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Abstract

Psychophysiological disorders due to work-related stress continue to be highly costly for health systems and approaches for
cost-effective and easily accessible interventions are much needed. Both heart rate variability-biofeedback (HRV-Bfb) and
mindfulness-based interventions (MBI) have been empirically shown to reduce stress. This study compares these two inter-
ventions in the work context to a wait-list-control-group (WLC). In this three-armed randomized controlled trial (RCT), 69
healthy adults employed in the same organization were randomized to participate in HRV-Bfb, MBI or the WLC. Participants
were assessed for psychophysiological parameters of stress (stress perception, coping, HRV parameters and cortisol) and
stress related symptoms (depressive symptoms, psychological wellbeing, mindfulness and self-compassion). Participants
trained using either HRV-Bfb or MBI for 6 weeks on a daily basis. Outcomes were assessed at baseline, after the interven-
tion and at follow-up 12 weeks later. Results did not show any statistically significant differences between HRV-Bfb and
MBI groups, and neither of the intervention groups (IGs) differed from the WLC. Findings suggest an overall reduction in
stress for all groups, including the WLC, with mostly small to medium effect sizes. However, it is important to note that
participants with higher baseline stress levels might benefit more from mindfulness and biofeedback-based stress reduction
interventions. The results have to be interpreted with caution due to the relatively small sample size. MBI might have a
slightly stronger effect on stress reduction in comparison to HRV-Bfb, as suggested by the effect sizes. This study highlights
issues and challenges of the implementation of such interventions in corporate health management.
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Introduction (Fishta and Backé 2015; Eurofound 2016; Marcatto et al.

2016). Several biomarkers have been shown to be reliable

Work-related stress contributes to various psychophysio-
logical disorders such as cardiovascular disease, neck pain,
shoulder pain, and symptoms of anxiety and depression
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indicators of increased stress. For example, cortisol is a
steroid hormone released during the stress response. Heart
rate variability (HRV) is the variation in time between con-
secutive heart beats (RR-intervals) and serves as quantitative
marker of autonomic balance and physiological stress (Task
Force of The European Society of Cardiology and the North
American Society of Pacing and Electrophysiology 1996).
Higher HRV indicates greater parasympathetic activity and
better self-regulation, and is associated with lower cardio-
vascular risk (Kiviniemi et al. 2010) and improved cognitive
performance (Moore et al. 2011). Lower HRV is related to
difficulty in self-regulation and poorer cardiovascular health.
Several studies have shown that job stress reduces HRV (Vri-
jkotte et al. 2000; Chandola et al. 2010).

Stress-related disorders continue to be highly costly to
economies and health systems by causing up to half of all
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work absences (absenteeism) and loss of productivity due
to working while sick (presenteeism; European Agency for
Safety Health at Work 2013). Therefore, new approaches for
cost-effective as well as accessible interventions in stress-
reduction in the workplace are much needed. A technique
that may be used in a self-directed way independent of time
and location in the workplace is especially important as
employees often indicate organizational problems such as a
lack of time or support factors for not attending psychologi-
cal interventions provided in organizations (Dreison et al.
2015; Bartlett et al. 2017). Two interventions that meet these
criteria and could provide help for large groups of people are
heart rate variability biofeedback training (HRV-Bfb) and
mindfulness-based interventions (MBI).

HRV-Bfb is a well-established, empirically supported
technique for improving self-regulation and alleviating
symptoms of stress, anxiety, and other psychophysiological
disorders (Prinsloo et al. 2013; Sutarto et al. 2012; Wells
et al. 2012; Lewis et al. 2015). During HRV-Bfb training
individuals learn to breathe at the optimal respiratory fre-
quency to maximally increase their HRV (Moore et al. 2011;
Prinsloo et al. 2013). A recent meta-analysis from Goessl
et al. (2017) affirms the efficacy of HRV-Bfb with wearable
devices on self-reported stress. However, only eight studies
examining stress symptoms as an outcome parameter for
healthy individuals with only three in a workplace context
could be included, reflecting a lack of research in this field.
Also, Goessl et al. (2017) suggest the need to evaluate HRV-
Bfb interventions with a format other than self-reported
measures and to include follow-up measures to decrease
reporting bias and examine long-term effects. De Witte et al.
(2019) emphasize the need for more studies including both
psychological and physiological parameters of stress in their
review on the effectiveness of general biofeedback train-
ings on psychophysiological outcomes of stress. They also
included four RCTs using HRV biofeedback in the work con-
text with healthy adults. The review describes preliminary
evidence of the effectiveness of the trainings despite a large
diversity in intervention design and effectiveness. MBIs also
improve the regulation of the autonomic and central nervous
systems as indicated by HRV (Azam et al. 2016; Krygier
et al. 2013). Jon Kabat-Zinn (1990) developed the first MBI
for stress reduction, a program called Mindfulness-Based
Stress Reduction (MBSR). MBSR emphasizes non-judg-
mental attitude and includes formal and informal meditation
practices as well as hatha yoga. Today, there exists several
different forms of MBIs at the workplace, mostly varying in
their conceptualization of mindfulness and the duration of
intervention (Jamieson and Tuckey 2016; Klatt et al. 2016).
Recent reviews from Janssen et al. (2018), Jamieson and
Tuckey (2016) and Sharma and Rush (2014) show positive
effects of MBIs on self-reported stress in the workplace for
healthy adults. However, these authors also note a lack of
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psychophysiological measures, randomized-controlled trials
(RCTs), and evaluation of long-term effects of these inter-
ventions. Both HRV-Bfb and MBIs (Sanada et al. 2016;
O’Leary et al. 2015; Bouchard et al. 2012) have been shown
to decrease cortisol. Workplace interventions such as HRV-
Bfb and MBIs can also improve psychological indicators of
stress such as perceived stress, coping with stress, depres-
sion or anxiety (Burton et al. 2016; Dobie et al. 2015; dos
Santos et al. 2016; Henriques et al. 2011; Hiilsheger et al.
2013; Jamieson and Tuckey 2016; Klatt et al. 2009; Koncz
et al. 2016; Lemaire et al. 2011; Ratanasiripong et al. 2012;
Ratanasiripong et al. 2015; Schroeder et al. 2016; Sutarto
et al. 2012; Taylor et al. 2015; Van der Zwan et al. 2015;
Wells et al. 2012).

Few studies have examined the difference between the
two methods of stress reduction, both of which emphasize
the focusing of attention and calm breathing exercises. Van
der Zwan et al. (2015) compared the effectiveness of both
HRV-Bfb and MBI on stress reduction in their study with
stressed healthy adults but didn’t find any significant dif-
ferences between the interventions. They reported an over-
all positive effect of both interventions on subjective stress
reduction. This study however did not include a control
group, making it difficult to make conclusions regarding the
effectiveness of the two methods in reducing stress. Ratana-
siripong et al. (2015), who also compared the effectiveness
of the two interventions, included a control group and meas-
ured perceived stress and anxiety in nursing students. They
found a reduction of perceived stress only for MBI, not for
HRV-Bfb. However, this difference was not significant.

To our knowledge, there aren’t any studies which com-
pare HRV-Bfb and MBI in a workplace setting of corporate
health management using both psychological and psycho-
physiological assessments. Therefore, the aim of this study
is to examine the effect of both interventions on psychologi-
cal and psychophysiological measures of stress compared to
a waiting-list control group (WLC) in a workplace setting.
We predicted that both intervention groups will experience
a reduction in stress levels compared to the WLC group.

Methods
Study Design

In this three-armed RCT with repeated measures, healthy
adults employed in the same organization were randomized
to participate in HRV-Bfb, MBI or the WLC. The WLC later
received a combined training (mindfulness-based biofeed-
back, MBB, not taken further account in the present work).
The Ethics Committee of the University of Tuebingen in
Germany approved of the study (682/2014B02), which was
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preregistered at ClinicalTrials (NCT02709551). All partici-
pants gave informed consent.

Participants and Procedure

Recruiting took place in the Staatstheater Stuttgart on sev-
eral occasions, such as health day and assemblies of the
theatre. We also sent an e-mail with information concerning
the study to all employees (e.g. orchestra, choir and adminis-
tration). Those individuals who gave us their personal infor-
mation, were contacted via telephone to complete a short
screening to make sure that participation on therequired date
was possible. Participants were also asked to completean
online 12-item screening questionnaire of the German ques-
tionnaireTrierer Inventar zum chronischen Stress (TICS:
Trier Inventory for Chronic Stress; Schulz et al. 2006) to
assess their general level of perceived stress. All partici-
pants matching the time inclusion criterion were invited to
an in vivo clinical interview screening with the Mini-DIPS
(Margraf 2013) to assess psychopathology. Participants were
randomized to one of the three conditions at that time. Par-
ticipants were stratified by gender and perceived stress prior
to randomization to ensure there was an even distribution
of gender and perceived levels of stress among participants
in all three groups. Randomization was carried out using
opaque envelopes (1 =HRV-Bfb, 2=MBI or 3=WLC).

