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ABSTRACT

Background: Physicians often experience work-related stress that may lead to personal harm and impaired profes-
sional performance. Biofeedback has been used to manage stress in various populations.

Objective: To determine whether a biofeedback-based stress management tool, consisting of rhythmic breathing,
actively self-generated positive emotions and a portable biofeedback device, reduces physician stress.

Design: Randomized controlled trial measuring efficacy of a stress-reduction intervention over 28 days, with a 28-
day open-label trial extension to assess effectiveness.

Setting: Urban tertiary care hospital.

Participants: Forty staff physicians (23 men and 17 women) from various medical practices (1 from primary care, 30
from a medical specialty and 9 from a surgical specialty) were recruited by means of electronic mail, regular mail and
posters placed in the physicians’ lounge and throughout the hospital.

Intervention: Physicians in the intervention group were instructed to use a biofeedback-based stress management
tool three times daily. Participants in both the control and intervention groups received twice-weekly support visits
from the research team over 28 days, with the intervention group also receiving re-inforcement in the use of the stress
management tool during these support visits. During the 28-day extension period, both the control and the interven-
tion groups received the intervention, but without intensive support from the research team.

Main outcome measure: Stress was measured with a scale developed to capture short-term changes in global percep-
tions of stress for physicians (maximum score 200).

Results: During the randomized controlled trial (days o to 28), the mean stress score declined significantly for the
intervention group (change —14.7, standard deviation [SD] 23.8; p = 0.013) but not for the control group (change —2.2,
SD 8.4; p = 0.30). The difference in mean score change between the groups was 12.5 (p = 0.048). The lower mean
stress scores in the intervention group were maintained during the trial extension to day 56. The mean stress score for
the control group changed significantly during the 28-day extension period (change —8.5, SD 7.6; p < 0.001).

Conclusion: A biofeedback-based stress management tool may be a simple and effective stress-reduction strategy for
physicians.
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RESEARCH

IVEN THE NATURE OF THEIR OCCUPATIONAL DUTIES

and environment, physicians often experience

work-related stress,' which may lead to personal
harm such as burnout, depression and substance abuse,
as well as impaired professional performance, indicated
by medication errors and reduced attentiveness or car-
ing behaviour toward their patients.® Stress manage-
ment refers to a range of processes that are intended to
mitigate aspects of the psychobiology of stress. Biofeed-
back, an intervention that involves measuring a person’s
quantifiable bodily functions (e.g., blood pressure, heart
rate, muscle tension) and conveying the information to
the person in real time, is a useful way of providing guid-
ance and reinforcement for successful management of
the physiological response to stress. Various biofeedback
techniques have been used in different populations for
the treatment of, and to help deal with the stress caused
by, disorders such as hypertension, migraine headaches,
tinnitus, irritable bowel syndrome and fibromyalgia.?™®
Stress and emotion have also been linked to heart rate
variability (HRV), a measure of naturally occurring beat-
to-beat changes in the heart rate reflecting vagal antag-
onism of sympathetic influences.”® Biofeedback tools that
incorporate measures of HRV enable study of the linkage
between HRV and both the psychology and the biology of
stress.”™** For example, a biofeedback device that meas-
ures and communicates the beneficial HRV resulting
from rhythmic breathing coupled with actively self-gen-
erated positive emotions provides reinforcement to the
user that their efforts to reduce stress are effective.”

Physician wellness has been increasingly linked to the
quality of patient care, yet the attention that physicians
pay to self-wellness is suboptimal, because of individual,
professional and health care organizational factors.” It
is therefore important to explore practical and cred-
ible means of helping physicians to contend with work-
related stress, with the ultimate goal of improving their
overall performance. A stress management tool that in-
corporates a bhiofeedback device provides the physician
with direct evidence of positive physiological change.
The aim of this study was to determine whether the

use of a biofeedback-based stress management tool (con-
sisting of rhythmic breathing, actively self-generated
positive emotions and a portable biofeedback device)
helps to reduce physician stress.

