
Innovations in Mind-Body Research: Remote Delivery of Mindful Movement Interventions

Global Advances in Integrative Medicine and Health
Volume 12: 1–10
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/27536130231187636
journals.sagepub.com/home/gam

Assessment of Virtual Mindfulness-Based
Training for Health Care Professionals:
Improved Self-Reported Respiration
Rates, Perceived Stress, and Resilience

Justin J. Merrigan, PhD1
, Catherine Quatman-Yates, PT, DPT, PhD2,

Jacqueline Caputo, BS2, Kayla Daniel, MA3, Nadia Briones3, Ilayda Sen, BS3, Slate Bretz3,
Anne-Marie Duchemin, MD4, Beth Steinberg, PhD, RN3,5, Joshua A. Hagen, PhD1,6, and
Maryanna Klatt, PhD3,5



Abstract

Background: Mindfulness in Motion (MIM) is a workplace resilience-building intervention that has shown reductions in
perceived stress and burnout, as well as increased resilience and work engagement in health care workers.
Objective: To evaluate effects of MIM delivered in a synchronous virtual format on self-reported respiratory rates (RR), as well
as perceived stress and resiliency of health care workers.
Methods: Breath counts were self-reported by 275 participants before and after 8 weekly MIM sessions. MIM was
delivered virtually in a group format as a structured, evidence-based workplace intervention including a variety of
mindfulness, relaxation, and resilience-building techniques. Participants counted their breaths for 30 seconds, which was
then multiplied by 2 to report RR. Additionally, participants completed Perceived Stress Scale and Connor–Davidson
Resiliency Scale.
Results: According to mixed effect analyses there were main effects of MIM Session (P < .001) and Weeks (P < .001), but no
Session byWeek interaction (P = .489) on RR. On average, RR prior to MIM sessions were reduced from 13.24 bpm (95% CI =
12.94, 13.55 bpm) to 9.69 bpm (95% CI = 9.39, 9.99 bpm).When comparing average Pre-MIM and Post-MIM RR throughout the
MIM intervention, Week-2 (mean = 12.34; 95% CI = 11.89, 12.79 bpm) was not significantly different than Week-1 (mean =
12.78; 95% CI = 12.34, 13.23 bpm), but Week-3 through Week-8 demonstrated significantly lower average Pre-MIM and Post-
MIM RR compared toWeek-1 (average weekly difference range: 1.36 to 2.48 bpm, P < .05). Perceived stress was reduced from
Week-1 (17.52 ± 6.25) to after Week-8 (13.52 ± 6.04; P < .001), while perceived resiliency was increased fromWeek-1 (11.30
± 5.14) to after Week-8 (19.29 ± 2.58); P < .001).
Conclusion: Thus far, completion of MIM sessions has shown acute and long-term effects on self-reported RR, but more
research is required to determine the extent of improved parasympathetic (relaxed) states. Collectively, this work has shown
value for mind–body stress mitigation and resiliency-building in high stress acute health care environments.
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Introduction

Acute and chronic exposures to physical, emotional, and
psychosocial stressors increases risk of various negative health
outcomes including burnout, suicidal ideation, suppressed
immunity, obesity, substance abuse, and cardiovascular dis-
ease.1 When stress levels exceed an individual’s ability to
manage or cope, allostatic overload (i.e., the cumulated effects
of chronic stress on mental and physical health) may persist
through various symptoms such as irritability, nervousness,
feeling overwhelmed, and having difficulty concentrating or
remembering.2,3 If allostatic overload persists, the physio-
logical stress response system becomes activated easier, more
frequently, and for longer periods of time.2,3 Unfortunately, the
accumulation of stressors can reduce workplace retention,
safety, and efficacy due to burnout, perceptions of emotional
exhaustion and depersonalization (i.e., cynicism and reduced
empathy), and a low sense of personal accomplishment from
work.4 The deleterious effects of chronic stress (e.g., anxiety,
depression, and cardiovascular disease risk) may arise through
the autonomic nervous system via elevated sympathetic states
(e.g., arousal or stress) and diminished parasympathetic (e.g.,
vagal and relaxation) tone.5 Therefore, intervention strategies
for protecting against chronic stressors often aim to improve
autonomic balance toward parasympathetic dominance and
alleviated sympathetic tone by improving resiliency and
coping mechanisms,1 which warrants further investigation in
occupations with continuously increasing demands such as
first responders and health care providers.

Current evidence-based solutions to counterbalance allo-
static overload include mind–body resilience-building inter-
ventions and mindfulness based interventions (MBI) which
may include meditation, yoga, strength training, and aerobic
activity.3,6,7 An example, Mindfulness Based Stress Reduction
(MBSR), is a structured psycho-educational intervention
(typically 8-week, 26 hour group structured) that employs
mindfulness and meditation practices aimed to improve the
mind–body response to a variety of health related concerns
including accumulated stress.8-12 Being mindful generally
involves sustained moment-to-moment awareness of physical
sensations, perceptions, affective states, thoughts, and imagery.
According to prior research, mindfulness training has dem-
onstrated efficacy for promoting self-care and well-being while
reducing stress in a variety of populations including but not
limited to medical, social, educational, intercultural, first re-
sponder, and work-site settings.8,9,13 However, due to concerns
involving the required time commitment of traditional MBSR
for high stress occupations, such as first responders and health
care workers, some have created and demonstrated the benefits
of modified MBIs such as the Mindfulness in Motion (MIM)

program at The Ohio State University.6 The MIM program is
based upon MBSR, but is less time intensive (1 hour group
sessions over 8 weeks, daily 10 minute practices, and no re-
treat) and can be completed at work in work attire. Due to the
variety of MBIs and modes of delivery (e.g., virtual vs in-
person) continued research is required to establish support of
specific interventions for improving stress and resiliency as
well as relevant physiological markers.