Sample size was calculated a priori using G*Power (Faul
et al. 2007) with a=0.05, f=0.95 and three points of meas-
urement for a within—between repeated measures analysis of
variance (ANOVA) with an expected effect size of f=0.25.
A total sample size of N =154 was calculated.

Data collection took place at the workplace in a separate
room. It was conducted by trained personnel. The trainings
for the respective intervention method took place over four
consecutive half days. Participants practiced their skills
independently after the initial training for a period of 6
weeks. The follow-up measurements were assessed after 12
weeks. Data collection on the assessment points took about
an hour.

Interventions

The trainings were guided by experienced trainers of our
team in either HRV-Bfb or MBI. Participants were instructed
to practice half an hour daily and to complete a self-report
each day to monitor their configurations (HRV-Bfb), kind
of exercises (MBI) and for how long they had practiced.
Participants were contacted twice (after weeks 1 and 3) to
monitor their progress. Booster sessions for the clarification
of general or technological questions were offered two times
during the six weeks of training (after weeks 1 and 3).

Heart Rate Variability-Biofeedback

HRV-Bfb training consisted of a psychoeducation about the
physiology of stress and the relationship between stress and
heart rate variability, as well as instruction in the use of the
mobile HRV training device called “Qiu” (BioSign GmbH,
Ottenhofen, Germany). The Qiu is a spherical hand-held bat-
tery-operated device. The palm and fingers cover the lower
half of the sphere so that the pulse rate can be measured
at the palm or one digit of the hand by optical pulse sen-
sors. HRV is automatically calculated from the pulse rate.
The upper half of the Qiu provides feedback via a spectrum
of red (low HRV) to green (high HRV) light. Individually
adjustable blue LED light signals indicate the breathing fre-
quency helping the individual to determine their resonance
frequency breathing rate which corresponds to maximal
HRYV. Resonance frequency breathing rate is typically in the
range of 4.5 to 7 breaths/min, with an average of 6 (Lehrer
et al. 2000). Participants also could use an ear clip to meas-
ure pulse if wished so. The Qiu stores heart rate measures
along with the time and duration of each practice sequence.
It can be connected via USB port to a computer to transmit
data, using specially developed software (‘HRV-Scanner’;
BioSign GmbH, Ottenhofen, Germany). HRV-Bfb exercises
consisted of slow breathing either following the pacer or
independently and experimenting in changing breathing to
maximize HRV (using the feedback provided by the light).

Mindfulness-Based Intervention

The MBI was based on Mindfulness-Based Stress Reduc-
tion (MBSR) by Kabat-Zinn (1990) but also included ele-
ments of self-compassion, acceptance and commitment
therapy and Mindfulness-Based Cognitive Therapy (MBCT;
Khazan 2013) and consisted of formal guided meditations
and informal exercises. Examples of formal guided medita-
tions include mindfulness of the breath and mindfulness of
thoughts, feelings, and physiological sensations. Informal
meditation practices encouraged brief pauses throughout
the day during which participants would volitionally shift
their attention to present moment awareness without judg-
ing. Participants were given meditation CDs consisting of
12 guided meditations which were recorded by a member
of our team to support formal meditation at home after the
training provided by the study.

Outcomes

Primary outcomes were psychological and physiologi-
cal parameters of stress: stress perception, coping, HRV
parameters and cortisol. Secondary outcomes were depres-
sive symptoms, psychological wellbeing, mindfulness and
self-compassion. Psychological outcomes were assessed
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via online surveys. Data collection took place from Febru-
ary to July 2015 in Stuttgart, Germany.

Psychological Assessment

To assess the primary psychological outcomes, two ques-
tionnaires were used to record parameters of stress: the
scale chronic stress of the TICS was used to assess per-
ceived stress as a global parameter, whereas the German
questionnaire Stressverarbeitungsfragebogen (SVF-120:
stress-coping questionnaire; Janke and Erdmann 1997)
assessed stress coping. Two scales for positive (POS) and
negative (NEG) coping strategies were included. Sec-
ondary psychological parameters were measured using
the German version of the Beck-depression inventory
(BDI-II; Hautzinger et al. 2006) for depressive symp-
toms, two modules of the Hamburg Modules for the
Assessment of Psychosocial Health in Clinical Practice
(HEALTH-49; Rabung et al. 2009) to record psycho-
logical wellbeing (psychological and somatoform com-
plaints and restrictions on activity and participation);
the short version of the Freiburg Mindfulness Inventory
(FFA-14; Walach et al. 2006) to record mindfulness; and
the short German version of the of the self-compassion
scale (SCS; Hupfeld and Ruffieux 2011) to assess self-
compassion. Internal consistency at pretest was sufficient
to very good (chronic stress a=0.84; positive coping
strategies 0.66 <a <0.88 and negative coping strategies
0.81 <a<0.91; depressive symptoms o =0.89; psycho-
logical and psychosomatic complaints «=0.83 and par-
ticipation and activation o= 0.80; mindfulness o« =0.80
and self-compassion =0.76).

Measures of Heart Rate Variability
Recording and Analysis

Participants were asked to abstain from drinking bever-
ages with caffeine or alcohol as well as smoking the day
of their assessment. Two electrodes and an ear clip were
applied to measure ECG and pulse wave. After a short rest-
ing phase, measurements started with a deep-breathing test
(parasympathetic functional testing), a 1-min respiratory
sinus arrhythmia (RSA) measurement during which partici-
pants were asked to breathe following a visual pacer set to 6
breaths/min This was followed by a 5-min short-term HRV-
test (observation of the resting regulation) during which
participants were asked to breathe calmly at their own pace.
All HRV data were sampled, filtered and analyzed with
the HRV-Scanner software (BioSign GmbH, Ottenhofen,
Germany).
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HRV-Parameters

Two methods of measuring HRV are used as representa-
tive parameters of HRV: root mean square of the squared
differences of the RR intervals of successive heartbeats
(RMSSD) and the standard deviation of the RR inter-
vals (SDNN). SDNN is a general measure of HRV, while
RMSSD provides an indication of parasympathetic activity
in particular.

Cortisol

Participants independently took their saliva sample. To
be consistent with prior research, we focused on morning
cortisol levels. Participants were asked to take the sample
directly after waking up and to record the exact time of
retrieval. Saliva samples were then collected at the work-
place and sent to a laboratory for analysis using standard
procedures [liquid chromatography—mass spectrometry
(LC-MS)-method].

Statistical Methods

Differences between groups at pre-test were analyzed using
Pearson’s Chi square Test (categorical data) or a one-way
ANOVA. If the cell occupation was too low, Fisher’s Exact
Test was used. Normality of distribution of the data was
tested using the Kolmogorov—Smirnov Test. In case of
violation of the assumption of normal distribution non-
parametric tests were used to check for differences. There
were no missing data. The effect of time and differences
between groups were assessed using 3 (assessment points)
X 3 (groups) repeated measures ANOVAs. Within-group-
analysis were conducted using repeated measures ANOVAs
for the factor “time”.Sphericity was tested using Mauchly’s
Test. In caseof violation of sphericity, Greenhouse—Geis-
ser corrected values were considered. Pairwise comparisons
were conducted using Bonferroni-corrected post hoc tests.
Two-sided p-values of <0.05 were considered statistically
significant. Effect sizes for ANOVAs were calculated using
partial eta-squared (#2) and Cohen’s d was used for compari-
son of effect sizes. Effect sizes d=0.2-0.4 were considered
small, 0.5-0.8 medium and > 0.8 large. Effect sizes smaller
d=0.2 were considered as no effect. #2 < 0.06 was consid-
ered small, 0.06-0.14 medium and > 0.14 large. All analyses
were conducted using SPSS version 24.0.
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Results
Study Sample

Recruiting took place in the Opera House and Theatre of
Stuttgart from November 2014 to March 2015. The time
frame of the study ranges from November 2014 to July
2015 for data collection.

In total, N =118 employees were screened for eligibility
(see Fig. 1). Sixty-nine employees were included in the
study of whom 61 received an intervention. Data from 52
participants were analyzed. Excluded from the analysis
were those participants who reported psychological illness
(n=35) or physical illness/heart rate or cortisol altering
medications (n=3). One participant was excluded because
he dropped out of the study after the intervention (n=1).
A diagram of participant flow is presented in Fig. 1.