METHODS

Design. During the first 28 days of this study, we con-
ducted an open-label, randomized controlled clinical
trial with concealed allocation to assess the efficacy
of the stress management tool for reducing physician
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stress. In an open-label trial extension (days 28 to 56)
applied to both arms, we assessed the effectiveness of
the intervention by measuring 1) any sustained stress-
reduction effects in the intervention cohort, who were
instructed to continue using the stress management tool
until day 56; and 2) the stress-reduction effects of the
tool in a real-life setting, without intensive support from
the research team, by having the physicians enrolled in
the control arm over days o to 28 participate in a train-
ing session on or about day 28 with instructions to use
the stress-reduction tool until day 56. We measured out-
comes at days 0, 28 and 56.

Setting, participants and randomization. Eligible par-
ticipants were staff physicians practising in an urban
tertiary care centre. We recruited participants in March
2009, by electronic mail, regular mail and posters placed
in the physicians’ lounge and throughout the hospital.
We performed the study from April to June 2009. We ex-
cluded potential participants who screened positive for
major depression with the 9-item Patient Health Ques-
tionnaire (PHQ-9) depression scale'® and referred them
to the provincial physician wellness support program.
We used a computer program to generate a random al-
location sequence for assigning participants to either the
control or the intervention group, with stratification by
sex to ensure parity within groups. Participants’ alloca-
tion to the control or intervention group was concealed
until after the research assistant and/or the co-inves-
tigators had confirmed eligibility criteria and received
informed consent. Given the nature of the intervention
and the outcome measures, the study was not blinded.
We collected data primarily at the hospital, with partici-
pants occasionally completing the stress questionnaire
by accessing the study website from an off-site location.

Intervention. The biofeedback-based stress manage-
ment tool used in our study consisted of a combination of
rhythmic breathing, self-generated positive emotion and
a biofeedback device to reinforce positive physiological
change when dealing with stress. The biofeedback device,
the emWavePSR (Personal Stress Reliever) (HeartMath,
LLC, Boulder Creek, California), is a lightweight, battery-
operated device about the size of a small deck of cards
that can be carried in a pocket or purse. It calculates
beat-to-beat changes in heart rate (i.e., HRV) to produce
a measure of physiological coherence. This state may be
achieved through the quick coherence technique, which
comprises rhythmic breathing coupled with actively
self-generated positive emotions such as appreciation for
something or someone or remembering a special place in
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nature. The device reads heart rate through a digit or ear
lobe sensor and provides reinforcement of successful im-
plementation of the quick coherence technique through
visual cues (e.g., a light that transitions from red to blue
to green with increasing coherence and another that
pulses with the captured heart beat) and auditory cues
(e.g., beeps signalling that coherence has been achieved).
An accompanying software application (emWavePC) per-
forms these tasks within a Microsoft Windows environ-
ment for use on a laptop or desktop computer, providing
a more detailed real-time quantitative and graphical
display of heart rhythm pattern. Participants received
an emWavePSR to use throughout the pertinent study
period (intervention group, days o to 56; control group,
days 28 to 56) and to keep thereafter. They also attended
a 30-minute standardized training session provided by
personnel employed by the health region who had under-
gone formal training to become qualified as instructors.
The study participants were taught the quick coher-
ence technique, the principles of the biofeedback device
(through demonstrations of both the emWavePSR and
the emWavePC software) and how to use their personal
emWavePSR, and were given contact information should
guestions arise. The research assistants also used the
emWavePC version during their twice-weekly encounters
with participants in the intervention group during days o
to 28, to reinforce the visual display of coherence.

