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Abstract

The cardiovascular reactivity hypothesis proposed hyperactivity of the sympathetic nervous
system to acute stress as a nontraditional, psychosocial risk factor for the development of cardiovascular
disease - the leading cause of mortality in the United States. Pramayana has been observed to increase
parasympathetic activity, in turn decreasing sympathetic activity, reducing the risk for CVD. The present
study compared cardiovascular reactivity to a mental stressor in participants who practiced the pranayama
techniques of Ujjayi breathing (n=15) or paced breathing (n=15), to normal breathing (n=15). Heart rate,
systolic blood pressure and diastolic blood pressure were recorded while participants performed a
validated stress task. No significant differences of cardiovascular reactivity were observed between
groups, in opposition to what was predicted. Unexpectedly, the subjective measures of the stress task
demonstrated that the Ujjayi breathing and paced breathing groups perceived the stress task as
significantly more difficult, stressful and negative, as well as rated their performance as being more poor
when compared to the control group. These differences of subjective measures did not accord with the
physiology between groups. This suggested that there is some stress relieving benefit to regulating breath
because there were no differences between the conditions on any cardiovascular parameter during the
mental stress task, even though the two breathing groups rated their perceptions of the task as
significantly more difficult, stressful, and negatively impactful. This study supported the notion that
pranayama has the potential to reduce cardiovascular reactivity in response to a mental stressor, if the

novelty of the breathing practices is eliminated through practice.



YOGIC BREATHING AND STRESS REACTIVITY

A Randomized Controlled Trial of Ujjayi Breath and Paced Breath has no Effect on Cardiovascular

Reactivity to Mental Stress in Young Adults

Cardiovascular disease (CVD) is the leading cause of mortality in the United States (Hoyert &
Xu, 2012). Several epidemiological studies have determined tobacco use, diabetes, hypertension and
hyperlipidemia as leading risk factors for CVD (Lim et al., 2012). However, only 50% of deaths
associated with heart disease are linked to these traditional risk factors (Iskandrian & Canto, 2003; Khot
et al., 2003). This has peaked interest in nontraditional risk factors of heart disease.

The cardiovascular reactivity hypothesis proposed hyperactivity of the sympathetic nervous
system to acute stress as a nontraditional, psychosocial risk factor for the development of cardiovascular
disease (Julius, 1993; Light, 1981; Lucini, Norbiato, Clerici & Pagani, 2002; Manuck, Kasprowicz, &
Muldoon, 1990). In response to acute stress, the sympathetic nervous system is activated causing
increases in oxygen consumption, respiration, blood pressure and cardiac output (Chrousos & Gold,
1992). According to the reactivity hypothesis, if overactivation of the sympathetic nervous system is
sustained due to chronic stress, changes in cognitive function, immune system function and hormones are
likely to result, increasing susceptibility to disease and poor overall health (Kyrou & Tsigos, 2009). The
autonomic dysfunction that stress is proposed to facilitate within the body has been studied with animal
and laboratory models (Brunner et al., 2002; Pagani et al., 1991), but research is limited on the effect of
human stress on autonomic function ( Lucini, Norbiato, Clerici & Pagani, 2002; Mezzacappa Sibolboro,
2001).

The significance of exaggerated reactivity was exhibited in the work of Carroll et al. (2012), that
demonstrated increased risk of mortality over the course of 16 years for people with high cardiovascular
reactivity (CVR) to mental stress. Steptoe et al. (2016) found that heightened cardiovascular and

inflammatory reactivity in response to mental stress also was associated with risk of hypertension. This
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suggested that any cognitive or behavioral treatment that could be associated with lowering CVR to
mental stress could be protective (Carroll et al., 2012). A study completed at the Harvard Medical School
observed that heart attack survivors who were unable to control their anger doubled their risk for future
heart attacks, compared to heart attack survivors who were able to control their anger in daily situations
(Frentzel-Beyme & Grossarth-Maticek, 2001; Mittleman et al., 1995). Importantly, people who were able
to practice self regulatory abilities were observed overtime to be more likely to be living without a
chronic disease, compared to those who displayed poor self regulation abilities (Frentzel-Beyme &
Grossarth-Maticek, 2001). Therefore, if autonomic function could be regulated under voluntary control,
exaggerated sympathetic activity due to mental stress could be quelled and possibly reduce risk of CVD.
The objective of this present study was to examine the effects of voluntary methods of regulating

respiration through yogic breathing, on cardiovascular reactivity to mental stress.

The Autonomic Nervous System

The autonomic nervous system (ANS) is comprised of the sympathetic and parasympathetic
nervous systems (Kreibig, 2010). Through innervation of most of the major internal organs and bodily
system, these two branches of the ANS function as complementary systems to promote physiological
homeostasis in the face of changing circumstances (Poh et al., 2014). Specifically, the ANS innervates the
heart and blood vessels - to control blood pressure and flow, and the bronchi of the lungs - to meet the
oxygen demands of the body. The sympathetic division has preganglionic axons that emerge from the
lumbar and thoracic segments of the spinal cord. Preganglionic axons of the parasympathetic nervous
system emerge from the brain stem and the sacral segments of the spinal cord (Bear, Connors & Paradiso,
2007). The sympathetic nervous system preganglionic axons synapse on neurons in the ganglia of the
sympathetic chain, next to the spinal column within the abdominal cavity. This causes innervation on, in

or to target organs from neurons that are found in the ganglia of the sympathetic chain. The sympathetic
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nervous system tends to be more active during perceived and real crisis (Bear, Connors & Paradiso, 2007;
Fox, 2016).