Both MBSR and MBIs may impact parasympathetic tone,
as mindfulness practices often involve some form of
awareness to breathing14 which modulates the vagus nerve
and parasympathetic dominance.15 Therefore, it is to be
expected that heart rate variability (HRV) would increase and
respiration rates would decrease as a result of mindfulness
practices, which has been demonstrated in previous
research.16-19 Considering the relation of respiration rates
with sympathetic (fast breathing) and parasympathetic (deep
slow breathing) states, it brings to question whether MBIs can
influence breathing rates acutely (during the session) as well
as chronically (slowed breath rates over time). Some previous
researchers have observed slowed respiration rates during
formal mindfulness practices, demonstrating successful acute
effects of mindfulness on parasympathetic
modulation.16,17,20,21 However, the impact on respiration
rates may be driven by the level of attention to breathing
during the mindfulness practice, as controlled respiration
during practice will intently slow respiration rates by notable
magnitudes.20 Long term mindfulness practices have shown
mixed results, as some have found chronically reduced
respiration rates18 while others did not observe attenuated
respiration rates following formal mindfulness practices.20

Traditional MBSR interventions,10,11,14 MBIs, and original
mindfulness Buddhist traditions22 contain forms of focused,
deep and slow, controlled breathing that has been shown to be
effective for calming the body and mind in healthcare
settings15,23 likely from modulated parasympathetic states.24

Although it appears evident that mindfulness practices
may slow respiration rates during formal practices, it is still
uncertain how respiration rates may be changed over the
course of long-term mindfulness practices (i.e., 8-week
MBSR programs). Further, biological evidence using respi-
ration rates in conjunction with stress and resiliency outcome
questionnaires will help understand the mind–body interplay
within MBIs. According to a recent systematic review, evi-
dence was considered limited and uncertain as to the ef-
fectiveness of MBIs for improving resiliency and reducing
symptoms of depression and stress in healthcare workers.25

Therefore, this work aims to evaluate 1) effects of a single
mindfulness session (daily acute effect) on self-reported
respiration rates, 2) the weekly changes (longitudinal
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chronic effect) in respiration rates across an 8-week mind-
fulness intervention, and 3) changes in perceived resiliency
and stress to provide evidence of possible sustained mind–
body well-being in healthcare workers. Further, the current
study will evaluate acute changes in respiration rates during a
mindfulness session across each week of the MIM 8-week
intervention to determine if acute changes differ across
weeks, which will identify whether focus on attentive
breathing techniques impacts potential slowed respiration
over time.

Methods

Study Design

Study design was a non-randomized single arm, pre/post
study at Ohio State University Wexner Medical Center
(OSUWMC). Study approval (study number 2017B0321)

was obtained by The Ohio State University Institutional
Review Board prior to participant recruitment.

Mindfulness in Motion (MIM) is a modified MBI to
deliver mindfulness practices in less time than traditional
MBSR, in addition to enhanced use of yogic movement and
relaxing music. The MIM program was created to address
time commitment concerns in various populations, such as
first responders and healthcare workers. Traditional MBSR
protocols may require an orientation session, 8 weekly classes
of 2.5–3 hours in duration, and a 7 hour retreat between week
6 and 7. Whereas, MIM requires a single 1-hour weekly
group meeting and ∼10 minutes of mindfulness home
practice at least 3 times per week for 8 weeks. The MIM
protocol has been previously published and was developed as
part of an organizational initiative to improve resiliency and
work engagement of employees exposed to stress and at high
risk of developing burnout.6 For the purposes of this study,
we have evaluated cohorts that completed MIM in

Table 1. Demographics of all Participants (n = 275) that Entered the Study.

Question Unit/Response Mean (SD)/N (%)

Age Years 43.04 (13.75)
Typical stress 1 (no stress) to 10 (high stress) scale 6.25 (1.91)
Gender Female 224 (81.8%)

Male 49 (17.9%)
Other 1 (0.4%)

Race Asian or Asian American 20 (7.3%)
Black or African American 9 (3.3%)
More than one race 7 (2.6%)
White or Caucasian 233 (85.1%)

Hispanic No 257 (93.8%)
Yes 14 (5.1%)

Marital status Divorced/Separated/Widowed 38 (13.9%)
Married 165 (60.2%)
Member of an unmarried couple 10 (3.7%)
Never been married 60 (21.9%)

Education High school degree (including GED) 6 (2.2%)
Some college, technical, or trade 7 (2.6%)
Technical or trade degree or certification 3 (1.1%)
Associate degree 13 (4.7%)
Bachelor’s degree 82 (29.9%)
Master’s degree 102 (37.2%)
Professional degree 13 (4.7%)
Doctoral degree 48 (17.5%)

Work status Working full-time 232 (84.7%)
Working part-time 14 (5.1%)
Student 28 (10.2%)

Work experience <10 years 110 (40.1%)
10 to 19 years 57 (20.8%)
20 to 29 years 64 (23.3%)
30 or more years 43 (15.7%)

Shift for work Day 196 (71.5%)
Evening 2 (0.7%)
Night 3 (1.1%)
Rotating shift 17 (6.2%)
I Do not work shifts 55 (20.1%)
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synchronous virtual group-based formats aimed to further
permit the use of mindfulness training for busy working
adults in healthcare settings. Respiration rates were self-
recorded by participants before and after each MIM ses-
sion, while perceived stress and resiliency were measured
1 week prior to and within 1 week after completion of the 8-
week MIM intervention.

The single one-hour structured group sessions included an
emphasis on bodily relaxation with soft music in the back-
ground and discussion of mindfulness awareness of various
cognitive, physical, relational, and communicative habits.
Participants were able to individually engage in pragmatic
daily mindfulness practices on a password protected web-
based platform (https://mindfulnessinmotion.osu.edu/), via a
variety of audio and video mindfulness practices (∼10 minutes,
3-4 × per week). The protocol was originally developed based
on the premise of shorter MBIs yielding similar results to
longer protocols of traditional MBSR.6,26 Additionally, MIM
was designed to be easily implemented during work hours
either seated or standing and without the need to change
clothing or shoes.

