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Abstract High work stress has been consistently associ-
ated with disturbed autonomic balance, specifically, lowered
vagal cardiac control and increased sympathetic activity,
which may lead to increased cardiovascular risk. Stress
management procedures have been proposed to reduce
autonomic dysfunctions related to work stress in different
categories of workers exposed to heightened work demands,
while a limited number of studies addressed this issue in
managers. The present study was aimed at evaluating the
effectiveness of a respiratory sinus arrhythmia (RSA)
biofeedback (BF) intervention on psychological and physi-
ological outcomes, in managers with high-level work
responsibilities. Thirty-one managers leading outstanding
private or public companies were randomly assigned to
either a RSA-BF training (RSA-BF; N = 16) or a control
group (N = 15). The RSA-BF training consisted of five
weekly 45 min sessions, designed to increase RSA, whereas
controls had to provide a daily stress diary once a week. After
the training, managers in both groups reported reduced heart
rate at rest, lower anxiety levels and improvement in health-
related quality of life. More importantly, managers in the
RSA-BF group showed increased vagal control (as indexed
by increased RSA), decreased sympathetic arousal (as
indexed by reduced skin conductance and systolic blood
pressure) and lower emotional interferences, compared to
managers in the control group. Results from this study
showed that RSA-BF training was effective in improving
cardiac autonomic balance at rest. Moreover, findings from
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this study underline the effectiveness of biofeedback in
reducing psychophysiological negative outcomes associated
with stress in managers.
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Introduction

Job-related stress is quickly becoming one of the most
widespread disorders among workers. Working life and job
environment are well known sources of harmful psy-
chophysiological stress in different working classes,
including craftsmen, skilled workers, clerks and adminis-
trative professionals (Aronsson 1999; Chandola et al.
2010).

Heightened job-related stress responses have been
associated with elevated job demands, dynamic work, high
job authority, conflict and competition, which, in turn
negatively affect individual health and well-being.

Stress related to work has also been associated with
increased cardiovascular risk (Backé et al. 2012; Kivimaki
et al. 2002; Moller et al. 2005; Rosengren et al. 2004;
Rozanski et al. 2005). Stress is thought to directly alter the
neural cardiovascular regulation (Lucini et al. 2002), and
work stress has been shown to affect many physiological
systems, including the cardiovascular, endocrine and the
immune system (for a review see Chandola et al. 2010),
increasing disease susceptibility and progression across a
broad spectrum of disorders (Flier et al. 1998; Kiecolt-
Glaser and Glaser 1995).

More recently, Lucini et al. (2007) reported that work
stress was consistently associated with an altered auto-
nomic profile, characterised by high resting heart rate
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(HR), elevated blood pressure (BP) and reduced cardiac
vagal tone. The study by Vrijkotte et al. (2000) confirmed
that individuals with high job strain displayed exaggerated
cardiovascular activity. Specifically, men who reported
excessive imbalance between job demands and rewards,
showed elevated systolic BP and HR and reduced vagal
tone, not only during working hours but also during leisure
time. These findings suggest that the effects of work stress
on cardiovascular health are mediated by excessive sym-
pathetic reactivity during workday and impaired parasym-
pathetic activity during leisure time, leading.

In addition, a negative association between work stres-
sors and heart rate variability has been consistently repor-
ted (Collins et al. 2005; Eller et al. 2011b; Hemingway
et al. 2005; Hintsanen et al. 2007; Kang et al. 2004).
Results indicate that work stress can lead to autonomic
imbalance, characterized by vagal withdrawal and sympa-
thetic saturation, which, in turn, may lead to cardiac elec-
trical instability (Eller et al. 2011a; Malik and Camm 1993;
Ohsuga et al. 2001).

In spite of the vast literature on occupational stress, fewer
studies have investigated the impact of job stress on exec-
utives and managers. Managers® jobs are usually charac-
terised by high job demand, an extremely high pressure to
succeed, and elevated responsibilities (Judge et al. 1994;
Worrall and Cooper 1995) and massive quantitative work-
loads (Brett and Stroh 2003), exposing managers to haz-
ardous levels of stress (Mohr and Wolfram 2010; Schieman
and Reid 2009). Despite the high level of job satisfaction
usually reported by managers and the coping opportunities,
given that managers have elevated earnings, job autonomy,
non-routine work and schedule control (Mirowsky and Ross
2005), managers still report high levels of stress. In fact, a
large study by the Institute of Management and Personal
Performance Consultants (Institute of Management 1993) on
almost 1000 managers found that despite most of the man-
agers reporting high job satisfaction, 70 % of them had job-
related stress and worries. The major source of reported
stress was the influence of job on leisure time and affective
relationships. Also, job-related stress had a negative influ-
ence on mood, job efficacy and perceived health. Another
large study of 2737 workers (Dewa et al. 2011) showed that
jobs characterised by undefined boundaries between work
and home hours, job authority and non-routine work, were
associated with increased work-to-home conflict, that in turn
reduces the ability to cope with stress. Also, Schieman and
Reid (2009) found that professionals and people who are in
positions of authority are more likely to be exposed to
interpersonal conflicts and work-to-home interference,
which may lead to greater levels of stress. Therefore, man-
agers should be considered a high-risk occupational group.

