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5. Abstract

Work related stress has been established as an independent contributing risk factor for the
development of cardiovascular disease (CVD) and other life style disease. The aim of this
study was therefore to examine the different effects of 10 minutes of biofeedback (BIO) or
classical music (CON) intervention on autonomic reactivity and cognitive performance
during an induced cognitive stress test and also on the subjective levels of anxiety and
relaxation. Both interventions have been shown to help in stress reduction. Forty six healthy
male and female volunteers (aged 24 — 59 years) were randomised into a BIO and CON
groups. The subjects were required to perform a modified Strdop task both before and after
their respective interventions. The BIO group used a biofeedback device, which they had
been previously exposed to in the familiarisation trial and the CON groups listened to
Fredrick Chopin’s Piano Concert No.1 in E minor, op 11 Romanza Larghetto. Significant
differences were found between groups in heart rate (HR), respiratory frequency (RF) and
various aspects of heart rate variability (HRV), a marker of autonomic reactivity. During the
intervention significant differences between groups were apparent in entropy (BIO < CON,
p= 0.000). The BIO group had significantly lower high frequency power values in the second
rest period (p<0.05), compared to the CON group. Changes in entropy, standard deviation of
normal-to-normal heart beat values; low frequency power and the square root of the mean
squared differences of successive normal-to-normal heart beat intervals were evident
across time periods. In conclusion, both interventions evoked changes in autonomic
reactivity, the biofeedback device engendered more positive subjective responses after
cognitive stress compared to the music intervention. The biofeedback device facilitated a
carryover effect, whereby low frequency HRV (a marker for vagal withdrawal) was
maintained throughout the post rest period and into the post Stroop Task. The classical
music intervention - known for its positive effects in enhancing well-being and in decreasing
anxiety, reducing stress and causing a relaxation response — on the other hand facilitated an
enhanced HRV (a marker for increased vagal modulation) that was carried over into the post
rest period. Although there were no cognitive performance differenées between groups,
only the BIO group experienced a decrease in anxiety and an increase in feelings of
relaxation after the post Stroop Task vs. baseline. In contrast the relaxing effects of the
music intervention were eliminated by the post Stroop Task. This suggests that preparing for

optimal performance is a balance between excess relaxation and over arousal.
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6. Introduction

Stress is perceived as an inability to cope with related emotional _and psychophysiological
responses; it can be seen as a reaction to the environment which threatens homeostatic
conditions of the body™ 2.Work stress has been shown to affect individuals both directly and
indirectly®®. Directly, stress can induce relative cardiac sympathetic nervous system (SNS)
predominance and substantial decrease in parasympathetic nervous system (PNS) ”-2.
Additionally stress has been identified as an independent risk factor for cardiovascular
disease (CVD)" 5%, job strain is one of the most common causes of stress and has also

been shown to contribute to the development of CVD * 3533,

Work related stress is a growing problem, it is negatively associated with turnover and
performance; and it is related to increased work related accidents and substance abuse®®.
Work-related stress contributes a substantial amount to the corporate health costs of the
company, which is detrimental to profitability of the company and may be the means to get

stakeholders to buy in to stress management interventions®*.

Autonomic reactivity (which heart rate variability (HRV) measures) is a non-invasive method
which is associated with the pathophysiological mechanism of CVD® *°. HRV is used to
measure the modulation of the heart rate through the autonomic nervous system (ANS) > %
510 A decrease in HRV indicates that the ANS is not regulating the heart rate as it should
and there is either over activity of the SNS or under activity of the PNS°. Cardiovascular
recovery from stress was found to be associated with increased vagal modulation despite
continual sympathetic activation®®, which supports the association between HRV and risk for
CVD™ and highlights the need for stress management interventions which focus on

increasing vagal modulation.

In normal conditions the SNS responds in times of stress: increasing heart rate (HR),
contractility of the heart and blood pressure (BP) whereas the PNS initiate the reverse
responses, having a dampening influence over the cardiovascular system (CVS) 6. Optimal
cardiac function requires a balance between these two systems'®. Research has shown
decreased HRV in stressed individuals, compared to their healthy counterparts® ¥’. It also

suggested that work stress associated with altered autonomic profiles can be improved

Page | 8



through stress management programs implemented at the worksite®. Altering perceptions,
increasing emotional adaptability and adjusting psychophysiological state through the use of

relaxation techniques are forms of stress management techniques’.

Biofeedback devices provide a helpful stress management ;echnique which promotes
relaxation as well as training healthier coping strategies®. Biofeedback forms part of group
of methods which utilize “self-regulation therapies”, this implies the control of aspects of
one ANS® 152 Bjofeedback devices utilize technology capable in detecting small changes in
physiological variables'® * 2,Biofeedback devices have potential for therapeutic use for
CvD as déregulation of the ANS is seen in a large number of diseases and in stress®®.
Biofeedback devices provide real time readings of physiological markers which aid in
regulating health?. The device only provides the feedback, the subjects need to learn the
correct means in controlling physiological variables?. Biofeedback has been shown to
increase HRVZ, the feedback records the R-R interval from blood pulse sensors and
increasing variability is achieved through breathing at a resonant frequency”, normally
about 6 breathes per minute in adults. Convincing results have been shown causing short
term changes in autonomic variables (HR and BP) when individuals are provided with

feedback®.

Classical music was chosen as the contiguous intervention for its known positive effects in
enhancing well-being, decreasing anxiety, reducing stress and causing a relaxation response;
the mechanism appears to be a direct physiologic effect through the ANS by decreasing BP,
HR and respiratory rate *?*, Classical music has also been shown to decrease SNS
activation®. Relaxing music (self-chosen) has been shown to significantly reduce anxiety and
may have an effect on the cognitive component in the stress response when compared to

the other variations®..

Both biofeedback and classical music have been successful in reducing stress; this paper
evaluates the physiological differences between the two modalities in stressed males and
females at their place of work. Autonomic reactivity, HR, BP, breathing rate and cognitive
performance will be evaluated. Both modalities have an effect on the ANS; biofeedback

teaches the control of physiological reactions that form part of the stress response’®, it has
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been shown to affect the ANS through exercising slow breathing?®. Whereas music,
especially classical, is known to enhance well-being, decrease anxiety and reduce stress

through a direct physiological effect on the ANS?*% 77,
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7. Literature Review
7.1 Heart Rate Variability
Introduction to Heat Rate Variability

Heart rate variability (HRV) is a reliable indicator of the many physiological factors

modulating the normal rhythm of the heart’>*

. HRV represents the beat-to-beat changes
in heart rate and is considered to mirror the ability of the heart to detect, adapt and
respond to stimuli?® 3 32, The analyses of HRV requires accurate timing of R waves, which
can be done with an electrocardiogram (ECG)*. The power spectrum density analysis of
HRV is the most widely utilized, it measures heart rate changes in frequency domains*.

HRYV fluctuates and it is divided accordingly into different frequencies, these fluctuations are
measured between 0.01 and 0.5 hertz (Hz) with heart rate spectral analysis measures®®.
High frequency (HF) and low frequency (LF) are used mostly’® 32, The HF component is
mainly modulated by the parasympathetic neurons, whereas the LF component has mixed
modulation from both PNS and SNS neural activity®’. The LF/HF ratio is typically a measure
of sympathovagal balance®. HRV is useful as it has shown good reproducibility®, it is a non-
invasive measure which gives insight into autonomic activity®®, it able to successfully work
on a multi-ethnic sample® and with recent technological advances HRV analysis has become
a popular tool in clinical measures as well?.

In resting conditions the vagal tone prevails, and variations in heart rate variability (HRV) are
largely dependent on vagal modulation®. The vagal and SNS constantly interact, afferent
stimulation of the vagal leads to reflex excitation of efferent vagal activity and inhibition of
sympathetic efferent activity®®. The inverse effect is mediated by afferent sympathetic
stimulation; efferent vagal activity is restrained by cardiac afferent sympathetic activity®®.
This highlights that both LF and HF can increase under different conditions. Increases in LF
have been observed during 90° tilt, standing, mental stress and moderate exercise in
healthy subjects®. Conversely, increases in HF have be shown under controlled respiration
and cold stimulation of the face®®. HRV only measures the fluctuations in autonomic inputs
and not the mean level of autonomic inputs, thus both decreased vagal modulation and

increased sympathetic input can lead to diminished HRV?®,
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HRV has been shown to provide a way to observe the interaction between the SNS and
PNS?® %, Therefore the analyses of HRV may give insight in assessing cardiac health and
status of the ANS as it is responsible for regulating cardiac activity’® . HRV has been shown
to predict poor prognosis in a ﬁumber of cardiac diseases when there is an increased

29,32,34,39, 40530 it gives valuable input in assessing stress levels>*

sympathetic predominance
.42 standardized measures of HRV are considered valid and reliable makers of vagal
modulation of the cardiac Sino arterial (SA) node ***2. The ANS has many associated factors
which affect HRV including posture, respiration frequency, age, gender, physical or mental
load, pain, numerous disease conditions, and different drugs*’. Multiple inputs influence the
variability including efferent cardiac-vagal input, sympathetic and endocrine influence. It has
been repeatedly shown that stress (acute and chronic), depression, hypertension, chronic
fatigue syndrome and anxiety diminish HRV3**2, Bottom-up interventions have been shown

to increase HRV both during and following therapies*2. This indicates that there is room for

external and individual control of HRV using certain techniques.

The ability of the heart to respond and the functioning of the nervous control can be shown
by the extent of variability?®. HRV, baroreflex and chemoreflex sensitivity are modulated by
respiration; abnormal respiration modulation of the HR is often an early sign of autonomic
dysfunction in a number of diseases*. The action of the ANS in controlling the heart rate is
the balancing between the SNS and PNS?. Increased vagal activity is associated with

28,42 Dye to the

increased HRV whereas increased sympathetic drive tends to decrease HRV
continuous changes in sympathetic and PNS balance there are continuous fluctuations
around the mean HR*, These frequent adjustments are controlled by cardiovascular (CV)
mechanism®. These continuous fluctuations cause periodic fluctuations, the main periodic
fluctuations are respiratory sinus arrhythmia (RSA), baroreflex-related and

thermoregulation-related HRV??,

Factors that affect Heart Rate Variability:
Breathing and its effect on Heart Rate Variability

The vagaly mediated HR can be externally altered since the vagus is synchronized with the

breathing rate which is known as RSAZ. It has been shown that there is a connection

between breathing rate and HRV*3. Inspiration causes an inhibition of vagal tone while
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expiration excites the vagus; breathing thus causes HR fluctuations which equal the
breathing rate(BR)*2. Previous research has shown that slow or deep breathing can acutely
increase baroreflex gain in healthy individuals®.. RSA is optimal when BR is closest to the
frequency of the intrinsic baroreflex-related HR fluctuation (the 0.1Hz Meyer wave), which is
therefore maximal (in adults) at about six breaths per minute . The standard deviation of
the normal-to-normal interval (SDNN) is calculated over short periods, usually 5 minutes.
SDNN is therefore a measure of changes in heart rate due to cycles of 5 minutes, it reflects
all the cyclic components responsible for variability in the period of recording and therefore
it represents total variability. SDNN reflects both LF and HF variability and it is maximum
when breathing at 0.1Hz, which is resonant frequency breathing, and is achieved during
therapeutic/biofeedback breathing at 16 breaths per. This highlights that there is both PNS
and SNS involved in resonant frequency breathing at ~0.1 Hz since only frequencies above

0.15Hz is considered to be solely due to the PNS.