Participants

Any English-speaking employee, 18 years or older,
working at the Ohio State Wexner Medical Center
(OSUWMC) that had internet access to complete daily
mindfulness practice via the MIM password protected
website was eligible to participate in the MIM pro-
gramming offered by the Gabbe Health and Wellbeing
Initiative. Details of participant demographics (n = 275)
are presented in Table 1. Consent to participate in the

research and pre/post intervention surveys were distrib-
uted through the secure OSU password protected website,
https://mindfulnessinmotion.osu.edu/home. Trained fa-
cilitators were blinded to which participants consented to
be part of the research.

Mindfulness in Motion Protocol

Each one-hour weekly session of the 8-week program
followed the same general structured format outlined in
Figure 1 and previous investigations.6,27 A MIM program
fidelity checker assured that all sessions followed the
same format across cohorts.28 The prompts, educational
material, and home practice directly related to each
weekly theme (Table 2). In the beginning of the sessions,
relaxing music was in the background to set the climate
for MIM while the facilitator opened with the intent of the
session and program: resiliency building and stress re-
duction through mindful awareness of habitual patterns of
stress reactivity. Participants self-recorded their Pre-MIM
breath counts and then were reminded of the prompts for
the current session reflection. The educational materials
were delivered in a 15-minute pre-recorded evidenced-
based presentation on topics including stress and work-
related stress, theoretical material related to mindfulness,
the somatic mind/body connection, relaxation, yoga,
meditation, self-awareness, and bodily cues relating to
emotional reactivity and the relation of these topics to
specific healthcare workplace stressors. Next, participants
and the trained MIM facilitator engaged in a discussion
about the mind–body prompt reflection for the weekly
session. The discussion of the reflective prompt lasted

Figure 1. Diagram of the approximate timelines for Mindfulness in Motion (MIM) sessions.
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20 minutes and was voluntary and participants were silent
unless they chose to verbalize their reflections to the class,
which most participants chose to do. Lastly, participants
were led through a mind body relaxation practice via a
pre-recorded video (15 min) relating to the weekly theme.
The sessions ended with the self-reported breath count
and participants were reminded of their home practice for
the next week. The home practice consisted of completing
an individual 10-minute guided audio/video mindfulness
practice at least 3 times, in addition to the respective
weekly themed individual mindfulness practice (Table 2).

Respiration Rates

Respiration rates were obtained by asking participants to
count their inhalations for 30 seconds while placing their
right hand over their chest. The MIM facilitator timed the
breath count to allow participants to focus on counting their
breath. Participants recorded their self-reported breath
counts (counting inhales only) at the start and end of each
MIM session. The 30-second breath counts were multiplied
by 2 and reported as respiration rates in breaths per minute.
These methods were included in the mindfulness practice

Table 2. Weekly MIM Theme, Group Activity, and Individual Home Practice.

Week Item Information

1 Theme Willingness toward daily practice
Breath Discuss breath in the autonomic nervous system: Explain space between inhale and exhale
Activity Awareness of bodily patterns that includes breathing patterns. For example, crossing arms over their chest in both ways

to sense unusual or uncomfortableness of the opposite arm than on top
Homework Notice and record daily habits—mental, physical, reactive, interactive, communicative

2 Theme Cultivating mindful sleep
Breath Take note of breaths before bed: A practice to slow breathing before laying down for rest
Activity Ask the participants to settle into their chairs, close their eyes and begin a body scan, thereby tensing and relaxing each

part of the body. Notice how breathing slows as body relaxes
Homework Note breaths right before bed, take 2 long deep breaths before rising, and note differences

3 Theme Supported by your breath
Breath Introduce and discuss potential benefit of the 4-7-8 breath by Dr Andrew Weil
Activity Ask the participants to become aware of their breathing by concentrating on the rise and fall of their chest. For just a few

minutes, allow the mind-chatter to become quiet.
Homework Notice if breathing changes according to surrounding people and/or activities at work/home

4 Theme Mindful eating and yoga practice
Breath Introduce the 3-part yogic breath coordinating with arms rising; gentle yoga practice emphasizes the coordination of

breath with movement
Activity Mindful eating as a group after a gentle yoga practice
Homework Practice mindful eating at home/work: Assess breath according to the speed at which you eat

5 Theme Movement through balance
Breath Introduction of diaphragmatic breathing
Activity Lead participants through yoga poses appropriate for the worksite, that can be performed without changing clothes or

taking off one’s shoes (balancing poses; tree, eagle, chair poses)
Homework Notice the breath when faced with a balanced vs unbalanced state during the week

6 Theme Centering through sensation
Breath Breathe deeply and slowly to compare pleasantness; straw breathing to extend exhale
Activity Guide the participants through a self-massage, noting the slowed breath after the massage
Homework Ask the participants to notice pleasurable vs uncomfortable sensations that occur daily, noting their breathing during

stressful circumstances
7 Theme Clarity and release

Breath Tibetan breath exercise coordinated with movement
Activity Recall the stressful items present in life, picturing how even imagining stress impacts breath
Homework Notice which situations may have an element that can be changed to make the situation itself less stressful; does this

impact their breathing?
8 Theme Strength of the mountain

Breath Place the body in shape of a strong, un-movable mountain and note the breath
Activity Display an image of a mountain for the group. Imagine being a solid mountain, with all the situations in life circling around

the mountain while the mountain stays still
Homework Notice situations at work (frustrations, successes) that are comparable to passing conditions that will not move a solid

mountain (the participant): Note the breathing pattern now
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itself since it raises self-awareness, serves as an additional
calming technique, and was similarly used in prior re-
search.29 Breath counting has been found to be a valid
physiological and behavioral measure in mindfulness
training when compared to respiratory belts as the tracking
tool, and this remained true over various tests up to
∼18 minutes in duration.30