There were no statistically significant differences in
baseline characteristics between the intervention groups
and the WLC, neither in demographic nor in primary or
secondary outcome parameters (Tables 1, 2). 37 (71.2%)
of the participants were female. Mean age of all par-
ticipants was 43.27 (SD =10.45) years. At baseline, 28
(53.8%) participants had experience in meditation but
only 8 (15.4%) of them had experience in mindfulness
meditation. Only 5 (9.6%) practiced some form of medi-
tation frequently, while no 1 practicing mindfulness on a
regular basis. Participants worked in different professional
fields within the theater, including orchestra, choir, crea-
tive employees, staff council/social services department,
venue staff, technology, merchandising, and administra-
tion. 39 (75%) of the participants exercised at least once a
week, 9 (17.3%) were regular smokers and 13 (25%) drank
alcohol on a regular basis. During the intervention phase,
participants practiced their respective training method on
average 18.09 (SD =7.13) min daily. Over the 6 training
weeks, the HRV-Bfb group practiced on average 19.74
(SD=7.01) min/day and the MBI group practiced on aver-
age 16.11 (SD =6.97) min/day. Mean practice duration did
not significantly differ between the groups [F (1, 31)=2.2,
p=.148, n?2 = 0.066]. To exclude possible social desirabil-
ity effects in self-report for the practice time, we compared
the reported HRV-Bfb exercise time with the actual exer-
cise time stored in the Qiu. Data matched, which means
participants reported their exercise time accurately. There
were no such treatment fidelity measures available for
MBI, but we did not expect there to be any differences
between the groups in truthful reporting practice time.

Intervention Effects

Observed means (SD) for all points of measurement are
presented in Table 3, test statistics and effect sizes in
Table 2. Primary outcome parameters are chronic stress
as a global parameter for stress perception (TICS), positive
and negative coping strategies (SVF-120; Coping POS/
NEG), RMSSD and SDNN (RSA and short-term) for HRV
as well as cortisol. Secondary outcome parameters include
depressive symptoms (BDI-II), psychological wellbeing
[module A (psychological and somatoform complaints)
and E (restrictions on activity and participation) of the
HEALTH-49], mindfulness (FFA-14) and self-compassion
(SCS-D).

Differences Between the Groups at the Different Points
of Measurement

There was a significant interaction effect of time by group
for negative coping strategies [F (4, 98)=2.83, p=.029, > =
0.103] with post hoc tests not showing any significant differ-
ences between the groups at TO (p=.639), T1 (p=.221) and
T2 (p=.287). There were no other statistically significant
between-group-effects for the experimental groups and the
WLC at any other point of measurement for chronic stress,
positive coping, HRV parameters or cortisol, see Table 2.
Analysis of secondary outcome parameters showed a signifi-
cant interaction between time X group for measures of mind-
fulness, F (4, 98)=3.27, p=.015, > = 0.118. However, post
hoc tests didn’t reveal any significant differences between
the groups at TO (p=.379), T1 (p=.395) and T2 (p =.846)
There were no statistically significant between-group-effects
at any point of measurement for depressive symptoms, psy-
chological wellbeing or self-compassion (s. Table 2).

Within-Group Effects

Within-group-effects were found on different parameters
for all three groups (s. Table 2). Chronic stress was signifi-
cantly reduced over time [F (2, 98)=9.34, p<.001, n2 =
0.16], with a significant decrease of stress between pre and
post intervention for HRV-Bfb (p=.01), MBI (p =.035)
and the WLC (p=.04). The HRV parameter SDNN showed
for the short-term measurement a significant change over
time [F (1.55, 75.98)=5.05, p=.015, n2 = 0.09]. Post hoc
tests confirmed a significant increase in SDNN between
TO and T2 for HRV-Bfb (p=.01) and the WLC (p =.046).
Cortisol changed significantly over time [F (2, 98)=12.78,
p=<0.001, n2 = 0.21] with post hoc tests confirming a
decrease of cortisol for all three groups between pre and
post intervention (HRV-Bfb: p=.016; MBI: p=.004; WLC:
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Assessed for eligibility (n=118)

é Excluded (n= 49)
3 e Not meeting inclusion criteria
E > (time criterion) (n=13)
o Declined to participate (n=30)
¢ Unknown reasons (n=6)
y
Randomization (n=69)

c
g \4 v v
§ Allocated to HRV-Bfb (n=23) Allocated to MBI (n=19) Allocated to WLC (n=27)
i l

v \4 '
- Received measurements (n=20) Received measurements (n=18) Received measurements (n=24)
§ Did not receive measurements Did not receive measurements Did not receive measurements
g (time issues; n=3) (time issues; n=1) (time issues; n=3)

v l \4
.5 Received allocated intervention Received allocated intervention Received allocated intervention
g (n=20) (n=18) (n=23)
% Dropped out before intervention Dropped out before intervention Dropped out before intervention
= (n=0) (n=0) (time issues; n=1)

\4 v \4
?, Lost to post intervention Lost to post intervention Lost to post intervention
%’ measurements (n=0) measurements (time issues; measurements (n=0)
& n=1)

A\ 4 \ 4 \4
%‘ Lost to follow-up measurements Lost to follow-up measurements Lost to follow-up measurements
= || (n=0) (n=0) (n=0)
(o]
o

\4 \ 4 \ 4
o Analyzed (n=18) Analyzed (n=15) Analyzed (n=19)
2 Excluded from analysis (no Excluded from analysis (no Excluded from analysis (no
g eligibility; n=2) eligibility; n=2) eligibility; n=4)

Fig.1 CONSORT diagram of participant flow through the study. HRV-Bfbheart rate variability-biofeedback, MBI mindfulness-based interven-

tion, WLC wait-list-control-group
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Table 1 Percentages (frequencies) and test statistics of the demographic characteristics for participants randomized to HRV-Bfb, MBI and the

WLC
Variable HRV-Bfb (n=18) MBI (n=15) WLC (n=19) Test statistics (df) P
Sex 1 (2)=0.34 0.863
Female 66.7 (12) 73.3 (11) 73.7 (14)
Male 33.3(6) 26.7 (4) 26.3 (5)
Age 42.06 (SD=11.96) 45.20 (SD=8.4) 42.89 (SD=10.71) F(2)=0.38 0.686
Previous experience meditation r2)=142 0.536
Experience 50.0 (9) 66.7 (10) 47.4 (9)
No experience 50.0 (9) 33.3(5) 52.6 (10)
Mindfulness meditation £(2)=158 0.577
Mindfulness 11.1(2) 13.3(2) 21.1 (4)
Other 38.9(7) 53.3(8) 26.3 (5)
Meditation on regular basis £(2)=143 0.571
Regularly 5.6 (1) 20 (3) 5.3(1)
Not regularly 44.4 (8) 46.7 (7) 42.1 (8)
Sports 2@=14 0.882
No sports 16.7 (3) 33.3(5) 26.3 (5)
1 x/week 389 (7) 33.3(5) 36.8 (7)
2-5 x/week 444 (8) 33.3(5) 36.8 (7)
Smoking 27(2)=0.56 0.812
Yes 222 (4) 13.2(2) 15.8 (3)
No (not currently) 77.8 (14) 86.7 (13) 84.2 (16)
Alcohol consumption )(2(2) =3.28 0.204
Yes 11.1 (2) 26.7 (4) 36.8 (7)
No (not currently) 88.9 (16) 73.3(11) 63.2 (12)
Marital status 24)=184 0.910
Solo 36.9 (7) 46.7 (7) 21.1 (4)
Married/in a relationship 27.8 (5) 6.7 (1) 15.8 (3)
Separated 33.3 (6) 46.7 (7) 63.2 (12)
Children 22)=0.75 0.733
Children 38.9(7) 46.7 (7) 52.6 (10)
No children 61.1(11) 53.3 (8) 47.4 (9)
Level of education Y (4)=541 0.241
Highschool diploma 27.8 (5) 6.7 (1) 15.8 (3)
No highschool diploma 38.9 (7) 46.7 (7) 21.1 (4)
University 33.3(6) 46.7 (7) 63.2 (12)

HRV-Bfbheart rate variability biofeedback, MBI mindfulness-based intervention, WLC waiting-list control, SD standard deviation

p=.034). We did not find any significant changes over time
for the other measures of HRV or the positive and negative
coping.

For secondary outcome parameters, psychological and
somatoform complaints showed a main effect for time [F
(2,98)=8.42, p=<0.001, n2 = 0.15], post hoc tests con-
firmed a significant reduction within the WLC between pre
and follow-up (p=.015). Mindfulness scores [F (2, 98) =8,
p=.001, n2 = 0.14] as well as self-compassion [F (1.77,
86.9)=6.05, p=.005, n? = 0.11] significantly changed over
time. Post hoc tests confirmed a significant increase in both
parameters only within the MBI group between pre and post

intervention (mindfulness: p=.015 and self-compassion:
p=.031) and between pre and follow-up intervention (mind-
fulness: p=.001 and self-compassion: p=.002). Depressive
symptoms and restrictions on activity and participation did
not improve significantly in any of the groups.

