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Abstract

Background: People with cancer often experience stress. Digital health interventions can help individuals increase momen-
tary relaxation. Breeze is a gamified breathing training that can be embedded into digital health interventions. Its effectiveness
in controlled cross-sectional studies has been demonstrated. However, adherence to Breeze and its effect on momentary
relaxation in longitudinal interventional studies has yet to be investigated.

Objective: This study aimed to assess Breeze across 3 key dimensions: (1) its usage over time compared to other intervention
components; (2) the accuracy with which users adhered to the guiding breathing pattern provided by Breeze; and (3) its effect
on momentary relaxation, including the impact of the duration of the breathing session delivered by Breeze.

Methods: Breeze was 1 of 7 relaxation techniques included in the CanRelax 2.0 app, designed specifically for individuals
diagnosed with cancer. Participants could select any of the 7 techniques to promote momentary relaxation. The intervention
was designed to last 10 weeks. However, participants were allowed to use the CanRelax 2.0 app after that period. Participants
were adults diagnosed with cancer in the last 5 years recruited across Switzerland, Germany, and Austria. Adherence to the
intended breathing pattern was measured using a Pearson correlation coefficient. Momentary relaxation was measured pre- and
post-exercise using an 11-point visual analog scale. Statistical analyses included linear mixed effects models and calculations
of effect sizes. We further analyzed the relationship between session duration and the magnitude of momentary relaxation and
compared Breeze’s efficacy and time efficiency to the other available techniques.

Results: Of 279 participants, 118 (42.3%) used Breeze at least once. The 118 participants engaged in 754 breathing sessions
with Breeze. Momentary relaxation was assessed and calculated for 249 (33.0%) Breeze sessions. The use of Breeze declined
initially but remained stable even after 10 weeks. Participants followed the predefined breathing rates of Breeze (r=0.9). On
average, a small effect (-0.42; P<.001; d=0.19) on momentary relaxation was observed, with 2-minute breathing sessions
(-0.30; P=.02; d=0.13) showing a small effect, whereas a large effect (—1.53; P=.03; d=0.74) was observed for breathing
sessions of 4 minutes or longer.
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Conclusions: This study demonstrates the potential of Breeze to alleviate acute stress in individuals with chronic conditions,
such as cancer. By combining gamification with evidence-based breathing techniques, Breeze fosters sustained user engage-
ment and momentary relaxation. Participants adhered well to the guided breathing. While even short breathing sessions of 2
minutes provided modest momentary relaxation, longer durations (=4 min) were considerably more effective. Future research
aims to assess the impact of Breeze on other populations and chronic conditions.
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Introduction

Managing chronic conditions is complex, as it often involves
high medication adherence, coping with disease progres-
sion, managing decreased quality of life, and addressing
uncertainty [1-3], all of which can increase perceived
stress. Therefore, incorporating regular exercises into disease
management is crucial, as they help strengthen personal
resilience and develop strategies to manage the chronic
condition more effectively by reducing stress. Long-term
elevated stress levels might emerge if mental health is not
regarded in people with a chronic condition. Chronic stress
characterizes itself as a prolonged period of challenging or
threatening life conditions that interfere with daily life and
last for a longer period, that is, for a minimum of 1 month
[4]. People dealing with chronic stress face a higher risk
of developing further chronic conditions, a higher risk of
mortality, and faster biological aging [5-7].

Approaches for stress reduction in people with chronic
conditions, such as cancer, are manifold. Some of these
are meditation (eg, short meditation, mindfulness medita-
tion, walking meditation, or body scan), formal relaxation
techniques (eg, guided imagery and progressive muscle
relaxation), or breathing exercises [1,8-12]. Different types
of techniques and exercises may have a positive impact on
reduced worry and psychological stress [13,14]. To reduce
acute periods of stress, in particular, slow-paced breathing
training shows positive effects on physiological markers and
psychological well-being [15]. It further reduces chronic pain
[16] and improves dealing with acute and chronic stress [15,
17]. Reducing the impact of daily acute stressors may have a
positive effect on the reduction of chronic stress as well [18].