Perceived Stress and Resiliency

Perceived stress was measured using the 10-item Per-
ceived Stress Survey (PSS) which is intended to deter-
mine the degree to which individuals perceive life events
as excessively stressful relative to their ability to cope.31

Participants rated each of the 10 questions from 0 to 4
(Never – 0, Almost never – 1, Sometimes – 2, Fairly
often – 3, Very often – 4) indicating how often the
statement applies to them during the last month. Ques-
tions included: 1) “How often have you been upset be-
cause of something that happened unexpectedly?”, 2)
“How often have you felt that you were unable to control
the important things in your life?”, 3) “How often have
you felt nervous and stressed?”, 4) “How often have you
felt confident about your ability to handle your personal
problems?”, 5) “How often have you felt that things were
going your way?”, 6) “How often have you found that you
could not cope with all the things that you had to do?”, 7)
“How often have you been able to control irritations in
your life?”, 8) “How often have you felt that you were on
top of things?”, 9) “How often have you been angered
because of things that happened that were outside of your
control?”, and 10) “How often have you felt difficulties
were piling up so high that you could not overcome
them?”. Scores for items 4, 5, 7, and 8 were reversed and
then scores for all items were summated for a total stress
score, which is considered valid and reliable.32

Perceived resilience, referred to as the ability to
maintain good functioning in face of stress or trauma, was
evaluated using the 10 items version of the Connor-
Davidson Resiliency Scale (CD-RISC).33 Participants
rated each of the 10 statements from 0 to 4 (Not true at
all – 0; Rarely true – 1; Sometimes true – 2; Often true – 3;
True nearly all the time - 4) indicating how often the
statement applies to them. Questions included: 1) “I am
able to adapt to change.”, 2) “I can deal with whatever
comes my way.”, 3) “I see the humorous side of things.”,
4) “I believe coping with stress strengthens me.”, 5) “I
tend to bounce back after illness or hardship.”, 6) “I
believe I can achieve my goals.”, 7) “Under pressure I can
focus and think clearly.”, 8) “I am not easily discouraged
by failure.”, 9) “I think of myself as a strong person.”, 10)
“I can handle unpleasant feelings.”. The scores for each
item were summated to obtain a total resiliency score for
analysis. The 10 items version of the CDRISC is con-
sidered valid and reliable (alpha = .85).34

Statistical Analysis

Statistical procedures were performed in R version 4.1.2 (R
Foundation, Vienna, Austria, https://www.R-project.org)
with an alpha level of P < .05. To understand the influence of
MIM on respiration rates, mixed effect analyses were used.
The fixed effect of Time (8-week intervention, level 1) was
nested within subjects (level 2, random effect), while MIM
effect from Pre-to Post-MIM session served as the conditional
explanatory variable. If a significant effect was identified,
post-hoc analyses were conducted using the “emmeans”
function with Tukey method P-value adjustments. Addi-
tionally, Wilcoxon Signed Rank tests and their respective
effect sizes were used to determine statistical differences from
Pre-MIM to Post-MIM for perceived Stress and Resilience.

Results

There were main effects of MIM Session (P < .001) and
Weeks (P < .001), but no Session by Week interaction (P =
.489) on self-reported respiration rate. On average, when
collapsed across all weeks, respiration rate prior to the MIM
session was reduced from 13.24 bpm (95% CI = 12.94,
13.55 bpm) to 9.69 bpm (95% CI = 9.39, 9.99 bpm). When
comparing weekly averages of Pre-MIM and Post-MIM self-
reported respiration rates throughout the MIM intervention,
Week-2 was not significantly different than Week-1, but
Week-3 through Week-8 demonstrated significantly slower
self-reported respiration rates compared to Week-1 (Table 3).
The Pre-MIM and Post-MIM trends over each week are
displayed in Figure 2. Since no MIM Session by Week in-
teraction was noted, statistically similar Pre-MIM to Post-
MIM self-reported respiration rate changes were found each
week (examples: Week-1 = 14.89 to 10.68 bpm, Week 6 =
12.34 to 8.28 bpm, Week-8 = 12.81 to 9.35 bpm) and the
change from Week-3 through Week-8 were statistically
similar from Pre-MIM and Post-MIM respiration rates
(Figure 2).

Participants’ perceived stress had significant, small (Effect
Size = .299) reductions from Week-1 (17.52 ± 6.25) to after
Week-8 (13.52 ± 6.04). Furthermore, participants reported
significant, large improvements of resiliency after completing
the 8-week MIM intervention (CD-RISC: Week-1 = 11.30 ±
5.14, Week-8 = 19.29 ± 2.58; Effect Size = .727).

Discussion

Despite stress being an important aspect for psycho-
physiological adaptations, unaccustomed acute stressors or
chronic accumulations of stressors are associated with mental
and physical illnesses (i.e., depression, anxiety, and cardio-
vascular disease). Hence, the importance of investigating
interventions that may alleviate negative responses to
stressors through improved resilience and modulation of
parasympathetic nervous system responses. Thus, the current
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study aimed to investigate the effect of MIM, on self-reported
respiration rates, as well as perceived stress and resiliency. In
agreement with the original hypothesis, self-reported respi-
ration rates were reduced following individual MIM sessions.
Further, self-reported respiration rates at each session (Pre-
MIM and Post-MIM) were lower in weeks 3–8 compared to
baseline (Week-1; Table 3). The pre-MIM self-reported
breath count decreased by 4 breaths over the 8 weeks,
which points to a sustained lowering of the participants
baseline respiration rates over the course of the 8-week in-
tervention. Interestingly, the week with an activity most
focused on mindful breathing (Week 6-straw breathing) re-
sulted in the largest magnitude of reduction in respiration
rates albeit not significantly different than other weeks
(Table 3; Figure 2). The MIM intervention also had positive
influence on perceived levels of stress and resiliency. One
major strength of the current findings is their ecological
validity since data were collected virtually in healthcare
settings. Thus, the MIM program improved self-reported

respiration rates, as well as perceived stress and resilience,
while participants were in real world healthcare environments
handling exposures to complex stimuli.

