I (5%) 4 (19%) 16 (75%) 15(71%) 15(71%) 13 (62%)
Day 2 Number of breath cycles, n (%) 25 (81%) 24 (77%) 29 (94%) 24 (77%) 20 (65%) 20 (65%)
Number of breaths, n (%) 26 (84%) 26 (84%) 30 (97%) 25 (81%) 23 (74%) 18 (58%)
Took a cold shower, n (%) 1 (5%) 4(19%) 17 @81%) 1571%) 16((76%) 12 (57%)
Day 3 Number of breath cycles, n (%) 24 (77%) 25 (81%) 25 (81%) 20 (65%) 25 (81%) 20 (65%)
Number of breaths, n (%) 25 (81%) 25 (81%) 26 (84%) 23 (74%) 25 (81%) 23 (74%)
Took a cold shower, n (%) 2 (10%) 4(19%) 14 (67%) 18 (86%) 16 (76%) 16 (76%)
Day 4 Number of breath cycles, n (%) 27 (87%) 25 (81%) 26 (84%) 22 (71%) 20 (65%) 21 (68%)
Number of breaths, n (%) 29 (94%) 26 (84%) 27 (87%) 22 (71%) 20 (65%) 20 (65%)
Took a cold shower, n (%) 3 (14%) 4(19%) 12(57%) 1571%) 14 (67%) 12 (57%)
Day 5 Number of breath cycles, n (%) 26 (84%) 25 (81%) 28 (90%) 22 (71%) 22 (71%) 19 (61%)
Number of breaths, n (%) 27 87%) 24 (77%) 29 (94%) 22 (71%) 20 (65%) 18 (58%)
Took a cold shower, n (%) 2 (10%) 5(24%) 16 (76%) 19(90%) 15 (71%) 11 (52%)
Day 6 Number of breath cycles, n (%) 25 (81%) 25 (81%) 26 (84%) 23 (74%) 19 (61%) 14 (45%)
Number of breaths, n (%) 28 (90%) 25 (81%) 28 (90%) 21 (68%) 21 (68%) 14 (45%)
Took a cold shower, n (%) 3 (14%) 524%) 16 (76%) 14 (67%) 14 (67%) 13 (62%)
Day 7 Number of breath cycles, n (%) 24 (77%) 23 (74%) 26 (84%) 23 (74%) 22 (71%) 22 (71%)
Number of breaths, n (%) 24 (77%) 25 (81%) 27 (87%) 24 (77%) 21 (68%) 18 (58%)
Took a cold shower, n (%) 2 (10%) 524%) 15@71%) 13(62%) 15(71%) 11 (52%)
Weekly mean adherence to protocol
Number of breath cycles (%) 80% 80% 86% 74% 69% 63%
Number of breaths (%) 85% 83% 90% 74% 70% 62%
Took a cold shower (%) 10% 21% 72% 74% 73% 60%

Participants were instructed to perform 3 cycles of 30 breaths d
exposure progressed in stages: during weeks 1-2, participants u

uring weeks 1-3, and 4 cycles of 40 breaths during weeks 4-7. Cold
sed cold cloths only (no shower); in weeks 3—4, they began cold

showers starting at 30 s, increasing by 10 s with each session; and in the final weeks (5-7), they were instructed to take cold showers

lasting 150 s.

my reactions to my spinal cord injury.” To the state-
ment “The exercises have helped me cope with the
effects of the spinal cord injury” responded 5
(50%) participants of the group without cold expos-
ure and 8 (38%) of the group with cold exposure
(very) certain. Table 5 shows the answers to the
open questions in the exit interview and indicated
the various positive effects that were experienced.

Discussion

This randomized controlled trial assessed the effi-
cacy and feasibility of an accessible, predominantly
home-based 7-week intervention combining breath-
ing exercises, mindset training, and incremental

cold exposure for individuals with chronic spinal
cord injury. Regarding efficacy, changes in the pri-
mary outcome measure—mental health—did not
differ significantly between the three groups.
Nevertheless, inspiratory parameters and fasting
glucose concentration improved more in the Wim
Hof Method with cold exposure than in the usual
care group. This intervention group also reported a
greater reduction in pain-related interference with
daily activities.