Digital health interventions (DHIs) can support individ-
uals with chronic conditions in consistently engaging in
stress-reducing exercises, helping to lower stress levels and
enhance resilience [19,20]. One approach is Breeze (research
prototype co-developed by YXL, Helen Galliker, and TK),
a smartphone-based gamified breathing training that uses
breathing sounds as biofeedback to guide users through
a slow-paced breathing training. In experimental cross-sec-
tional studies and online experiments, Breeze has shown its
potential for stress reduction [21-23]. Slow-paced, controlled
breathing has the potential to achieve momentary relaxation
[12].

As promising as DHIs are, one major challenge is low
adherence [24-26]. Studies show dropout rates of 50% to 83%
in DHISs for various chronic conditions [25,27-29]. Adherence
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is a prerequisite to achieving intended health outcomes [30].
Gamification can enhance the user experience with a DHI
and, thus, may address low adherence rates [31,32].

However, long-term use and effectiveness in a longitudinal
study assessing a gamified breathing training with people
with chronic conditions are still open. To this end, we
formulate the following 3 research questions (RQs): (RQ1)
How often is Breeze used over time? (RQ2) How accurately
do participants adhere to the guided breathing rate of Breeze?
and (RQ3) What is the effect of Breeze on momentary
relaxation?

Methods

Overview

To answer the research questions, this study leverages usage
data of the smartphone-based CanRelax 2.0 app (research
prototype developed by the study team) [33,34], which was
recently evaluated in a randomized controlled trial (RCT;
German Clinical Trials Register DRKS00027546; registered
on February 23,2022). The RCT with a third randomized arm
examined the effectiveness of CanRelax 2.0 in reducing stress
among people with cancer over 10 weeks. The participants
were allowed to use the CanRelax 2.0 app even after the end
of the study intervention period. The app contained 7 different
relaxation techniques, including Breeze. Participants were
able to self-select exercises, and no exercise was highlighted.
Where applicable, the study adhered to STROBE (Strengthen-
ing the Reporting of Observational Studies in Epidemiology)
guidelines. Detailed information on the RCT procedures and
the CanRelax 2.0 app has been published [33-35].

Recruitment

Participants were recruited between July 2022 and February
2023 in Switzerland, Germany, and Austria. Recruitment
efforts included social media posts (via Facebook, LinkedIn,
and X [formerly Twitter]) and traditional outreach methods,
such as consultations with health care providers, printed
flyers, newsletters, and a press release issued by the Univer-
sity Hospital Zurich. A dedicated project website provided
essential study information and app store download links
to support recruitment. Eligibility criteria included being
at least 18 years old, fluent in German, owning a smart-
phone (Android or iOS), and having received a cancer
diagnosis within the past 5 years. Exclusion criteria inclu-
ded self-reported suicidal ideation and pregnancy at baseline.
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Further information on the recruitment strategy was published
previously [33,34].

Intervention

The breathing training Breeze was 1 of 7 distinct relaxa-
tion exercises integrated into the CanRelax 2.0 app [33,34].
Breeze supports slow-paced breathing in a gamified setting,
where the smartphone’s microphone is used to continuously
detect breathing phases in quasi-real time to accelerate a
virtual sailboat if an individual is exhaling through the mouth
[21,36]. A visual animation in the sail provides guidance
according to a slow-paced breathing pattern (8 breaths per
minute, the default setting; the breathing rhythm consists of
inhale, pause, exhale). Breath detection has been proven to
be highly accurate [23]. Figure 1 provides an overview of a
slow-paced breathing session of Breeze. The intended usage
pattern was 3 relaxation exercises per week, which partici-
pants could adjust by self-set goals, meaning that some weeks
may have been completed without using Breeze.