Randomized controlled trial (days O to 28). Participants
allocated to the intervention group received a brochure
describing the provincial physician wellness support pro-
gram; were given a biofeedback device and participated
in an individual training session to learn the quick coher-
ence technique and how to use the device, with an offer of
optional follow-up instruction; and were given a prescrip-
tion to use the stress management tool during study days
o0 to 28 for 5 minutes at least three times daily. A research
assistant contacted each participant in the intervention
group twice weekly to measure stress and well-being,
heart rate and blood pressure; to document their adher-
ence to using the stress management tool; and to record a
3-minute biofeedback session using the emWavePC soft-
ware. Each of these encounters enabled the research as-
sistant to reinforce use of the stress management tool and
to further visually display participants’ ability to achieve
coherence levels over the course of the study.

Participants allocated to the control group received
the same brochure describing the provincial physician
wellness support program and were contacted twice
weekly by a research assistant to measure stress and
well-being, heart rate and blood pressure.
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Trial extension (days 28 to 56). Participants allocated
to the intervention group were told to continue using the
stress management tool at their discretion and were of-
fered the opportunity to request and receive additional
training and support. A research assistant contacted
each participant in the intervention group on or about
day 56 to gather outcome measures data.

Each participant allocated to the control group received
a biofeedback device and participated in a personal train-
ing session on or about day 28. Each participant was given
a prescription to use the stress management tool during
study days 28 to 56 for 5 minutes at least three times daily
and was offered the opportunity to request and receive
additional training and support; however, these partici-
pants were not otherwise supported by the research team.
A research assistant contacted each participant on or
about day 56 to gather outcome measures data.

Outcome measures. We measured the primary out-
come, stress, with a multiple-item scale developed by the
research team and intended to measure global percep-
tions of stress and also to capture occupation-specific
stress that is particularly relevant to physicians (Appen-
dix A). The survey included 15 items from the Perceived
Stress Scale, a reliable and valid psychological instru-
ment designed to measure perceptions of stress (defined
as how unpredictable, uncontrollable and overloaded re-
spondents find their lives) over a short period (i.e., 1 to 2
months).'*'> The questions in the Perceived Stress Scale
are of a general nature, not specific to any subpopulation,
and are considered valid across sex and age categories.
The survey also included 25 selected items from the Per-
sonal and Organizational Quality Assessment—Revised
(POQA-R) questionnaire,'® an 85-item self-report inven-
tory designed to reflect key psychological and workplace
elements indicating the overall quality of one’s experi-
ences within an organization. We chose specific items
from this questionnaire on the basis of the results of a
pilot study of 10 hospital-based physicians, who were
asked to provide a written response describing in their
own words how they felt when they were busy or stressed
at work. The 25 selected items represented three themes:
anxiety or anger, physical symptoms of stress and work-
related time pressures. The final 40-item instrument
was validated through confirmatory common factor an-
alysis' with varimax rotation showing that all 40 items
loaded onto a single factor with an eigenvalue of 18.8
(results available upon request). The response set for all
items consisted of never (coded 0), almost never (coded
1), sometimes (coded 2), often (coded 3), very often
(coded 4) and always (coded 5). Values for all 40 items
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were summed for a maximum possible stress score of
200, where a higher score indicated greater feelings of
stress. The inter-item reliability for the summated scale
was 0.97 based on Cronbach’s a, which was calculated
for all participants at day o.

The secondary outcome measures included adherence,
heart rate, blood pressure, and salivary cortisol levels. We
defined good adherence as at least 15 minutes per day of
self-reported use of the stress management tool (based on
the prescribed instructions for use), as calculated by the
daily mean for days o to 28. We collected baseline demo-
graphic data at enrolment. Heart rate and blood pressure
were measured using Physiologic Auto Blood Pressure
Monitor model 106-925 (AMG Medical Inc, Montréal,
Quebec). Salivary cortisol level was analyzed by enzyme
immunoassay (Salimetrics LLC, State College) according
to the manufacturer’s instructions, with samples collected
upon awakening (fasting) and at midday, suppertime and
before bedtime on or about days 0 and 28.