In quiet respiration there is an association between the changes in vagal and vasomotor
activity*, but there is larger susceptibility to autonomic inputs (excitation on inhibition) in
expiration versus inspiration**. This was determined when testing twenty apparently
healthy volunteers who either performed retrospective (n=12, ages 21-39 years) or
prospective (n=8, ages 18-32 years) measurements of HRV in different breathing
conditions*. The retrospective group were rested and practiced spontaneous breathing
whereas the prospective group practiced different types of breathing (spontaneous and 12
breaths per minute to an auditory tone) *. It was concluded that inspiration suppressed
vasomotor firing and responsiveness; while expiration facilitated vasomotor

responsiveness™,

It has been shown in research over the past 150 years that HRV and its relationship with

447 pranayamic

deep breathing is a highly sensitive measure of cardio vagal function
breathing, a type of breathing practiced in yoga, has been shown to decrease oxygen
consumption, HR, blood pressure (BP), increase in PNS activity, increased alertness and
cause reinvigoration *2. It is the manipulation or control of breath that ultimately causes a
shift in autonomic balance towards PNS control*®. Pranayamic breathing is a very siow

breathing technique and may provide insight to ANS regulation mechanism®. The effect of
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pranayamic breathing on HRV was investigated on a yoga practitioner before, during, and
after exercises®. Significant changes were observed in the inter-beat interval (p<0.001),
LF/HF ratio in favour of HF therefore PNS respiration, and decrease of breathing frequency

after the exercise versus the state before the breathing exercise*.

The effects of different breathing patterns was examined™. Thirty-four healthy individuals
(mean age 23) were examined while performing different breathing patterns, namely,
spontaneous breathing, paced breathing (10 breaths per minute) and breath holding®®. The

results indicated that paced breathing significantly diminished the nonlinearity of HRV>.

Measurements of respiration, BR interval and BP of twelve healthy participants (average age
29) were taken when either remaining silent, completing mental arithmetic, completing

d*. Different breathing styles were also

aloud arithmetic, talking freely or reading alou
compared, spontaneous versus controlled. When comparing spontaneous breathing with
silent reading there was an increased BR (p=0.05), a decreases BR interval and HRV and
increased BP*°, When reading aloud, free talking and mental arithmetic aloud a change in
the LF: HF ratio was observed favouring LF, other changes included minor changes in

I*®. This showed that while doing simple mental or verbal activities

respiration and BR interva
HRV may markedly change due to changes in respiration. The biofeedback device in our

study uses breathing as a mean to alter physiological responses of HR and HRV.

Meditation and its effect on Heart Rate Variability

Meditation that is focused on inward attention appears to alter the sympathovagal balances
to PNS predominance and induce regular fluctuations in HR which may support health
benefits where there is SNS dominance due to stress or disease®. A study examining
inward-attention meditation and normal rest (mean age 27 experimental group; 26 control
group), and its effect on HRV found that there was a decrease in LF: HF ratio which suggests
the benefit of sympathovagal balance lies towards PNS activity®2. All participants with a

background in regular meditation will thus be excluded from our study.
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Smoking and its effect on Heart Rate Variability
HVR can be affected by smoking, this is shown by a study done on healthy men and women

(n=39; mean age =20.33 +/- 3.47yrs). The results of the study showed that habitual cigarette
smoking caused changes in the SA node, as baroreflex and HRV were reduced in the group
who smoked. There was a noticeable increase in indicators of SNS modulation (p<0.05),

which was accompanied by reduced vagal drive®.

Blood Pressure and its association with Heart Rate Variability

In a study measuring BP and HRV over a 24 hour period (mean values of the 48 half hours) in
participants who were normotensive or had essential hypertension, it was found that in
both groups there was a marked reduction of both HRV and BP during sleep. There was also
a positive relationship between mean BP and HR throughout the full 24 hour period in both
groups. This further emphasizes the primary role of the central nervous system (CNS) in the
overall CV modulation, with no substantial difference between conditions of normal and

chronically elevated BP?.

Circadian rhythm and its association with Heart Rate Variability

The neural control in humans effects continuous, but expected changes throughout the day
and night*. In a study where dynamic 24 hour monitoring of ECG in hospitalized
participants (n=18) and non-hospitalized participants were done, it was found that there
was a certain circadian pattern of sympathovagal balance with fluctuated predictably
throughout the day and night®. The most significant observation was the sudden increase in

the LF:HF ratio during the early morning accompanied by a reduction in vagal tone®.

Heart Rate Variability and Stress

In a recent study 53 students completed a laboratory stress protocol in order to examine
the relationships between depressed mood and PNS control of the heart’. HRV was
measured at rest and during the stress tests and depression was measured with a
questionnaire. They concluded that depressed mood is related to the magnitude of

decrease in PNS cardiac control during stressors in healthy men and women’.
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In a recent study evaluating the effect clinical training has on students (n=12) HRV and ECGs
were measured. The study found significantly lower HF readings at awakening compared to
before the clinical training (p 0.01)%. The LF/HF ratio was also significantly increased during
compared with before clinical training (p 0.01). The findings concluded that the levels of
stress induced by clinical training induced relative cardiac SNS predominance in the

students®.

Others factors effecting Heart Rate Variability

The effect of age and ethnicity on HRV was examined in rest and in response to stress in
youths and young adults (n= 399) of different ethnicity (European American and African
American) both male and female. HRV was measured at rest and during a challenge(video

)°2. The results showed that African Americans had significantly higher resting root

game
mean square of successive differences (RMSSD) of normal R-R intervals and high-frequency
(HF) power than European Americans (P< 0.01) 5. Females displayed larger decrease of
RMSSD and HF during the challenge compared to males (P< 0.05) 32, There was no
significant sex difference of resting HRV or ethnic difference of HRV response to stress>2.
The relative influence of age, resting HR and sedentary lifestyle on HRV was examined in a
young and older population®. A five minute HRV reading was measured and fitness levels
were measured. HR was similar for both groups, however older sedentary participants
showed reduced HRV®3, There was no difference between sedentary and active subjects in
the younger group®>. The study concluded that HRV decreases with increasing HR and with
age regardless of lifestyle®.The findings did not support the idea that changes in HRV are

related to regular physical activity>>.

Many other factors can also influence HRV such as certain drugs*3, alcohol®® and many

different diseases?. Therefore we will attempt to control for all the controllable factors.

7.2 Cognitive Performance

Introduction to Cognitive Performance

In our study working memory and reaction time will be used as the cognitive performance
measures. Working memory is the ability to utilize attentional mechanisms to select

relevant information when faced with distracting information, which occurs when inhibition

Page | 16



of the distracting information fails®>. Working memory capacity is an important factor that
influences tasks which have a high demand for selective attention, such as a Stroop task®® >’
This view of working-memory limitations predicts a relation between individual differences
in capacity and performance on tasks that either encourage or demand controlled

attention®®,

Cognitive Performance and its association with Heart Rate Variability
HRV has been shown to be correlated with improved executive functioning in cognitive

tasks, namely improved response time and increased correct responses™ %. A study which
investigated the effect of vagal tone on executive and non-executive tasks using a working
memory and a sustained attention task, found that higher HRV was associated with better
performance in the cognitive tasks>®. Healthy male participants completed the study the
results showed more correct response, less error and increased reaction time correlated
with a high HRV>*. Thus correlates implies that HRV facilitating an increased ability to

respond to stimuli during a cognitive task.

Cognitive Performance and its association with Heart Rate Variability and Physical Fitness

The relationship between physical fitness, HVR and cognitive performance was tested in 37
male participants®. The participants completed cognitive test before and after completing
an eight week physical fitness intervention program they were randomised to either a non-
training group or a training group®>. Measurements of physical fitness (maximum oxygen
consumption), resting HRV and cognitive function were recorded™. There were no
significant differences between the two groups at the pre-test>. The untrained group had a
decrease in maximum oxygen consumption and a decreased HRV compared to the trained
group. The trained group had increase reaction time and positive responses in the post
cognitive tests®. Physical activity has an effect on the PNS activity which may improve an
individuals’ ability to respond correctly to cognitive tasks. When comparing aerobic athletes
with matched controls it was shown that the athletes had increased power in all frequency
bands of their cardiac spectograms® ., This suggests that athletes will have increased

ability to adapt to stimuli when compared with controls.
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7.3 Stress

Stress is perceived as an inability to cope with related emotional and psychophysiological
responses. Management of stress needs to incorporate the environment, altering triggers
where necessary’. Altering perceptions, emotional responses which are more adaptive and
adjusting psychophysiological state through the use of relaxation techniques are all forms of
stress management’. Biofeedback devices provide a helpful stress management technique
which promotes relaxation as well as training healthier coping strategies. Stress can be seen
as reactions to an environment that threatens homeostatic conditions’. Several types of
stress have been suggested: flight or fight response (activate SNS), depressed response (feel
defeated or helpless) or the endocrine counterpart where hypothalamic-pituitary-adrenal

(HPA) activation occurs?®>.

Work can affect stress directly, by affecting the ANS and BP or indirectly, by affecting
lifestyle®°.An independent contributing risk factor for the development of cardiovascular
disease (CVD) is stress® >> %12, job strain is one of the most common causes of stress and
has also been shown to contribute to the development of CVD 3% %2 A reduction in HRV
is an independent predictor of myocardial infarction (Ml), stable coronary artery disease
and congestive heart failure’. HRV measures homeostatic regulation of the ANS in response
to changes, and has been previously shown to quantify risk for cardiac events®.

One research study directly compared laboratory HRV in predicting autonomic regulation of
“real-world” emotional stress**. The results confirmed the efficacy of laboratory acquired
HRYV in predicting autonomic response to acute emotional stress>*. A similar study evaluated
the effect of job stress, evaluating the relationships between stress and the indicators of the
ANS in employees of a manufacturing industry®. Job stress was assessed in 140 participants
and was found to have no significant effect on HRV or catecholamine’s®2. The main finding
indicated that LF HRV was significantly higher in the high-strain group of subjects with a
short duration of employment®2. The study also concluded that HRV could be used as a

physiological indicator for job stress®.

There is a relationship between stress and depression; and depression is among the top five
leading causes of disability and disease burden throughout the world®® . Stressful events

across ones lifespan cause the onset and course of depression, however not all people who
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encounter a stressful life experience succumb to its depressogenic effect®. The breathing
technique used in yoga is a unique method for balancing the autonomic nervous system and
influencing psychological and stress-related disorders, it has been shown to help individuals
with depression“. Alternative therapies have been evaluated the help with depression,
these techniques are primarily aimed at decreasing physical and mental tension. Such
treatments may include elements of meditation, yoga, and other mind-body therapiesss.
Mixed results have been shown but the overall opinion is that the current research is

promising, but further research needs to be completed %.

Recent research examined CV recovery and the relationship between vagal activity and
reflexes to risk for CVD®>. CV recovery from stress was found to associate with increased
vagal modulation despite continual SNS activation'®. Decreased vagal rebound during
recovery was associated with risk factors for CVD. This supports the association between
HRV and risk for CVD*. Hamer and Steptoe examined the association between physical
fitness, cardiac PNS control and inflammatory cytokine responses to mental stress®. A
cohort of 207 men and women which measured HRV before during and after the stress test,
and testing submaximal fitness®. The groups were divided according to the results of their
fitness test low fit, medium fit and high fit. They concluded that physical fitness was
associated with decreased inflammation response to acute stress an effect thought to be
mediated through PNS pathways®. This is one of the mechanisms proposed that physical

fitness protects against CVD®.