Consistent with prior work [34], momentary relaxation
was assessed using an 11-point visual analog scale (O=very
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relaxed and 10=very tense) before and after every third time
a participant used any of the relaxation exercises included in
the CanRelax 2.0 app. Momentary relaxation change was then
calculated as the difference between the pre- and post-exer-
cise values of perceived momentary relaxation. The default
duration of the breathing exercise was set to 2 minutes,
and the sailboat animation guided individuals to follow 8
breaths per minute. Although slow-paced breathing training
is characterized as being especially effective with 6 breaths
per minute [17], many people are not able to apply this
rate and need to train toward it. Participants were able to
change the duration and the guided breathing rate accord-
ing to personal preferences. Breeze incorporates a concise,
slide-based tutorial designed to familiarize users with the
benefits of slow-paced breathing training while providing
a brief overview of its guidance and interaction features.
On initial access, the start button on the home screen was
inactive. Completion of the tutorial activated the start button,
allowing users to initiate their first training session [23].

Figure 1. One entire session of Breeze. (A) The home screen offers 3 primary options: initiating the Breeze session directly, accessing a tutorial on
how to use the Breeze application, or adjusting the breathing session settings; (B) In the settings section, participants can set the training duration and
the breaths per minute; (C, D) Textual and visual feedback is provided to guide participants through the breathing training; (E) On completing the
session, the distance covered by the sailing boat is displayed as a performance metric, serving as an indicator of the participant’s adherence to the

guided breathing instructions. The study was conducted using a German-language interface.

Training Settings
Chans

2 min (beginner)

Breaths pes misute (M)

Data Preparation

The CanRelax 2.0 app collected demographic informa-
tion, momentary relaxation levels, app usage metrics, and
additional information required for the RCT. For this work,
we focused exclusively on data related to the interven-
tion component Breeze. We extracted the timestamp of
the exercise, its duration, and perceived momentary relaxa-
tion before and after the exercises. Moreover, we used the
breathing detection classifier of Breeze 2 to measure the
accuracy of the breathing rate [23].

https://games.jmir.org/2025/1/e70297

" ¥ ‘9| DpisTance

-

D E

The initial dataset comprised 787 Breeze sessions and
265 pairs of pre- and post-exercise values of participants’
momentary relaxation, as only every third session was
evaluated to minimize survey fatigue in the whole CanRelax
study. We applied a series of exclusion criteria to ensure data
quality and reliability. First, 2 pre- and post-exercise values
of participants’ momentary relaxation were removed, as they
lacked either a pre- or post-exercise value (eg, Breeze session
not completed). Additionally, 11 pairs of pre- and post-exer-
cise values were excluded due to incomplete datasets, which
made it impossible to retrieve essential exercise details (eg,
duration). Moreover, 7 exercise sessions were excluded where
user IDs were missing, as these were crucial for linking
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data across sessions. Furthermore, a duration-based outlier
criterion was applied to remove exercise sessions that were
either shorter than 30 seconds or longer than 1000 seconds,
resulting in the exclusion of 13 exercise sessions. After these
exclusions, the dataset consisted of 754 (754/787, 95.8%)
Breeze sessions and 249 (249/265, 93.9%) pairs of pre- and
post-exercise values.

Statistical Analysis

Descriptive Statistics

During participant registration, demographic data on sex,
age, and education were collected. The use of CanRelax 2.0
relaxation exercises was tracked, enabling the calculation of
each user’s activity. In general, a participant is a person who
was part of the study; an active user refers to an individ-
ual who performed at least one Breeze session within the
corresponding time frame (eg, the entire study, a specific
week).

Usage of Breeze Over Time

To assess potential differences between participants who
engaged with the Breeze application (Breeze users) and
those who did not (nonusers), a series of post hoc compara-
tive analyses were conducted. Demographic characteristics,
including sex, education level (nontertiary, tertiary), and age
group (18-44,45-64, and =65 years), were compared between
Breeze users and nonusers using chi-squared tests. Further-
more, overall app engagement, quantified by the average
weekly number of all exercises performed, was compared
between Breeze users and nonusers using a Welch ¢ test. A
P value of <.05 was considered statistically significant for all
analyses.

For Breeze usage over time, we evaluated the recorded
sessions over time. Each participant had a timestamp of the
first session, which was used to calculate the relative day of
each session. Moreover, the self-adjusted target for exerci-
ses was used to calculate the weekly share of Breeze. To
compare the user engagement distribution before and after the
intervention period (weeks >10), 2 metrics were used. First,
the weekly number of distinct participants was tracked over
time. Second, patient retention was assessed by comparing
the number of participants from a given week (week 1) who
reappeared in a subsequent week (week 2). This comparison
generated a matrix illustrating the return rate of users from a
source week (week 1) in a future week (week 2).