Moreover, managers’ health is crucial for organizations
to function. They are in charge of key decisions, and poor

@ Springer

health can negatively influence the work and well-being of
the employees as well as threaten the whole organization’s
effectiveness (Little et al. Nelson 2007). Therefore, it is of
crucial importance to identify and develop strategies to
manage psychophysiological consequences of work-related
stress in managers.

Occupational stress management programmes are
designed to prevent or reduce health risks by minimising
the negative outcomes of exposure to stressors (Bellarosa
and Chen 1997; Richardson and Rothstein 2008). Usually,
stress management programmes include behavioural tech-
niques such as progressive muscle relaxation, meditation,
and cognitive behavioural skills training (Lamontagne
et al. 2007; Richardson and Rothstein 2008).

Over the last two decades, some studies have reported
that a biobehavioral technique, namely cardiovascular
biofeedback, can be effective in promoting health and
restoring cardiac autonomic balance, reducing sympathetic
overreactivity to stress and enhancing cardiac vagal tone
(Lehrer et al. 2007; Schwartz and Andrasik 2003; Yucha
and Montgomery 2008). Recent studies have also high-
lighted the effectiveness of biofeedback training aimed at
increasing respiratory sinus arrhythmia (RSA), a measure
of cardiac vagal modulation, in reducing autonomic ner-
vous system dysregulation, by increasing cardiac vagal
tone and baroreflex gain both in patients with cardiovas-
cular diseases and healthy adults (Del Pozo et al. 2004;
Lehrer et al. 2003; Nolan et al. 2005; Patron et al. 2013).

Though there is increasing evidence that RSA-BF
interventions can enhance vagal modulation and, in turn,
reduce the stress response in clinical and non-clinical
populations, research has yet to investigate the potential
effectiveness of RSA-BF for increasing cardiac vagal tone
and lowering sympathetic activation in managers with high
status position. In the present study, a RSA-BF training was
carried out to enhance vagal cardiac control (as measured
by means of RSA) and promote cardiac autonomic balance,
in managers with an occupational role characterised by
overload, intense job involvement, work demands, ambi-
tion and high competitiveness (Gevirtz and Lehrer 2003).
The aim of the present study was to evaluate the effec-
tiveness of a short RSA-BF training, compared to a stan-
dard stress management intervention, in enhancing
psychological and physiological well-being.

Methods
Participants
Forty managers were recruited from private (banking

group, manufacturing industries and media) and public
(health service, education system, local government and
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military) companies in the north-eastern region of Italy. All
participants were males aged 35-73 years (mean
age = 48.37 &+ 8.71) who were recruited through adver-
tisements in the newsletter of the association of the General
Confederation of Italian Industry (Confindustria) and who
voluntarily participated in this study.

Participants were in charge either of the whole company
(managers) or of departments in organisation managing
(middle managers), in a highly competitive work envi-
ronment. Participants were in active employment status,
and had no history of hypertension, heart problems or other
chronic mental or neurological diseases. None of the par-
ticipants were taking medications influencing HR (i.e.,
beta-blockers or angiotensin-converting enzyme inhibitor),
tranquilisers or antidepressants.

Participants were randomly assigned to an RSA-BF
training or a control group. Nine managers were unable to
complete the training because of their work schedule.
Therefore, 31 managers aged 35-67 years (mean
age = 47.89 £ 7.98), completed the training, in either
RSA-BF (N = 16; mean age = 49.75 £ 9.14) or a control
(N = 15; mean age = 45.80 £ 6.20) group. The first
group underwent an RSA-BF training (see below) once a
week for a total duration of 5 weeks. In the control group,
participants were asked to daily record, in a stress diary,
events that had triggered a perception of stress, providing
details on the causes, intensity and duration of symptoms,
as well as the coping strategies adopted. All participants
were instructed about the study procedure and gave written
informed consent. The study was carried out in accordance
with the Declaration of Helsinki, and the study protocol
was approved by the ethics committees of the institutions
involved.