Statistical analysis. We performed a sample-size calcu-
lation and determined that we needed 17 participants per
study arm to detect a between-group difference in stress
score of 15 (with 80% power and an estimated common
standard deviation [SD] of 15). In conducting the study,
we targeted final enrolment of about 20 participants per
group to account for possible loss to follow-up. We ex-
pressed measurements of participants’ baseline charac-
teristics as means with SD for continuous variables (age,
years in practice, heart rate, systolic and diastolic blood
pressure, salivary cortisol) and as proportions for cat-
egorical variables (sex, marital status, medical practice,
smoking status and exercise pattern). Stress scores at
days 0, 28 and 56 were expressed as a group mean and
SD. Because of the small sample size, we used nonpara-
metric methods to compare changes in stress scores. We
performed within-group comparisons using the Wilcox-
on signed-rank test and between-group comparisons
using the Wilcoxon rank-sum test. We limited calcula-
tion of mean change in stress score to participants for
whom data were complete, as this value was calculated
by subtracting, for each participant, the score on day o
from the score on day 28, and then reporting the mean
of these differences. The same analysis was used for cal-
culating the mean changes in stress score over days o
to 56 and days 28 to 56. We used a ¢ test to compare
dichotomized (reduced v. not reduced) stress scores. We
calculated daily mean adherence to prescribed use of the
stress management tool by summing daily total minutes
of use divided by 28 for each participant in the interven-
tion group for days o to 28. All statistical analyses were
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performed with Stata 10 software (StataCorp LP, College
Station, Texas).

Ethics approval. We obtained ethics approval from the
Conjoint Health Ethics Review Board of the University of
Calgary, and we obtained written informed consent from
all participants.

RESULTS

Participant characteristics. Forty-one potential par-
ticipants were screened, and 40 physicians from various
medical practices participated (19 in the control group
and 21 in the intervention group), all of whom completed
the study protocol (Fig. 1). No adverse effects of the inter-
vention were reported. Complete primary outcome data
were available for all but one participant in the control
group at day o0 and for all but one person in each group at
day 28. The eligible participants consisted of 23 men (11
control and 12 intervention) and 17 women (8 control and
9 intervention) (Table 1). The mean age was 44.8 years
in the control group and 47.8 years in the intervention
group. Fifteen participants in the control group and 18
in the intervention group were married. Participants in

Screened
n=41

l—» Ineligible n=1

Eligible
n=40

|
Y v

Intervention group

Control group

n=21 n=19
Day 0 Day 0
Day 28 Day 28
End of RCT | l
Extensions *

Continue intervention
Day 28

Intervention training
Day 28

Does effect last Is there an effect
without reinforcement? without reinforcement?

l l

Day 56 Day 56

Figure 1: Flow of participants in a study of a
stress-management tool for physicians
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the control and intervention groups had been practising
medicine for a mean of 13.0 and 14.3 years, respectively.
The mean age of starting practice (32 years) likely re-
flected the makeup of the cohort, which consisted almost
exclusively of specialist physicians, who spend up to 5
years in residency before completing their training. Par-
ticipants were from a variety of medical practices (1 [2%]
from primary care, 30 [76%] from a medical specialty
and 9 [22%] from a surgical specialty). With the excep-
tion of mean baseline heart rate (67 beats/minute v. 74
beats/minute in the intervention and control groups; p =
0.030), there were no statistically significant differences
between the two groups (Table 1).

Stress. The following results were obtained with respect
to stress.