The parasympathetic nervous system’s preganglionic axons travel farther than the sympathetic
axons to the parasympathetic ganglia, which are located next to, on, or in the target organs that the
parasympathetic division innervate. The parasympathetic fibers that are of the vagus nerve contribute to
some of the largest parasympathetic effects within the body. The fibers of the vagus nerve synapse in the
ganglia near the heart, lungs, gastrointestinal tract, liver, and pancreas (Fox, 2016). Therefore, the
parasympathetic nervous system is more active during processes of digestion, growth, immune responses
and energy storage. Both divisions of the ANS innervate target organs (e.g., glands, smooth muscle,
cardiac muscle) and generally act to oppose each other (Bear, Connors & Paradiso, 2007).

Chronic stress has been found to increase sympathetic activity and cause sustained elevations in
blood pressure, which facilitates plaque buildup inside arteries secondary to microvascular injury from the
shear stress of elevated pressure (Kaplan, Petterson, Manuck & Olsson, 1991). Increased sympathetic
activity also supports and can cause inflammation (Lewthwaite, Owen, Coates, Henderson, & Steptoe,
2002), high cortisol levels (Chrousos, 1995) and other unhealthy behaviors (Everly & Lating, 2002). It is
hypothesised that acute stress could cause short, but lasting increases in arterial pressure and heart rate
through impairment of endothelial function - the balance of vasoconstriction and vasodilation of blood
vessels (Gokce et al., 2002), and reduce the threshold for arrhythmia and even sudden death (Ghiadoni et
al., 2000; Rozanski, Blumenthal, Davidson, Saab, & Kubzansky, 2005; Schwartz et al., 2003; Yeung et
al., 1991). Acute stress also has been proposed to reduce baroreflex performance - the ability to maintain
the body’s relatively constant blood pressure (Lucini, Norbiato, Clerici & Pagani, 2002; Mezzacappa
Sibolboro, 2001), which caused impairment of this vital autonomic protective mechanism of the body (La

Rovere, Biffer, Marcus, Mortara & Schwartz, 1998).
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In the laboratory, cardiac autonomic function can be assessed in response to a stressful stimuli by
introducing a task that creates cognitive or social stress (Hagins, Haden & Daly, 2013). The degree to
which the body responds physiologically to the stress task compared to a pre-stress baseline is defined as
stress reactivity. Elevated stress reactivity has been observed in individuals with hypertension (Carroll,
Ring, Hunt, Ford & Maclntyre, 2003; Carroll et al., 2001) and atherosclerosis (Barnett, Spence, Manuck
& Jennings, 1997; Jennings et al., 2004). The parasympathetic nervous system has the ability to reverse
the effects of sympathetic activity (stress reactivity) through the ‘relaxation response’, which decreases
oxygen consumption, blood pressure, heart rate and respiration rate (Wallace, Benson, & Wilson, 1971).
If autonomic function can be regulated and immune responses and energy storage can be preserved in the
body through voluntary effort to increase parasympathetic activity during acute stress, medical conditions
that are associated with overactivity of the sympathetic nervous system during acute stress, can be

eliminated or decreased.

Respiration

Respiration includes three functions - ventilation, gas exchange in the lungs and oxygen
utilization by tissues of the body. The mechanical process that moves air into and out of the lungs is
pulmonary ventilation, or breathing. Pulmonary ventilation is composed of two phases, inspiration and
expiration. Both phases are accomplished by the continuous increasing and decreasing volumes of the
thorax and lungs. During inspiration, the diaphragm contracts and the external costal muscles increase the
thoracic and lung volumes. This lowers intrapulmonary pressure, allowing air to flow into the lungs.
During expiration, the diaphragm relaxes and the external intercostal muscles relax. This decreases lung
volume and increases pulmonary pressure, causing air to be pushed out of the body (Fox, 2016).

Inspiration and expiration occurs by the contraction and relaxation of the respiratory skeletal
muscles. The movement of these muscles is in response to activity of motor neurons in the spinal cord

that innervate the respiratory muscles. These motor neurons are controlled by two pathways, one that
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controls voluntary breathing and another pathway that controls involuntary breathing. The pathway that
contains neurons descending from the respiratory control centers in the cerebral cortex of the brain control
voluntary breathing and the neurons descending from respiratory control centers in the medulla oblongata
control involuntary breathing (Bear, Connors & Paradiso, 2007; Fox, 2016).

Reflexes in the brain stem regulate respiration patterns by determining the depth of breath,
duration of the phases of the breathing cycle, and lung volume at which inspiration begins (Remmers,
1976). Voluntary control of respiration can alter how the nervous system functions, including heart rate
variability (Lehrer, Sasaki & Saito, 1999; Sovik, 2000), the sensitivity of the baroreflex and overall
excitation of the central nervous system (Carbon, Wiibbeler, Trahms, & Curio, 2000).