Measurements and Apparatus
Sociodemographic and Psychological Measures

To collect sociodemographic (age and education) and
health behaviour data, including weight, height, physical
activity, sleep time, family history of hypertension and
cardiovascular disease, a semi-structured interview was
conducted by a trained clinical psychologist. In addition,
participants filled out two self-report questionnaires:

1. The State-Trait Anxiety Inventory, Y form (STAI-Y;
Spielberger et al. 1970, 1996) is a 40-item question-
naire divided in two 20-item subscales measuring state
or current (STAI-Y1), and trait or dispositional,
anxiety (STAI-Y2). Scores range from 20 to 80, and
higher scores reflect greater anxiety levels.

2. The 36-Item Short Form Health Survey (SF-36;
Apolone and Mosconi 1998; Gandek and Ware 1993)

is a widely used instrument assessing health status. It
includes eight multi-item scales (35 items) that eval-
uate the extent to which the individual’s health limits
his or her physical, emotional and social functioning.
Specifically, it evaluates physical functioning (ten
items), role limitations caused by physical health
problems (four items), bodily pain (two items), general
health perceptions (five items), vitality (four items),
role limitations caused by emotional health problems
three items), social functioning (two items), and
emotional well-being (five items). Higher scores
indicate better health status.

Physiological Recording

Blood volume pulse was recorded through a photo-
plethysmographic detection sensor (blood volume pulse-
Flex/Pro) attached to the right ring finger.

Respiration was recorded by means of two respiration
belts with strain gauges/tubes filled with conduction fluid
(Respiration-Flex/Pro sensor) worn around the partici-
pant’s thorax and abdomen.

Systolic and diastolic BP (SBP and DPB) were recorded
by a validated automatic wrist device (NAIS EW272,
Matsushita Electrics Works Italia S.r.l.) on the left arm,
based upon an oscillometric blood pressure monitoring
method. Specifically, three readings were taken at intervals
of 1 min, and averaged, according to the recommendations
for blood pressure measurement of the American Heart
Association (Pickering et al. 2005).

Skin conductance level (SCL) was recorded by means of
two Ag/AgCl surface electrodes applied on the first and
middle finger of right hand (Skin conductance-Flex/Pro
sensor) (Fowles et al. 1981). The probe signal was constant
voltage (0.5 V), and no conductive paste was applied on
the skin.

All physiological measures were continuously recorded
for 4 min at rest during both a pre-training and a post-
training session. Data were processed using a FlexComp
Infiniti™ encoder and BioGraph Infiniti software (Thought
Technology Ltd., Montreal, Quebec). Data were processed
via a 14-bit analogue-to-digital converter with a sampling
rate of 256 Hz (bandwidth 1-64 Hz) and stored sequen-
tially for analyses in a personal computer (DELL VOSTRO
notebook, Intel Core™ 2).

Assessment
All managers underwent the same assessment protocol
approximately 1 week before the training (i.e., pre-train-

ing) and approximately within 2 weeks of the end of the
training (i.e., post-training), in a laboratory purposely set
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up at a participant worksite. Participants were asked to
abstain from alcohol, caffeinated beverages and smoking
for the 3 h preceding physiological recordings. Self-report
questionnaires for anxiety symptoms and health status were
administered individually at pre- and post-training by a
trained psychologist blind to the patient’s group assign-
ment (RSA-BF or control group). After participants com-
pleted the questionnaires, they were invited to sit on a
comfortable armchair, in a quiet, dimly lit room at a con-
stant temperature (about 21 °C). No support for the legs
was employed to avoid the possible confounding effect of
body position on cardiac activity. Before starting the
physiological assessment all the participants were informed
of the physiological measures being monitored (i.e., HR,
respiration and BP). After sensors’ placement and adapta-
tion to the laboratory (10 min), BP was measured. Physi-
ological measures were then recorded over a 4-min period
at rest and BP was measured again. Managers were then
randomly assigned to either the RSA-BF training or the
control group.