Post Hoc Analysis
Because participants reported a wide range of perceived
stress at baseline (range =M =2-34), we suspected that

change in outcome parameters for participants in the IGs
would be more likely to be seen for the more highly stressed
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Table 3 Observed means (SD)
for stress and stress related
symptoms

@ Springer

Measure Group TO T1 T2
M SD M SD M SD
TICS-SSCS
HRV-Bfb 17.22 8.29 13.83 7.08 15 7.67
MBI 17.67 6.6 14.53 6.36 16.07 5.73
WLC 20.47 7.89 17.74 7.13 20.63 8.33
SVF 120
POS HRV-Bfb 11.98 2.12 12 2.43 12.52 2.29
MBI 11.69 2.7 11.52 2.87 11.85 2.96
WLC 11.41 2.65 11.03 2.94 11.74 2.41
NEG HRV-Bfb 9.8 2.8 9.86 2.89 9.67 2.82
MBI 10.22 3.45 9.06 3.55 9.36 3.68
WLC 10.86 4.17 11.23 432 11.04 3.52
HRV
RMSSD
RSA HRV-Bfb 38.62 22.15 40.88 27.97 37.2 1591
MBI 37.12 15.44 41.24 17.55 33.51 14.91
WLC 46.86 24.78 55.79 41.63 45.98 25.87
Short-term HRV-Bfb 29.66 18.02 31.7 17.24 31.84 13.93
MBI 28.95 12.26 31.16 9.39 31.37 11.19
WLC 36.47 20.88 44.28 44.94 39.67 26.91
SDNN
RSA HRV-Bfb 65.3 31.15 67.36 37.17 75.51 23.82
MBI 63.56 2277 73.02 27.46 88.17 23.92
WLC 75.51 34.25 60.16 47.04 77.01 31.49
Short-term HRV-Bfb 50.14 26.7 62.99 26.45 67.37 24.22
MBI 57.61 32.36 56.88 18.72 62.62 52.69
WLC 59.29 30.31 723 21.16 71.1 33.37
Cortisol HRV-Bfb 2.63 1.44 1.5 1.33 2.55 1.64
MBI 2.72 1.08 1.28 0.74 221 1.62
WLC 2.41 1.71 1.41 0.95 2.69 2.05
BDI-II HRV-Bfb 8.67 6.66 4.67 6.31 5.33 8.13
MBI 7.33 4.46 3.67 3.89 32 5.11
WLC 7.95 5.96 6.26 3.82 4.26 4.26
HEALTH-49 A HRV-Bfb 0.65 0.42 0.49 0.37 0.52 0.38
MBI 0.58 0.32 0.47 0.37 0.44 0.31
WLC 0.78 0.57 0.67 0.64 0.56 0.47
HEALTH-49 E HRV-Bfb 1.36 0.89 1.19 0.79 1.32 0.69
MBI 1.42 0.52 1.08 0.68 1.13 0.73
WLC 1.33 0.65 1.24 0.76 1.05 0.47
FFA-14 HRV-Bfb 37.5 4.65 38.67 5.98 38.44 5.64
MBI 35.2 4.99 37.93 3.67 39.53 5.97
WLC 37.4 5.08 36.42 5.14 38.58 6.8
SCS-D HRV-Bfb 3.25 0.44 3.27 0.5 3.36 0.67
MBI 3.26 0.33 35 0.39 3.52 0.67
WLC 3 0.46 2.98 0.4 3.07 0.69

TICS-SSCS scale chronic stress of the Trier Inventory for Chronic Stress, SVF 120 POS scale positive cop-
ing strategies of the stress-coping questionnaire, SVF 120 NEG scale negative coping strategies of the
stress-coping questionnaire, HRVheart rate variability, RSA respiratory sinus arrhythmia, RMSSD root mean
square of the squared differences of the RR intervals of successive heartbeats, SDNN standard deviation of
the RR intervals, BDI-II Beck-depression inventory, HEALTH-49 A and HEALTH-49 Emodule A (psycho-
logical and somatoform complaints) and module E (restrictions on activity and participation) of the Ham-
burg Modules for the Assessment of Psychosocial Health in Clinical Practice, FFA-14 short version of the
Freiburg Mindfulness Inventory, SCS-Dshort German version of the of the self-compassion scale, HRV-
Bfbheart rate variability-biofeedback (n=18), MBI mindfulness-based intervention (n=15), WLC wait-list-
control-group (n=19)
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Table 4 Correlations between baseline stress and change scores of
stress and related parameters

Measure Stress level at baseline (N =233)
TO-1 TO-2
TICS-SSCS —0.469%* —0.482%*
SVF 120
POS 0.118 0.186
NEG -0.119 —0.125
HRV
RMSSD
RSA —0.052 0.13
Short-term 0.226 0.193
SDNN
RSA 0.024 0.018
Short-term 0.317 0.298
Cortisol -0.19 -0.073
BDI-II -0.324 -0.212
HEALTH-49 A -0.14 -0.176
HEALTH-49 E —-0.281 —0.382%
FFA-14 0.369 0.116
SCS-D 0.108 0.213

TICS-SSCSscale chronic stress of the Trier Inventory for Chronic
Stress, SVF 120 POSscale positive coping strategies of the stress-
coping questionnaire, SVF 120 NEG scale negative coping strategies
of the stress-coping questionnaire, HRVheart rate variability, RSA res-
piratory sinus arrhythmia, RMSSDroot mean square of the squared
differences of the RR intervals of successive heartbeats, SDNN stand-
ard deviation of the RR intervals, BDI-II Beck-depression inventory,
HEALTH-49 A and HEALTH-49 Emodule A (psychological and
somatoform complaints) and module E (restrictions on activity and
participation) of the Hamburg Modules for the Assessment of Psy-
chosocial Health in Clinical Practice, FFA-I14short version of the
Freiburg Mindfulness Inventory, SCS-D short German version of the
of the self-compassion scale

#p<.05, *p< .01

participants. We computed change scores for each of the
primary and secondary outcome parameters by subtract-
ing each participant’s pre-treatment score from their post-
treatment score and pre-treatment score from their follow-
up-treatment score. We then tested this post hoc hypothesis
using the change scores. Stress level in the pre-test was sig-
nificantly correlated with reduction of perceived stress after
the intervention and significantly correlated with reduction
in perceived stress and increase in activation and participa-
tion at follow-up (s. Table 4). Secondly, as there was also
a relatively wide variability in daily practice time between
the training and the post measurement for the intervention
groups (range =5-30 min), we speculated that greater prac-
tice time would be correlated with greater reduction of stress
and related symptoms. Correlations again were computed
the same way between the outcome parameters and fre-
quency of practice between pre-treatment and post-treatment

and pre-treatment and follow-up. There were no significant
correlations (all ps > 0.05).

Discussion

This study compares two established methods for stress
reduction (HRV-Bfb and MBI) on an organizational level to
a waiting-list control group.

In line with Van der Zwan et al. (2015) and Ratana-
siripong et al. (2015) we did not find any statistically sig-
nificant differences between HRV-Bfb and MBI in terms of
stress reduction. In within-group comparisons we detected
small to medium effect sizes for all primary outcomes (per-
ceived stress, coping and HRV parameters), except for the
large effect sizes for change in cortisol for the intervention
groups at T1 after the intervention. Effect sizes for psy-
chological measures of stress are in line with effect sizes
reported by other studies (Van der Zwan et al. 2015; Keeney
2008; Roeser et al. 2013). However, Goessl et al. (2017)
report in their review very heterogeneous effect sizes for
perceived stress after an HRV-Bfb intervention, with some
studies having medium to large effects. As there are very
view studies examining effects of both HRV-Bfb and MBIs
on physiological parameters, it is difficult to compare our
results. Rijken et al. (2016) also reported small effect sizes
for HRV parameters RMSSD and SDNN after a treatment-
as-usual combined with HRV-Bfb for athletes. Grossman
et al. (2004) report medium effect sizes for psychological
and physiological measures following an MBI. In within-
group comparisons on secondary outcome parameters
related to stress, we found a medium effect for the reduc-
tion of depressive symptoms in HRV-Bfb at T1, whereas
at T2 there was no effect. MBI showed a large effect for
a reduction in depressive symptoms at T1 and T2. Small
(HRV-Bfb) to medium (MBI) effect sizes were found in the
increase of psychological wellbeing. These results show for
depressive symptoms slightly bigger effects than those of
other studies with healthy participants, but are comparable
for psychological wellbeing (Van der Zwan et al. 2015). An
increase in mindfulness and self-compassion had a medium
to large effect size for MBI, which is in line with other stud-
ies (e.g. Schroeder et al. 2016) reporting medium to large
effect sizes. Our results show that MBIs may have a slightly
stronger effect on stress reduction compared to HRV-Bfb,
as suggested by effect sizes. However, these results need to
be interpreted with caution due to the relatively small sam-
ple size. Mindfulness specific elements that favor a general
change in attitude towards life might be an explanation for
this.