Randomized controlled trial (days 0—28). The baseline
mean stress score of 81.3 (SD 29.5) for the intervention
group dropped to 65.0 (SD 26.6) at day 28, correspond-
ing to a statistically significant mean change of —14.7
(SD 23.8; p = 0.013) (Table 2). The baseline mean stress
score of 74.1 (SD 24.5) for the control group
dropped to 69.8 (SD 26.6) at day 28, corres-
ponding to a mean change of —2.2 (SD 8.4),
but this change was not statistically sig-
nificant (p = 0.30). The difference in score
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o (Fig. 3; p = 0.12). For the control group, whose partici-
pants underwent training for use of the stress manage-
ment tool without intensive reinforcement and support
during days 28 to 56, mean stress scores also dropped,
from 69.8 (SD 26.6) at day 28 to 61.3 (SD 25.1) at day 56,
corresponding to a statistically significant change of —8.5
(SD 7.6; p < 0.001). Fifteen (83%) of 18 physicians in the
control group had a reduced stress score at day 56 relative
to day 28 (Fig. 4; p = 0.005).

The mean changes in stress score experienced by the
intervention group in the randomized controlled trial
(-14.7, 95% confidence interval [CI] —25.8 to —3.6) and
by the control group exposed to the intervention dur-
ing the trial extension (—8.5, 95% CI —12.3 to —4.7) were
not significantly different (p = 0.30). The mean change
in stress score experienced by the control group dur-
ing the randomized controlled trial (-2.2, 95% CI —6.5
to 2.1) was significantly different from the mean change
in stress score when the same group was exposed to the
intervention during the trial extension (-8.5, 95% CI
—12.3 to —4.7) (p = 0.026).

Table 1: Characteristics of participants in a randomized controlled trial

of a stress management tool for physicians

Group; no. (%) of participants*

change between the groups was significant
(12.5; p = 0.048). A sensitivity analysis of the
individual components of the stress score
(Perceived Stress Scale and items derived
from the POQA-R) showed a statistically sig-
nificant decrease in mean stress scores for
the intervention group but not for the con-
trol group, which mirrored the main study
results (results available upon request).
Fifteen (75%) of 20 physicians in the inter-
vention group but only 10 (59%) of 17 in the
control group had reduced stress scores at
day 28 relative to day o (¢ p value = 0.30)
(Fig. 2).

Trial extension (days 28-56). For the inter-
vention group, a reduction in the mean stress
score was maintained through to day 56. The
day o mean score of 81.3 (SD 29.5) dropped
to 68.3 (SD 29.1) at day 56, corresponding
to a statistically significant change of —13.0
(SD 25.0; p = 0.027). Fourteen (67%) of 21
physicians in the intervention group had a
reduced stress score at day 56 relative to day
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Control Intervention

Characteristic n=19 n=21 p value
Demographic
Sex, male 11(58) 12(57) 0.96
Age, yr, mean (SD) 448 (8.2) 47.8(8.5) 0.27
Marital status, married 15(79) 18 (86) 0.56
Time in practice, yr, mean (SD) 13.0(8.1) 14.3(9.8) 0.65
Type of medical practice 0.46

Primary care 1(5) 0(0)

Medical specialty 13 (68) 17 (81)

Surgical specialty 5(26) 4(19)
Physiological
Heart rate, beats/min, mean (SD) 74 (12) 67 (10) 0.030
Blood pressure, mm Hg, mean (SD)

Systolic 123 (15) 123(17) 0.98

Diastolic 77 (9) 77 (10) 0.78
Salivary cortisol,t pug/dL, mean (SD) 0.42 (0.23) 0.43 (0.30) 0.87
Lifestyle
Smoking 0(0) 1(5) 0.34
Exercise pattern 0.28

<1 day/wk 3(16) 4(19)

1 or 2 days/wk 4(21) 2(10)

2-4 days/wk 7(37) 13 (62)

> 4 days/wk 5(26) 2(10)

SD = standard deviation.
*Except as indicated otherwise.
tFirst sample of the day.
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Adherence. In terms of adherence, 6 participants in
the intervention group met the criteria for good adher-
ence (an average of 15 or more minutes per day during
the intervention period), and 14 had poor adherence
(data were missing for one participant). Those with good
adherence all showed a decrease in their stress scores
during the intervention period. Of the 14 with poor
adherence, 9 had decreased stress scores and 5 had in-
creased stress scores.