Breathing Adherence

Participant adherence to the guided breathing rate was
assessed for each Breeze session. The application’s valida-
ted sound detection algorithm [23] provided an estimated
performed breathing rate. Adherence was then analyzed by
(1) visually comparing distributions of measured breathing
rates against the intended (user-selected) breathing rates via
box plots, categorized by the intended rate; and (2) quantita-
tively assessing the relationship through a linear regression
fit of measured rates on intended rates, supplemented by the
Pearson correlation coefficient between the two.

https://games.jmir.org/2025/1/e70297
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Effect on Momentary Relaxation

To quantify the impact of the breathing exercise on momen-
tary relaxation, a linear mixed effects fit was performed. This
approach was chosen because the design involved repea-
ted measures, with each participant providing momentary
relaxation ratings at 2 time points (pre- and post-exercise).
Mixed effects modeling allows us to account for within-ses-
sion variability by including random intercepts for each
session, thereby controlling for baseline differences in stress
levels [37].

Each measured exercise in the cleaned dataset includes
a pair of pre- and post-exercise values for the participant’s
momentary relaxation. To estimate the average change in
momentary relaxation following the intervention, we fit a
linear mixed effects model. The model included a dummy-
coded fixed effect for the measurement time point (is_post:
O=preexercise and 1=postexercise). To account for repeated
measures within the same exercise session, we included a
random intercept for experiment_id. This resulted in the
Model 1: Perceived_stress_measure ~ is_post+(1 | experi-
ment_id).

For the implementation [38], the Python (version 3.12.7)
package statsmodels (version 0.14.2) [39] was used. The
linear fixed effect model calculations in the package are based
on Lindstrom et al [40].

Moreover, a second model was used to investigate
the effect of other covariates. The outcome (momentary
relaxation change) was defined as the difference between
the pre- and post-exercise values of participants’ perceived
momentary relaxation. Lower values on this scale indicate a
greater increase in relaxation, reflecting the intended effect of
the intervention. It included the number of Breeze exercises
already practiced by the person (usage_count), the duration
of Breeze (duration_minutes), the average use of Breeze
per week (avg_weekly_earned), the measured breathing rate
of Breeze (breathing_rate), and the number of days the
participant had participated in the study up to that point
(relative_day). The usage count, average weekly use, and
number of relative days in the study were considered potential
indicators of a learning effect during the observed period.
Additionally, duration and breathing rate of the exercise
were hypothesized to influence the momentary relaxation
change directly. To this end, model 2 is formulated as
follows: momentary relaxation change ~ usage_count+dura-
tion_minutes + avg_weekly_earned+ breathing_rate+rela-
tive_day+(1 | experiment_id).

The results were evaluated based on the P value of each
variable during a test for significance. Here, a 5% thresh-
old was applied [41]. To assess the effect size of Breeze
to promote momentary relaxation (see RQ3), we calculated
Cohen d by the method proposed by Westfall et al [42] as
Brysbaert and Stevens [43] recommended for linear mixed
effect models. To this end, it was computed by dividing the
fixed effect coefficient by the square root of the sum of the
random intercept variance and residual variance, accounting
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for both between-subject and within-subject variability in the
mixed effects framework.

Ethical Considerations

The trial was conducted in accordance with the principles of
the Declaration of Helsinki. The Ethics Committee of Zurich,
Switzerland, reviewed the study synopsis and concluded that
the project does not fall under the Swiss Human Research
Act (BASEC 2021-01071); therefore, a full ethics review
was not required. All participants were adults (aged =18
y) and provided informed electronic consent within the
app. Participants were informed about the study purpose,
the voluntary nature of participation, the data collected
through the app, and their right to withdraw at any time
without negative consequences. Neither the study team nor
the CanRelax 2.0 app requested any personally identifiable
information at any stage of the study. Participants could
provide a (fictional) nickname to be used by the conversa-
tional agent of the CanRelax 2.0 app. App-derived and survey
data were stored on secure, access-restricted servers. All
data handling complied with applicable Swiss data protec-
tion regulations. Participants did not receive any financial
compensation for their participation, but the app was free
of charge. The study was registered in the German Clinical
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Trials Register (DRKS00027546) on February 23, 2022. The

first participant was enrolled on July 20, 2022, and the last
app session took place on September 30, 2023.