Functioning of the heart and respiratory system (cardiorespiratory function), brain and muscles
depend on oxygen consumption. As mentioned above, oxygen enters the body through the process of
respiration. During intensive exercise, oxygen consumption is maximal and during rest, it is at its minimal
level. Oxygen consumption influences how much oxygen is delivered to tissues, the metabolic response
the body has to activity and cardiorespiratory function (Bonnet & Arand, 2003; McArdle, Katch, &
Katch, 2010). Oxygen consumption increases with psychological and physiological activity such as,
exercise and REM sleep, and pathology (Epel, 2009; Jumpertz et al., 2011; Olshansky & Rattan, 2005;
Ruggiero et al., 2008). Specifically, congestive heart failure (Poehlman, Scheffers, Gottlieb, Fisher, &
Vaitekevicius, 1994), diabetes (Huang, Kormas, Steinbeck, Loughnan & Caterson, 2004) and
hypertension (Kunz, Schorr, Klaus & Sharma, 2000; Snodgrass, Leonard, Sorensen, Tarskaia, & Mosher,
2008) are pathological conditions associated with increased oxygen consumption. Interestingly and
importantly, increased oxygen consumption has also been linked to anxiety and activities that evoke
psychological stress, such as, video gaming and cognitive challenge in the laboratory (Balanos, 2009;

Carroll, Phillips & Balanos, 2009; Van Diest et al., 20006).
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Variations in breathing patterns have been associated with psychopathology and emotional states
(Boiten, Frijda, & Wientjes, 1994; Boiten, 1998), indicating that emotions are involved in the regulation
of breath (Wientjes & Grossman, 1998). During labor, women are instructed to steady their breath and to
focus on their breath to relieve some of the pain from labor. Slow, patterned breathing has been shown to
relieve pain during labor and to also help promote a more positive perception of labor pain (Chuntharapat,
Petpichetchian, & Hatthakit, 2008). Slowed breathing has also been shown to enhance mood and stress
tolerance in individuals suffering from depression, posttraumatic stress disorder (Brown & Gerbarg,
2005) and even epilepsy (Streeter, Gerbarg, Saper, Ciraulo, & Brown, 2012). Therefore, respiration rate
has the potential to serve as a possible physiological parameter that can be voluntarily regulated, in order
to assist in fighting harmful health effects of environmental stressors.

Respiration has been shown to facilitate a balance of sympathetic activity and parasympathetic
activity (Berntson et al., 1997; Berntson, Cacioppo, & Quigley, 1993; Grossman & Kolla, 1993; Porges,
1995; Wenger & Cullen, 1972). Oxygen consumption increases during stress because sympathetic action
increases both heart rate and blood pressure (Lambert & Lambert, 2011;Licht et al., 2010; Vaccarino &
Bremner, 2005). However, the parasympathetic nervous system works to reverse the stress response
created by the sympathetic nervous system in order to restore the body back in its homeostatic range via
decreased oxygen consumption, which enhances vagal activity (Dusek & Benson, 2009).

Reduction in sympathetic nervous system activation has been demonstrated through decreased
heart rate observed during slow respiration ( Harris, Katkin, Lick, & Habberfield, 1976; McCaul,
Solomon, & Holmes, 1979). Because of the beneficial health outcomes, simplicity and cost effectiveness
of slowed and controlled breathing, it is used often within the health field as part of intervention methods
to combat negative physiological effects that psychological disorders have on the body (Brown, Gerbarg
& Muench, 2013; R. Jerath, V. Jerath, Edry, & Barnes, 2015; S. Zope & R. Zope, 2013). Specifically,

yogic breathing techniques that involve the voluntary control of retention and respiration rate, could play
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arole in reducing oxygen consumption during experiences of psychological stress (Tyagi, & Cohen,
2013), indicating that controlling breathing rate is a behavior that is beneficial to health (Fried, 1993;
Timmons & Ley, 1994). Currently, there is a lack of controlled research on voluntary regulation of breath

and how its practice influences physiological activity- especially during mental stress.

Pranayama

Ashtanga Yoga, a classical form of Indian yoga, is comprised of eight limbs intended to benefit
physical and psychological health. The 3rd of the eight limbs is the practice of yogic breathing -
pranayama (Hiriyanna, 2002). Prana meaning “vital force or breath” and asana meaning “to prolong”
(Telles, Joseph, Venkatesh, & Desiraju, 1993). Yogis viewed breathing regulation as a way to steady
mental force (Muktibodhananda, 2002) and balance the body (Chuntharapat, Petpichetchian, & Hatthakit,
2008), in order to return the body to its homeostatic state (McEwen, 2007). Performing the practice of
yogic breathing has been observed to contribute to improvements in blood pressure, immunity
(Kochupillai et al., 2005), glucose metabolism and cognitive functioning (S. Zope & R. Zope, 2013). This
is in accord with the idea that continuous practice of yogic breathing assists in reaching optimal human
performance.

Stress can cause both physiological and psychological changes, resulting in evident diminution in
human performance. Within the human body, the cardiovascular system, the autonomic system and
metabolic functioning operate under physiological reserves. Pranayama has been observed to have
preservation and restoration effects on the compensatory mechanisms that maintain physiological
functions within the body (K. Carter & Carter, 2016). Specifically, by practicing pranayama, autonomic
nervous system functions such as heart rate, cardiac vagal tone (Fokkema, 1999; Lehrer et al., 1999;
Sovik, 2000) and central nervous system excitation (Carbon et al., 2000) have demonstrated the effect

yogic breathing has on cardiovascular parameters.
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Reduced respiratory chemoreceptor sensitivity, which accounts for the variation of breathing rate
in response to oxygen and carbon dioxide in the body (Spicuzza, Gabutti, Porta, Montano, & Bernardi,
2000) and excitation of the baroreflex, one of the body’s mechanisms to maintain blood pressure within
homeostatic range (Carbon et al., 2000), has also demonstrated how yogic breathing increases vagal
stimulation and effects the functioning of the nervous system. Specifically, through alteration of the
functionality of the parts of the autonomic nervous system, lower heart rates and larger decreases in blood
pressure have resulted from pranayama when compared to simply breathing with awareness (Telles,
Singh & Balkrishna, 2011; Raghuraj & Telles, 2003 ). Therefore, suggesting pranayama practice as a
beneficial addition to treatment for CVD, along with imbalances within the autonomic nervous system
(Pal, Velkumary, & Madanmohanet, 2004), stress related and psychological disorders (Brown, &
Gerbarg, 2005).