Training

The RSA-BF training consisted of five weekly sessions,
each lasting about 45 min, performed in the same labora-
tory of the psychophysiological assessment. Participants
were asked to abstain from alcohol, caffeinated beverages
and smoking for the three preceding the biofeedback
training session. RSA-BF was aimed at increasing RSA
and, therefore, at opposing autonomic dysregulation,
especially vagal inhibition associated with stress (Lehrer
et al. 2000). Before starting the first biofeedback session,
all the managers in the RSA-BF group were informed
about the feedback system, and they were told that aug-
menting the amplitude of HR changes in phase with
breathing would increase respiratory sinus arrhythmia.
Feedback was provided to subjects by means of the
same instruments used for psychophysiological assessment.
Participants received the feedback on a 15-in. PC display,
positioned in front of them at a distance of 50 cm. During
biofeedback, trial participants saw on the screen the HR
beat-to-beat tachogram (i.e., beats/min) superimposed over
the abdominal respiration signal on the same axis (see
Fig. 1). Participants were required to synchronise HR and
abdominal respiration variations, until the two signals (i.e.,
HR and abdominal respiration) covaried in phase, thus
leading to the maximal amplitude of RSA. Participants
were also suggested to breathe slowly (see also Lehrer
et al. 2003). The on-line moving feedback display (the
graph representing the tachogram and abdominal respira-
tion curves) was updated at successive 30-s periods. Also, a
stepped bar increasing from left to right was applied to
represent feedback for subject’s performance. Specifically,
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each step increase on the bar corresponded to a period of
10 s during which RSA was above the threshold (based on
the RSA mean value recorded during pre-training assess-
ment). During each RSA-BF session, participants were
reminded not to breathe too deeply to avoid hyperventila-
tion. No pacing stimulus was provided during the training
sessions. After sensors’ placement, each session started
with a resting period of 3 min, followed by two 6-min
biofeedback trials. Each biofeedback trial was followed by
a 1-min rest. Every session ended with a resting period of
3 min.

Participants in the control group were asked to keep a
daily stress diary for the duration of 5 weeks and consign it
weekly to the clinical psychologist. The stress diary is a
valuable stress management tool, designed to enhance
awareness and coping skills to deal with stressful situa-
tions. Specifically, the stress diary records daily situations
and events that triggered a perception of stress, reports
objective information on causes (circumstances, people or
trigger events) and, provide details on how each event
made them think and feel, including psychophysiological
symptoms (such as tachycardia, breathing speed up, tension
headache, difficulty concentrating, and feeling more anx-
ious and fearful). Participants were also asked to report
their coping strategies in relation to stress, describing how
they reacted and if their reaction were appropriate and
useful.

Data Reduction and Analysis

Data reduction and analysis were performed on physio-
logical signals recorded over a 4-min period at rest during
pre- and post-assessment sessions.

Given that the electrical and mechanical activities of the
heart are coupled, photoplethysmography can be used to
determine the normal-to-normal intervals (or interbeat
intervals, IBI), which correspond to the reciprocal of HR.
After recording, the raw blood volume pulse signal was
visually inspected and corrected for movement artefacts
and for detection of ectopic beats, then, the IBI series
(heartbeat were automatically identified by an algorithm
based on the detection of the point of maximum deviation
in the blood volume pulse signal). Then, IBI series data
were exported in the Kubios-HRV 2.0 (Kuopio, Finland)
software and additionally corrected for artefacts with a
piecewise cubic spline interpolation method that generates
missing or corrupted values into the IBI series. HR was
then calculated as the reciprocal of IBI.

RSA recorded for 4 min at rest was used as a reasonable
and reliable measure of cardiac vagal tone (Grossman and
Taylor 2007). The mechanisms that produce RSA com-
prehend the interaction between cardiac and respiratory
responses (Grossman 1983), hence respiration can
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Fig. 1 Screenshot from a
session of biofeedback. On the
screen (duration 30 s) are
representations of abdominal
breathing (grey line) and heart
rate tachogram (black line). The
task given to the patient was:
“Try to synchronise heart rate
with abdominal breathing”.
Also, a stepped bar was
included on the screen to
represent feedback for subject’s
performance. Each step increase
on the bar corresponded to a
period of 10 s during which
RSA value was above the
threshold

Respiration (uV)

Try to synchronize respiration (grey line) and
heart rate (black line)

Heart Rate (bpm)

23 80
00:00:10 00:00:12 00:00:14 00:00:16 00:00:18 00:00:20 00:00:22 00:00:24 00:00:26 00:00:28 00:00:30 00:00:32 00:00:34 00:00:36 00:00:38 00:00:40

confound the relationship between cardiac vagal tone and
RSA (Gevirtz and Lehrer 2003; Grossman and Taylor
2007). Therefore, in order to correct for respiration influ-
ence, the exact respiration rate range (i.e., maximum minus
minimum respiration rate, expressed in cycles/min) was
calculated for each participant at rest, and converted in Hz
(i.e., from cycles/min to cycles/s). Then, a frequency
domain analysis, specifically a fast Fourier transformation
(using the Welch’s periodogram method, window width
256 s, 50 % overlap), was applied to the variation of IBI
occurring within the specific respiration rate range for each
participant (Aysin and Aysin 2006; Grossman and Taylor
2007). RSA epochs were averaged for each assessment
phase (i.e., pre-training and post-training assessments, see
below). RSA values were expressed in ms>.