In terms of stress score change in the intervention
group and during the intervention period, the 15 par-
ticipants with decreased stress scores used the stress
management tool over a range of 2 to 40 minutes per day
(mean 14, SD 10), with a total 28-day cumulative range
of 47 to 1120 minutes (mean 386, SD 292). The 5 par-
ticipants with increased stress scores used the stress
management tool over a range of 5 to 12 minutes per day
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(mean 9, SD 3), with a total 28-day cumulative range of
151 to 347 minutes (mean 260, SD 76).

Physiological measurements. Over days 0 to 28, there were
no statistically significant within-group changes in blood
pressure, heart rate or salivary cortisol, nor any significant
differences between the control and intervention groups
(Table 2). Across days 0 to 56, the intervention group had no
significant changes in blood pressure or heart rate, nor did
the control group when using the stress management tool
during days 28 to 56. Notably, only 2 people in the control
group and 3 in the intervention group had systolic blood
pressure above 140 mm Hg on day o.

DISCUSSION

An intervention with a stress management tool con-
sisting of rhythmic breathing, actively self-generated

Table 2: Stress and physiological measurements, including within-group changes and between-group

differences over days 0 to 28, by group

Group; mean (SD)

p value, between-group

Variable Control Intervention difference
Stress score
Baseline 74.1 (24.5) 81.3(29.5)
n=18 n=21
Day 28 69.8 (26.6) 65.0 (26.6)
n=18 n=20
Within-group change -2.2(8.4) -14.7 (23.8) 0.048
n=17 n=20
p value for within-group change 0.30 0.013
Physiological measurements
Systolic blood pressure, nm Hg n=19 n=21
Baseline 123 (15) 123(17)
Day 28 122 (12) 122 (14)
Within-group change -1.5(15.6) -1.0(15.9) 0.93
p value for within-group change 0.68 0.76
Diastolic blood pressure, nm Hg n=19 n=21
Baseline 77 (9) 77(10)
Day 28 77 (7) 79 (8)
Within-group change +0.1(10.4) +1.9 (9.6) 0.58
p value for within-group change 0.97 0.38
Heart rate, beats/min n=19 n=21
Baseline 74 (12) 67 (10)
Day 28 73(13) 68(11)
Within-group change -1.1(12.5) +1.4 (8.9) 0.47
p value for within-group change 0.70 0.48
Morning salivary cortisol, ug/dL n=15 n=18
Baseline 0.418(0.23) 0.429 (0.31)
Day 28 0.422(0.23) 0.414(0.19)
Within-group change +0.004 (0.33) -0.015(0.27) 0.85
p value for within-group change 0.96 0.81

SD = standard deviation
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Figure 3: Changes in stress scores over days 0 to 56 for
individual physicians in the intervention group. The
shaded region depicts physicians whose stress score
declined.

positive emotion and a portable biofeedback device to
reinforce positive physiological change in terms of HRV
was associated with a significant decline in measured
stress for physicians. The benefit of this decline to the
intervention group was sustained over a prolonged per-
iod (i.e., during an open-label trial extension of 28 days).
Furthermore, the control group, when exposed to the
intervention during the trial extension period without
intensive reinforcement and support, also showed a sig-
nificant decrease in measured stress. Adherence data
suggested that an average of 15 minutes per day of use of
the stress management tool over a 1-month period may
be sufficient to provide benefit. The study did not reveal
changes in any of the secondary outcome measures,
most likely because of the relatively short trial period.
For heart rate and blood pressure, the starting values
were in the normal range, which may also have contrib-
uted to the finding of no change over the study period.

Although it is difficult to quantify what is a meaningful
or clinically significant difference when using health-
related instruments, the literature supports a threshold
of change of approximately half a standard deviation as
being a “minimally important difference.”® The change
observed in the intervention group met this criterion.
In addition, the results of a related qualitative study
in which the physicians were interviewed at the end of
this study suggested that nearly all intended to continue
using the stress management tool because of the positive
effects it had had on how they dealt with work-related
stress (unpublished data).