Pranayama has been observed to increase parasympathetic nervous system activity (Pilkington,
Kirkwood, Rampes, & Richardson, 2005) within healthy participants (Dhungel, Malhotra, Sarkar, &
Prajapati., 2008; Subbalakshmi, Saxena, Urmimala, & Urban, 2005), participants with asthma (Cooper et
al., 2003) and irregular heart beats (Ravindra & Madanmohan, 2006). Innes, Bourguignon, and Taylor
(2005) have proposed the mechanism of action behind these benefits to be vagal stimulation. Increased
risk of cardiovascular disease and death after myocardial infarction have been associated with decreased
vagal stimulation (La Rovere et al., 1998), indicating vagal modulation as vital for cardiovascular
recovery from psychological stress (Mezzacappa et al., 2001). Because pranayama shifts the function of
the nervous system to be more parasympathetic through increased vagal activation (Pilkington et al.,
2005) and therefore decreased heart rate, it helps the body to only appropriately activate the sympathetic
nervous system. This results in preservation and restoration of the “physiological reserve” that is

construed as the compensatory mechanisms assessable to maintain physiological function, to protect
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against development of diseases (Poh et al., 2014). This, suggests a mechanistic explanation why yoga has
been found to be an effective stress management technique (Kirkwood et al., 2005).

There are many forms of pranayama, which all include three specific phases - inhalation
(puraka), retention (kumbhaka), and exhalation (rechaka). The duration of these phases can be long or
brief (Jerath, 2006). Decreased oxygen consumption, heart rate and blood pressure have been observed as
positive, immediate effects of slow, deep, pranayama (Jerath, 2006; Madanmohan et al., 2005; Telles &
Desiraju, 1991; Upadhyay-Dhungel, Malhotra, Sarkar, & Prajapati, 2008). Jerath et al. (2006) and Ankad,
Herur, Patil, Shashikala, & Chinagudi (2011) proposed that pranayama resets the nervous system over
time. Increased oxygen consumption is associated with brief breath retention and decreased oxygen
consumption has been associated with long breath retention, indicating different effects on autonomic
activity (Telles & Desiraju, 1991). Pranayamas have been shown to reduce symptoms of anxiety and
stress (Brown & Gerbarg, 2005), which lead to pranayama techniques being used with the goal of
reducing arousal through decreasing sympathetic activity and prompting vagal nerve activity (Telles et al.,
2013; Van Dixhoorn, 1998).

For example, there is high frequency yogic breathing, referred to as Bhastrika or Bellows Breath,
which has been associated with increases in cardiac output and respiration (Telles, Singh & Balkrishna,
2011). Bhastrika Breath, also referred to as fire breath, is the technique of intensely, inhaling and exhaling
quickly. This breathing technique has shown to cause excitement of the central nervous system and
activation of the sympathetic nervous system, hence its effect on cardiac output and respiration (Roldan &
Dostalek, 1983; Roldan & Dostalek, 1985). The moderate sympathetic activation that Bhastrika Breath
causes has shown to increase the capacity of the body’s stress response without depleting the body
(Brown & Gerbarg, 2005), indicating the effect of yogic breathing on the preservation and restoration of

the body’s compensatory mechanism to maintain physiological functioning.
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Divergently, Ujjayi or victorious breath, involves longer retention of breath. This pranayama
technique decreases airflow and focuses on the slight contraction of the laryngeal muscles and partial
closure of the glottis, located in the pharynx. This causes mild airway resistance and thus, a sensation of
pressure in the back of the throat during inspiration and expiration (Brown & Gerbarg, 2005; Jovanov,
2005; S. Zope and R. Zope, 2013). This airway resistance stimulates somatosensory vagal nerves that
begin in the pharynx and lung tissue (Ruan, Ho & Kou, 2003). When these vagal afferents are activated,
this parasympathetic sensory information is sent to the brain and causes the respiratory centers within the
medulla that affect involuntary respiration, to prolong the phases of inspiration and expiration (Calabrese,
Perrault, Dinh, Eberhard, & Benchetrit, 2000). Moderate airway resistance has shown to increase
stimulation of the parabrachial nucleus (PBN), located at the junction of the midbrain and pons in the
brain stem. The PBN receives nerve input from the vagus nerve innervation that is within the chest wall
stretch receptors (Gozal et al., 1995). This is a proposed reason why Ujjayi breathing or pranayama in
general, creates a shift in autonomic function as it affects the pulmonary stretch receptors within the lungs

that facilitate parasympathetic activity.

Mechanism of Pranayama

It has been frequently observed that pranayama techniques have the ability to reduce heart rate
and blood pressure at rest and in response to environmental stressors. Several theories have been proposed
to address the possible autonomic nervous system modulation, which occurs when slow pranayamic
breathing is practiced. The nature of the practice of pranayama is slow and deep breathing. This produced
an overall decrease in the sympathetic pathways regulating cardiovascular systems via activation of
autonomic and central nervous system mechanisms, as well as hemodynamic and contraction and
relaxation adjustments of the heart (Audimulapu, 2016).