The MIM program is an MBI, created to facilitate resil-
iency and healthy strategies for processing stressors in health
care settings. Since stressors promote physiological reactions
including sympathetic nervous system responses of rising
blood pressure, heart rate, and respiration rate, the purported
counteractions of MBIs include parasympathetic modula-
tions. However, a recent review of MBSR has indicated that
various studies support that it can decrease systolic and di-
astolic blood pressure but have not demonstrated substantial
and consistent effects on heart rate variability or respiration
measures.35 They suggested that respiration rates may show
the greatest responses during mindfulness practices. Since
mindfulness practices bring awareness to one’s breath,14

respiration rates expectedly decrease acutely.16-19 It is evi-
dent that standardized controlled breathing during mindful-
ness practice will intently slow respiration rates.20 For
example, one study showed that self-reported breath counts
(for 30 seconds) were decreased by 2 breaths per minute after
learning and practicing mindfulness breathing techniques
during 2 regularly scheduled 30-minute staff meetings with
respiratory therapists.29 Thus, the amount of focused
awareness directed towards breathing within a mindfulness
session is an important factor to consider. Focusing on breath
throughout weekly lessons and counting breaths at the start
and end of each session may have evoked further awareness
to the breath and increased longitudinal respiration rate re-
sponses to MIM compared to what some prior literature has
found utilizing MBSR.35

The current findings suggest that average self-reported
respiration rates in health care providers decreased
throughout the 8-week intervention and Post-MIM breaths
were slower than Pre-MIM within each MIM session
(Table 3, Figure 2). Averaged session (Pre-MIM and Post-
MIM) self-reported respiration rates were slower during
weeks 3 through 8 compared to week 1 (Table 3, Figure 2).
This main effect and lack of significant interaction would
suggest that both Pre-MIM and Post-MIM respiration rates
decreased similarly across the intervention (average change

Table 3. Respiration Rates (RR) Per Minute for Weekly Mindfulness in Motion Sessions by 275 Participants.

Week Mean RR (95%CI) Difference from Week-1 Mean ± SE Effect Size (95% CI) Magnitude

1 12.78 (12.34, 13.23) – – –

2 12.34 (11.89, 12.79) .45 ± .29 .09 (�.03, .21) Negligible
3 11.42 (10.94, 11.91) 1.36 ± .31* .28 (.15, .40) Small
4 11.43 (10.94, 11.92) 1.36 ± .31* .28 (.15, .40) Small
5 11.24 (10.71, 11.76) 1.55 ± .32* .31 (.18, .45) Small
6 10.31 (9.76, 10.85) 2.48 ± .33* .50 (.36, .64) Moderate
7 11.15 (10.59, 11.71) 1.63 ± .34* .33 (.19, .47) Small
8 11.08 (10.53, 11.64) 1.70 ± .34* .34 (.21, .48) Small

*, Indicates statistically significant difference compared to Week-1 Baseline at P < .001.

Figure 2. Respiration rates per minute across each week at the
start (PRE) and end (POST) of Mindfulness in Motion (MIM)
sessions.

Merrigan et al. 7



from Pre-MIM to Post-MIM ranged from 2.9 to 4.1 bpm).
The Pre-MIM respiration rates were considered resting levels
since they were taken under similar conditions within indi-
viduals prior to the MIM session. Thus, although these
conclusions should be taken cautiously, these initial findings
may be suggestive of more dominant parasympathetic states
by the end of the program which may begin to occur as early
as 3 weeks into the program. As seen in previous research, the
longitudinal decreases in respiration rates may be a result of
attentive focus on breathing and modulating one’s physio-
logical arousal to surrounding stimuli.18 Experienced medi-
tators, who are presumably more self-aware, may be more
able to accurately sense respiration responses (e.g., more
rapid breathing).36 Novice mindfulness practitioners have
also noted greater decreases in respiration rates, compared to
control groups, when focusing attention on respiratory sen-
sations.37 In general, mindfulness training seems to promote
the ability to sense and alter physiological responses to en-
vironmental stimuli via respiration patterns. However, further
investigation into physiological responses throughout other
parts of the day and follow-ups to the intervention are
warranted to determine stronger evidence of chronic physi-
ological improvements over the duration of the intervention,
and possibly beyond intervention end.

Over time, MBIs are thought to provoke improvements in
habitual reactions to life experiences including stressors.
Initial MIM cohorts, which were on-site in healthcare set-
tings, noted increased perceptions in resiliency and well-
being along with decreased stress and self-reported respira-
tion rates.6 The current findings, that include the MIM
program delivery in a virtual format, suggest similar out-
comes of reduced stress and increased resiliency in addition
to the slowed self-reported respiration rates. In other
populations, such as elite football athletes, mindfulness
training once a week for 8 weeks improved resiliency, self-
confidence, and emotion regulation.38 According to a recent
systematic review, MBIs (majority of which were delivered
in-person, 29/44) were generally identified as effective for
improving resiliency and reducing symptoms of depression
and stress immediately following interventions of more than
12 hours or sessions (18 of 44 articles).25 However, the
authors noted the evidence was still limited and uncertain and
suggested further research be conducted to improve the
strength of the findings especially for longer-term impact.
Chronic impact of MBI was found in an academic healthcare
center, where participants noted improvements in happiness,
satisfaction with life, gratitude, mindfulness, spirituality, and
stress immediately after and 3 months following a 12-week
in-person Stress Management and Resiliency Training pro-
gram.39 Whereas other researchers have found traditional
MBSR to be effective at reducing short-term perceived stress
in healthcare workers, but not at the 4-month follow-up.40