Although trends in our results favored the IGs on stress
reduction and are in line with findings of other mind—body
workplace stress reduction interventions, there is a lack of
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statistically significant differences between the intervention
groups and the WLC in this study. As indicated by recent
reviews for HRV-Bfb and MBI, there is a lack of RCTs for
both interventions (Goessl et al. 2017; Jamieson and Tuckey
2016). Especially for HRV-Bfb, few studies compare HRV-
Bfb to a control group. However, these studies are more
likely to find positive effects of HRV-Bfb for participants
with clinically significant symptoms than for healthy con-
trols (Henriques et al. 2011; Whited et al. 2014; Siepmann
et al. 2008). The results of the post-hoc analysis indicate that
our study is consistent with these findings—more highly
stressed participants exhibited greater benefit. These find-
ings raise the question, why were individuals in the two
treatment conditions at both times (post, follow-up) no more
likely than individuals in the wait-list control condition to
report reduced stress? We suspected different factors to be
possible explanations for the lack of intervention effects.

First, we suspected that the failure of the interventions
to reduce stress to a greater extent was related to the fact
that many individuals included in the study weren’t highly
stressed before the start of the study. Although allowing
all employees to potentially participate in the study was
in our case the only feasible way to implement the study,
we did check baseline levels of stress in order to include
participants with at least average levels of stress. However,
average stress levels may not be high enough to show inter-
vention effects (De Witte et al. 2019). Post hoc analyses sup-
ported this speculation as we found significant correlations
between higher levels of perceived stress before the study
and decreases in primary and secondary outcome parameters
of stress and related symptoms (chronic stress and partici-
pation and activation). Eisen et al. (2008) attributed their
intervention’s nonimpact on global indices of stress to insuf-
ficient practice time and lack of integration of the techniques
into the daily lives of employees. Mean daily practice time
for both intervention groups in the present study [HRV-Bfb:
M=19.74 (SD=7.01), MBL: M=16.11 (SD=6.97), in min]
is in line with other studies finding effects of stress reduction
interventions on parameters of stress (e.g. Bruin et al. 2016).
However, the wide variability in practice time between par-
ticipants in our study could have influenced the results. We
tested post hoc the speculation that more frequent practice of
the respective method would be related to more stress reduc-
tion, but our analyses did not support it. Future research may
focus on differentiating effects of stress reduction techniques
on participants with high and low stress levels and on other
possible moderators. For this purpose, more subgroup analy-
ses should be conducted in larger scale samples (Biron and
Karanika-Murray 2014).

Second, participants practiced their skills over a 6-week
period. One could argue that this isn’t enough time to bring
about significant psychophysiological changes. However,
there are studies that reported changes in HRV even after a

@ Springer

short training period. Prinsloo et al. (2013) as well as Sher-
lin et al. (2009) found short-term carry-over effects after a
single session of HRV-Bfb. However, these studies measured
HRYV during or shortly after the intervention, with no longer
term follow up. It is therefore unclear whether the interven-
tion effects were maintained. The current study included a
relatively short follow-up of 12 weeks so that long-term-
effects couldn’t be measured which are important regarding
maintenance of the training and its effects. Effects for stress
reduction at follow-up are inconsistent but the HRV param-
eter SDNN shows stronger effects at follow-up which could
be due to a more profound training effect. Future studies
may differentiate between short-term and long-term effects
of HRV-Bfb by measuring HRV parameters during, shortly
after, and several weeks after the training. Some studies
report increased HRV only during the exposure of a stressor
but not at rest (e.g. Whited et al. 2014). Therefore, it is possi-
ble that benefit of HRV-Bfb is most evident during exposure
to stressors. Future studies should involve measurements
during stress exposure as well as at rest. However, there
also are studies which reported significant improvements
of HRV after training. Tang et al. (2009) found significant
increases of HRV after a MBI practice of 20 min a day for 5
days. Munafo et al. (2016) trained managers 45 min weekly
with HRV-Bfb and reported improvements in autonomic
function after the 5-week training. Our results suggest that
the sample in the current study may be too heterogenous or
insufficient in size to detect consistent changes in HRV after
the trainings, compared to before the intervention.

Third, interestingly, the WLC also showed some improve-
ments in parameters of stress and related symptoms (psycho-
logical and physiological), suggesting other factors may have
influenced the results. It is possible that participants of the
WLC may not truly be “untreated” and show research par-
ticipation effects that might have contributed to the increase
in stress reduction. Participants knew they would take
part in an intervention after the IGs finished theirs, which
makes it possible that the results mirror an expectation of
the intervention itself. The Hawthorne effect describes this
phenomenon of a positive change in measurable behavior
in a situation in which there was no attentional attempt to
change behavior, with change being due solely to the atten-
tion given to the participants (Mayo 1949, 1933). This is in
line with the findings of some other studies. Munafo et al.
(2016) for example, also compared HRV-Bfb to a control
group that filled out a stress diary once a week. Psycho-
logical parameters positively changed in both groups after
the intervention. Another study based in corporate health
management found increased wellbeing after an interven-
tion, even in a pure control group, suggesting non-specific
intervention factors as positive group experience or social
contacts to be responsible (Emrich et al. 2009). Berry
et al. (2016) emphasize the possible supporting effects of
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employees feeling acknowledgement of their needs for sup-
port. Cook et al. (2007) suggest for their similar result of
perceived stress reduction and improved coping strategies
in the active control group (print media on stress reduction)
that most subjects came to the study wanting to improve
their health. A quasi-placebo effect could thus be responsible
for the improvements. Social desirability could also have
been a factor contributing to the positive change in param-
eters of stress and related symptoms for the WLC. Since
participants knew the investigators from the first point of
measurement and were welcomed in a friendly atmosphere,
it is possible that they reported less stress in a subconscious
attempt to meet what they perceived to be the goals of the
investigators or the organization. To reduce the likelihood
of such factors influencing the outcome, one would have to
utilize a pure control group with no post wait intervention, as
well as control for socially desirable responding. However,
as improvements for the WLC consistently occurred across
most of the measures, including physiological parameters,
other explanations are more probable. Seasonal influences
could have changed stress levels as the points of measure-
ment varied from early spring to summer. Findings on sea-
sonal influences on parameters of stress are, however, too
inconsistent to draw any final conclusions (Denissen et al.
2008; Kristal-Boneh et al. 2000; Rennie et al. 2003; Malar-
key et al. 1994; Maes et al. 1997). Additional, being a ran-
domized controlled study, possible seasonal effects should
be distributed equally in the three groups and thus should
not have influenced the results. We assume structural fac-
tors of the organization itself to have partly influenced all
three groups. These contextual influences are challenging
for stress intervention research (Biron and Karanika-Mur-
ray 2014) because they might be stronger than the inter-
vention effect itself. Theater is a work environment that is
very dependent on the theater schedule, and it is likely that
stress levels of employees are influenced by the change in
schedule-dependent work load. Anderson and Pulich (2001)
describe work overload as one of the most important stress-
ors at workplace and thus a challenge for workplace inter-
ventions. Work load was reportedly heavier at the time of the
first and third point of measurement, a possible explanation
for the decrease and increase of most parameters of stress in
all three groups at post and follow-up, as can be seen in the
observed means (s. Table 3). Other studies found a similar
effect of organizational structural factors influencing stress
levels of employees (e.g. Wolever et al. 2012). In the context
of structural influences, individual vs. organization-based
approaches in occupational health management should be
considered. This study is an individual-level intervention
as it aims to reduce stress through individual coping. The
results however hint at the need to address both intervention
levels (s. reviews of Tetrick and Winslow 2015; Ivandic et al.
2017). Additionally, a company with lesser variability in

workload that could result in different levels of stress should
be chosen for future studies. One positive conclusion that
could be drawn from the benefit seemingly derived by the
WLC is that an intervention itself offered in the workplace
can, at least partly, have a positive outcome in stress reduc-
tion. This could encourage occupational health management
to implement stress reduction interventions in the workplace
more often.

Fourth, there are some limitations to be considered. As
described by Tetrick and Winslow (2015) in their review on
workplace stress management interventions as one of the
major challenges, recruitment to the study proved harder
than anticipated. Despite the overall positive reception of
the invitation to participate in a stress reduction training,
employees often told us that they would not be able to par-
ticipate despite wishing to do so. Practical considerations,
particularly time constraints, were most frequently cited
as reasons for inability to participate. Theater schedule,
which tends to be harsher and more constraining than in
other organizations, may be responsible for this challenge.
Another contributing factor could have been that in this
study employees had to proportionate take vacation time
to participate at the trainings during worktime. This time
conflict is unfortunate, as it shows employees may be moti-
vated to participate in a workplace stress reduction program,
with practical concerns preventing them from doing so. As
intervention completion was very high (HRV-Bfb=100%
and MBI=93.3%), we can assume that the interventions
were appreciated. Future studies might try to further adapt
the interventions and their settings to participants’ practi-
cal needs to encourage greater participation. This illustrates
once again the importance of organizational-level-based
interventions alongside individual-level-based approaches.
Carson et al. (1999) discuss the possible favorable effect of
employees of the same work unit participating in an inter-
vention study by encouraging and motivating each other.
In our case, employees of very different work units were
included. This increases generalizability to other work con-
texts but reduces the possible camaraderie effect. Future
studies might consider including whole work units in stress
reduction interventions. It could also be an improvement for
further studies to include an evaluation of the participants
perception of the quality of the implementation and/or par-
ticipants’ readiness to change (Biron and Karanika-Murray
2014). Inability to have a double-blind control in this study
could also have impacted the results. It is possible that the
researchers’ knowledge of participants group assignment
could have influenced their behavior. In this study, the pre-
ponderance of female participants and the highly specialized
workplace context limit the generalizability of the results of
this study to the general population of working employees.
Finally, the relatively small sample size may be responsi-
ble for lack of significant findings in this study. Although
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a priori power analysis confirmed the sample size as suffi-
cient, the study could have been underpowered, increasing
the probability of type II errors and not observing existing
differences between groups. Therefore, these results need
an evaluation with larger scale RCTs in order to improve
its power.