The practice of medicine is stressful for physicians, in-
volving increasing workloads, emotionally charged situ-
ations, excessive cognitive requirements and frequent
organizational changes. The potential psychological and
physical effects of stress upon physicians were well docu-
mented in a previous review.? In related research, Cohen
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Figure 4: Changes in stress scores over days 28 to 56 for
individual physicians in the control group after introduction
to the intervention on day 28. The shaded region depicts
physicians whose stress score declined.

and colleagues explored the basic physiology of stress fa-
cing medical students when having to deliver bad news
versus good news using a simulated patient encounter.
The delivery of bad news was associated with increased
cardiovascular responses, self-reported distress and an
increase in natural killer cell function.” Physicians may
use a variety of strategies to cope with stress, including
problem-focused coping, which facilitates completion
of work tasks (e.g., making a plan of action); emotion-
focused coping, which assists people in managing their
emotional reaction to stressors (e.g., using humour to
lighten the situation); and seeking support from col-
leagues, family and friends; or they may use maladaptive
coping strategies (e.g., alcohol abuse or drug use).>°™3 A
literature search (MEDLINE, 1985 to 2010) showed that
health systems’ efforts to reduce occupational distress
for physicians have included interventions such as alter-
ations of the physical work schedule and environment,
establishment of support groups, programs that teach
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coping strategies, face-to-face counselling sessions and
mail-out self-help interventions.24~2® Although biofeed-
back of various types, in particular those based on HRV,
have been used to enhance patient care, we found no evi-
dence of research exploring biofeedback techniques as a
stress management tool for physicians.

There may have been several reasons why the inter-
vention that we used in this study was associated with
reduced stress scores. First, the concrete visualization
of achieving “coherence” provided by the biofeedback
device and by the emWavePC sessions with the research
assistant may have enhanced both physicians’ skill and
their belief in their ability to manipulate psychobiologic
responses to stress, thus strengthening compliance and
effort. Second, public admission or acknowledgement,
prevention and/or treatment of stress are sometimes
stigmatized within the medical profession and may be
perceived as a sign of weakness and incompetence,® but
the technology- and physiology-based stress manage-
ment tool may have helped to overcome these challenges
by legitimizing the psychobiology of stress and by provid-
ing a quantifiable and dynamic measure of stress. Third,
the ease of portability and use of the stress management
tool were likely contributing factors. Fourth, as compe-
tency in achieving coherence progressed, physicians may
sometimes have recruited the breathing technique and
self-generating positive emotions without enlisting bio-
feedback from the device. This may have further facili-
tated stress management even under conditions where
using the biofeedback device would have been difficult
(e.g., during surgical procedures).