Considering the undue burdens of burnout and related
symptoms in healthcare workers, continuing to understand
and verify the effectiveness of MBIs on stress and resiliency

is warranted.41 The current findings provide further support
that MBIs, such as MIM which also requires less time
commitment compared to traditional MBSR, can serve as a
tool to improve healthcare worker mental health and resil-
iency and reduce potential burnout amongst other negative
health consequences from chronic stressors.41,42

These findings are not without limitations. These include
lack of randomization and controls, participants counting
their own breath as a measure of respiration rates, and un-
controllable confounding factors such as varying levels of
participation in extracurricular mindfulness activities.
Healthcare workers often assess respiration rates by counting
patient’s breath, which has received criticism for this
method’s potential inaccuracies.43 However, self-reported
breath counting has shown to be a physiologically valid
measure for mindfulness sessions when compared to respi-
ratory belts as the criterion measure,30 and has been previ-
ously used to assess mindfulness training outcomes in
healthcare workers.29 The aforementioned investigation
also reported mind wandering to negatively influence the
accuracy of breath counting during lengthier durations of
∼15–18 minutes.30 For this reason, the team originally chose
to have participants count their breath for 30 seconds to
reduce the potential impact of mind wandering on breath
count accuracy. Due to the high stress nature of health care
environments resulting in limited time availability, others
have also explored valid respiration rate solutions within
30 seconds.44,45 With additional supporting research for
further validation, self-reported breath counts may be an
efficient cost-effective solution for monitoring effectiveness
of mindfulness training interventions. These environments
include virtual settings while also bringing concentrated at-
tention to one’s own breath. With the evolution of this work
and improvements of remote monitoring systems (eg,
wearable sensors), we have fostered a multidisciplinary team
and necessary equipment to evaluate the effect of MIM on
various physiological measures (e.g., respiration rates, heart
rate variability, and sleep) at various timepoints (e.g., before,
during, and after MIM, daily resting measures). Using these
technological devices will verify or dispute the accuracy of
self-reported respiration rates as an accurate method of data
collection.

Conclusions

It appears evident that respiration rates remain an important
factor in mindfulness training research and resultantly should
continue to be investigated as it is a prominent part of the
practice. These psycho-physiological adaptations can be used
to supplement the information gained from perceived self-
report scales as these measures may have a degree of bias.35

To summarize the current study, the findings included sig-
nificant reductions of self-reported respiration rates from
Post-MIM to Pre-MIM when collapsed across weeks. These
findings may be interpreted as showing significantly slower
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self-reported breath rates at Post-MIM compared to Pre-MIM
for each session. Secondly, averaged Pre-MIM and Post-
MIM self-reported breath rates were significantly slower at
weeks 3 through 8 compared to week 1. These findings
suggest similar changes in self-reported respiration rates
across weeks for Pre- and Post-MIM timepoints. In con-
clusion, completion of MIM slowed self-reported respiration
rates from Pre-MIM to Post-MIM each session and across the
8-week intervention. These findings are concomitant with
statistically significant reductions in perceived stress and
large increases in perceived resiliency after completing the 8-
week intervention. Verification of self-reported respiration
rates in future studies via a wearable device will add support
to the value of MIM as a pragmatic intervention valuable for
slowing respiration and improving resiliency for healthcare
workers.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors received financial support for the analysis, authorship,
and publication of this article from the Ohio Bureau of Worker’s
Compensation Award: AWD-112970.

ORCID iDs

Justin J. Merrigan  https://orcid.org/0000-0001-5117-2388
Maryanna Klatt  https://orcid.org/0000-0001-6932-8221

References

1. Curtis BM, O’Keefe JH. Autonomic tone as a cardiovascular
risk factor: the dangers of chronic fight or flight. Mayo Clin
Proc. 2002;77(1):45-54. doi:10.4065/77.1.45

2. Bigalke JA, Carter JR. Sympathetic neural control in humans
with anxiety-related disorders. Comprehensive Physiology. 1st
ed.. 2021:12(1), 3085-3117.

3. Guidi J, Lucente M, Sonino N, Fava GA. Allostatic load and its
impact on health: a systematic review. Psychother Psychosom.
2021;90(1):11-27. doi:10.1159/000510696

4. Dyrbye LN, Shanafelt TD, Sinsky CA Burnout Among Health
Care Professionals: A Call to Explore and Address This Un-
derrecognized Threat to Safe, High-Quality Care. NAM Per-
spect; 2017. Published online.

5. StephensonMD, Thompson AG,Merrigan JJ, Stone JD, Hagen
JA. Applying heart rate variability to monitor health and
performance in tactical personnel: a narrative review. Int J
Environ Res Public Health. 2021;18(15):8143. doi:10.3390/
ijerph18158143

6. Klatt M, Steinberg B, Duchemin AM. Mindfulness in motion
(MIM): An onsite mindfulness based intervention (MBI) for
chronically high stress work environments to increase

resiliency and work engagement. JoVE J Vis Exp. 2015;101:
e52359. doi:10.3791/52359

7. Moffatt-bruce SD, Nguyen MC, Steinberg B, Holliday S, Klatt
M. Interventions to reduce burnout and improve resilience:
impact on a health system’s outcomes. Clin Obstet Gynecol.
2019;62(3):432-443. doi:10.1097/GRF.0000000000000458

8. Grossman P, Niemann L, Schmidt S, Walach H. Mindfulness-
based stress reduction and health benefits: a meta-analysis.
J Psychosom Res. 2004;57(1):35-43. doi:10.1016/S0022-
3999(03)00573-7

9. Irving JA, Dobkin PL, Park J. Cultivating mindfulness in health
care professionals: a review of empirical studies of
mindfulness-based stress reduction (MBSR). Complement Ther
Clin Pract. 2009;15(2):61-66. doi:10.1016/j.ctcp.2009.01.002

10. Kabat-Zinn J. An outpatient program in behavioral medicine
for chronic pain patients based on the practice of mindfulness
meditation: theoretical considerations and preliminary results.
Gen Hosp Psychiatry. 1982;4(1):33-47. doi:10.1016/0163-
8343(82)90026-3

11. Kabat-Zinn J. Mindfulness-based stress reduction (MBSR).
Constr Hum Sci. 2003;8(2):73.

12. Kabat-Zinn J, Hanh TN. Full Catastrophe Living: Using the
Wisdom of Your Body and Mind to Face Stress, Pain, and
Illness. New York, NY, USA: Delta; 2009.