The current study has a practical application as it is a field
study. It highlights challenges with implementing such inter-
ventions in a context of occupational health. The use of both
psychological as well as psychophysiological measurements
for stress reduction to compare effectiveness of HRV-Bfb
and MBI to a WLC is a novelty of the study.

Overall, both interventions seem to have a positive impact
on stress reduction of employees which could prevent further
stress associated diseases. Both interventions are relatively
easy to implement and are therefore suitable for the context
occupational health. However, findings are inconsistent and
need to be studied with larger scale RCTs. Participants with
higher stress levels might profit more from a reduction in
psychological parameters of stress and its related symptoms.

Acknowledgements Open Access funding provided by Projekt DEAL.
The authors would like to thank the Staatstheater Stuttgart for their
cooperation and financial support, Katja Sailer for her assistance with
data collection, Dr. Katrin Vagedes for her language assistance and
Professor em. Dr. Kurt-Herman Stapf for his expertise.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Anderson, P., & Pulich, M. (2001). Managing workplace stress in a
dynamic environment. The Health Care Manager, 19(3), 1-10.

Azam, M. A., Katz, J., Mohabir, V., & Ritvo, P. (2016). Individuals
with tension and migraine headaches exhibit increased heart rate
variability during post-stress mindfulness meditation practice but
a decrease during a post-stress control condition—A randomized,
controlled experiment. International Journal of Psychophysiol-
ogy, 110, 66-74. https://doi.org/10.1016/j.ijpsycho.2016.10.011

Bartlett, L., Lovell, P., Otahal, P., & Sanderson, K. (2017). Acceptabil-
ity, feasibility, and efficacy of a workplace mindfulness program
for public sector employees: A pilot randomized controlled trial
with informant reports. Mindfulness, 8(3), 639-654. https://doi.
org/10.1007/s12671-016-0643-4

Berry, K., Haddock, G., Kellett, S., Roberts, C., Drake, R., & Barrow-
clough, C. (2016). Feasibility of a ward-based psychological inter-
vention to improve staff and patient relationships in psychiatric

@ Springer

rehabilitation settings. British Journal of Clinical Psychology,
55(3), 236-252.

Biron, C., & Karanika-Murray, M. (2014). Process evaluation for
organizational stress and well-being interventions: Implications
for theory, method, and practice. International Journal of Stress
Management, 21(1), 85.

Bouchard, S., Bernier, F., Boivin, E., Morin, B., & Robillard, G.
(2012). Using biofeedback while immersed in a stressful vide-
ogame increases the effectiveness of stress management skills in
soldiers. PLoS ONE, 7(4), €36169. https://doi.org/10.1371/journ
al.pone.0036169

Bruin, E. I., van der Zwan, J. E., & Bogels, S. M. (2016). A RCT
comparing daily mindfulness meditations, biofeedback exer-
cises, and daily physical exercise on attention control, executive
functioning, mindful awareness, self-compassion, and worrying
in stressed young adults. Mindfulness, 7(5), 1182—1192. https://
doi.org/10.1007/s12671-016-0561-5

Burton, A., Burgess, C., Dean, S., Koutsopoulou, G. Z., & Hugh-
Jones, S. (2016). How effective are mindfulness-based inter-
ventions for reducing stress among healthcare professionals? A
systematic review and meta-analysis. Stress and Health: Jour-
nal of the International Society for the Investigation of Stress.
https://doi.org/10.1002/smi.2673

Carson, J., Cavagin, J., Bunclark, J., Maal, S., Gournay, K., Kui-
pers, E., et al. (1999). Effective communication in mental
health nurses: Did social support save the psychiatric nurse?
NT Research, 4(1), 31-42.

Chandola, T., Heraclides, A., & Kumari, M. (2010). Psychophysi-
ological biomarkers of workplace stressors. Neuroscience and
Biobehavioral Reviews, 35(1), 51-57. https://doi.org/10.1016/j.
neubiorev.2009.11.005

Cook, R. F., Billings, D. W., Hersch, R. K., Back, A. S., & Hendrick-
son, A. (2007). A field test of a web-based workplace health
promotion program to improve dietary practices, reduce stress,
and increase physical activity: Randomized controlled trial.
Journal of Medical Internet Research. https://doi.org/10.2196/
jmir.9.2.e17

De Witte, N. A. J., Buyck, I., & Van Daele, T. (2019). Combining
biofeedback with stress management interventions: A system-
atic review of physiological and psychological effects. Applied
Psychophysiology and Biofeedback, 44(2), 71-82. https://doi.
org/10.1007/s10484-018-09427-7

Denissen, J. J., Butalid, L., Penke, L., & Van Aken, M. A. (2008). The
effects of weather on daily mood: A multilevel approach. Emo-
tion, 8(5), 662-667.

Dobie, A., Tucker, A., Ferrari, M., & Rogers, J. M. (2015). Preliminary
evaluation of a brief mindfulness-based stress reduction inter-
vention for mental health professionals. Australasian Psychiatry.
https://doi.org/10.1177/1039856215618524

dos Santos, T. M., Kozasa, E. H., Carmagnani, I. S., Tanaka, L. H.,
Lacerda, S. S., & Nogueira-Martins, L. A. (2016). Positive effects
of a stress reduction program based on mindfulness meditation
in Brazilian nursing professionals: Qualitative and quantitative
evaluation. EXPLORE: The Journal of Science and Healing. https
://doi.org/10.1016/j.explore.2015.12.005

Dreison, K. C., Salyers, M. P., & Sliter, M. T. (2015). A deeper dive
into the relationship between personality, culture, and mindful-
ness. Industrial and Organizational Psychology: Perspectives
on Science and Practice, 8(4), 614—619. https://doi.org/10.1017/
iop.2015.88

Eisen, K. P, Allen, G. J., Bollash, M., & Pescatello, L. S. (2008). Stress
management in the workplace: A comparison of a computer-based
and an in-person stress-management intervention. Computers
in Human Behavior, 24(2), 486—496. https://doi.org/10.1016/j.
chb.2007.02.003


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijpsycho.2016.10.011
https://doi.org/10.1007/s12671-016-0643-4
https://doi.org/10.1007/s12671-016-0643-4
https://doi.org/10.1371/journal.pone.0036169
https://doi.org/10.1371/journal.pone.0036169
https://doi.org/10.1007/s12671-016-0561-5
https://doi.org/10.1007/s12671-016-0561-5
https://doi.org/10.1002/smi.2673
https://doi.org/10.1016/j.neubiorev.2009.11.005
https://doi.org/10.1016/j.neubiorev.2009.11.005
https://doi.org/10.2196/jmir.9.2.e17
https://doi.org/10.2196/jmir.9.2.e17
https://doi.org/10.1007/s10484-018-09427-7
https://doi.org/10.1007/s10484-018-09427-7
https://doi.org/10.1177/1039856215618524
https://doi.org/10.1016/j.explore.2015.12.005
https://doi.org/10.1016/j.explore.2015.12.005
https://doi.org/10.1017/iop.2015.88
https://doi.org/10.1017/iop.2015.88
https://doi.org/10.1016/j.chb.2007.02.003
https://doi.org/10.1016/j.chb.2007.02.003

Applied Psychophysiology and Biofeedback (2020) 45:307-322

321

Emrich, E., Pieter, A., & Frohlich, M. (2009). Eine explorative Studie
zur betrieblichen Gesundheitsforderung—Auswirkungen von
Betriebssport auf das Betriebsklima, die Unternehmensidentifika-
tion und das subjektive Wohlbefinden der Teilnehmer. Zeitschrift
fiir Sozialmanagement, 7(1), 65-82.

Eurofound. (2016). Sixth European Working Conditions Survey—Over-
view report. Luxembourg: Eurofound.

European Agency for Health and Safety at Work. (2013). Euro-
pean Opinion Poll on Occupational Safety and Health. Bilbao:
EU-OSHA.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G* Power
3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research Methods,
39(2), 175-191.