Results

Descriptive Statistics

Assessments of momentary relaxation were collected both
pre- and post-exercise for 249 (33.0%) of the sessions.
Table 1 summarizes the demographic characteristics of the
participants, whereas Table 2 provides an overview of
engagement with the intervention components.

Analyses comparing Breeze users and nonusers revealed
no statistically significant differences in terms of sex
(x*1=0.04; P=285), age group (x*»=0.2; P=.90), education
level (x*=2.8; P=.10), and distress before study start
(11=0.66; P=.51). Moreover, Breeze users performed a
significantly higher average weekly number of all exercises
(mean 3.85, SD 3.32) compared to nonusers (mean 1.99, SD
2.04; 11=5.07; P<.001), indicating that Breeze use co-occur-
red with higher general app activity.

Table 1. Descriptive statistics for the 118 participants who used Breeze at least once.

Characteristics Total number, n (%)
Sex assigned at birth (female) 96 (81.4)
Age (y)
18-44 15 (12.7)
45-64 84 (71.2)
>64 19 (16.1)
Educational attainment
Nontertiary 28 (23.7)
Tertiary 56 (47.5)
Missing 34 (28.8)
Number of completed Breeze sessions 754 (100)
Number of Breeze sessions with pre- and post-exercise relaxation values 249 (33.0)
Table 2. Descriptive statistics of Breeze usage.
Characteristic Values, mean (SD) Minimum Maximum
Total number of Breeze sessions per Breeze users 6.39 (10.61) 1 92
Duration of a Breeze session (sec) 150 (41) 31 376
Preexercise value of momentary relaxation 4.59 (2.15) 1 10
Postexercise value of momentary relaxation 4.17 (2.35) 0 10
Momentary relaxation after having used Breeze? -0.42 (1.67) -6 7

4Calculated as the difference between the post- and preexercise value of momentary relaxation.

How Often Is Breeze Used Over Time?

Breeze usage is shown in Figures 2-5. Figures 2 and 3
illustrate the relationship between the number of Breeze
sessions per week and the number of distinct Breeze users
per week. While Figure 2 shows a decline in absolute
numbers over time, Figure 3 demonstrates that the number of
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Breeze sessions per user remained relatively stable, fluctuat-
ing between 1.5 and 2 sessions per user throughout the study
period. Figures 4 and 5 compare the usage of Breeze with
the other 6 relaxation techniques available in the CanRe-
lax 2.0 app. During weeks 1 to 3, participants exceeded
the target number of exercises; however, this trend did not
persist for the remainder of the intervention period. After
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the intervention ended, participants continued to use the Notably, the proportion of Breeze sessions relative to all
CanRelax 2.0 app, but the average number of only Breeze relaxation techniques in the app decreased over time.
exercises performed declined to approximately 2 per week.

Figure 2. Number of Breeze sessions per week over time (dashed line) and number of distinct users per week who used Breeze in that week (solid
line). The dotted line at week 10 indicates the end of the study intervention period; participants were allowed to use the CanRelax 2.0 app afterward.
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Figure 4. Average weekly relaxation goal (black) and average number of relaxation exercises practiced per participant per week (green; all types
of relaxation techniques). Note: The shadow represents the SDs. The dotted line at week 10 indicates the end of the study intervention period;
participants were allowed to use the CanRelax 2.0 app afterward. However, from week 10 onward, the weekly relaxation goals could no longer be
adjusted.
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121 n
AY
AY
\
AY
\ 1
AY
101 \
AY
\
— \
g "
S N i
2 “m /'\\ !
o o7 “
§ 6 w =
o SN -
) m- it Y
(S N
% 4 i N
RN h_“‘l--“‘.\~~~-____.____-l\\
2 “u
0 .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Week

For Breeze usage after the intervention period (weeks by the Breeze users. In most sessions (592/754, 78.5%), users
>10), user engagement stabilized at approximately 10.3 (SD chose the default breathing rate of 8 breaths per minute.