Based on adherence rates and exit interview
responses, the intervention was generally well-
tolerated and positively received across a wide range
of lesion levels. This suggests its potential suitability
for diverse subgroups within the spinal cord injury
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Table 5. Results in-person exit interview.

Can you specify which effects of the spinal cord

Name |-2 aspects that are valuable to you and

sleep, and mood
More energy

Retention phase: feels like body is
healing
Taking an ice bath once a week

injury you handle differently? N that you will continue to use N
Breathing exercise lead to: Breathing exercises in general 19
More relaxed 5 Cold showering in general 6
Better dealing with pain 2
Falling asleep faster | Breathing exercises:
Warming up faster when cold | to relax 3
when waking up 2
Breathing & cold exposure lead to: for focussing 2
More influence on health 2 to fall asleep |
Feeling fitter 2 in addition to mindfulness |
to use during endurance sport |
More consciously engaged with pain, 2 Breathing exercises & cold showering |
|
|
|
2

More in contact with legs and feet
Less medication
Mindset to step outside my comfort zone

2
Better, and more aware of my, breathing |
|
|
|
| feel better overall |

Session with instructor, had greater
impact (on my emotions)

App group to keep motivating each
other

population. However, the Wim Hof Method without
cold exposure experienced a substantial number of
dropouts. These could not be directly attributed to
the intervention, as the group with cold exposure
also followed that part of the protocol.

Similar to our pilot trial—which used the same
instructors and procedures but had a shorter duration
(4 weeks)’—neither the Wim Hof Method with nor
without cold exposure improved mental health. This
lack of improvement contrasts with mental health
results from other trials investigating the Wim Hof
Method in healthy volunteers®*> or patients with
axial spondyloarthritis.> In some cases,”® the pres-
ence of a control group in the current study may
explain the difference in outcomes. Effects observed
in a pre—post study often disappear in a randomized
controlled trial because the control group shows that
the change is not due to the intervention itself, but to
time, expectation, regression to the mean, or other
non-specific factors. However, randomized con-
trolled trials investigating other populations >’
have shown improvements in perceived stress and
mental health, respectively.

Notably, Buijze et al.” reported that a higher vol-
ume of cold exposure, including weekly cold baths

and daily showers from the start of the study, may be
necessary to achieve mental health benefits. In com-
parison, the present study included a 2-week run-in
period, cold showers only on scheduled days (not
always daily), and a single optional ice bath. This
lower dose of cold exposure may have been insuffi-
cient to elicit psychological effects. More specula-
tively, some of the mental health benefits of the
Wim Hof Method are thought to be mediated by
sympathetic activation during cold exposure.*
Since spinal cord injury is associated with impaired
sympathetic responses to physiological stress,*’ the
effects of the Wim Hof Method on mental health
outcomes may differ in this population.
Interestingly, the Wim Hof Method with cold
exposure led to a reduced perceived impact of pain
during daily activities, even though pain intensity
itself did not change. Building on meditation litera-
ture,”® it may be that the mindfulness involved in
the breathing exercises and cold exposure helped par-
ticipants better cope with chronic pain in everyday
life. However, the self-reported mindfulness did not
change in either of our intervention groups.
Alternatively, the acute stress response to cold expos-
ure, likely including elevations in p-endorphin
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concentration, has analgesic effects as shown by an
increased pain threshold immediately following a
cold pressor test.””° This repeated response follow-
ing each cold exposure may explain improvements
in pain interference without parallel changes in
mindfulness.