Autonomic functions such as breathing pattern and heart rate are influenced by inhibitory vagal

nerve impulses in the lungs (Schelegle & GreenSchelegle, 2001). Pranayamic breathing increased the
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amount of air inhaled during respiration, which caused the inhibition of slowly adapting pulmonary
stretch receptor (SAR) activity within the lungs (Audimulapu, 2016; Matsumoto et al., 2000). Inhibitory
currents controlled stimulation of neural tissues (Cuttle, Rusznak, Wong, Owens, & Forsythe, 2001) and
created synchronized activity between networks within the brain (Westbrook, Kandel, Schwartz, &
Jessell, 2000), such as the hypothalamus, brainstem (Newberg, & Iversen, 2003), heart, lungs and limbic
system (Bhimani, Kulkarni, Kowale, & Salvi, 2011), which reduced sympathetic tone in the blood vessels
of skeletal muscles. Thus, increased parasympathetic activity (Busek & Kemlink, 2005; Lutz, Greischar,
Rawlings, Ricard, & Davidson, 2004) resulted in generalized vasodilatation and reduction in peripheral
resistance, decreasing blood pressure and heart rate (Audimulapu, 2016).

Pranayama also stretched connective tissue around the lungs which caused widespread
hyperpolarization. Hyperpolarization regulated the excitability of neurons within the heart, lungs, and
limbic system and prevented unsynchronized neural activity (Bhimani et al., 2011). Through
synchronization between brain and cardiorespiratory function (Siegelbaum, & Robinson, 2003), the
occurrence of decreased metabolic activity indicated a shift in autonomic function to increased
parasympathetic activation (Audimulapu, 2016). However, the specific mechanism that was the cause of
the autonomic nervous system shift remains unknown (Jerath, 2006).

Therefore, it was plausible to believe that pranayama techniques could reduce cardiovascular
reactivity to a mental stress task. If pranayama was practiced, a shift in autonomic function to more
parasympathetic activity should have been observed through physiological responses, such as decreased
heart rate and blood pressure. Ujjayi pranayama, compared to paced breath and unregulated breath, was
believed to lead to indications of whether decreased airflow and focus on the slight contraction of the
laryngeal muscles and partial closure of the glottis increased parasympathetic activity, thus causing a
reduction of cardiovascular reactivity, more than simply paced breath to elongate exhalation when mental

stress was induced.
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The current study compared Ujjayi breathing and paced breathing, to unregulated breathing
during a mental stress task to examine if pranayama contributed to decreased cardiovascular reactivity. It
was hypothesized that practices of pranayama techniques - Ujjayi breathing and paced breathing- would
decrease cardiovascular reactivity, compared to unregulated, normal breathing, indicating an increase of
parasympathetic activity.

Larger decreases in heart rate, systolic blood pressure and diastolic blood pressure were predicted
to be observed in the Ujjayi breathing treatment group, when compared to the paced breathing treatment
group and control group because of the element of concentration and manipulation of air flow that is
specific to that pranayama technique. Concentration should have caused greater overall relaxation and
therefore, a larger decrease in heart rate, systolic blood pressure and diastolic blood pressure in response
to a cognitive stressor. It was expected that there would be no changes in heart rate, systolic blood
pressure and diastolic blood pressure measurements and therefore, no change in cardiovascular reactivity
observed in the unregulated breathing group.

The Perceived Stress Survey (PSS) was used to assess stress before the testing session in the
pranayama conditions and control group and then also to assess stress after the testing session in only the
pranayama conditions. Overall, the (PSS) scores were predicted to not differ across conditions before the
testing session, to indicate that all participants were experiencing the same amount of stress. Specifically,
the lowest PSS scores were to be observed in the Ujjayi breathing, when compared to the paced breathing
group after the testing session because of the element of concentration and manipulation of air flow

specific to this pranayama technique.
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Methods

Participants

Young adult, college undergraduates ranging from ages 18-22 years of both sexes were recruited.
Exclusion criteria included current or history of respiratory or cardiovascular illnesses, experience with
pranayama practices and habitual smoking defined as smoking more than 5 days a week, which was
obtained through a questionnaire on Allegheny’s SONA website. All participants were instructed to
complete the Perceived Stress Survey (PSS) -a self-report, 14-question measure used to assess their
perception of the degree of stressfulness before the start of the lab testing. Then, the participants were
randomly assigned to one of three testing groups: (i) Ujjayi breathing, (ii) paced breathing, and (iii)
unregulated, normal breathing (control). Each participant was instructed on how to perform the specific
breathing technique through short instruction videos. The control group did not have any exposure to
these videos or any other instruction on how to breathe. Informed written consent was obtained from all

participants.

Breathing Task

Participants were randomly assigned to one of the three possible sessions, (i) Ujjayi breathing
with a 1:2, inhalations-exhalations ratio ; (ii) paced breathing with a 1:2 inhalations-exhalations ratio, and
(iii) natural, unregulated breathing. All testing took place during a single lab session for each participant.

Participants were tested during one time trial, during which they were seated in an upright
position on a chair in front of a computer screen. Blood pressure, heart rate and respiration pattern data
were continuously collected throughout each trial (Critikon Dinamap Vital Signs Monitor 1846 SX,
Critikon, Inc., Tampa, FL). The participants who were randomly assigned to Ujjayi breathing were first

instructed to watch a 45 second video that showed how to perform the breathing technique. A second
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video was also shown to this group that instructed each participant on how to pace their breath. This video
consisted of a moving circle that expanded in and out. Participants were instructed to inhale as the circle
expanded and to exhale as the circle contracted. This video played throughout the entirety of the time
trials of this group to serve as a breathing pacer. The paced breathing group only viewed this breath pacer
video, which was also played throughout the entirety of that group’s time trials to serve as a breath pacer.