RSA and skin conductance signals were normalized
using the natural logarithm (InRSA) and logarithm to base
10 transformation [log (SCL + 1)], respectively.

Respiration rate was obtained by means of the BioGraph
Infiniti software which automatically calculated respiration
rate from differences in chest expansion in the raw signal
waveform.

Student’s t tests for independent groups were performed
to compare age, education, body mass index (BMI) and
sleep time in the two groups (RSA-BF and control). 3 was
also calculated to test differences between groups in sleep
disorders, smoking, physical activity, family history of
hypertension and cardiovascular disease.

A mixed-model analysis of variance (ANOVA), with
group (RSA-BF and control) as between-subjects factor,
and time (pre- and post-training) as within-subjects vari-
able was performed on questionnaire scores (STAI-Y1,
STAI-Y2) and physiological measures at rest [HR, InRSA,
thoracic respiration rate, abdominal respiration rate, SBP,

Time (sec)

DBP, 1log(SCL + 1)] obtained at pre-training and post-
training assessments. Repeated-measures multivariate
analysis of variance (MANOVA) with group (RSA-BF or
control) as between-subjects factor, and time (pre- and
post-training) as within-subjects variable was performed on
SF-36 subscales (physical functioning, limitations caused
by physical problems, bodily pain, general health, vitality,
social functioning, limitations caused by emotional prob-
lems and emotional well-being subscales) obtained at pre-
training and post-training assessments. Partial eta-squared
(nﬁ) was reported as a measure of the effect size. Signifi-
cant main effects and interactions (p < .05) were followed
by Fisher post hoc comparisons to identify specific dif-
ferences. Data were analysed using STATISTICA software
version 6.1 (StatSoft Inc., Tulsa, OK, USA).

Results
Sociodemographic and Health Behaviour Data

Student’s ¢ tests for independent groups and > analyses
revealed no group differences for age (t = 1.40; p = .15),
education (t = —0.56; p = .60), BMI (t = 1.52; p = .46)
and family history of hypertension (x> = 0.0001; p = .99),
cardiovascular disease (X2 = 1.18; p = .28), physical
activity level (x> = —0.23; p = .80), sleep time (t = 0.13;
p = .90) and sleep disorders (x> = 1.64; p = .16). The
descriptive statistics for each group are reported in Table 1.

Psychological Data

The group by time ANOVA on the STAI-Y?2 yielded a time
effect (Fp29; = 10.02; p = .004; nf, = .26). These results
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showed a significant reduction of trait anxiety levels from
pre- to post-training. No main effect of group
(F1200 = 0.05; p = .82; 115 = .97) nor interaction
group x time (F[j20) = 0.15; p = .70; 1712, = .01) were
found on trait anxiety scores. The group by time ANOVA
on STAI-Y1 yielded no main effect of group
(F[l,29] = 013, p= 72, V[i = 004), time (F[]’29] = 403,
p = .05; nf, =.12), nor interaction group x time
(F[1.20) = 0.0001; p = .99; nﬁ = .0001).

The MANOVA analyses examined changes in the SF-36
subscales and indicated a significant multivariate main
effect of time (Pillai’s Trace Value = .48; Fig, = 241,
p < .05). There were no significant main effects of group
(Pillai’s Trace Value = .29; Figo1; = 1.01, p = 40) or
interactions group x time (Pillai’s Trace Value = .25;
Fig21; = 0.93, p = .52). Univariate analysis showed that
there were significant time effects for general health
(Flio0) = 4.51; p = .04; 7 = .14), vitality (F(; 29) = 5.29;
p = .03; 1112, = .15) and social functioning (F[; 29; = 5.00;
p = .03; ;112, = .15) subscales. Both groups reported better
general health perception, more vitality and better social
functioning at post-training compared to pre-training. A
significant univariate group X time interaction on limita-
tions caused by emotional problems emerged
(Fi120; = 5.05; p = .03; nﬁ = .15). Post-hoc comparison

showed a significant decrease of problems with work or
other daily activities as a result of emotional interferences
from pre- to post-training in the RSA-BF group only
(p = .02).