Our study had some caveats and limitations. First,
although the study results provide evidence supporting
use of a biofeedback-based stress management tool as
an effective stress-reduction strategy for physicians, an
alternate explanation exists. It is possible that the high-
er baseline mean stress score in the intervention group
compared with the control group, although not statis-
tically significant, allowed the possibility of a greater
decline in stress scores in the intervention group, par-
ticularly if there is a “floor effect” whereby physician
stress can go only so low. However, the suggestion of
a true benefit from the intervention was supported by
the significant decrease in stress scores for the control
group when they used the stress management tool dur-
ing the open-label trial extension. Second, our measure
of stress, constructed from several sources, has not been
validated. A single question from the Cohen scale (How
often have you felt nervous and stressed?) was split into
two separate questions, which may have altered the
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validity of that part of the instrument used to measure
stress in our study. We made this change because the
physicians who described their stress in their own words
during our pilot study seemed to attach a distinct mean-
ing to each of these descriptors. In addition, our stress
measure was constructed to incorporate both a general
stress scale and items chosen to tap into the medical pro-
fession’s dimensions of stress, based on physicians’ de-
scriptors of their stress experience. The subscale factor
and sensitivity analysis suggested that the questionnaire
was a robust measure of stress. This was reassuring, but
this validation has not been replicated in an independ-
ent sample. Third, the study was not designed to identify
whether the stress management tool was more effective
for helping physicians cope with certain types of stress
rather than other types. Fourth, the twice-weekly sup-
port from the research team may have contributed to
stress reduction. However, the controlled study design
should have attenuated this effect. It is also possible that
these twice weekly visits increased stress because of the
time commitment required from the physicians, such
that the stress-reduction benefits might have been under-
estimated. Fifth, given that participants in the interven-
tion group were not blinded, they may have been subject
to the demand characteristics of the study and may have
responded to the stress questionnaire in a manner that
reduced their stress scores over time, simply because
they knew such a reduction was anticipated. Finally,
given that the study involved hospital-based physicians
at asingle centre, the results may have limited generaliz-
ability. Future research could be undertaken to confirm
that the effect of the stress management tool on stress
reduction is maintained over an even longer time period
and whether or not it is more effective for certain stres-
sors than others.

Although it is likely that a variety of stress manage-
ment tools are needed to meet the various needs of
physicians as individuals, the results of this study sug-
gest that a biofeedback-based stress management tool is
both efficacious and effective for helping hospital-based
physicians to manage their feelings of stress. From these
findings, further discussion about models of implemen-
tation should ensue. One approach would be to leave it to
physicians themselves to initiate personal stress-reduc-
tion strategies such as using a stress management tool.
Alternatively, health care organizations could proactive-
ly offer stress-reduction tools for health care providers
or even assume greater accountability by introducing
system-wide interventions to promote and evaluate
physician wellness. Given the growing body of evidence
supporting the association between physician wellness
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and quality of patient care, a simple biofeedback-based
stress management tool may present an additional strat-
egy to manage physician stress.
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Appendix A: Stress scale to measure global perceptions
of stress

Response set: 0 = never, 1 = almost never, 2 = sometimes, 3 = often,

4 = very often, 5 = always. “R” indicates that the item was reverse-coded.
Maximum score 200, where a higher score indicates greater feelings of
stress.

Part A: Perceived Stress Scale

In the last month, how often have you ...
1. Been upset because of something that happened unexpectedly?
. Felt that you were unable to control the important things in your life?
. Felt nervous?
. Felt“stressed”?
. Dealt successfully with irritating life hassles? (R)
. Felt that you were effectively coping with important changes that
were occurring in your life? (R)
7. Felt confident about your ability to handle your personal problems?
(R)
8. Felt that things were going your way? (R)
9. Found that you could not cope with all the things that you had to
do?
10. Been able to control irritations in your life? (R)
11. Felt that you were on top of things? (R)
12. Been angered because of things that happened that were outside of
your control?
13. Found yourself thinking about things that you have to accomplish?
14. Been able to control the way you spend your time? (R)
15. Felt difficulties were piling up so high that you could not overcome
them?

o h WN

Part B: Selected items from the Personal and Organizational Quality
Assessment—Revised

Following is a list of words and statements that describe feelings people
sometimes have. Please fill in the number which best reflects how
frequently you have felt the following during the last month.*

Anxiety/anger: Resentful; Cynical; Angry; Anxious; Annoyed; Worried; |
sometimes have a short fuse; | get upset easily; It's difficult for me to calm
down after I've been upset; Uneasy; My sleep is inadequate; Calm (R);
Relaxed (R); Peaceful (R)

Physical symptoms: Tired; Exhausted; Fatigued; Indigestion, heartburn
or stomach upset; Rapid heartbeats; Headaches; Muscle tension; Body
aches

Time pressure: | feel there is never enough time; | feel pressed for time;
The pace of life is too fast and | can’t keep up

*Note: On the study questionnaire, these items were presented in
random order and were not grouped according to theme.
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