13. Chopko B, Schwartz R. The relation between mindfulness and
posttraumatic growth: a study of first responders to trauma-
inducing incidents. J Ment Health Couns. 2009;31(4):363-376.
doi:10.17744/mehc.31.4.9w6lhk4v66423385

14. Kabat-Zinn J. Mindfulness-based interventions in context: past,
present, and future. Clin Psychol Sci Pract. 2003;10:144-156.
doi:10.1093/clipsy.bpg016

15. Jerath R, Edry JW, Barnes VA, Jerath V. Physiology of long
pranayamic breathing: neural respiratory elements may provide
a mechanism that explains how slow deep breathing shifts the
autonomic nervous system. Med Hypotheses. 2006;67(3):
566-571. doi:10.1016/j.mehy.2006.02.042

16. Ahani A, Wahbeh H, Nezamfar H, Miller M, Erdogmus D,
Oken B. Quantitative change of EEG and respiration signals
during mindfulness meditation. J NeuroEngineering Rehabil.
2014;11(1):87. doi:10.1186/1743-0003-11-87

17. Wahbeh H, Goodrich E, Goy E, Oken BS. Mechanistic path-
ways of mindfulness meditation in combat veterans with
posttraumatic stress disorder. J Clin Psychol. 2016;72(4):
365-383. doi:10.1002/jclp.22255

18. Wielgosz J, Schuyler BS, Lutz A, Davidson RJ. Long-term
mindfulness training is associated with reliable differences in
resting respiration rate. Sci Rep. 2016;6(1):27533. doi:10.1038/
srep27533

19. Kodituwakku S, Lazar SW, Indic P, Chen Z, Brown EN,
Barbieri R. Point process time–frequency analysis of dynamic
respiratory patterns during meditation practice. Med Biol Eng
Comput. 2012;50(3):261-275. doi:10.1007/s11517-012-0866-z

20. Kirk U, Axelsen JL. Heart rate variability is enhanced during
mindfulness practice: a randomized controlled trial involving a

Merrigan et al. 9

https://orcid.org/0000-0001-5117-2388
https://orcid.org/0000-0001-5117-2388
https://orcid.org/0000-0001-6932-8221
https://orcid.org/0000-0001-6932-8221
https://doi.org/10.4065/77.1.45
https://doi.org/10.1159/000510696
https://doi.org/10.3390/ijerph18158143
https://doi.org/10.3390/ijerph18158143
https://doi.org/10.3791/52359
https://doi.org/10.1097/GRF.0000000000000458
https://doi.org/10.1016/S0022-3999(03)00573-7
https://doi.org/10.1016/S0022-3999(03)00573-7
https://doi.org/10.1016/j.ctcp.2009.01.002
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.17744/mehc.31.4.9w6lhk4v66423385
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1016/j.mehy.2006.02.042
https://doi.org/10.1186/1743-0003-11-87
https://doi.org/10.1002/jclp.22255
https://doi.org/10.1038/srep27533
https://doi.org/10.1038/srep27533
https://doi.org/10.1007/s11517-012-0866-z


10-day online-based mindfulness intervention. PLoS One.
2020;15(12):e0243488. doi:10.1371/journal.pone.0243488

21. Zeidan F, Emerson NM, Farris SR, et al. Mindfulness
meditation-based pain relief employs different neural mecha-
nisms than placebo and sham mindfulness meditation-induced
analgesia. J Neurosci. 2015;35(46):15307-15325. doi:10.1523/
JNEUROSCI.2542-15.2015

22. An�alayo V. Mindfulness of breathing in the samyukta-agama.
Buddh Stud Rev. 2007;24(2):137-150. doi:10.1558/bsrv.v24i2.
137

23. Brown RP, Gerbarg PL, Muench F. Breathing practices for
treatment of psychiatric and stress-related medical conditions.
Psychiatr Clin. 2013;36(1):121-140. doi:10.1016/j.psc.2013.
01.001

24. Sakakibara M, Hayano J. Effect of slowed respiration on
cardiac parasympathetic response to threat. Psychosom Med.
1996;58(1):32-37.

25. Kunzler AM, Helmreich I, Chmitorz A, et al. Psychological
interventions to foster resilience in healthcare professionals.
Cochrane Database Syst Rev. 2020;7:CD012527. doi:10.1002/
14651858.CD012527.pub2

26. Carmody J, Baer RA. How long does a mindfulness-based
stress reduction program need to be? A review of class contact
hours and effect sizes for psychological distress. J Clin Psychol.
2009;65(6):627-638. doi:10.1002/jclp.20555

27. Klatt M, Norre C, Reader B, Yodice L, White S. Mindfulness in
Motion: a mindfulness-based intervention to reduce stress and
enhance quality of sleep in Scandinavian employees. Mind-
fulness. 2017;8(2):481-488. doi:10.1007/s12671-016-0621-x

28. Klatt MD, Bawa R, Gabram O, Westrick A, Blake A. The
necessary thread of mindfulness intervention fidelity assurance:
enabling an organizational strategy to promote health care
professional well-being. Glob Adv Health Med 2021;10:1-5.
doi:10.1177/21649561211052902.

29. Luzarraga J, Wichman C, Shirk R, Jarosz C,Weaver MS. Using
a mindfulness-based intervention to support the resiliency of in-
patient pediatric respiratory therapists. Respir Care. 2019;
64(5):550-554. doi:10.4187/respcare.06483

30. Levinson DB, Stoll EL, Kindy SD, Merry HL, Davidson RJ. A
mind you can count on: validating breath counting as a be-
havioral measure of mindfulness. Front Psychol 2014;5:1-10.
doi:10.3389/fpsyg.2014.01202.