Stress related changes in HRV during sleep were characterized in 59 healthy men and
women®’. Acute psychophysiological stress was associated with decreased levels of PNS
modulation during non-rapid eye movement (NREM) and rapid eye movement sleep and
increased levels of sympathovagal balance during NREM sleep®. An increase in PNS
modulation was noted across successive NREM cycles in the control group; these increases
were less in the stress group and remained essentially unchanged across successive NREM
periods. Sympathovagal balance was higher during NREM sleep and was associated with
poorer sleep maintenance and lower with the stress group®. The study concluded that
changes in HRV associated with acute stress could be a causing factor of disturbed sleep.

Stress-related changes in HRV during sleep may also be important in association with
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chronic stressors, which are associated with significant morbidity and increased risk for

mortality®’.

A recent study implemented a simple worksite stress management program (over a one
year period) in order to reduce stress, revert stress related ANS deregulation and lower
arterial BP®. The findings showed aitered HRV in the stressed participants (n=91) compared
to their healthy co-workers (n=79)(p=0.001) *.The stress management program reverted
these differences as well as slightly lowering systolic BP*. The study showed how work stress
is associated with altered autonomic profiles and suggests stress management programs

can be implemented at the worksite®.

In a systematic review it was concluded that adverse psychosocial working conditions are a
risk factor for ischaemic heart disease amongst men>. The review examined HRV and work
based stress in various studies with different time periods, work stress was associated with
decreased HRV, but the evidence for sympatho-adrenal and HPA biomarkers were less
established 3. The ability for appropriate physiological and psychological responses depends

on recognition of the specific situations.

In recent research in chess players it was found that emotional changes correlated with
changes in HRV®, Loss of optimism or intensified hopelessness correlated with a decrease in
HRV suggesting a decrease in vagal tone®. Nervousness, uncertainty, indecisiveness and
fright showed similar findings®®. The emotional aspect is largely overlooked, but is important
as it could be an independent risk factor. In a recent study Fourie et al showed that seif-

esteem increased HRV, while guilt decreased HRV®.

A research study investigated the changes in HRV and HR during episodes in which stress
may be cognitively represented, but not necessarily present™. A group of 73 teachers were
measured reporting all worry episodes and stressful events. The results showed that during
times of worry there was increaéed HR (neutral time 2 beats/min and time of worry 2.75
beats/min, respectively) and HRV (1.07ms and 1.05, respectively). This showed that episode

of worry have independent cardiac effects in addition to the effect of stressful events ”°.
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Students were examined during "“real-life” stress (examinations) in order to compare the
magnitude of autonomic and vascular responses®. The results showed that the markers of
autonomic regulation of the Sino atrial node correlated significantly with cortisol levels®.
The results support the concept that “real-life” stress increases BP and alters CV
homeostasis®. These changes implicate the link between psychological stress and increased
CV risk of hypertension®. A similar study had comparable findings, a group of 42 students
were tested during a real life stressors (examination) HRV was significantly decreased in the
stress situation®’. This study concluded that HRV could be used as a stress analyser in real

life events'’.

The two main regions of the stress system include ANS and the HPA, theses two neural
stress systems co-ordinate the responses of many physiological systems to a stressor
including both the immune and the CV system’. The neuro-immune interaction were
evaluated in order to elucidate the underlying actions and interactions of these system and
their role in disease risk in stress related disorders’*. Vagal tone was measured in 109 white
collar workers; the study found that the detrimental work stress effects are partially

mediated by increase HR, BP and lower vagal tone’".

A study analysed the effect of work environment (lighting, views, and cubicle size) on stress
response’>. The findings highlighted that certain aspect contribute changes in HRV, circadian
variation and cortisol levels’2. This implicates important social, economic and public health

implications for work environment risk factor on health”.

7.4 Biofeedback devices

Biofeedback forms part of group of methods which utilize “self-regulation therapies”, this
implies the control of aspects of one ANS'™® #%, The ANS is also known as the “involuntary”
or “visceral” which implies that processes governed by this system are largely
unconscious'® *°. However through training and conscious thought certain functions of the

16, 18,

ANS can be adjusted voluntarily 15 Biofeedback devices assist in controlling certain

aspect of the ANS. Biofeedback devices utilize technology capable in detecting small

changes in physiological variables®® * %,

Page | 21



Biofeedback devices have potential for therapeutic use for CVD as deregulation of the ANS is
seen in a large number of diseases. It has been demonstrated that the use of biofeedback
techniques can regulate input of the ANS to the heart'®. Biofeedback devices have been
used in patients with hypertension, as well as in patients with CVD and it has recently been
incorporated as an aid in reducing feelings of stress (stress management) *°, In normal
conditions the SNS responds in times of stress: increasing HR, contractility and BP whereas

the PNS initiate the reverse responses, having a calming influence over the CVS ¢

. Optimal
cardiac function requires a balance between these two systems'®. Biofeedback is a useful
aid to increase awareness of physiological responses as well as increase control over certain

physiological responses.

Biofeedback has been shown to increase HRV, the feedback records the R-R interval from
blood pulse sensors and increasing variability is achieved through breathing at a resonant
frequency. Convincing results have been shown causing short term changes in autonomic
variables (HR and BP) when individuals are provided with feedback®®. A recent study focused
on arterial baroreflex and pulmonary function utilized HRV biofeedback as a method to
increase vagal baroreflex gaih and improving pulmonary function among 54 healthy adults?.
The research found that there was acute increases in LF and total spectrum HRV?, Vagal
baroreflex gain correlated with slow breathing during biofeedback sessions®.. The
biofeedback group also experienced less adverse relaxation side effects?’.The study
concluded that HRV biofeedback had strong influences on both baroreflex gain and

pulmonary function®.,

A recent study utilized biofeedback training in order to increase awareness of HR and
respiration rateZ®. HRV biofeedback uses the same relaxation components found in many
relaxation or mindfulness techniques, isolating slow breathing. This has an effect on the ANS
altering it through slow breathing?®. This was compared to functional magnetic resonance
imaging (fMRI1) which indicated increased activation in the amygdala and the anterior
cingulate cortex following HRV biofeedback training, although not significant due to the

small sample size(n=2) it opens area for research which looks promising®.
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Biofeedback and Stress Management

Biofeedback can serve as an additional tool to managing stress; it is an effective adjunct to
stress management as it teaches the control of physiological reactions that form part of the
stress response’®. It has been shown that mental stress is a significant risk factor for CVD
and biofeedback has shown significant impact on both disease and symptoms, given that
most CVDs involve inappropriate regulation of the ANS instruction in the use of biofeedback

to control activation of the SNS and PNS s is likely to be useful in cardiac patients®®.

Biofeedback-assisted stress management (BFSM) incorporates the use of physiological
markers in addressing stress management2°. The main goal of BFSM is to give individuals
tools to control both mental and physiological responses to stress. Over activated SNS is
commonly found alongside stress and affects the ANS negatively, rectifying balance is key in
the management of stress®. BFSM involves learning to regulate physiological feedback®.
Biofeedback provide real time readings of physiological markers which aid in regulating
health?. The device only provide feedback and the subjects need to learn the correct means
in controlling physiological aspects. 2 yarious relaxation techniques, such as slow and
rhythmic breathing, guided imagery, progressive muscle relaxation, mindfulness,
assertiveness, and how to change negative thought patterns are included with BFSM?.
Using BFSM to complement stress management techniques is helpful as BFSM does not only

teach how to control physiological variables but rather how to utilize the physiology

response when faced with stress®.

Bidirectional interactions between the brain and peripheral tissue have become increasingly
evident*. Bidirectional communication of both the autonomic and neuroendocrine
pathways with the CNS and the periphery, facilitate the expression of affective, autonomic,
hormonal, and immune responses. Therapies should be directed toward addressing these

functional links, especially in diseases which are multifactorial®’.

7.5 Breathing and Stress
The effect of voluntary slow breathing on cardiac PNS response to a threat was examined”.
30 students randomized into three breathing groups (slow, fast and spontaneous breathing)

3 The HF HRV showed significant increases both the fast and spontaneous breathing
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whereas it was unchanged in the slow breathing group. There was no difference in
respiration rate during exposure to threat in all the groups. The study concluded that

slowed breathing decreases the cardiac PNS withdrawal in response to a threat ”°.

Decreasing respiration rate is a common feature in relaxation techniques as well as stress
management programs’>. It is thought to decrease autonomic response to a threat”. The
SNS activates in response to threat and can go into overdrive imitating the fight or flight

response’". Breathing rate has been shown to decrease the responsiveness of the SNS as

slow breathing has been shown to decrease PNS withdrawal retuning balance to the ANS™ .

In a recent study by Prinsloo et al participants in the experimental group who completed 10
minutes of deep slow breathing had an increased HRV when comparing to the control group
who completed 10 minutes of concentrative meditation without deep breathing’®. This
study also showed that the experimental groups’ reaction times and working memory
capacity was significantly increased during their Stroop cognitive test. They also felt less
anxious, less sleepy and significantly more relaxed than the control subjects™. It was
concluded that deep breathing without meditation had more significant effects in increasing
cognitive performance compared to meditation without deep breathing. This highlights the
importance of deep breathing in demanding situations. Breathing and relaxation techniques
utilize awareness of breathing rate, rhythm and volume of breath in order to minimise
physiological responses to stress by increasing PNS response’™. Previous research in
breathing training found a correlation between slow breathing and an acute increase in
HRV 6.

Research into breathing training with and without a biofeedback component has shown
positive results on individuals with hypertention”™ ”’. Individuals (age 25-75) diagnosed with
hypertension were put in the control or experimental group. The controls listen to classical
music and the experimental group listened to BIM (Breathe with Interactive music) which
guided the patients towards slow regular breathing’®. The study outcome showed that
controlled breathing with the BIM had more significant temporary reductions in BP when
compared to the controls. Relaxation breathing training has been shown to positively affect
the physiological and psychological health in children (age 6-14) with moderate to severe

asthma 7, but further studies on breathing training in the general population are needed.
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Mind-body research has been extensively tested on risk factors for stroke, especially
hypertension and mild reductions have been achieved with both meditation and breathing
training. The main focus in breathing training is to lower the BR and modify respiratory
patterns’” 7% 20, Maintaining 6 breaths per minute, both inspiration as well as expiration
performed over 5 s each is the optimal rate during breathing training. Even a single session
in breathing training has yielded temporary positive results in BP”>77,

Sustained decreased BP can be achieved if regular breathing training practise is maintained.
In a similar study a group of 100 patients (ages 28-72) with essential hypertension (on anti-
hypertensive medication or not) were randomly selected into either the slow breathing or
mental relaxation group””. They practiced mental relaxation or slow breathing for 10
minutes with a 15 minute quiet pefiod both before and after. Slow breathing had
significantly larger fall in HR (p< 0.05), BR (p< 0.001), systolic BP (p< 0.05) and diastolic BP

(p< 0.01).