Physiological Data

The group by time ANOVA on InRSA at rest showed a
significant group X time interaction (Fj; 9 = 5.14;
p = .03; 17,2, = .15). This interaction is depicted in Fig. 2.
Fisher post hoc comparisons showed a significant InRSA
increase from pre- to post-training in the RSA-BF group
only (p = .04), whereas no significant difference in InRSA
from pre- to post-training was found in the control group
(p = .29). No significant main group (Fp;29; = 0.36;
p = .55; nﬁ = .01) or time effect emerged for InRSA
(Fl120) =0.52; p = 47; 1712, = .02). The analyses per-
formed on HR showed a significant time effect
(Fi1.20) = 8.60; p = .007; n,z, = .23), yielding a reduction
in resting HR from pre- to post-training in both groups
(pre-training: ~ 72.15 £ 11.84  bmp;  post-training:
67.55 + 8.57 bmp). No significant main effect of group
(Fi120) = 0.01; p = 91; nﬁ = .0004) nor interaction
group x time emerged for HR (F[ 29) = 1.35; p = .25;
= .04).

Table 1 Socio-demographic

C Participants’ characteristics
characteristics, health P

RSA-BF (N = 16) Control (N = 15) P

behaviours and symptoms of the

Age (years
participants ge (years)

Education (years)
BMI (Kg/m?)
Family history of hypertension

Family history of cardiovascular disease

Physical activity
None
Occasional
Regular
Sleep time (h)
Sleep disorders
STAI Y1
STAI Y2
SF-36 physical functioning

SF-36 limitations caused by physical problems

SF-36 bodily pain
SF-36 general health
SF-36 vitality

SF-36 limitations caused by emotional problems

SF-36 social functioning
SF-36 emotional well-being

49.75 (9.14) 45.80 (6.20) 16
17.71 (2.42) 17.27 2.31) .60
26.56 (3.89) 24.60 (3.19) 46
9 (56) 6 (40) .99
8 (50) 4(27) 28
80

5 @3l) 5(33)

4 (25) 2 (13)

7 (44) 8 (54)
6.84 (1.00) 6.80 (0.84) 90
10 (63) 5(33) 16
33.38 (4.79) 34.20 (7.60) 72
36.69 (7.91) 36.87 (6.22) 94
29.00 (0.89) 29.40 (0.74) 18
7.81 (0.54) 7.47 (0.92) 22
10.51 (1.81) 9.77 (2.83) 40
18.80 (3.32) 16.95 & (4.07) 18
16.94 (2.26) 15.73 (2.31) 15
5.38 (0.96) 5.80 (0.41) 88
7.63 (1.41) 7.53 (1.77) 12
23.44 (3.71) 22.67 (2.61) 51

Data are mean (SD) of continuous and N (%) of categorical variables

BMI body mass index
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Fig. 2 Respiratory sinus arrhythmia (RSA) values [In (ms?)] in RSA-
biofeedback training and control group in pre- and post-training at
rest. The error bars refer to standard error. *Post hoc Fisher
comparisons, p < .05

The group by time ANOVA on thoracic respiration at
rest showed no significant main group (Fj;29; = 0.66;
p = .42; 17!2, =.02) or time (Fjja9 =2.58; p=.12;
115 = .08), mnor interaction group x time effect
(Fli20) = 1.90; p = .18; 177 = .06).

The group by time ANOVA on abdominal respiration at
rest showed no significant main group (Fpj 29 = 0.23;
p=.64; 5, =.01) or time (Fj0 =0.53; p=47;
1712, = .02), nor Iinteraction group x time effect
(Fl120) = 2.48; p = .13; 1712, = .08). Mean respiration rate
recorded during pre- and post-training assessment are
reported in Table 2.

The group by time ANOVA on BP measurements
yielded no significant DBP differences between groups
(Fli20) = 0.10; p = .75; 1 = .003), from pre- to post-
training (F{; 20; = 0.48; p = .49; 15, = .02), and no effect
of interaction was found (Fjj29 = 1.18; p = .29;
= .04).

Analysis on SBP showed a significant group X time
effect (Fjj—9) = 4.37; p = .04; ;712, = .13). Post-hoc com-
parisons displayed a significant SBP reduction from pre to
post-training in the RSA-BF group only (p < .001),
whereas no significant SBP difference was found in the
control group from pre- to post-training (p > .52) (see
Fig. 3). A significant time effect emerged for SBP

(Fi120) = 9.11; p = .005; n,z, = .24), yielding a reduction
in resting SBP from pre- to post-training. No significant
main group effects emerged for SBP (F[j 9 = 0.21;
p = .65 np = .01).

The analysis performed on SCL yielded a significant
group x time interaction (Fjjo9; = 11.61; p = .002;
;7,2, = .29). Post-hoc comparison displayed a significant
SCL reduction from pre to post-training in the RSA-BF
group only (p < .001), whereas in the control group no
significant difference was found from pre- to post-training
(p > .58) (see Fig. 4). Also, a significant effect of time
emerged (Fj; 9 = 6.81; p = .01; 1112, =.19), showing a
reduction in resting SCL over time. No significant main
effect of group occurred (Fjjq9 = 1.76; p = .20;
1y, = .06).