On the other hand, the lack of change in pain
intensity aligns with a systematic review”' showing
that only one out of the four mindfulness interven-
tions in individuals with spinal cord injury led to a
reduction in pain. Notably, this effect was only
observed in the group practicing the Wim Hof
Method with cold exposure, suggesting a potential
synergistic benefit of combining its components.
Although the small sample size in the group without
cold exposure may have limited statistical power,
this finding supports earlier suggestions that the
combination of breathing exercises and cold expos-
ure is more effective than either component alone.**

Pulmonary function is often impaired following
spinal cord injury, depending on the level and com-
pleteness of the lesion. This can hinder daily activ-
ities*® and, particularly in persons with tetraplegia,
reduced coughing ability may lead to mucus
build-up and increased risk of pneumonia. While
expiratory function is directly linked to coughing,
inspiratory function also plays a role.”® Therefore,
the observed improvements in forced inspiratory
volume in one second and peak inspiratory flow
are clinically meaningful. For instance, Postma
et al. found a significant relationship between pul-
monary function and quality of life in persons
with spinal cord injury 5 years after rehabilitation
discharge.

Interestingly, unlike our pilot trial” where breath-
ing exercises alone improved pulmonary function,
only the group practicing the Wim Hof Method
with cold exposure showed significant improve-
ments in this randomized controlled trial. We do
not have a clear explanation for the lack of improve-
ment in the Wim Hof Method without cold exposure
group, as this group is similar in terms of lesion-
level distribution (tetraplegia vs. paraplegia), lesion
completeness (AIS A-D), and age compared with
the pilot study group. The discrepancy may be
explained by the fact that the improvement observed
in the pilot study was relatively small, and that this

effect is no longer significant now that the compari-
son is made against usual care rather than a pre- vs.
postintervention comparison.

Another explanation may be a potential synergis-
tic effect of combining cold exposure and breathing
exercise. Cold exposure may increase respiratory
muscle demand, especially when performed imme-
diately after breathing exercises. A similar synergis-
tic effect has previously been reported for the
psychological outcome perceived stress.”® The
breathing exercises and cold exposure in that study,
when applied individually, did not produce substan-
tial effects on perceived stress. In contrast, the group
that received the combination of both components
showed a medium- to large-sized improvement in
perceived stress compared to the control group.
There is little comparative evidence on pulmonary
function following the Wim Hof Method. In able-
bodied individuals, breathing economy during exer-
cise did not improve following the method with cold
exposure.”*

Although regular exercise can help preserve pul-
monary function,®® only 12-29% of individuals
with spinal cord injury meet recommended guide-
lines—often due to limited access to equipment or
physical capacity.®>>*® In this context, the Wim
Hof Method may offer a more feasible alternative
to improve pulmonary function, especially given
its accessibility and home-based nature.

Nonexercise interventions to improve pulmonary
function include inspiratory muscle training and
yoga-based breathing exercises. The inspiratory
parameters—forced inspiratory volume in 1 s and
peak inspiratory flow—showed improvements of
23-27% in the Wim Hof Method with cold exposure
group (based on the absolute values in Table 3).
These improvements are comparable to, or even
greater than, those reported in other populations fol-
lowing respiratory muscle training (10-16%).>"*
Given the robustness of these findings—both in
this trial and our earlier pilot’—the Wim Hof
Method with cold exposure should be considered
an accessible intervention to improve pulmonary
function in preventative care for individuals with
spinal cord injury. Importantly, the breathing exer-
cises were also feasible for individuals with motor
complete tetraplegia, as no hand function is
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required—unlike traditional inspiratory muscle
training devices. This makes the Wim Hof Method
highly accessible.

Emerging evidence supports the role of repeated
cold exposure in improving aspects of metabolic
health.***° In this study, fasting glucose concentra-
tions reduced significantly in the Wim Hof Method
with cold exposure group versus usual care. This
finding aligns with previous studies showing
improved insulin sensitivity after 10 days of daily
cold exposure in an environmental chamber in
patients with type 2 diabetes mellitus'® and improved
lipid profile after 5 months of cold water immersion
in able-bodied individuals.*' Interestingly, the cold
exposure in those studies was more intense and of
longer duration than in the current trial. It is therefore
unlikely that the cold exposure currently employed
was sufficient to activate brown adipose tissue,'*°
which is often cited as a mechanism for metabolic
benefits. It should also be acknowledged that other
metabolic markers—including inflammatory mar-
kers, lipids, blood pressure, and or body compos-
ition—did not improve following either intervention.