This effect has been shown repeatedly, a study which examined the effects of diaphragmatic
breathing (DB) on BP and HR was investigated in data from a clinically healthy young
normotensive subjects (n=42). The participants followed 3 weeks of ambulatory monitoring
as a reference standard, both BP and HR was measured with a manual monitor at 1-min
intervals for 5 min before and after DB (three deep diaphragmatic breaths). The participants
performed DB for about 2 weeks at about 2-h intervals while awake®. A decrease in BP
was found when comparing individuals to their own reference data®!, however only the

acute effect was measured.

A study which found similar results tested thirteen subjects (age 25 — 56 years) who
performed the deep breathing test: 6 breathes per min, five second inhalation and five
second exhalation®2. The effect of the deep breathing test on finger BP was measured. It

was concluded that deep breathing may cause significant reductions in BP.

7.6 Classical Music
Music, especially classical, is known to enhance well-being, decrease anxiety and reduce

stress; this appears to be done by exerting a direct physiologic effect through the ANS by
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decreasing BP, HR and BR 225,27 1t has been proven that music effectively reduces anxiety
and improves mood of medical and surgical patients, both children and adults?. It has also
been shown that music improves quality of life of patients, as well as enhancing a sense of
comfort and relaxation?. For our study classical music was chosen for the control

intervention due to its known effect in causing a relaxation response.

Classical music has been found to statistically significant decrease in mean arterial BP, HR,
and BR (P <0 .0001) in patients (music group n=115, control group n=88) undergoing
surgery“. A similar study found that 30 minutes of music (a combination of classical music,
religious music and natural sounds) was successful in reducing anxiety in patients (music

group n=32, control group n=32) on a ventilation machine®.

Studies on healthy individuals showed similar resuits. A group of healthy students (n=56)
showed significant reductions in anxiety, anger and SNS nervous activation when comparing
classical to sitting in silence or listening to heavy metal music. Another group of sixty
healthy students (age 18-49 years) were assigned to either listen to music or sit in
silence(participants brought their own “relaxing” music) and various factors were measured
including skin temperature, muscle activity and HR. Participants also rated both their
anxiety and relaxation levels after either listening to music or remaining in silence®. The
results indicated a significant finding (p=0.024) that music (self-chosen “relaxing” music)
decreases anxiety and therefore may have an effect on the cognitive component in the

stress response when compared to the other variations®.

7.7 Modified Stroop Task

The effect is named after John Ridley Stroop he was the first to publish the effect in 1935%.
It evaluates the flexibility of the control of cognitive processes and behaviour, evaluates
psychological capacities of an individual and lastly allows for a measure of reaction time of
the task®®®*. There are two responses in the original design the congruent which is the
natural response in reading the presented word and the incongruent which is the response
to the un-associated colour of the word®. The incongruent requires cognitive control to

prevent reading and to activate the colour-naming response®. The added time that is
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required to process the colour in the incongruent response is known as the Stroop
interference®.

It is vital to observe that the nature of the stimulus plays an important role in attentional
selection®. The Stroop task displays both relevant and irrelevant (word and colour or vice
versa) information about the same object this requires a narrowing of attentional focus in

order to respond correctly and ignore the distracting information® %,

This is observed in a study of apparently healthy individuals (n=14) who underwent a fMRI
while performing a Stroop task®. The results showed areas of the brain involvement in both
processing attended and ignored features. Therefore there was both neural enhancement
of the task relevant feature (colour) and neural suppression of the irrelevant feature (word)
86

It has been researched whether exercise could maintain and enhance brain health in adults,
however performance in tasks requiring little executive control was unaffected by exercise
participation”. Significant improvements were found in Stroop task in the exercising group
when compared the control group, therefore exercise may play a role in performance where
increased executive control is required®.

The effect HR and HRV response to both mental and physical stress was tested on 207 male
and female participants (mean age + Standard deviation 52 £ 3 years) % Increased physical
fitness, which is guided by lower exercise HR, showed a relationship (p<0.02) with HRV
response to stress (mental stress, 5 minute Stroop task) . The mechanism proposed is the
association between lesser inflammatory cytokine response and acute mental stress, an
effect which may be partly mediated through the PNS pathways®. This may be a

contributing factor to the protection exercise and increased fitness against CV risk®.

Smoking and smoking cessation (acute) can both effect the validity of the Stroop task.
Smokers are less able to concentrate when abstinent from smoking and have an increased
ability to focus after smoking® %, In a study where smokers and non-smokers performed a
Stroop task on two consecutive days, where smokers refrained from smoking overnight
between the two days, it was shown that the smokers demonstrated increased response
times (decreased performance), whereas the non-smokers had no changes in

performance®.
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7.8 Questionnaires

Spielberger State questionnaire (STAI-S) is a questionnaire which assesses the degree of
anxiety of an individual using a scaled self-report structure. The Smith questionnaire is also a
self-report questionnaire it is designed to assess various aspects of stress, relaxation,

meditation, and mindfulness.

7.9 Conclusion

Our research aims at furthering the knowledge of the effect of biofeedback devices on
autonomic reactivity (via HRV measures), affect and cognitive performance. There are
limited studies which include both male and female participants working in the same
environment. This study completed testing of participants at the place of employment and
during office hours. This allows practical measures of work related stress as well
implementing previously laboratory based research. This acute implementation of stress
reducing techniques is practical, given that long intervention in the corporate environment

is not realistic.
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8. Experimental design and methods

The study protocol was approved by the Research and Ethics Committee of the University of
Cape Town (Rec ref:296/2005) and conducted in accordance with the principles of the
Declaration of Helsinki, ICH Good Clinic Practice and laws of South Africa. Subjects were only
included in the study once they had signed a consent form issued to them and once the
investigator had provided a full oral and written explanation of the study and risk factors. All
subjects were informed that they were free to withdraw from the study at any time. All the
data collected was locked in a safe environment, and was used for scientific purposesin a

confidential manner.

8.1 Subject population

The target population was individuals from five different medium to large business
corporations, who were randomly divided into two groups; a biofeedback group and control
group. The sample size was 46 subjects, 23 in the control group and 23 in the biofeedback
group. Initial questionnaires established eligibility to participate in the study. Exclusion
criteria were previous diagnosed cardiac or psychiatric disorders or the current use of any
psychotropic medications, heart rate altering medications, stimulants or recreational drugs.
Volunteers who regularly participated in meditation techniques were also excluded. Only
one subject was excluded from the testing trial due to a diagnosed cardiac disease. In the
familiarisation subjects unable to understand the modified Stroop task would have also

been excluded, however all participants were able to complete it.

8.2 Training and familiarisation protocol

The familiarisation protocol was standard for both groups and was completed during office
hours in a dedicated office at the place of employment. At the familiarisation testing session
all subjects signed informed consent forms and filled in a personal details questionnaire.
Participants completed questionnaires which established exercise practices, previous
breathing training, personal information and any meditation practices. The Trait component
of the Spielberger State-Trait Anxiety Inventory (STAI-T) was then completed in order to
establish baseline levels of anxiety. The STAI-T measures aspects of life stress and general
personality traits. After the questionnaires were complete, three pre-gelled

electrocardiogram (ECG) electrodes (Blue sensor, Ambu, Denmark) and a respiratory
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transducer belt was attached to the subject, in order to measure physiological data. The

ECG electrodes were placed in positions representing Eindhoven'’s triangle namely, on the
sub-clavicular space bilaterally and over the last rib on the left-hand side. The skin surface
was first cleaned and gently abraded with an alcohol swab before electrodes were attached.
The 3 electrodes were wirelessly connected to a Biopac System MP150WSW (Biopac
Systems, Goleta, CA, USA) ECG amplifier which was set to a band-pass filter between 0.5 and
35Hz and a sampling frequency of 1000Hz was used. The transducer belt also transferred
data wirelessly to the Biopac to record respiratory frequency (RF). Subjects were seated at a
desk in a comfortable chair and eight minute eyes closed recordings were made of the
above physiological measures to establish base line physiology and to familiarize the

participants with the testing equipment.

8.3 Training

The experimental group then underwent a 15 minute training session with a hand-held HRV
device (StressEraser™ Helicor, USA) which was previously validated by Heilman,
Handelman, Lewis and Porges®.. The participants were required to place their right index
finger on the infrared sensor, the device then displayed beat to beat changes in heart rate.
The measure it reads is the interbeat-interval (IBl) which is transformed into a sinusoid wave
which is displayed on the screen®?, enabling the user to see real time fluctuations in their
heart rate.®>. The device grades the users’ sinusoid wave which can be altered when the
users changes their breathing pattern, the grading is based on the wavelength for each
sinusoid cycle. Points are given depending on the threshold targets that have been met. The
StressEraser assists by predicting when the next exhalation should be taken with a triangle
marker. The sinusoidal HR wave and respiration co-vary in a perfect phase relationship”. To
achieve an optimal results the user should inhale until the wave peaks and exhale until the
wave begins to rise again. Resonance between the main sources of cardiac vagal drive
namely, the baroreflex and respiratory sinus arrhythmia (RSA) can be achieved when using
the device correctly®®. This breathing rate is referred to as resonant frequency, it differs
between individuals but is usually between 4.5 and 7 breathes per minute. Large increases
in both RSA and baroreflex gain are evident when done correctly’! and there is a promotion
of respiratory efficiency 7% %*. Resonant frequency is the frequency where the response

amplitude is a relative maximum. At these frequencies small forces can produce large
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amplitude oscillations. After the training, all participants had to accumulate 30 points in ten
minutes to demonstrate that they were using the device correctly®®.

The control group did not use any device, but they underwent the same familiarization
process and they listened to relaxing music for ten minutes instead of doing biofeedback
training. This music was by Frederic Chopin, Piano Concert No.1 in E minor, op 11 Romanza
Larghetto.

During the familiarisation trial blood pressure and heart rate were recorded on two
separate occasions by an automated blood pressure monitor (model HEM-705CP, Omron,

lllinois, USA, validated by O’Brien, Mee, Atkins and Thomasgs).

8.4 Experimental protocol

The experimental protocol was completed within one week of the familiarisation protocol in
the same place also seated on a comfortable chair at a desk with a computer monitor. The
timeline of the experimental protocol is illustrated in figure 1. All the subjects completed
the State component of the Spielberger (STAI-S) and the Smiths Relaxation States Inventory
3 (SRSI3) both before and after the experimental trial. The STAI-S is a questionnaire which
assesses the degree of state anxiety of an individual using a scaled self-report structure. The
SRSI3 questionnaire is also a self-report questionnaire; it is designed to assess various
aspects of stress, relaxation, meditation and mindfulness. Initial BP and HR were recorded.
The subjects then underwent tWo familiarisation Stroop Tasks before taking part in the trial
to minimise skill learning. The first session was a short explanation trial where the assessor
talked the participant through the test and thereafter each subject completed a full
familiarisation Stroop Task.

Electrodes for ECG and a respiratory transducer belt were then attached to the subject to
record physiological data. The data was transferred wirelessly to a Biopac System to record
ECG and RF. The subjects then completed a 5 minute eyes closed pre rest period (pre rest)
and straight thereafter completed a 5 min 30sec pre-intervention Stroop Task (pre Stroop).
The subjects then completed their respective 10 min interventions. The biofeedback group
completed ten minutes with the StressEraser and the control group listened to a CD with
classical music. Inmediately after the intervention a second reading of BP and HR was
recorded, and a Visual analogue scale (VAS) of sleepiness was administered. Both groups

then completed a 5min post intervention eyes closed rest period (post rest) and a third
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reading of BP and HR, and second VAS of sleepiness, before they campleted the post-
intervention Smin 34 sec Stroop Task (post Stroop). A final reading of BP and HR was
recorded as well as g final VAS scale of sleepiness after the post Stroop.