Participants in both group 1 and 2 participated in three main phases: (i) “Baseline” (10 min), (ii)
“Stress” (10 min), and (iii) “Recovery” (10 min). Depending on what testing group the participant was
randomly assigned, the baseline phase involved 10 minutes of either paced, Ujjayi breathing or general,
paced breathing. The stress phase included The Paced Auditory Serial Recognition Task (PASAT), a
simple yet demanding math arithmetic task (Grownwall, 1977; Ring, Burns, & Carroll, 2002; Winzer et
al., 1999) for a 10 minute phase. During this, participants continued to breath as the video/s instructed,
following the visual breath pacer. Finally, the recovery phase took place for 10 minutes during which
participants also continued breathing as the video/s instructed, while still following the visual breath
pacer. After the recovery phase was complete, each participant in the pranayama conditions were asked to
complete the Perceived Stress Survey (PSS) for a second time. They also completed the Post-PASAT
survey, which is specific to the PASAT. Participants completed a survey that was created to indicate how
the breathing techniques were percepted, as well.

The participants who served as controls (unregulated breathing) did not have any specific
instructions other than just to sit during the baseline phase, verbally answer the math questions to their
best ability during the stress phase and to rest during the recovery phase. Nothing was communicated to
the control group about how to breathe. They were also asked to complete the Post-PASAT survey after
the end of the testing session.

Blood pressure and heart rate were measured every 3 minutes throughout the entire time trial

using an automated blood pressure cuff (Critikon Dinamap Vital Signs Monitor 1846 SX, Critikon, Inc.,
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Tampa, FL) in all three groups. A respiration strain gauge monitor (iWorx Systems Inc., Dover, NH) was
used to record breathing patterns continuously throughout the entire length of the lab session in groups 1

and 2 only.

Measures

During testing, the participants in groups 1 and 2 wore an RM-204 Respiration Monitor (iWorx
Systems Inc., Dover, NH) that measured respiration. This monitor was used to control for physical effort
while performing the breathing techniques. Blood pressures and heart rates were measured using an
automated blood pressure cuff (Critikon Dinamap Vital Signs Monitor 1846 SX, Critikon, Inc., Tampa,
FL) in all three groups. Cardiovascular reactivity was calculated by subtracting baseline phase means
(HR, resp rate, SBP, DBP) from stress phase means.

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded using an
automated brachial cuff (Critikon Dinamap Vital Signs Monitor 1846 SX, Critikon, Inc., Tampa, FL) for
every 3 minutes during each 10 minute phase in all three groups. Heart Rate was measured every 3
minutes for each 10 minutes phase as well, using the automated brachial cuff (Critikon Dinamap Vital
Signs Monitor 1846 SX, Critikon, Inc., Tampa, FL) in all three groups.

Respiration was continuously monitored throughout the entire testing session in groups 1 and 2
only, as mentioned before by the RM-204 Respiration Monitor (iWorx Systems Inc., Dover, NH). This
monitor was placed around each participant's chest, directly below the sternum. The RM-204 Respiration
Monitor was a transducer which will be used to measure the depth and frequency of breathing in the
participants. Labscribe software was used to be able to generate depictions of respiration patterns (iWorx
Systems Inc., Dover, NH). This monitor was used to control for physical effort while performing the
breathing techniques through the visual depictions Labscribe software created. Graphs of respiration
patterns showed the breathing patterns of all participants. This served as evidence that breathing was

controlled through these yogic breathing techniques.
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The PASAT creates acute mental stress that has shown high reliability (Willemsen et al., 1998).
There are two forms of this test, 3” PASAT and 2” PASAT. Each form consists of a set of single digit
numbers which are dictated through an audio recording every 3 seconds for the 3” PASAT or every 2
seconds for the 2” PASAT. Each new number presented is to be added to the number before it. The results
of the test are based on the number of correctly summed numbers out of 60 (Gronwall, 1977; Ring, Burns,
& Carroll, 2002; Winzer et al., 1999).

The Perceived Stress Survey (PSS) is a self-report, 14 question measure designed to assess an
individual’s perception of the degree of stressfulness during a given situation. The PSS contained seven
positively worded ‘stress’ items (e.g., In the past month, how often have you felt nervous or stressed?)
and seven negatively worded ‘contra-stress’ items (e.g., In the past month, how often have you felt that
things were going your way?). Each item was rated on a 5-point rating scale of occurrence of these
statements over the past month (O=never, 1=almost never, 2=sometimes, 3-fairly often, 4=very often)
(Chiu et al., 2016).

The Post-PASAT survey is a 14 item questionnaire that indicated each participant's perception of
the task using seven positively worded items (e.g., How stressful did you find the task?) and seven
negatively worded items (e.g., I had a sense of control over this task). Each item was rated on a 6-point
rating scale (e.g., O=not stressful, 6=extremely stressful).

The perception of breathing techniques survey that was created and used to indicate how the
breathing techniques were perceived by the participants in the present study. This survey included three
positively worded items (e.g. How stressful did you find the breathing) and two negatively worded items
(e.g., How well do you think you performed the breathing?). Each item was rated on a 6-point rating scale

(e.g., 0=not at all difficult, 6= extremely difficult).
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Results

Table 1 shows participant demographic, stress and PASAT performance data. There were no
differences between group in age. The percentage of participants in each testing condition did not differ
by gender, ¥*(2, N=45)=5.2, p=.08.