1.5) distinct users per week (Figure 2). A cohort analysis
(Multimedia Appendix 1) further revealed that approximately
4.2 (SD 1.1) of these were returning users. This suggests a
user base comprising a stable core alongside a broader, more
sporadic group without a dominant trend toward either.

How Accurately Do Participants Adhere
to the Guided Breathing Rate of Breeze?

Figure 6 shows the relationship between the measured
breathing rate and the visually guided breathing rate selected

A linear fit of the measured versus selected breathing rates
indicates an R* of 0.81 and a root mean squared error of 0.38
breaths per minute. Moreover, the Pearson coefficient for the
correlation is 0.9. These results indicate that Breeze guided
participants well with visual cues and acoustic biofeedback.
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Figure 6. Boxplot of measured breathing rate according to the selected breathing rate. Horizontal dashed lines indicate the selected (target) breathing
rate for each group. The number next to the box plot shows the median of that group. Note: only 723 (95.9%) of 754 sessions are shown; the
remaining 4.1% either had more or fewer breaths per minute selected and are thus not displayed.
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What Is the Effect of Breeze on
Momentary Relaxation?

Figure 7 illustrates the distribution of momentary relaxation
changes for all measurements given the preexercise value.
One finding is that higher preexercise distress values are
linked to a greater change in momentary relaxation (Pear-
son correlation —0.26). In a first linear fixed-effects model
with the experiment treated as a random effect, performing a
Breeze exercise was associated with a significant decrease in
the outcome (estimate —0.42; SE 0.11; P<.001), correspond-
ing to a small effect size (Cohen d=0.19). In the covariate
analysis (model 2), the duration of Breeze sessions was
the only significant predictor of the outcome (Table 3).

https://games.jmir.org/2025/1/e70297

Longer Breeze sessions were associated with a reduction
in the outcome (-0.56; SE 0.17; P=.002), corresponding
to a small-to-medium effect (Cohen d=0.31). None of the
other covariates, including the number of previously practiced
Breeze exercises, average Breeze use per week, measured
breathing rate, or number of days participated in the study,
were significantly associated with the outcome (P values
>.05). Plotting the momentary relaxation change against the
exercise duration (Figure 8) suggests a favorable effect of
longer durations as illustrated by Table 4, which lists effect
sizes for 2, 3, and =4 minutes of Breeze’s exercise durations.
The results indicate that longer exercise durations increase the
changes.
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Figure 7. Scatter plot illustrating the distribution of momentary relaxation changes from before to after the breathing exercise. Note: The x-axis
represents participants’ momentary relaxation before using Breeze. The y-axis shows the change in momentary relaxation between post- and
pre-exercise ratings. A negative change indicates an increase in participants’ relaxation after using Breeze.
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Table 3. Results of the investigation of covariates with model 2.
Variable Estimate SE P value Cohen d*
Number of Breeze exercises already practiced by the person —-0.007 0.008 41 N/AP
Duration of Breeze -0.557 0.172 002 0.31
Average use of Breeze per week -0.029 0.026 27 N/A
Measured breathing rate guided by Breeze 0.023 0.135 87 N/A
Number of days participated in the study —0.001 0.002 52 N/A
4Cohen d is only reported if the level of significance is <.05.
PN/A: not applicable.
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Figure 8. Scatter plot of relaxation change (post-pre) against breathing duration together with linear fit. Note: The x-axis represents the duration
of the Breeze session. The y-axis represents the change between the post- and pre-exercise value of participants’ momentary relaxation. A negative

change indicates an increase in participants’ relaxation after using Breeze.
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Table 4. Summary of stress reduction effects by breathing exercise duration.
Duration Effect estimate SE P value Cohen d Observations Unique users
2 min -0.30 0.13 017 0.13 382 68
3 min -0.56 0.18 035 0.26 86 19
4+ min -1.53 0.42 028 0.74 30 8
i i the Pearson correlation coefficient for participants’ accurac
Discussion ; on eorreration €o o7 PAreIpants Y
in following the breathing rate guided by Breeze is 0.9. This
. . T high adherence to the target rate suggests that the exercise is
Principal Findings s s -