After this the subjects completed the post-test questionnaires and they were asked to rate
the subjective efficacy of the intervention using a VAS, The various VAS scales used were
solid lines 20cm long, participants were instructed to make a mark on the line which was

scaled from 0% to 100%, and the mark was measured and converted inta a percentage.

( i _ 46 min - Modified
Familiarization 1-7 days 41 min - BP amjl Rest H SHbop Ik 45 A
prior period {5 min) 40s)
: — Sl - A - 4
0 min - Questionnaires 31 min - BP [}?zgr;ﬂltlinr:.ap;r&
completed Intervention - (10 min) liomgler;ides
: - " L - -: : -
10 min - Familiariation 3T Tdoa fied
Stroop task 1- {5 min 57 min - Completed
; - = g ;
17 min -All leads 23 min - BP &Rest
attached period {5 min)

Figure 1: Flow diagram of timeline of the expenmental trial from the initial familiarisation
antil completian of trial.

Abbreviations: min, minute; 5, secand; BP, blood pressure.

8.5 Modified Stroop Task:

The modifications of the original Stroop entailed electranically recorded responses using the
computers keyboard instead of reading and the addition of a working memory compaonent.
The maodified Stroop Task consisted of the individual appearance of 4 colour words (red
[hlue fyellow fgreen) 2cm in height and displayed in five different colours {red /blue fyellow
fereen faroy] in the centre of computer manitor on a black background. They appeared
cwery 3 seconds for 400ms and were then replaced by a blank screen which was the
response period that lasted 2600ms°". The word was displayed in either coloured [red /blue

Syellow fgreen) ink or grey ink, but it was never displayed congruently in the same colour as

Page | 32



the written word (e.g. never written word: blue in blue ink). The subjects were instructed to
respond using the response keys as quickly and accurately as possible. They were required
to respond to the colour of the word and not the written word, except if the word was
written in grey ink then they needed to respond to the word itself. By using the grey words
it ensured that subjects had to read and recognize the colour-words rather than just
noticing the colours, thereby invoking the Stroop effect. Responding to the colour of the
word tests the inhibition of prepotent response while simultaneously testing reaction
time®. Plain white squares (n = 20), presented randomly between the Stroop colour words
were used for the working memory component; subjects had to continuously count the
white squares throughout the modified Stroop task. The amount of square remained the
same as each participant only completes the task 3 times; the participant is unaware of the
number of squares throughout testing and each participant is told that the squares appear
randomly. The total amount of squares counted was recorded after the modified Stroop
task and accuracy was measured. Subjects responded using the following keys: 1- red, 2-
blue, 7-green, and 8 -yellow. A total of 100 cues were thus presented randomly: 60

incongruent colour words (15 of each colour), 20 grey words and 20 white squares.

‘8.6 Data analysing:

The ECG recordings were analysed with Acqknowledge for Macintosh OS X (version 3.9.0).
This software uses a modified Pan and Tompkins algorithm to detect QRS complexes. The
filtered ECG recording tachograms were then visually inspected to determine the correct
recognition of QRS complexes and T waves. Missed and ectopic beats were corrected by
either adding or spacing beats.

Only after each of the tachograms showed no false beats was the data analysed using HRV
analysis software from the Biomedical Signal Analysis Group (Department of Applied
Physics, University of Kuopio, Finland). Data was transformed using autoregressive (AR)
analysis with an AR model order of 15 into low frequency (LF - 0.04 - 0.15 Hz) and high
frequency (HF - 0.15 - 0.4 Hz) components. The software calculated the low LF power and HF
power and we calculated the total frequency (TF) power (LF power + HF power) from this.
Additional measurements in the time domain were calculated by the software, including:
the square root of the mean squared differences of successive normal-to-normal intervals

(RMSSD), the standard deviation of the normal-to-normal interval (SDNN) and approximate
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entropy. The SDNN is calculated over short periods (5 minutes), it is therefore a measure of
changes in heart rate due to cycles of 5 minutes, it reflects all the cyclic components
responsible for variability in the period of recording and therefore it represents total
variability. Approximate entropy is the presence of repetitive patterns of fluctuation in a
time series which makes it more predictable than a time series in without patterns, it is the
likelihood that similar patterns of observations will not be followed by additional similar
observations®’. The carry-over effect is the measure of whether the physiological effect is
“carried over” into the subsequent rest period, which is important as that is the period
where subjects would prepare for the following modified Stroop task.

During the 10 min intervention the ECG tachogram from minute 3 to minute 8 was used to
calculate HRV measures. This provided the standard 5 minute period for comparison.
Minute 3 to minute 8 was selected to allow the subjects 3 minutes to recompose their
physiological state after they completed the modified Stroop task. The power values in the
cardiac spectrograms were recorded in ms? and were then natural log transformed to
normalise the variance.

The respiratory rate per minute was measured via a force transducer fixed to a belt placed
around the chest wall. Subjects were asked to expel the air from their lungs when the
transducer belt was first fitted and then they were instructed to breathe normally. The
chest transducer was wirelessly connected to an amplifier with a low-pass 10Hz filter.
Respiratory frequencies RF (i.e. breaths per second) were calculated from the respiratory
rate. The HF component is mainly modulated by the PNS , whereas the LF component has
mixed modulation from both parasympathetic and sympathetic neural activity>2. The LF/HF
ratio is typically a measure of sympathovagal balance®.

The scores for the questionnaires were analysed using the associated scoring sheet. In the
questions the higher the calculated value, the higher the level of anxiety, in both STAIT and

STAI-S; or higher level of relaxation in the Smiths questionnaire.
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8.7 Statistical analysis:

To determine the differences over the five time periods repeated measures ANOVA (analysis
of variance) were used to establish time and group effects, as well as time-group
interactions. When significant differences were established, Tukey’s post-hoc test was used
to find specific differences.

Independent t-test and ANOVA'’s were used to look for BIO and CON group differences in
the subject characteristics and questionnaires.

Percentage decrease in mistakes and reaction time in the cognitive performance test was
compared by using t-test (independent by groups).

Pairwise product moment and partial correlation was used to find correlations between
data. All data is described as means * standard deviation (SD) in the text and tables, and as

SEM in the figures. A P value of < 0.05 was considered to be statistically significant.
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9.Results

9.1 Part 1 - Initial measurements

9.1.1 Subject characteristics

The BIO and CON subject characteristics are displayed in table 1. The groups had a
significant difference in their ages, but there were no other significant differences between
the groups. The types of jobs ranged from managerial positions (50%), administration jobs
(consultants, private bankers, executive consultants; 26%) and other white-collar jobs

(airline load control agents, human relations, IT co-ordinator; 24%).

Table 1. Subject characteristics of BIO (n=23) and CON (n=23)

BIO CON
Age 41188 36189*
Females 3 9
Males 20 14
Exercise (hours/week) 313 3.3+23
Smokers 3 8

BIO- Biofeedback group; CON- control group
Group effect
* p=0.047 BIO age vs. CON Age

9.1.2 Familiarisation trial
The physiological and questionnaire data from the familiarisation trial is represented in

table 2. There were no differences between groups in any of the variables.

The STAIT scores had a significant negative correlation with both RMSSD (r = -0.39, p=0.029)
and SD NN (r =-0.53, p=0.002), displayed on figure 2.

BP was measured twice and averaged. According to the guidelines of the American College
of Sports Medicine®® eight participants were classified as having normal BP, while 27 were
classified as pre-hypertensive and ten as having stage 1 hypertension. One participanf was
classified as having stage 2 hypertension. Systolic BP was negatively correlated with RMSSD
(r=-0.32, p=0.049), presented on figure 2.
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Table 2. Heart rate, Respiratory rate, blood pressure recordings and heart rate
variability values of BIO (n=19) and CON (n=19) in the familiarization trials

BIO Range CON Range
Heart rate (beats/min) 74113 57-101 72+12 56-106
Blood pressure systolic (mmHg) 134+ 13 105-163 128+ 13 103-146
Blood pressure diastolic (mmHg) 83118 64-106 789 66-91
Respiratory rate (breaths/min) 1514 8-19 17+4 9-25
STAIT 358183 23 -48 364+8.8 23-54
LF power 6.910.7 58-8.1 7.01£0.7 56-83
HF power ‘ 5.6+0.9 42-78 5.8+0.9 5.5-75
TF power 7.210.6 6.0-83 7.210.7 59-87
SDNN 44 +12 25-66 59+21 32-87
Entropy 1.04£0.12 0.7-1.22 1.22+0.10 08-1.23
RMSSD 29112 10- 62 33+15 13-75

BIO- Biofeedback group; CON- control group

STAI-T- Spielberger trait questionnaire; LF- Low frequency power ; HF- High frequency power; TF- Total frequency
power; Standard deviation of the normal-to-normal interval (SDNN); Square root of the mean squared differences of
successive NN intervals (RMSSD); milliseconds (ms); millimetres mercury (mmHG)
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Figure 2: Carrelation between STAIT scores, RMSSD, SDNN and Systalic BP in the
familiarisation trial.

Abbreviations: STAIT- Spielberger trait questionnaires; Standard deviation of the normal-to-
normal interval {SDNN); Square root of the mean sguared differences of successive NN

intervals (RMSSD); milliseconds (ms); BP- blood pressure; mmHg- millimetres mercury.
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9.2 Part 2 - Intervention trial

9.2.1 Questionnaires

The results from the STAI-S, SRSI3 and VAS questionnaires are shown in table 3. The STAIS
scores were not different between the groups, however there was a significant decrease
over time (F 1,37 = 14.453, p = 0.000). The BIO group displayed a significant decrease from
pre STAIS to post STAIS (p= 0.009), which was not evident in the CON group. The total score
of the Smith relaxation inventory were not significantly different between groups, however
there was a time effect (F 1 37= 20.754, p = 0.000). The BIO group displayed a significant
decrease from pre to post (p=0.001), this was not displayed in the CON group. Furthermore
in the energised elements of the SRIS3, there was a significant interaction effect (F 1, 37 =
4.2892, p=0.045). The BIO group also felt significantly more energised after the
experimental trial was completed compared to how they felt at the start (p= 0.000). There
were no differences in either of the visual analogue scales (VAS) measuring feelings of

sleepiness and subjective measures of the helpfulness of the intervention.