As can be seen, there were unexpected significant differences between the paced breathing group
and control group on PSS score (ps < .05). The paced breathing group scored higher on the PSS before
the start of the testing session. There was no difference in preliminary PSS score between the Ujjayi
breathing group and control group, nor in the post-testing PSS score between the Ujjayi breathing and
paced breathing group. There were also unexpected significant differences between the Ujjayi breathing
group and control group in PASAT score (ps < .05). The Ujjayi breathing group performed worse on the
PASAT. There was no difference between the paced breathing group and control group in PASAT score.

Table 2 shows participant respiration rates (breaths/minute) during each phase and subjective
measures of breathing difficulty, stressfulness, performance, embarrassment, and enjoyment. As can be
seen, participants within both breathing conditions were compliant with the task of following the breath
pacer to regulate their breath to 6 breaths/minute. Independent samples t-test revealed no significant group
differences between the two breathing groups on any measure of subjective breathing difficulty,
stressfulness, performance, embarrassment or enjoyment. As indicated, the means and standard deviations
of these characteristics are displayed in Table 2.

As expected, a main effect of phase was observed for systolic blood pressure (F(2, 84)= 80), p
<.001, ﬁpz =.60), diastolic blood pressure (F(2, 84)=111), p <.001, ﬁpz =.73) and heart rate (F(1.7, 71) =
26, p <.001, ﬁp2 =.38), indicating stress phase means were higher than both baseline (all ps < .05) and
recovery phase means (all ps <.05).

In order to test the primary study hypothesis that practicing Ujjayi breathing and paced breathing
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will decrease cardiovascular reactivity during a mental stress task, a mixed-design analysis of variance
was conducted. Condition served as a between subjects independent variable (Ujjayi, paced, control),
while cardiovascular measurements (systolic blood pressure, diastolic blood pressure and heart rate)
obtained during each task phase (baseline, stress, recovery), served as dependent variables. The phase by
condition interaction was not significant (all ps > .05) for all three cardiovascular measures, indicating no
support for the study hypothesis (Figure 1).

A one way analysis of variance did reveal significant main effects of testing condition on
measures of subjective PASAT difficulty (F(2,42)= 3.4, p=.04), stressfulness (F(2, 42)= 3.8, p=.03),
performance (F(2, 42)= 6.2, p=.004), negativity of experience (F(2, 42)= 3.6, p=.04) and negativity of
impact (F(2, 41)= 4.0, p=.03). A Tukey post hoc test revealed that the subjective PASAT difficulty score
was significantly higher in the paced breathing testing group, compared to the control testing group. A
Tukey post hoc test revealed that the subjective PASAT stressfulness, negativity of experience and
negativity of impact scores were significantly higher in the Ujjayi breathing testing group compared to the
control testing group. A Tukey post hoc test revealed that the subjective PASAT performance score was
significantly lower in the Ujjayi breathing testing group, compared to the control testing group (Figure 2).
Group differences in subjective measures of PASAT difficulty, stressfulness, performance and negativity
of impact and experience were unexpected. All other subjective PASAT items were not different between

conditions (all ps > .05).

Discussion

The present study aimed to examine the effects Ujjayi pranayama and slow paced breathing, on
cardiovascular reactivity to mental stress. Contrary to expectations, Ujjayi breathing and paced breathing
did not significantly influence systolic blood pressure, diastolic blood pressure, or heart rate compared to
unregulated breathing during a mental stressor in the laboratory. These findings are not consistent with

other studies that tested the effects of Ujjayi breathing on blood pressure and heart rate. Lathadevi, Uma
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Maheswari, & Nagashree (2012) reported 6-weeks of Ujjayi pranayama as a way to significantly decrease
heart rate and blood pressure, which was also in accordance with other studies (Pramanik et al., 2009;
Pramanik, Pudasaini & Prajapati, 2010). Lathadevi, Uma Maheswari, & Nagashree (2012) suggested that
Ujjayi pranayama decreases airflow and focuses on the slight contraction of the laryngeal muscles and
partial closure of the glottis, located in the pharynx. It is suggested that Ujjayi breathing causes mild
airway resistance and thus, a sensation of pressure in the back of the throat during inspiration and
expiration (Brown & Gerbarg, 2005; Jovanov, 2005; Ruan, Ho & Kou, 2003; S. Zope and R. Zope, 2013).
The airway resistance stimulates somatosensory vagal nerves that begin in the pharynx and lung tissue.
When vagal afferents are activated, this parasympathetic sensory information is sent to the brain and
causes the respiratory centers within the brain that affect involuntary respiration, to prolong the phases of
inspiration and expiration (Calabrese et al., 2000). Moderate airway resistance has shown to increase
stimulation of the parabrachial nucleus (PBN), located at the junction of the midbrain and pons in the
brain stem. The PBN receives nerve input from the vagus nerve innervation that is within the chest wall
stretch receptors (Gozal et al., 1995). This is a proposed reason why Ujjayi breathing or pranayama in
general, creates a shift in autonomic function as it affects the pulmonary stretch receptors within the
lungs.

However, it is possible that because Ujjayi breathing reduces airflow and increases intrathoracic
pressure during expiration due to the slight contraction of the glottis muscles, Ujjayi breathing has the
potential to increase intensity of vagal activity (Brown & Gerbang, 2005; Ruan, Ho & Kou, 2003).
Oxygen absorption could also be enhanced more because of the increase in expiratory intrathoracic
pressure during Ujjayi breathing, compared to slow breathing. This could cause blood pressure to rise
more than during slow breathing, enhancing baroreflex sensitivity (Telles & Naveen, 2008). However,

increased intrathoracic pressure causes more effort needed to exhale and this potentially could stimulate
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sympathetic activity. This could be a reason as to why Ujjayi pranayama did not significantly lower
cardiovascular reactivity in the Ujjayi breathing group as was hypothesized in the present study.