Discussion

The present study evaluated the effects of RSA-BF train-
ing, as compared to keeping a daily stress diary, in a group
of high-status-position managers. At the end of the training
period, all managers reported reduced HR at rest, lower
levels of state and trait anxiety, better general health per-
ception, more energy, less fatigue and better social func-
tioning, compared to pre-training. Importantly, compared
to managers in the control group, those who underwent the
biofeedback training showed a significant InRSA increase,
and decreases in both SBP and logSCL from pre- to post-
training. Also, participants who underwent the biofeedback
training were characterised by a reduction of emotional
interferences in work or other regular daily activities from
pre- to post-training compared to participants in the control
group.

In this study, a stress management protocol (i.e., stress
diary) was as useful as RSA-BF training in reducing anx-
iety, and enhancing well-being and health-related quality-
of-life, but failed in promoting autonomic regulation. The
improvement in self-report but not objective outcomes in
the control group by keeping a stress diary is consistent
with the placebo effect, and is in line with data obtained

Table 2 Abdominal and
thoracic respiration rate of the

RSA-BF (N = 16) Control (N = 15)

participants Pre training

Abdominal respiration rate

Thoracic respiration rate
Post training

Abdominal respiration rate

Thoracic respiration rate

14.2 (2.6) 14.1 2.7)
13.7 (2.6) 13.3 (2.4)
122 (3.2) 13.9 (4.5)
12.5 (3.5) 13.8 (3.4)

Data are mean (SD)

@ Springer



Appl Psychophysiol Biofeedback (2016) 41:129-139

136
1361 . Pre-training
| —| P
132 ‘ T m Post-training
5 |
T 128
£
E 124
o
&% 120
116 -
12 RSA-BF Control group

Fig. 3 Systolic blood pressure (SBP) values (mmHg) in RSA-
biofeedback training and control group in pre- and post-training at
rest. The error bars refer to standard error. *Post hoc Fisher
comparisons, p < .001
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Fig. 4 Skin conductance level (SCL) values [log(umho)] in RSA-
biofeedback training and control group in pre- and post-training at
rest. The error bars refer to standard error. *Post hoc Fisher
comparisons, p < .001

with clinical populations (namely asthma patients)
(Wechsler et al. 2011).

However, while it is likely that the training period
enhanced subjects’ ability to adaptively cope with stress, to
lower HR and anxiety, thus increasing health perception
and psychosocial functioning, only the RSA-BF training
yielded specific effects on InRSA, SBP and logSCL, indi-
cating a better modulation of ANS activity. These novel
findings add to the literature on biobehavioral training for
work stress reduction by showing the effectiveness of a
short RSA-BF training in modulating psychophysiological
consequences of work stress in managers. The higher RSA
in individuals who underwent RSA-BF, compared to con-
trol subjects, indicates the effectiveness of this biobehav-
ioral training in enhancing vagal cardiac control, which in
turn could reduce autonomic dysregulation. In fact,
enhanced parasympathetic cardiac control or well-balanced
autonomic cardiac control could counteract stress-mediated

@ Springer

sympathetic overstimulation associated with exposure to
work stress (Wheat and Larkin 2010). In turn, the increased
autonomic nervous system balance (namely increased
vagal cardiac control, and reduced sympathetic activation),
might reduce susceptibility to stress and stress-related
cardiovascular disorders.

Indeed, a significant decrease in resting SBP was
observed only in participants who underwent the biofeed-
back training, possibly suggesting an increased baroreflex
gain. During the RSA-BF training, the individual is coa-
ched to breathe close to a particular resonant frequency, in
order to increase HR oscillations by stimulating rhythmi-
cally not only the variation in HR, but also, the barore-
ceptors activity (Lehrer et al. 2000, 2003; Vaschillo et al.
2006). Importantly, it has been shown that the practice of
RSA-BF increases the baroreflex gain and improves mod-
ulation of various autonomic functions, leading to
improved overall adaptability of the cardiovascular system
(Lehrer et al. 2000, 2003).

In addition, the reduction in resting SCL only in indi-
viduals who underwent the biofeedback training, suggests
that the RSA-BF training was effective in reducing general
sympathetic activation. In fact, SCL has been consistently
reported as an index of sympathetic nervous system acti-
vation and is considered as a general measure of autonomic
arousal. The overall reduction of resting SBP and SCL in
the RSA-BF group indicates that the effects of RSA-BF
could be extended to reduce sympathetic activity. These
results confirm previous studies reporting the effectiveness
of RSA-BF in reducing overall physiological arousal at rest
(Gevirtz and Lehrer 2003; Wheat and Larkin 2010) and
underline the capability of this biobehavioral intervention
in reducing harmful effects resulting from excessive sym-
pathetic activation (Lehrer et al. 1997, 2007; Sherlin et al.
2009).