Table 3. Results of the questionnaires of BIO (n=23) and CON (n=23)

BIO CON
STAIS- Pre 36983 36.2+10.1
STAIS - Post 31.9+6.5# 339+84
SRSI3- Pre 49 +£19.6 544213
SRSI3- Post 59.8 20 # 51.0+31.1
SRSI3- Pre Energised 3.1+1.2 36+14
SRSI3- Post Energised 49+1.2# 39+1.1*
VAS- helpful 54132 65126
VAS- Sleepy immediate 49128 45+28
VAS =Sleepy after 5 minutes 44123 43+30
VAS =Sleepy after 5 minutes 44+27 42134

BIO- Biofeedback group; CON- control group

STAI-S- Spielberger state questionnaire; SRI3- Smiths relaxation
inventory 3; VAS- visual analogue scale

Group effect

* p<0.05BIO vs. CON

Time effect

# p <0.05 BIO Pre vs. BIO Post



9.2.2 Physiological data

BP and RF measures for the rest and Stroop periods are displayed in Table 4. Blood pressure (BP)
was similar in both groups throughout the testing except for the initial systolic value, the BIO
group had a significantly higher systolic BP reading compared to the CON group (134 £13 vs. 128
14 respectively , p= 0.046). RF displayed significant increases from post rest to post Stroop in both
groups (BIO, p= 0.005 and CON, p=0.004). Respiratory rate (RR) increased significantly in the CON
from rest to Stroop, both pre (p= 0.000) and post (p=0.001). RR displayed the same effect in the
BIO group increasing from rest to Stroop task (p= 0.000, for both pre and post).

Table 4. Respiratory frequency, Respiratory rate and blood pressure recordings throughout the
experimental trial in the BIO (n=23) and CON (n=23).

BIO CON
RF Resp BP RF Resp BP
Rest 1 0.2210.07 1413 136*/86 + 13/8 0.2410.10 164  128/79 +14/10
Stroop 1 0.27 £0.08 17+ 3# 0281010 1913#
Rest 2 0.2110.05 13+3 129/82 + 12/8 0.23+0.09  15+4  120/79+24/11
Stroop 2 0.2710.05# 17+3#  132/82+17/10 0.29+0.09# 18:4# 128/81+14/10

BIO- Biofeedback group; CON- control group
RF- Respiratory Frequency (respiratory rate per second); Resp, respiratory rate (breaths per minute); BP Blood
pressure( mmHg millimetres mercury)

Group effect :

*p<0.05 Pre rest Systolic BP Bio vs. CON

Time effect

#p<0.05 Pre rest RR BIO pre rest < pre Stroop
CON pre rest < pre Stroop

Post rest RR BIO post rest < post Stroop
CON post rest < post Stroop
RF BIO post rest < post Stroop

CON post rest < post Stroop

HR changes throughout the trial are displayed graphically in figure 3. There was a significance
difference in HR between groups over time (F 4, 128 = 4.2347, p = 0.003), as well as a significant time
effect (F 4 128 = 6.8772, p = 0.000). HR decreased significantly in the CON group pre Stroop to the
intervention (p = 0.000). In the BIO group there was a significant decrease from both the pre

Stroop to the post rest period (p=0.002), and intervention to post rest (p=0.04).
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Figure 3: Heart rate changes throughout the trial between the BIO (n = 19) and CON (n = 20)
group.
Abbreviations: BIO, biofeedback group; CON, control group; bpm, beats per minute.

Time effect #p <0.005 CON  Pre Stroop > intervention
BIO Pre Stroop > Post rest

Intervention > Post rest

HRYV data is displayed on table 5. The intervention data was removed from table 5 for ease
of interpretation and displayed graphically in figure 4 as a carry-over effect from the

intervention period into the post rest period.

HF power remained similar in the BIO group. The CON group had a significant decrease in HF
power from the pre rest period to pre Stroop (p = 0.013) and from the post rest to post
Stroop (p=0.022).

Both the BIO and CON groups displayed significant decreases from pre rest to pre Stroop in
the LF power (p = 0.000 for both groups) as well as from post rest to post Stroop (p=0.000
for both groups).

TF power had a significant overall interaction effect (F 4,123 = 3.5281, p = 0.009), as well as a
significant time effect (F 4,128 = 32.286, p = 0.000). Both groups displayed a decrease in TF

\



power from pre rest to pre Stroop (BIO, p= 0.002 and CON, p= 0.000) and from post rest to
post Stroop (BIO, p= 0.017 and CON, p= 0.000).

A significant time effect was displayed in the SDNN measures (F 4,124 = 27.520, p = 0.000).
SDNN significantly decreased from pre rest to pre Stroop in the CON group (p=0.000), and
BIO group (p=0.030). SDNN also significantly decreased from post rest to post Stroop in both
groups (BIO, p= 0.001 and CON, p=0.000).

RMSSD showed a significant decrease from pre rest to pre Stroop in both the CON (p=0.000)
and BIO (p=0.029) groups. RMSSD decreased significantly in the CON group form the post
rest to post Stroop (p=0.001) period, this was not demonstrated in the BIO group.

Entropy displayed a significant interaction effect (F 4, 12s = 10.765, p = 0.000). In the CON
group entropy increased significantly from pre rest to pre Stroop (p=0.005). Entropy
increased from post rest to post Stroop in both the BIO (p=0.000) and CON (p=0.007) group.

9.2.3 Carry over effect from intervention into post Rest

The HF power was significantly lower in the BIO group during post rest period after the
intervention (p=0.05) in comparison to the CON group. TF power was significantly decreased
in the BIO group from the intervention to post rest (p=0.005), this effect was not seen in the
CON group. Entropy during the BIO intervention was significantly lower than during the CON
intervention (p < 0.000) (Figure 4).

The data of five subjects were excluded from the HRV analyses due to equipment failure

during recording.
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Table 5. Heart rate variability data recordings throughout the experimental trial in the EXP (n=23) and CON

(n=23).
BIO CON
Pre Post rest Post Pre Post rest Post
Pre rest Pre rest :

Stroop Stroop Stroop Stroop
LF Power 71083 6.25:0.83%4 6941 0,81 61310.83# | 7.29:0.92 6.1810.89# 7451071 6.3310.79#
HF Power 538 £0.86 4951101 5.14£0.76 4.9610.87 5.9711.11 5.49:108#  6.23:091*  5.6210.89#
TF Power 7.2:038 6.5+ 0.9% 71107 6.5 0.84 77409 6.710.9% 7.71£0.7 6.8 0.7#
SD NN 522144 390+35# 535137 3741324 67.416.2 438394 70.41 50 43913.24
RMSSD 27.8115.6 21241294  23.99.7 2141106 36.9119.5 283:+153#  39.7+163 29411234
Entropy 0.9840.10 1.050.14 0.94£0.12 1.10:0.13# § 1.05:0.11 1.15:0.10%4  1.05:0.13 1.16: 0094

BIO- Biofeedback group; CON- control group

HF- High frequency; LF- Low frequency; Square root of the mean squared differences of successive NN intervals ( RMSSD); milliseconds (ms)

Group effect
*p<0.05
Time effect

#p<0.05

Post Rest HF BIO <CON

Pre Rest vs. pre St

BiO

LF, TF, SDNN, RMSSD pre rest < pre Stroop
CON

LF, HF, TF, SD NN, RMSSD  pre rest < pre Stroop
Entropy pre rest > pre Stroop

Post rest vs. post Stroop
BIO

LF, TF, SD NN

Entropy

CON

LF, HF, TF, SD NN, RMSSD
Entropy

post rest < post Stroop
post rest > post Stroop

post rest < post Stroop
post rest > post Stroop
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Figure 4: Carry over effect from the intervention to the post rest period in HR, HF power, TF
power and Entropy between the BIO (n = 19) and CON (n = 20) group.
Abbreviations: BIO, biofeedback group; CON, control group; HR, heart rate; HF, high

frequency and TF, total frequency

Group effect

*p<0.05 BlOvs.CON

.6 trend p = 0.058

Time effect

#p <0.05 Intervention vs. post rest
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9.2.4 Cognitive performance
Reaction time

A time effect was observed, both groups significantly decreased their reaction time (Fy, 37 =
55.185, p = 0.000) when performing the second modified Stroop task. The BIO and CON
groups both had similar decreases (BIO group: 1.24 £ 0.18s vs. 1.13 1 0.15s, p= 0.000, pre vs.
post; CON group 1.35 + 0.19s vs. 1.24 + 0.16s, p= 0.002, pre vs. post).

Mistakes made

There were no differences between groups in the total amount of mistakes, amount of
square mistake or amount of word mistakes. The data from two subjects (one in the BIO
group and one in the CON group) were excluded as the standard deviation greatly differed

from that of the mean.

Page | 45



10. Discussion and conclusion
10.1 Familiarisation

The familiarisation data was documented in order to establish basic information of the
participant’s tested as well as to familiarise them to the testing protocol. The STAIT was
utilized in the familiarisation trial in order to establish levels of anxiety; all testing was done
at the different places of work and during office hours in order to establish work-related
anxiety. In a review article which aimed at establishing the reliability of STAIT and STAIS
scores, it was stated that higher scores were recorded with high external stress levels
compared to lower external stress level®®. The mean scores were established as high
stimulus at a score of 45.10 versus 39.19 for a low stimulus (Cohen’s d = .91)®. In a recent
study which measured a HRV biofeedback device in a stressed work population STAIT scores
were utilized to measure perceived life stress, the STAIT scores were48 + 6 and 44 + 7
respectively in the two groups®. In our study the STAIT scores were slightly lower (36 + 8
and 36+ 9, in the BIO and CON groups’ respectively). According to the reliability data® our
subject population is classified in the low stimulus, or low anxiety group. However all
participants were volunteers who readily got involved in research aimed at assessing and

reducing work-related stress.

SDNN reflects all the cyclic components in the heart rate responsible for variability in the

_ period of recording®®. The inverse correlation between SDNN and STAIT scores imply that
increases in anxiety (STAIT score) is related to a decrease in HRV measures (Figure 2). This
corresponds with the current literature as increases in stress and anxiety affect HRV
negatively, reducing variability>* %2, This was also displayed in the inverse relationship

between RMSSD and STAIT scores (Figure 2).

A significant inverse correlation was also found between RMSSD and BP, indicating that
increases in BP are correlated with decreases in HRV (Figure 2); this has been established in

previous comparable research®.

This suggests that stress reduction interventions should be aimed at increasing HRV

measures in order to obtain relative decreases in anxiety and BP.
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10.2 Intervention trial

Resonance between the main sources of cardiac vagal drive namely, the baroreflex and
respiratory sinus arrhythmia (RSA) can be achieved when using the biofeedback device
correctly®. This breathing rate is referred to as resonant frequency, it differs between
individuals but is usually between 4.5 and 7 breathes per minute. The implementation of
the biofeedback device was successful in the BIO group, as they demonstrated a mean

respiratory rate of 713 breaths per minute during the intervention.

The key finding in this study lies in the carry over effect of the two interventions. Differences
in physiological variables were evident between the two groups. HR (Figure 3) dropped
significantly from pre Stroop to the intervention period in the CON group; this was expected
given that classical music has been shown to cause increased vagal modulation and is
associated with décreases in HR, BP and respiratory rate’> 2. The RF on the other hand did

not change during the music intervention.

The BIO group did not display this effect; HR throughout the intervention remained similar
to the pre Stroop HR and only dropped significantly during the post rest period, which
illustrates a disparity in the modulation of HR in the BIO and CON groups. The mechanism of
classical music works though a relaxation response; the mechanism appears to be a direct
physiologic effect through the ANS by decreasing BP, HR and respiratory rate 2%, Classical
music has also been shown to decrease SNS activation®’, reduce anxiety and may have an

effect on the cognitive component in the stress response®.

The BIO group displayed a significant decrease in TF power from the intervention to the
second rest period, an effect which was not seen in the CON group.