In this study, 3 dimensions of Breeze as a tool for help-
ing participants with chronic conditions manage stress were
assessed: its usage over time, the accuracy with which
participants adhered to the visually guided, slow-paced
breathing rate, and its effect on momentary relaxation. The
analysis of Breeze usage over time demonstrated that the
number of Breeze evaluations was comparable to that of
the other 6 relaxation techniques included in the CanRelax
2.0 app. Although the intervention ended after 10 weeks,
the participants were allowed to use the CanRelax 2.0
beyond the end of the study intervention period, and some
users continued engaging with Breeze. This sustained usage
suggests that the intervention effectively promotes long-term
user engagement.

Accuracy in adhering to the preset breathing rate was
also a key focus, as precise use is critical for achieving
optimal relaxation. The default breathing rate was set to
8 breaths per minute. Participants could adjust this rate
based on personal preference. As shown in Figure 6,
the 8-breaths-per-minute rate was selected in most Breeze
sessions (592/754, 78.5%). Regardless of the breathing rate,
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intuitively designed and easy to follow.

Regarding momentary relaxation, findings indicated larger
effects in participants with higher preexercise values of
perceived stress. Although relaxation effects were also
observed in participants with lower stress levels, the effect
size was smaller. This pattern suggests that Breeze effectively
reduces momentary stress in people with cancer, underscoring
the intervention’s relevance in high-stress scenarios.

Finally, the relationship between Breeze session duration
and its impact on momentary relaxation was examined. The
results indicated that relaxation effects were associated with
session duration, with participants who chose longer sessions
reporting larger stress reduction. While the default 2-minute
duration was associated with a stress reduction effect of
—0.30, sessions of 4 minutes or more were associated with an
effect of —1.53. These findings support Breeze as a low-bur-
den intervention capable of delivering immediate momentary
relaxation.

When comparing the results of Breeze with the 6 other
relaxation techniques included in the CanRelax 2.0 app [34],
the momentary relaxation effect of a 2- or 3-minute Breeze
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exercise initially appears modest (a change of —0.4). It ranked
seventh in absolute effect, with walking meditation (—0.6)
being the second least effective and progressive muscle
relaxation the most effective (—1.45). However, this compar-
ison must be contextualized by the significantly different
time investments required. Breeze sessions are exceptionally
brief, with an average duration of 2.5 minutes, whereas other
techniques require substantially more time, ranging from 5 to
nearly 40 minutes (Multimedia Appendix 2).

When the relaxation effect was analyzed per minute of
engagement, Breeze demonstrated a high level of efficiency.
It was associated with a relaxation effect of 0.16 units
per minute, a rate comparable to longer exercises, such as
walking meditation (0.12 units per min) and progressive
muscle relaxation (0.12 units per min).

Furthermore, if users chose Breeze sessions of 4 minutes
or longer, the associated effect of —1.53 was the highest
observed among all techniques in the study. This finding is
particularly important because a 4-minute session remains
shorter than any other relaxation technique offered by the
CanRelax 2 app. Collectively, these results indicate that
Breeze is not only a highly time-efficient intervention but also
has the potential to deliver superior relaxation effects with
only a modest increase in duration.

Limitations

This study presents 4 main limitations. First, Breeze was
embedded within the CanRelax 2.0 app, offering 6 addi-
tional relaxation techniques [33,34]. This design allowed
participants to select techniques based on their individual
preferences, meaning some participants may never have
used Breeze, resulting in a lack of data on these individu-
als. However, participants who chose to use Breeze did so
voluntarily, without being specifically encouraged to select it.
Despite this, the study demonstrated consistent engagement
with Breeze among its users, maintaining a stable user base
throughout the 10-week intervention period and beyond.

Second, momentary relaxation was assessed using a
single-item scale, whereas an internationally validated,
standardized evaluation scale, such as the Relaxation State
Questionnaire [44], could have provided more detailed
insights into the relaxation effects. However, given the
study’s goal to minimize participant burden, the single-
item scale was appropriate and sufficient for capturing the
momentary relaxation effects.