Also, results from this study suggest that biofeedback
training may improve emotional regulation, which is the
ability to generate emotional responses of appropriate
timing and magnitude, and depends on the individual’s
ability to modify physiological arousal in response to sit-
uational demands (Appelhans and Luecken 2006; Gross
1998). It could be speculated that an increase in RSA,
leading to a more flexible ANS, could be particularly
useful for rapid modulation of physiological and emotional
states in situations characterised by rapid changes in
demands, dynamicity, conflict and competition, such as the
managerial job environments.

To summarise, the RSA-BF has been shown to be
effective both in increasing cardiac vagal tone and reducing
sympathetic activation, and in improving subjects’ ability
to modulate emotional response to environmental demands.

Due to the high levels of involvement, competition and
responsibility, job strain has important health consequences
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by increasing the risk of cardiovascular disease (Backé
et al. 2012; Belkic et al. 2004; Kivimaiki et al. 2002), and
major socio-economic costs by reducing the organization’s
effectiveness and generating loss of productivity (Béjean
and Sultan-Taieb 2005; Manning et al. 1996). In the last
decades a wide variety of stress-management interventions,
including diaphragmatic deep-breathing, relaxation and
meditation techniques, have been proposed to reduce
occupational stress, physiological arousal and job strain
(Giga et al. 2003; Ivancevich et al. 1990; Lamontagne et al.
2007; Lazarus and Folkman 1984). While outcome evalu-
ation of these interventions relied mainly on self-reporting
measures (Kushnir et al. 1998)—with no objective mea-
surement of the effectiveness in the reduction of psy-
chophysiological activation—in the present study self-
report measures of health and well-being along with
physiological measures have been taken into account.
The current findings should be interpreted in light of a
number of possible methodological issues. First, this study
used a relatively small sample size; therefore, the present
findings need to be replicated to better understand the
effectiveness of RSA-BF training. Nonetheless, the effect
size, which indicates the proportion of the variance in the
dependent variable that is related to the independent vari-
able(s), showed medium group x time effects on SBP
(175, = .13) and large group x time effects on RSA
(1, = .15), SC (5 = 29) and RE (75 = .15) (Cohen
1969). Second, we used photoplethysmography instead of
the electrocardiogram that is considered the gold-standard
method to measure HR, and RSA. Nonetheless, several
studies have reported that the parameters of photoplethys-
mographic variability are highly correlated with RSA
extracted from electrocardiogram (Lu et al. 2008). Third,
we did not directly record the activity of the baroreceptors,
nor did we compute other important indexes of autonomic
balance. Therefore, for a better understanding of the effects
of RSA-BF on both parasympathetic and sympathetic
activity, in a future study the direct evaluation of the
baroreflex gain as well as additional time [root mean square
of the successive differences (RMSSD), and standard
deviation of normal to normal interval (SDNN)] and fre-
quency domain measures [very low frequency (VLF), low
frequency (LF), and high frequency (HF) power] should be
considered. Fourth, given that respiration can influence and
even confound the relationship between cardiac vagal tone
and RSA (Gevirtz and Lehrer 2003; Grossman and Taylor
2007), in a future study, a direct control condition in which
subjects are trained to breathe at their own resonance fre-
quency could be included. Finally, although the current
study showed that RSA, SBP and SCL are modifiable
through RSA-BF in an acute time frame, we did not con-
duct follow-up evaluations, so we do not know whether the
current results will be long-lasting; therefore longer follow-

up studies are required to investigate whether the positive
effects of biofeedback on cardiac vagal regulation are long-
lasting (Wheat and Larkin 2010).

Despite that managers’ health has been suggested to be
an important sign of organisational well-being (Quick et al.
2007) managers seem to be underrepresented in research
on occupational health (Bingham 2005; Hambrick et al.
2005; Knudsen et al. 2009). The current study, to our
knowledge, is the first to investigate, the effectiveness of
RSA-BF training in increasing vagal modulation and
reducing sympathetic activation in managers. The findings
of the present study, even though based on a small group of
participants, provide preliminary evidence of the effec-
tiveness of RSA-BF training in enhancing cardiovascular
health, by improving cardiac autonomic balance.

RSA-BF represents a useful resource since it has been
shown to be a safe and effective intervention in improving
emotion regulation and mood, while enhancing psy-
chophysiological flexibility and adaptive responses to
stress.
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