Furthermore, in the BIO group HF power did not change from the intervention period to the
post rest period, and in fact the HF power in the post rest period was significantly lower in
the BIO group compared to the CON group (Figure 4). In this regard, there was also a trend
(P = 0.058) for the HF power to be lower in the BIO than in the CON groups during the
intervention. HF power is modulated by efferent vagal activity. This demonstrates a
selective withdrawal of vagal modulation during the intervention in the BIO group which

was not evident in the CON group. Porges found that nicotinic blockade selectively blocks
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the RSA without affecting the LF power'®. in contrast both low and respiratory frequencies
can be removed using atropine to block the muscarinic receptors'®. The use of the HRV
biofeedback device may elicit a similar response, causing withdrawal of HF vagal modulation

only.

As illustrated graphically in Figure 4 the physiological and HRV measures of the CON group
remained essentially unchanged from the intervention period to the post rest period. The
changes displayed between pre and post intervention in the CON group are displayed in
table 5 and are unanimous between time periods. All measures of HRV displayed the same
pattern of stress reactivity pre and post intervention. LF power, HF power, TF power, RMSSD
and SDNN all decreased significant from the rest period to the Stroop Task, both pre and
post intervention. Entropy on the other hand increased significantly from the rest period to
the Stroop task, both pre and post intervention in the CON group. The CON group displayed
the relaxation response?® 2 during the intervention; HRV measures increased, while HR

decreased.

The BIO group demonstrated several differences in HRV measures to stress reactivity pre
and post intervention. The BIO group did not display the initial decrease in HF power from
pre rest to pre Stroop. This was not expected, as both the BIO and CON were expected to
have the same initial responses. The BIO group did however start with a significantly higher
systolic BP, which may illustrate increased performance anxiety that affected the HF power
of the cardiac spectrogram. This was the only disparity between the pre intervention HRV

measures to stress reactivity.

The BIO group had significantly lower HRV entropy during the intervention compared to the
CON group (Figure 4). Approximate entropy is an estimation technique and is a nonlinear
measure of HRV?L. it estimates the average uncertainty of the HRV. If the intervals between
the heart beats are equally spaced, entropy is low. Whereas, if the beat-to-beat intervals are
randomly distributed, the next beat cannot be easily anticipated and entropy increases %,
The biofeedback device induced a significant decrease in entropy during the intervention,

highlighting the effect it has on the regularity of the beat-to-beat interval.

The BIO group did display similar decreases in certain HRV measures to stress reactivity as

found in the CON group. Both pre and post intervention, SDNN, LF power and TF power
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decreased from rest to Stroop. However, in contrast to the pre rest to pre Stroop period, the
BIO group did not show a decrease in the RMSSD from the post rest to the post Stroop
period. The RMSSD measures remained similar to the pre Stroop value, which significantly
decreased from the pre rest period. This further illustrates the decreased HRV evident in the

post rest period (carry-over effect) in the BIO group.

The BIO subjects had significant decreases in anxiety (STAIS) and significant increases in
feelings’ of relaxation (SRSI3) after the testing protocol, which was not found in the CON
group. The BIO subjects also felt significantly more energised after the intervention

compared to both the CON group and to their pre intervention measures.

The carry over HRV pattern facilitated by the biofeedback intervention during the post rest
period illustrated significant vagal withdrawal; this finding is seemingly contrary to their
subjective feelings post testing. Increased vagal modulation (for which increased HRV is a

723,103 \which results in decreases in HR,

marker) is responsible for the relaxation response
BP and RF. The CON group displayed this relaxation response, both during the music
intervention and the post rest period, showing increases in all HRV measures and a decrease

in HR, but they did not feel more relaxed or less anxious after the testing.

10.3 Cognitive performance

Mature mental functioning is characterised by holding information, exercising self-control
and quickly and flexibly adapting to changing situations'®. These are referred as working
memory, inhibition, and cognitive flexibility respectively'®. Mental set shifting, which is
required in the modified Stroop task, is a fundamentally difficult executive control as it
cannot be done “automatically”. It requires both working memory and inhibition; relevant
information must be responded to and irrelevant information needs to be suppressed®. The
modified Stroop task evaluates the flexibility of the control of cognitive processes and
behaviour, evaluates psychological capacities of an individual and lastly allows for a measure
of reaction time of the task®® 3, It is vital to observe that the nature of the stimulus plays an
important role in attention selection®. Our modified Stroop Task also evaluated working

memory, i.e. the continuous counting of squares forced the subjects to change their mental
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focus between squares and words and also tested their ability to inhibit prepotent
responses> %, Both the BIO and CON group interventions improved their reaction time over
time, and this is not likely attributable to skill learning. It has been shown that a learning
effect is evident between the first and second modified Stroop Tasks but not between the
second and third, as established in a previous validation trial'®. This is why it is vital for
participants to complete a full familiarisation trial beforehand. There was no significant
difference between the two groups showing that both interventions had a positive effect on

reaction time between pre Stroop and post Stroop.

Working memory was not changed significantly between groups or over time, which
demonstrates that neither group’s intervention had any effect on working memory. Present
moment attention was not significantly altered; this may be due to the high number of
participants, in both groups, who made no mistakes in the initial modified Stroop Task which
left little room for improvement. The speed accuracy trade-off is the inverse relationship
between speed and accuracy'®!?. With increasing accuracy you have a decrease in
reaction time and vice versa. An important factor about the speed accuracy trade-off is that
they are the main determinants of one another and are negatively related. Thus choosing to
increase reaction time one’s accuracy necessarily decreases'”’. It is critical to note that both
the BIO and CON subjects decreased their reaction times (responded faster) and maintained
their mistakes in the modified Stroop Tasks. Age and sex has demonstrated effects on
cognitive performance®® %, aithough participants were randomised into groups, there

were differences between the groups. These factors may have affected cognitive

performance.

The main limitation to this study was the level of stress observed in the participants; the
Spielberger STAI-T values were slightly below the values established as “high stress” found
in previous research. Participants may experience work related stress but the STAI-T
questionnaire was unable to depict this. Another limitation was the differences in age
between the groups which may have affected the cognitive performance test. Males and
females were included in this study which may also have an effect on response to stress as

well as aspects of cognitive functioning, which may impact cognitive performance results.
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11 Concluslon

In conclusion, contrasting physiological reactivity to stress was found between the BiO and
CON groups. Both groups displayed seemingly conflicting physiological versus subjective
measures. The BIO subjects felt significantly more relaxed and less anxious after the testing,
even though the carry over effect of their intervention facilitated significant decreases in
HRV during the post rest period. This suggests that the ability to maintain vagal withdrawal
during both the S min preparation period and during the execution of a stressful cognitive
task facilitates subjective relaxation and decreases felt anxiety after task completion. This
effect was displayed together with increases in cognitive performance as evidenced by
quicker reaction times without making more mistakes. The CON subjects also displayed the
same increased cognitive performance, however they showed no improvement in their
subjective measures of relaxation and anxiety despite the fact they effectively implemented
the relaxation response during the intervention period and in the 5 min rest period
immediately prior to the post Stroop Task. Being prepared for optimal performance is thus a
balance between over excitation and excess relaxation. While the CON group displayed
significant increases in physiological measures linked with relaxation, they did not report

this subjectively after task completion.

Music shows positive physiological response to reducing stress, which has been previously
highlighted in research. However in this study aimed at establishing which intervention
would optimally prepare you for a stressful performance environment, and although there
were no significant differences in cognitive performance, the physiology which resulted
from the use of the biofeedback devise may been seen as more optimal when dealing with

stress.
12. Practical application

Stress is an independent contributing risk factor for the development of CVvDY*%3%2_job
strain is one of the most common causes of stress and has also been shown to contribute to
the development of CVD %312 stress reduction techniques are vital in order reduce
adverse effects and decrease risk. It is critical to highlight how stress is reduced, as
interventions which only display an effect during implementation may not be as effective as

techniques which have lasting effects. Stress reactivity in autonomic variables occurs with
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exposure to acute stress>*. Interventions which aim at acutely modulating the ANS in
preparation to stress may be a more effective way to cope with stress. The biofeedback
intervention engendered the same improvements in cognitive performance, but the

participants had significant positive changes in subjective stress perceptions.

Stress is a response, or process and not strictly an emotion’?. Not all stress is viewed
negatively; stress may be a motivating force to action*'°. However the psychological or
physiological hyper-arousal which is caused by a perceived imbalance between the
situational demands and the coping mechanisms, leads to a wide range of subjective

110 The music intervention only facilitated a relaxation response (decreased HR, BP

feelings
and RF), whereas the biofeedback device engendered a significant decrease in subjective
anxiety and an increase in relaxation. This implies that the BIO intervention may “utilise”
stress positively ih the preparation for a stressful task. Altering perceived stress may be as
important as effecting physiological variables; in the long term the subjective feelings of
stress may manifest in increased sympathetic drive, an associated risk factor for life style

diseases’®.

Interventions at the work place, although necessary are sometimes difficult to implement.
Many barriers from both managers and employees need to be overcome before effective
implementation can occur. These barriers include lack of access to company management
and perceptions of contract vulnerability'**. Personal problems such as coping with change,

1 The crucial aspect for

time management as well as fear for loss of job if unable to change
the program is management support***. Education about workplace stress interventions
may be most effectively directed integrated with company level work groups*'*. A
combination of person-focused and organization-focused approaches is the most

promising™*’.
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Office use ONLY
Subject code:

Personal Details

Name:

Sumame:

Contact details: (Tel.)

(Email)

Age:

Sex:
Weight:

Meditation history:
Do you have any previous experience or training in breathing techniques?

Do you practise any meditation techniques, if yes what type and how often?

Exercise:
How often do exercise per week?

How many hours do you frain per week?

Medical History:
Are you colour blind?

Do you suffer from any cardiac signs or symptoms (chest pain /dizziness /nausea)?

Have you been diagnosed with any cardiac problems?

Do you suffer from any psychological problems?

Have you been diagnosed with any psychological disorders?

Do you take any medications, if so what type?

Have you had caffeine or a cigarette in the last four hours?




(e INFORMED CONSENT

Study on Heart Rate Variability, Breathing and Movement

I have read and understood the information sheet provided to me by the investigator. The
procedures and risks have also been explained verbally to me and ! have had the
opportunity to ask questions about the study. The exact procedures used in the trial have
been thoroughly explained to me. The aims of this study are to understand the physiological
benefits of a breathing technigue in affecting concentration, reaction time, test
perfarmance and heart rate variahility.

| arn aware that my respiration rate and heart rate will be measured, that the anticipated
time reguired is approximately 1 x 60 min session, 1 week after the 30 min training. Testing
is not invasive and the methodology will not expose me to any risk.

| understand that ! am free to ask guestions and withdraw from the study at any time, and
without reason, at any time during the testing process. | agree to the information gathered
in this study to be used for research, in a statistical format only., MNone of my personal
infarmation may be shared.

| agree to participate in this research study of the UCT/MRC Research Unit for Exercise
Science and Sports Medicine.

Mame of participant:

SENALLINEY e s s e i

rame of investigator:

SIERATURE. e s v

Wamieiofudithesss  GGEiiianid il mninnisns
Signature:
BIQEE: R e

Principal investigator:

¢ Laurie Rauch

UCT/MRC Research Wnit for Exercise Science and Sports Medicine, PO
Box 155, Mewlands 7725,

Crmail: Ltaurie Rauch@uct.ac.za

Co-investigators: Ur.G Prinsloa, M1 Stefano Scribani, Ms 5ita Smit.
Heath 5clence Faculty
Reszarch and Ethics Commlttee University of Cape Town

Room E52-24 Groote Schuur Hospital, Old Main Building, Gbservatory, 7925
Tel. 021-406 &332 Facsimile: 021 406 6411
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The Visual analogue scales; Mame: ...