Overall, the Wim Hof Method intervention was
rated highly by participants. Nearly half reported
an improved understanding of their spinal cord
injury and better coping with its effects—an encour-
aging outcome given the average time since injury
of 20 years.

Some participant experiences were expected,
such as tingling in head, upper body, arms, and
legs, as well as headache and lightheadedness.
These effects are consistent with the deep consecu-
tive inhalations and relaxed exhalations used during
the intervention.** While many participants
described the sensations positively—such as a tin-
gling sensation in their paralyzed legs—others
found them uncomfortable, as they triggered spasms
and pain. Consequently, three participants discon-
tinued part of the intervention. Importantly, negative
experiences could not be linked to specific partici-
pant characteristic (e.g., motor complete tetra-
plegia), suggesting that individual tolerance and
perception play a key role in determining the inter-
vention’s suitability.

Key strengths of this study include the long dur-
ation compared with several other studies in the

field, the systematic adherence monitoring and the
inclusion of three study arms, allowing for evalu-
ation of the additive value of cold exposure.

Several limitations should be noted as well. The
study groups were relatively small, and a large pro-
portion of participants in the intervention group with-
out cold exposure withdrew, reducing statistical
power. Unfortunately, the participants who dropped
out also declined the posttreatment assessment, so
we could not include their posttreatment data in a
standard linear regression of change for an
intention-to-treat analysis. Given the extent and pat-
tern of missing data, estimates of the posttreatment
effect for dropouts would be too uncertain to base
firm conclusions on. Additionally, some participants
dropped out or did not adhere to the protocol due to
treatment-related reasons. All these factors may have
influenced the outcomes and should be considered
when interpreting the results. Moreover, although
the overall proportions were comparable between
groups, the Wim Hof Method with cold exposure
group included a higher number of participants
with a motor-complete lesion (ASIA A-B). This
may have influenced the breathing exercises, which
could have been less deep, and subsequently may
have affected various outcomes. Lastly, the large
number of statistical comparisons made within our
small group may have led to statistically significant
differences by chance alone. We therefore acknow-
ledge the potential for a Type I error due to multiple
analyses without correction of the alpha value.

Although somewhat inherent to home-based
trials, the cold showers were not as standardized
and cold (14.6 °C) as for example a laboratory-
based ice bath would have been. However, this
enhances the representativeness of the results
when implementing the intervention in a home set-
ting. In addition, adherence declined after week 3,
highlighting the need for strategies to maintain
engagement. Lastly, lack of a long-term follow-up
is also a weakness of this study.

Online home-based group sessions may be con-
sidered when implementing this intervention in clin-
ical practice or in future studies. These may be
easier to adhere to than individual home-based ses-
sions, and evidence suggests that online sessions
can be effective.®
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Overall, the accessibility of the intervention
makes it a promising option for preventative care,
especially for improving pulmonary function.
Improvements in inspiratory parameters suggest
the method may help mitigate respiratory complica-
tions. Its feasibility without requiring hand function
makes it suitable for a broader range of individuals.
While many participants reported positive sensa-
tions, others experienced discomfort, spasms, or
pain. Clinicians should assess individual tolerance
and monitor responses closely.

Future studies should aim for larger, more
balanced groups to improve statistical power and
reduce bias. It would be interesting to investigate
whether more frequent and intense cold exposure
yields stronger effects on mental health and meta-
bolic outcomes, as suggested by previous studies.
Given the role of sympathetic activation in mediat-
ing psychological and metabolic effects,” future
trials should include physiological markers—such
as heart rate variability—to better understand
mechanisms—especially in individuals with spinal
cord injury who may have impaired autonomic
function. A recommendation is to stratify partici-
pants also by baseline tolerance to cold and breath-
ing exercises to identify subgroups most likely to
benefit. Finally, it remains important to assess
whether the benefits are sustained over time and if
continued practice leads to further improvements.
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