Fishta, A., & Backé, E.-M. (2015). Psychosocial stress at work and car-
diovascular diseases: An overview of systematic reviews. Interna-
tional Archives of Occupational and Environmental Health, 88(8),
997-1014. https://doi.org/10.1007/s00420-015-1019-0

Goessl, V. C., Curtiss, J. E., & Hofmann, S. G. (2017). The effect of
heart rate variability biofeedback training on stress and anxiety: A
meta-analysis. Psychological Medicine. https://doi.org/10.1017/
$0033291717001003

Grossman, P., Niemann, L., Schmidt, S., & Walach, H. (2004). Mind-
fulness-based stress reduction and health benefits: A meta-anal-
ysis. Journal of Psychosomatic Research, 57(1), 35-43. https://
doi.org/10.1016/S0022-3999(03)00573-7

Hautzinger, M., Keller, F., & Kiihner, C. (2006). Das Beck Depres-
sionsinventar Il. Deutsche Bearbeitung und Handbuch zum BDI
II. Frankfurt a. M.: Harcourt Test Services.

Henriques, G., Keffer, S., Abrahamson, C., & Horst, S. J. (2011).
Exploring the effectiveness of a computer-based heart rate varia-
bility biofeedback program in reducing anxiety in college students
(Research Support, Non-U.S. Gov’t). Applied Psychophysiology
and Biofeedback, 36(2), 101-112. https://doi.org/10.1007/s1048
4-011-9151-4

Hiilsheger, U. R., Alberts, H. J. E. M., Feinholdt, A., & Lang, J. W. B.
(2013). Benefits of mindfulness at work: The role of mindfulness
in emotion regulation, emotional exhaustion, and job satisfac-
tion. Journal of Applied Psychology, 98(2), 310-325. https://doi.
org/10.1037/a0031313

Hupfeld, J., & Ruffieux, N. (2011). Validierung einer deutschen Ver-
sion der Self-Compassion Scale (SCS-D). Zeitschrift fiir Klinische
Psychologie und Psychotherapie, 40(2), 115-123.

Ivandic, 1., Freeman, A., Birner, U., Nowak, D., & Sabariego, C.
(2017). A systematic review of brief mental health and well-being
interventions in organizational settings. Scandinavian Journal of
Work, Environment and Health, 43(2), 99-108.

Jamieson, S. D., & Tuckey, M. R. (2016). Mindfulness interven-
tions in the workplace: A critique of the current state of the lit-
erature. Journal of Occupational Health Psychology. https://doi.
org/10.1037/0cp0000048

Janke, W., & Erdmann, G. (1997). Stressverarbeitungsfragebogen (SVF
120). Gottingen: Hogrefe.

Janssen, M., Heerkens, Y., Kuijer, W., Van Der Heijden, B., & Engels,
J. (2018). Effects of Mindfulness-Based Stress Reduction on
employees’ mental health: A systematic review. PLoS ONE, 13(1),
e0191332. https://doi.org/10.1371/journal.pone.0191332

Kabat-Zinn, J. (1990). Full catastrophe living: Using the wisdom of
your body and mind to face stress, pain, and illness. New York:
Delta Trade Paperback.

Keeney, J. E. (2008). Effects of heart rate variability biofeedback-
assisted stress management training on pregnant women and
fetal heart rate measures. Denton, TX: University of North Texas.

Khazan, Z. (2013). Biofeedback. A step-by-step guide for training and
practice with mindfulness. Malden, MA: Wiley-Blackwell.

Kiviniemi, A. M., Hautala, A. J., Kinnunen, H., Nissila, J., Virtanen,
P., Karjalainen, J., et al. (2010). Daily exercise prescription on
the basis of HR variability among men and women (Randomized
Controlled Trial). Medicine and Science in Sports and Exercise,
42(7), 1355-1363.

Klatt, M. D., Buckworth, J., & Malarkey, W. B. (2009). Eftects of low-
dose mindfulness-based stress reduction (MBSR-1d) on working
adults. Health Education and Behavior, 36(3), 601-614. https://
doi.org/10.1177/1090198108317627

Klatt, M. D., Wise, E., & Fish, M. (2016). Mindfulness and work-
related well-being. In E. Shonin, W. V. Gordon & M. D. Griffiths
(Eds), Mindfulness and Buddhist-derived approaches in mental
health and addiction. Advances in mental health and addiction
(pp- 313-336). Cham: Springer.

Koncz, R., Wolfenden, F., Hassed, C., Chambers, R., Cohen, J., &
Glozier, N. (2016). Mindfulness-based stress release program for
university employees: A pilot, waitlist-controlled trial and imple-
mentation replication. Journal of Occupational and Environmen-
tal Medicine. https://doi.org/10.1097/jom.0000000000000856

Kristal-Boneh, E., Froom, P., Harari, G., Malik, M., & Ribak, J.
(2000). Summer—winter differences in 24 h variability of heart
rate. Journal of Cardiovascular Risk, 7(2), 141-146. https://doi.
org/10.1177/204748730000700209

Krygier, J. R., Heathers, J. A., Shahrestani, S., Abbott, M., Gross, J.
J., & Kemp, A. H. (2013). Mindfulness meditation, well-being,
and heart rate variability: A preliminary investigation into the
impact of intensive Vipassana meditation (Research Support,
Non-U S Gov’t). International Journal of Psychophysiology,
89(3), 305-313.

Lehrer, P., Vaschillo, E., & Vaschillo, B. (2000). Resonant frequency
biofeedback training to increase cardiac variability: Rationale
and manual for training (Research Support, U.S. Gov’t, P.H.S.).
Applied Psychophysiology and Biofeedback, 25(3), 177-191.

Lemaire, J. B., Wallace, J. E., Lewin, A. M., de Grood, J., &
Schaefer, J. P. (2011). The effect of a biofeedback-based stress
management tool on physician stress: A randomized controlled
clinical trial. Open Medicine, 5(4), e154—e163.

Lewis, G. F., Hourani, L., Tueller, S., Kizakevich, P., Bryant, S.,
Weimer, B., et al. (2015). Relaxation training assisted by heart
rate variability biofeedback: Implication for a military prede-
ployment stress inoculation protocol. Psychophysiology, 52(9),
1167-1174. https://doi.org/10.1111/psyp.12455

Maes, M., Mommen, K., Hendrickx, D., Peeters, D., D’Hondt, P.,
Ranjan, R, et al. (1997). Components of biological variation,
including seasonality, in blood concentrations of TSH, TT3,
FT4, PRL, cortisol and testosterone in healthy volunteers. Clini-
cal Endocrinology, 46(5), 587-598.

Malarkey, W. B., Pearl, D. K., Demers, L. M., Kiecolt-Glaser, J.
K., & Glaser, R. (1994). Influence of academic stress and sea-
son on 24-hour mean concentrations of ACTH, cortisol, and
B-endorphin. Psychoneuroendocrinology, 20(5), 499-508. https
://doi.org/10.1016/0306-4530(94)00077-N

Marcatto, F., Colautti, L., Larese Filon, F., Luis, O., Di Blas, L.,
Cavallero, C., et al. (2016). Work-related stress risk factors and
health outcomes in public sector employees. Safety Science, 89,
274-278. https://doi.org/10.1016/j.ss¢i.2016.07.003.

Margraf, J. (2013). Mini-DIPS: Diagnostisches Kurz-Interview bei
psychischen Storungen. Berlin: Springer.

Mayo, E. (1933). The human problems of an industrial organization.
New York: McMillan.

Mayo, E. (1949). Hawthorne and the Western Electric Company.
In Public administration: Concepts and cases (pp 149—-158).
Boston :Houghton Mifflin.

Moore, M., Brow, D., Money, N., & Bates, M. (2011). Mind—body
skills for regulating the autonomic nervous system. Arlington,

@ Springer


https://doi.org/10.1007/s00420-015-1019-0
https://doi.org/10.1017/s0033291717001003
https://doi.org/10.1017/s0033291717001003
https://doi.org/10.1016/S0022-3999(03)00573-7
https://doi.org/10.1016/S0022-3999(03)00573-7
https://doi.org/10.1007/s10484-011-9151-4
https://doi.org/10.1007/s10484-011-9151-4
https://doi.org/10.1037/a0031313
https://doi.org/10.1037/a0031313
https://doi.org/10.1037/ocp0000048
https://doi.org/10.1037/ocp0000048
https://doi.org/10.1371/journal.pone.0191332
https://doi.org/10.1177/1090198108317627
https://doi.org/10.1177/1090198108317627
https://doi.org/10.1097/jom.0000000000000856
https://doi.org/10.1177/204748730000700209
https://doi.org/10.1177/204748730000700209
https://doi.org/10.1111/psyp.12455
https://doi.org/10.1016/0306-4530(94)00077-N
https://doi.org/10.1016/0306-4530(94)00077-N
https://doi.org/10.1016/j.ssci.2016.07.003

322

Applied Psychophysiology and Biofeedback (2020) 45:307-322

TX: Defense Centers of Excellence for Psychological Health
and Traumatic Brain Injuries.

Munafo, M., Patron, E., & Palomba, D. (2016). Improving managers’
psychophysical well-being: Effectiveness of respiratory sinus
arrhythmia biofeedback. Applied Psychophysiology and Bio-
feedback, 41(2), 129-139.