4 horizontal lines will be drawn one underneath the other. Each line is exactly 20cm leng. According
to each heading abowve the line, rate how effeclive you deemed the intervention 1o be. To rate how
effective the intervention was, simply put a perpendicular line through the solid black line. The
closer you put the mark to the right hand side, the more effective Lhe intervention was, If you put
your line in the middle, the intervention was only 50% cffective.

1} How helpful was the intervention:

I

%
S0%
2} How sleepy do you feel naw{immediately after the intervention)?
| i
i T
R%
3} How sleepy do you feel now {immeadiately after post rest)?
1% 10c
0%
4] How sleepy do yau feel now (immediately after post 5troop)?
i | |
1 10C

50%



Fatient Mare

Fatient No.

Date

SPIELBERGER STATE-TRAIT ANXIETY
INVENTORY (STAI-T)

Directlons:

Self-Bvaluation Questionnaire

A number of statements which people have used to describe themselves are given below. Read

each staterment and then circle the appropriate answer to indlcate how you generally feel. There
are no right or wrong answers. Do not spend oo much ime on any one statement, but give the
answer which seems to describe how you generally feel,

Almost ! : Almast
Never | Sometimes Cften Always
I feed pleasant 1 2 3 4
1 feet nervolis and restiess 1 2 3 4
I et satisfied with mygef 1 3 : 3 a
1 wish I could be as happy as others 1 2 3 a
seem by be B
I feel like a failure 1 2z 3 4
b1 fel rested 1 z 3 4 E
I am *calm, cool, and colkected™ I 2 3 4 ;
|1 Feal that difficutties are ]:n'lih_d Up =03 . 2 3 4 ;
that I cannot cvercome them :
I warry too much aver samething 1 3 5 i :
that really doesmt matter :
I arn happy 1 2 3 4
I hawve disturbing thoughts 1 2 2 4
| lack self-canfidence 1 2 3 4
I feel secura 1 2 3 4 i
|
I make decisions easily 1 2 1 4 :
| feel inadequate 1 2 3 4
I am cortent 1 2 3 4
Same unimpartant thowght runs 1 7 i 3 4
thraugh my ming and bothers me
I take disappointments sa keendy 1 3 3 4
that I can't put ther cut of my ming
: I am a steady persan 1 Z 3 4
"1 get in a state of tension or turmoil ¥ 5 3 F
a5 | think gver my receid condems and interasts
Almost Aimost
Mewer Somethmes Qften Always |



Patienl Mame Ciate
Patienl Mr.

SPIELEERGER STATE-TRAIT ANXIETY INVENTOQRY (STA! - S/ Part 1)

Instructions:

A number of statements which people have used to describe themselves are given
below. Read each statement and then cirele the appropriate number to the right of
the statement to indicate how you feel right now, that is, at this moment. There are
no right or wrong answers. Do not spend too much time on any statement, but
give the answer which seems to describe your present feelings hest.

'Mdderately Yery much ' |

i Mot at all aomewhat so &
1. | feel cam. i 2 3 4
2. | feel secure. i 2 é 4 .
3. | am tense. o 1 2 3 4
4. Uteelstrained. T Ty 2 3 4
?feel. ét €358, ' 1 2 3 4
& | feel upsat. I 1 2 3 4
7 o lam _presentlﬁ_,r WOrTYING Swe 1 o 3 4
pessible misfartune. o N ]
B. |feel satisfied, 1 2 3 4
' 9, | feel frightened. 1 i 3 4
10, | feel comfartable. 1 g 3 4
11, | feel self-confident. 1 2 3 4
12 | fee! nemvays 1 2 3 4
13. | am jittary. 1 2 3 . 4
14. | feel indecisive. 1 2 3 4
14, | am relaxed. 1 ! 2 3 4-—
16, | fee! content 1 . 2 - 4
17. 1am wcrried..“ . 1 2 3 4 -
18, | fesl confused, 1 2 3 4
15. | feel steady. 1_ 2 3 4
20. | feel pleasaﬁt. 1 2 3 4




Analysis of Spielberger questionnaires

Column number 1 2
Anxiety present 1 2
item scorg

 Anxiety absent 4 3

| item score
STAIS
Reverse scoring (anxiely abseni questions) 1, 2, 5,
Marmal scoring (anxiety present questions): 3, 4, 6,
STAIT
Reversed scoring: 1. 3. 6,7, 10, 13, 14, 16, 19
Narmal scoring: 2, 4, 8 8, 9, 11, 12,158, 17, 18, 20

3 4

3 4 _
2,10, 11,15, 16, 19 and 20

7.9 12 13, 14, 17 and 18

Then add all of the scores logether — total can be between 20 and 80.



ZREI1

HOW DQ YOU FEEL RIGHT NOW? PLEASE CHECK ALL THE ITEMS USING THIS KEY.

RIGHT NOW, [ FEEL THIS

i g & i o B
MNotat All A Little .. Moderately . . A Lot Maximum
-
.z B ! i
Sk @ & -B 10 My rincis SILCKT anc caln {1 ar ratikinking abo.A anythirg
@@ D @ @ B 20 My rusces feel TIGHT and TEWZE (¢ encaes fishor aws; fuirowed hrow),
@& @@ & @ 3 | beel AT PCASE.
& o @ @ 3 @& 4, |feel DRCAWSEY and SLCCPY.
@ @ @ & @ 5 Thirge scar AMAZING. AWLCSDOME, and CXTRAGRDINARY,
oo&E  d ow & & 460 Rightrow | reccgnize the wisdore of saratimes ACCEPTING thirgs as they are.
oOE W @ & OE T, My ruscez zre 30 RELAXED that thoy fizel LIME.
W@ @ @ & B |ar HARPY.
L@ @ od =B 90 |ar WORRYING
@ @ B B L | fecl AT EASE.
o @ & @& 1 | feel DISTANT ard FAR AWAY from ry cares ard concerns.
@ o@E o B & 12 | feel eMCRGIZED, SOKFIDCMNT, 2rd STRCHGTHENED.
@@ @ B OE 13| am DOZING OFF or NAPPING.
W & & OB 14 | feal THARKFLUL.
@& o B & 15 | feaellike [ am ving fully ard SINPLY in the PRCSENT, not cistranted oy past or futire conserns.
M o& @& B & 6. Things scem TIMC_£55, BOUMNDLESS, ot INFINITE
@ oo Bo@ 17 | fecl IRRITATED o- ANGRY.
D @ & B & A6 MeclJOYFUL.
o @ & ol 48 1 faci 5AD, DEPRCSSCD, ar BLLUE.
@ Eow & o 200 Heel MWARE, FOCUSCD, and SLEAR.
T @& @ a0 21 My Fands, arrs, orilegs are 30 RELAKCD thaf thay “ae WARK ang HCAWY.
o @@ @ & 22§ eeiihMNOCENT anc CHILGLIKE.
oo @ ® mW @ 23, My BREATHING s NERVOUS anc UNEVEN (Dr shallcw arc Furmed].
DoEm @ | W B M4, ee LOVING.
o B ® @ @ 25, Things zopem FRESE zne REW, az if | am =aeing them for the first tire.
oo A ® & E 25 ! ee INDIFFEREMT and DETACHED from my cates anc forcems.
@@ ® @ & @ 27 |fes PRAYCRFUL nr REVERENT.
o oW & & 28| fec PHYSICAL DISCOMFORT or PAIN (backashes, heacashes, fatgue)
W dhod & E 29 My mindiz JUIET and STILL.
oo @@ & & 30| feel ANXIOUS.
oo @ @ @ & 37| sense the DEEF MYSTERY of trings mevand my understancing.
@@ @ @ @ & 2. | fael RESTED ard REFRESEED
o o mog 31| lesl CAHEFHEE.
D@ @@ @& M TROUBLCEZDOME THOUGETS are guirg througk my ring
noE @ @ @ @ 35 My body is PHYSICALLY RCLAXED.
A oE @ @ % g 36 Presenty | tecl thers's ro need to iny fo charge kings tkat simp v can't ha exangesd.
Do @@ & e 3T | Teel ully foosed ane ABSORBED in what | am dong
oE @ @ B M. feel QRTAIETIC, HOPEFUL, ar TRUSTING that i car rely o4 semeone or something.
Yourage: _ DBGepcanOM OF

= 004, czaElnen O Smith, Thl



SCORING KEY

MNEW SCALLS TRADITIOMAL SCALES SCORTHNG
SLCEFINLCESS _
SLEEFIMESS Sleeainess P+ 13

BASIC RELAXATION

NISEMGAGEMENT Drisengsgoment 11 + 786
FHYS1CAL RELAXA I LOM Pfhysica Relaxation 7421 25
FMEMITA&L BRELAXATION

EESTEDN / REFRESHED FRoesicd £ Rofreshoos 3
MEM AL RELAXATLON At ease f Pezce el 1B 33
CORE MINDFULANESS
| MINDFUL ACCLETAMCE £ + G
" MINDFUL QLIET Mortal Quict 1+ 29
FMINDEUL CEMTERING 15 + 37
CMINDELUL AWARENESS Wiare 20}
FIMDFUL AWAKCHING 24
MIMNMELIL TMMOCENCE Chilzlks lnnocencs 22
EMCRGLZED MOSITIVE FEELIMNGS

OrFTIMISH f HOPE f TRUST 33
ChCRGIZED Energised 12
[EAEY leyful 3+ 12
THAMYFUL AND LOWING 1Thankiul, Lowving 14 4 24
THRANSCEMNDEMNCE

AWE AND WOMNDLR Awvie S Wonoer 5
JRAYERFLL Prayveriul A7
MEES M¥S1ERY Dzea Myuiery 31
[MELESS, BOLUMDLESS, INFINITE Time:ess . 15




bbreviations
AMNOVA — analysis of variance
ANS — Autonomie nervous system

BFSM — Biofeedback assisted stross
managcment

BIM — Breathe with imtcractive music
BIO- Biofeedback group

BP — Blood prossurc

BR — breathing rate

CON- Control group

CV - Cardiovascular

CVD — Cardiovascular discasc

V5 — Cardiovascular system

DM - Diaphragmatic breathing

ECG - Electrocardiogram

tMRI- Functional magnctic resonance imaging
HF- High frequency

HPA = hypothalamic- pituitary- adronal
HR = Heart rate

HRY — Heart rate variability

IBl - Interbeat-interval

LF- Low frequency

M| - Myocardial infarction

MREM ~ Non rapid eye movement

PNS — Parasympathetic nervous system
RF — Respiratery frequency

RMSSD — Square root of the mean squared
differences of successive narmal-to-normal
intervals

RSA — Respiratary sinus arrhythmia

ShA- Sinus artcrial

S0 —Standard deviation

SONM — the standard doviation of the normal-
to-normal intcrval

SEM - Standard error measurement
SNS- Sympathetic nervous system
SRSI3 - Smiths relaxation inventory 3
STAI-5 State aspect of the STAL-T

STAI-T - Spielberger State-Trait Anxiety
Inventory

TF- Total Frequency

VAS — Visual analoguc scale