Third, the observed pattern of larger effects in partici-
pants with higher preexercise stress levels may be partially
explained by regression to the mean. Participants are likely to
use Breeze when experiencing elevated stress, and subsequent
measurements naturally tend to return closer to their average
baseline state, independent of the intervention’s actual effect.
While the data are consistent with Breeze providing stress
reduction, this statistical phenomenon represents an alterna-
tive explanation that should be considered when interpret-
ing the relationship between preexercise stress levels and
relaxation outcomes.
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Finally, findings indicated that longer Breeze sessions
were associated with larger momentary relaxation effects,
with sessions lasting 4 minutes or longer showing a
significant decrease in stress. Hypothetically, participants
who extended their session duration may have been more
motivated, potentially leading to larger effects. However, this
study did not assess whether elevated motivation directly
contributes to increased momentary relaxation, nor did it
examine the isolated effect of exercise duration on momen-
tary relaxation. Future studies should further investigate the
relationship between session duration and the momentary
relaxation effects to confirm whether an extended session
time consistently enhances relaxation outcomes across a
broader sample.

Comparison With Prior Work

To the best of our knowledge, this is the first study that
applies a gamified, biofeedback-guided breathing exercise
in a real-world setting, where the exercise is available in a
study conducted over a 10-week period [33,34]. Until now,
Breeze has only been tested in a controlled setting, where its
effectiveness has been shown [23].

The usage of Breeze over time was comparable to
the other 6 relaxation techniques in the CanRelax 2.0
app. Additionally, the high Pearson correlation for partici-
pants’ accuracy in following the breathing rate guided by
Breeze highlights its intuitive use and the easy-to-under-
stand approach — both key factors for adopting a DHI [45,
46]. Furthermore, the gamified approach may help sustain
participants’ motivation over several weeks. Gamification
offers a unique way for users to practice and refine skills in
a safe, interactive environment, as seen in Breeze. It provides
both extrinsic motivation (eg, by measuring the distance
traveled with the sailing boat) and fosters intrinsic motivation
through visible progress (eg, by seeing the wind fill the boat’s
sail when exhaling at the right time) [47]. By incorporating
user control elements (ie, setting an individual duration and
breathing rate), gamified interventions can enhance a sense
of autonomy [48], while facilitating flow or immersion—key
factors for enjoyment and sustained attention [47] to achieve
higher and longer-lasting use.

Momentary relaxation is especially important for people
dealing with chronic conditions, such as cancer. Cancer and
its treatment may lead to increased levels of anxiety, fatigue,
and physical discomfort, which can worsen overall quality
of life [2,3]. Momentary relaxation provides temporary but
effective relief from these stressors, helping to improve
emotional well-being [49,50]. Moments of relaxation can
also support building resilience and promote a more adaptive
response to the challenges of chronic conditions [50]. Thus,
Breeze might be an effective intervention component for
various DHIs aiming to reduce acute stress.

Breathing exercises are an effective intervention for
reducing stress [12]. Deep, controlled breathing slows the
heart rate, lowers blood pressure, and reduces levels of stress
hormones like cortisol [12,51,52]-leading to a perceived
reduction in acute stress. Additionally, breathing exercises
calm the mind, which can positively impact interrupting
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cycles of anxiety or negative thinking, leading to a calmer
mental state and improved emotional regulation [51-53].
Practicing regular breathing techniques with Breeze might,
therefore, have the potential to increase resilience to stress
and improve overall well-being. Breeze may therefore also
offer benefits to individuals coping with other conditions,
such as depression, anxiety, hypertension, or type 2 diabetes.

Conclusions

The study demonstrates that Breeze has the potential to
effectively increase momentary relaxation among people with

Bischof et al

cancer. This finding supports the suitability of DHIs as a
tool to assist individuals with chronic illnesses, providing
them with various relaxation techniques to help manage
daily challenges. Additionally, participants used the option
of extending session duration and adjusting the breathing rate
according to personal preferences. This suggests that future
relaxation interventions may benefit from allowing users to
customize settings, thereby meeting diverse needs within a
single application.
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