31. Cohen S, Kamarck T, Mermelstein R. A global measure of
perceived stress. J Health Soc Behav. 1983;24(4):385-396. doi:
10.2307/2136404

32. Taylor JM. Psychometric analysis of the ten-item perceived
stress scale. Psychol Assess. 2015;27(1):90:20141027. doi:10.
1037/a0038100

33. Connor KM, Davidson JRT. Development of a new resilience
scale: the connor-davidson resilience scale (CD-RISC). De-
press Anxiety. 2003;18(2):76-82. doi:10.1002/da.10113

34. Campbell-Sills L, Stein MB. Psychometric analysis and re-
finement of the connor–davidson resilience scale (CD-RISC):
validation of a 10-item measure of resilience. J Trauma Stress.
2007;20(6):1019-1028. doi:10.1002/jts.20271

35. Reive C. The biological measurements of mindfulness-based
stress reduction: a systematic review. EXPLORE. 2019;15(4):
295-307. doi:10.1016/j.explore.2019.01.001

36. Farb NAS, Segal ZV, Anderson AK. Mindfulness meditation
training alters cortical representations of interoceptive atten-
tion. Soc Cogn Affect Neurosci. 2013;8(1):15-26. doi:10.1093/
scan/nss066

37. Daubenmier J, Sze J, Kerr CE, Kemeny ME, Mehling W.
Follow your breath: respiratory interoceptive accuracy in ex-
perienced meditators. Psychophysiology. 2013;50(8):777-789.
doi:10.1111/psyp.12057

38. Oguntuase SB, Sun Y. Effects of mindfulness training on resil-
ience, self-confidence and emotion regulation of elite football
players: the mediating role of locus of control. Asian J Sport Exerc
Psychol 2022;2(3):198-205. doi:10.1016/j.ajsep.2022.08.003.

39. Berkland BE, Werneburg BL, Jenkins SM, et al. A worksite
wellness intervention: improving happiness, life satisfaction,
and gratitude in health care workers. Mayo Clin Proc Innov
Qual Outcomes. 2017;1(3):203-210. doi:10.1016/j.mayocpiqo.
2017.09.002

40. Errazuriz A, Schmidt K, Undurraga EA, et al. Effects of
mindfulness-based stress reduction on psychological distress in
health workers: a three-arm parallel randomized controlled trial.
J Psychiatr Res. 2022;145:284-293. doi:10.1016/j.jpsychires.
2020.11.011

41. Brown S. The impact of resiliency on nurse burnout: an in-
tegrative literature review.Medsurg Nurs. 2018;27(6):349-378.

42. Foureur M, Besley K, Burton G, Yu N, Crisp J. Enhancing the
resilience of nurses and midwives: pilot of a mindfulnessbased
program for increased health, sense of coherence and decreased
depression, anxiety and stress. Contemp Nurse. 2013;45(1):
114-125. doi:10.5172/conu.2013.45.1.114

43. Philip K, Richardson R, Cohen M. Staff perceptions of re-
spiratory rate measurement in a general hospital. Br J Nurs.
2013;22(10):570-574.

44. Flenady T, Dwyer T, Applegarth J. Accurate respiratory rates
count: so should you. Australas Emerg Nurs J. 2017;20(1):
45-47. doi:10.1016/j.aenj.2016.12.003

45. Keshvani N, Berger K, Nguyen OK, Makam AN. Roadmap for
improving the accuracy of respiratory rate measurements. BMJ
Qual Saf. 2018;27(8):e5-e5. doi:10.1136/bmjqs-2017-007516

10 Global Advances in Integrative Medicine and Health

https://doi.org/10.1371/journal.pone.0243488
https://doi.org/10.1523/JNEUROSCI.2542-15.2015
https://doi.org/10.1523/JNEUROSCI.2542-15.2015
https://doi.org/10.1558/bsrv.v24i2.137
https://doi.org/10.1558/bsrv.v24i2.137
https://doi.org/10.1016/j.psc.2013.01.001
https://doi.org/10.1016/j.psc.2013.01.001
https://doi.org/10.1002/14651858.CD012527.pub2
https://doi.org/10.1002/14651858.CD012527.pub2
https://doi.org/10.1002/jclp.20555
https://doi.org/10.1007/s12671-016-0621-x
https://doi.org/10.1177/21649561211052902
https://doi.org/10.4187/respcare.06483
https://doi.org/10.3389/fpsyg.2014.01202
https://doi.org/10.2307/2136404
https://doi.org/10.1037/a0038100
https://doi.org/10.1037/a0038100
https://doi.org/10.1002/da.10113
https://doi.org/10.1002/jts.20271
https://doi.org/10.1016/j.explore.2019.01.001
https://doi.org/10.1093/scan/nss066
https://doi.org/10.1093/scan/nss066
https://doi.org/10.1111/psyp.12057
https://doi.org/10.1016/j.ajsep.2022.08.003
https://doi.org/10.1016/j.mayocpiqo.2017.09.002
https://doi.org/10.1016/j.mayocpiqo.2017.09.002
https://doi.org/10.1016/j.jpsychires.2020.11.011
https://doi.org/10.1016/j.jpsychires.2020.11.011
https://doi.org/10.5172/conu.2013.45.1.114
https://doi.org/10.1016/j.aenj.2016.12.003
https://doi.org/10.1136/bmjqs-2017-007516

	Assessment of Virtual Mindfulness-Based Training for Health Care Professionals: Improved Self-Reported Respiration Rates, P ...
	Introduction
	Methods
	Study Design
	Participants
	Mindfulness in Motion Protocol
	Respiration Rates
	Perceived Stress and Resiliency
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	References