O’Leary, K., O’Neill, S., & Dockray, S. (2015). A systematic review
of the effects of mindfulness interventions on cortisol. Jour-
nal of Health Psychology. https://doi.org/10.1177/1359105315
569095

Prinsloo, G. E., Derman, W. E., Lambert, M. 1., & Rauch, H. G. L.
(2013). The effect of a single session of short duration biofeed-
back-induced deep breathing on measures of heart rate variability
during laboratory-induced cognitive stress: A pilot study (Ran-
domized Controlled TrialResearch Support, Non-U S Gov’t).
Applied Psychophysiology and Biofeedback, 38(2), 81-90.

Rabung, S., Harfst, T., Kawski, S., Koch, U., Wittchen, H.-U., &
Schulz, H. (2009). Psychometrische Uberpriifung einer verkiir-
zten Version der» Hamburger Module zur Erfassung allgemeiner
Aspekte psychosozialer Gesundheit fiir die therapeutische Praxis
«(HEALTH-49). Zeitschrift fiir Psychosomatische Medizin und
Psychotherapie, 55(2), 162—179.

Ratanasiripong, P., Park, J. F., Ratanasiripong, N., & Kathalae, D.
(2015). Stress and anxiety management in nursing students: Bio-
feedback and mindfulness meditation. Journal of Nursing Edu-
cation, 54(9), 520-524. https://doi.org/10.3928/01484834-20150
814-07

Ratanasiripong, P., Ratanasiripong, N., & Kathalae, D. (2012). Bio-
feedback intervention for stress and anxiety among nursing stu-
dents: A randomized controlled trial. ISRN Nursing, 2012, 5. https
://doi.org/10.5402/2012/827972

Rennie, K. L., Hemingway, H., Kumari, M., Brunner, E., Malik, M.,
& Marmot, M. (2003). Effects of moderate and vigorous physical
activity on heart rate variability in a British study of civil servants.
American Journal of Epidemiology, 158(2), 135-143.

Rijken, N. H., Soer, R., Maar, E., Prins, H., Teeuw, W. B., Peuscher,
J., et al. (2016). Increasing performance of professional soccer
players and elite track and field athletes with peak performance
training and biofeedback: A pilot study. Applied Psychophysiol-
ogy and Biofeedback. https://doi.org/10.1007/s10484-016-9344-y

Roeser, R. W., Schonert-Reichl, K. A., Jha, A., Cullen, M., Wallace,
L., Wilensky, R., et al. (2013). Mindfulness training and reduc-
tions in teacher stress and burnout: Results from two randomized,
waitlist-control field trials. Journal of Educational Psychology.
https://doi.org/10.1037/a0032093

Sanada, K., Montero-Marin, J., Diez, M. A., Salas-Valero, M., Pérez-
Yus, M. C., Morillo, H., et al. (2016). Effects of mindfulness-
based interventions on salivary cortisol in healthy adults: A meta-
analytical review. Frontiers in Physiology. https://doi.org/10.3389/
fphys.2016.00471

Schroeder, D. A., Stephens, E., Colgan, D., Hunsinger, M., Rubin, D.,
& Christopher, M. S. (2016). A brief mindfulness-based inter-
vention for primary care physicians: A pilot randomized con-
trolled trial. American Journal of Lifestyle Medicine. https://doi.
org/10.1177/1559827616629121

Sharma, M., & Rush, S. E. (2014). Mindfulness-based stress reduction
as a stress management intervention for healthy individuals: A
systematic review. Journal of Evidence Based Complementary
and Alternative Medicine, 19(4), 271-286.

Sherlin, L., Gevirtz, R., Wyckoff, S., & Muench, F. (2009). Effects
of respiratory sinus arrhythmia biofeedback versus passive

@ Springer

biofeedback control. International Journal of Stress Management,
16(3), 233-248. https://doi.org/10.1037/a0016047

Siepmann, M., Aykac, V., Unterdorfer, J., Petrowski, K., & Mueck-
Weymann, M. (2008). A pilot study on the effects of heart rate
variability biofeedback in patients with depression and in healthy
subjects. Applied Psychophysiology and Biofeedback, 33(4),
195-201. https://doi.org/10.1007/s10484-008-9064-z

Sutarto, A. P., Wahab, M. N., & Zin, N. M. (2012). Resonant breath-
ing biofeedback training for stress reduction among manufactur-
ing operators. International Journal of Occupational Safety and
Ergonomics, 18(4), 549-561.

Tang, Y.-Y., Ma, Y., Fan, Y., Feng, H., Wang, J., Feng, S., et al. (2009).
Central and autonomic nervous system interaction is altered by
short-term meditation. Proceedings of the National Academy of
Sciences of USA, 106(22), 8865-8870. https://doi.org/10.1073/
pnas.0904031106

Task Force of The European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. (1996). Heart
rate variability. Standards of measurement, physiological inter-
pretation, and clinical use. Task Force of the European Society
of Cardiology and the North American Society of Pacing and
Electrophysiology. European Heart Journal, 17(3), 354-381.

Taylor, C., Harrison, J., Haimovitz, K., Oberle, E., Thomson, K.,
Schonert-Reichl, K., et al. (2015). Examining ways that a mind-
fulness-based intervention reduces stress in public school teach-
ers: A mixed-methods study. Mindfulness. https://doi.org/10.1007/
s12671-015-0425-4

Tetrick, L. E., & Winslow, C. J. (2015). Workplace stress management
interventions and health promotion. Annual Review of Organiza-
tional Psychology and Organizational Behavior, 2(1), 583—-603.

Van der Zwan, J., de Vente, W., Huizink, A., Bogels, S., & de Bruin,
E. (2015). Physical activity, mindfulness meditation, or heart rate
variability biofeedback for stress reduction: A randomized con-
trolled trial. Applied Psychophysiology and Biofeedback, 40(4),
257-268.

Vrijkotte, T. G., van Doornen, L. J., & de Geus, E. J. (2000). Effects of
work stress on ambulatory blood pressure, heart rate, and heart
rate variability (Research Support, Non-U.S. Gov’t). Hyperten-
sion, 35(4), 880-886.

Walach, H., Buchheld, N., Buttenmiiller, V., Kleinknecht, N., &
Schmidt, S. (2006). Measuring mindfulness—The Freiburg Mind-
fulness Inventory (FMI). Personality and Individual Differences,
40(8), 1543-1555. https://doi.org/10.1016/j.paid.2005.11.025

Wells, R., Outhred, T., Heathers, J. A., Quintana, D. S., & Kemp, A.
H. (2012). Matter over mind: A randomised-controlled trial of
single-session biofeedback training on performance anxiety and
heart rate variability in musicians. PLoS ONE, 7(10), 4.

Whited, A., Larkin, K., & Whited, M. (2014). Effectiveness of emWave
biofeedback in improving heart rate variability reactivity to and
recovery from stress. Applied Psychophysiology and Biofeedback.
https://doi.org/10.1007/s10484-014-9243-z

Wolever, R. Q., Bobinet, K. J., McCabe, K., Mackenzie, E. R., Fekete,
E., Kusnick, C. A., et al. (2012). Effective and viable mind—body
stress reduction in the workplace: A randomized controlled trial.
Journal of Occupational Health Psychology, 17(2), 246-258.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/1359105315569095
https://doi.org/10.1177/1359105315569095
https://doi.org/10.3928/01484834-20150814-07
https://doi.org/10.3928/01484834-20150814-07
https://doi.org/10.5402/2012/827972
https://doi.org/10.5402/2012/827972
https://doi.org/10.1007/s10484-016-9344-y
https://doi.org/10.1037/a0032093
https://doi.org/10.3389/fphys.2016.00471
https://doi.org/10.3389/fphys.2016.00471
https://doi.org/10.1177/1559827616629121
https://doi.org/10.1177/1559827616629121
https://doi.org/10.1037/a0016047
https://doi.org/10.1007/s10484-008-9064-z
https://doi.org/10.1073/pnas.0904031106
https://doi.org/10.1073/pnas.0904031106
https://doi.org/10.1007/s12671-015-0425-4
https://doi.org/10.1007/s12671-015-0425-4
https://doi.org/10.1016/j.paid.2005.11.025
https://doi.org/10.1007/s10484-014-9243-z

	Comparing Effectiveness of HRV-Biofeedback and Mindfulness for Workplace Stress Reduction: A Randomized Controlled Trial
	Abstract
	Introduction
	Methods
	Study Design
	Participants and Procedure
	Interventions
	Heart Rate Variability-Biofeedback
	Mindfulness-Based Intervention
	Outcomes
	Psychological Assessment
	Measures of Heart Rate Variability
	Recording and Analysis
	HRV-Parameters

	Cortisol
	Statistical Methods

	Results
	Study Sample
	Intervention Effects
	Differences Between the Groups at the Different Points of Measurement
	Within-Group Effects
	Post Hoc Analysis


	Discussion
	Acknowledgements 
	References