The findings from the present study are partially consistent with what Tomar and Singh (2011)
found when they investigated the effect of Ujjayi breathing on resting blood pressure, resting heart rate,
resting pulse rate, resting respiratory rate, vital capacity, and breath holding time over an 8-week period.
There was no effect of Ujjayi breathing observed in resting respiratory rate or blood pressure. However,
there was a significant decrease in resting heart rate and pulse rate over an 8-week period of practicing
Ujjayi breathing, indicating that 8-weeks may have been too short of a time period to observe significant
effects on resting blood pressure and the other physiological parameters. This may be why the present
study did not show significant decreases in heart rate reactivity and blood pressure reactivity after the
Ujjayi breathing and paced breathing testing sessions - the duration of the task was too short to change
physiology significantly and the introduction of novel breathing practices could have affected the results
of the present study. Other studies have demonstrated that the length of time spent engaged in yoga
programs that include Ujjayi pranayama, yoga postures and meditation has an effect on the degree of
benefit that medical patients with anxiety disorders (Miller, Fletcher & Kabat-Zinn, 1995), medical
students with examination anxiety, (Malathi & Damodaran, 1999 ) and caregivers of patients with
dementia (Waelde, Thompson, & Gallagher- Thompson, 2004) receive. In addition, Cowen and Adams
(2007) observed that Ujjayi breathing was difficult for beginners to maintain throughout entire ashtanga
posture series and that this breathing style could cause increased body temperature and perspiration. This
could explain why higher heart rates are observed sometimes during this pranayama technique (Cowen &
Adams, 2007).

However, the present study did find that Ujjayi breathing and paced breathing were associated

with participants responding significantly different to five of the subjective Post-PASAT measures. This
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demonstrates participant’s perception of the mental stress task to be less positive than expected in the
Ujjayi breathing and paced breathing conditions, when compared to the unregulated breathing condition.
The participants within the paced breathing group reported the mental stress task to be
significantly more difficult than the control group. The participants in the Ujjayi breathing group reported
the mental stress task to be significantly more stressful and experienced significantly more negativity
from the experience than the control group. The Ujjayi breathing group also rated their perceived
performance as significantly lower than the control group. Therefore, what has been found to be
“relaxing” breathing techniques (Sathidevi, Uma Maheswari & Nagashree, 2012) were found to be
perceived as more difficult, stressful and negative. These results coincide with a study that was done by
Busch et al. (2012) that compared different ways of pacing breathing. Busch et al. (2012) reported that
subjects who were required to maintain full concentration during a testing session, in order to try to match
their respiration curve to the ideal respiration curve presented on monitors, demonstrated more
sympathetic activity. These subjects were compared to subjects who were only instructed to breath in
accord to verbal directions and to direct their attention to their breathing, not any visual guide. These
findings could be explained by how the attentional demands of the respiratory feedback task maintained
arousal. While this procedure of pacing breath with a visual guide may help to get the breath where is
thought to be ideal for human health, this approach may influence heart rate variability during an
emotional or cognitive task because of the duel attention required while consciously following a breath
cue, as well as a task. This dual attention phenomenon has been observed to significantly increase task
difficulty (Pashler, 1994). Increases in sympathetic nervous system activity have also been observed
during a cognitive task, influencing cardiorespiratory coupling during a cognitive task (Zhang et al.,
2010). Cappo and Holmes (1984) demonstrated this proposed phenomenon when sympathetic arousal was
increased during a breathing exercise that was accomplished by consistent attentiveness. In accordance

with this finding, paced respiration in combination with an attention tracing condition caused no reduction
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in stress responses (Holmes, McCaul, & Solomon, 1978) or skin conductance responses. However,
breathing without concentration on a pacing tone caused greater reduction of skin conductance responses
(Clark, & Hirschman, 1990). The increased effort and demands on attention required among novices
during pranayama may explain why Ujjayi breathing and paced breathing in the present study caused the
stress task to be perceived as more difficult, stressful and negative.

However, these differences of subjective measures did not accord with the physiology between
groups. As mentioned above, there were no significant differences in systolic blood pressure, diastolic
blood pressure or heart rate between the groups, as was predicted. This suggests that there is some stress
relieving benefit to regulating breath because there were no differences between the conditions on any
cardiovascular parameter during the mental stress task, even though the two breathing groups rated their
perceptions of the task as significantly more difficult, stressful, and negatively impactful.

The present study also predicted testing groups would not differ between preliminary PSS scores
and only the Ujjayi breathing group would have significantly lower post-testing PSS scores, when
compared to the paced breathing group. Unexpectedly there were significant differences in preliminary
PSS scores between conditions, indicating the testing groups as beginning the testing session with
different levels of perceived stress. Because the pranayama groups had higher preliminary stress scores, it
could be why the pranayama groups perceived the stress task as significantly more stressful, difficult, and
negative and rated their performance as worse than the the control group. These unexpected perceptions
of the stress task observed in the pranayama groups could also have resulted from the previously
mentioned phenomenon of dual attention, which has been observed to significantly increase task
difficulty (Pashler, 1994), while causing increases in sympathetic nervous system activity (Zhang et al.,
2010).

Limitations of this study include a small sample size of mostly female participants, within a

specific age range. This lack of generalizability causes replication of this study to be questionable in
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males and other ages. This study also only consisted of individuals who had no experience with
pranayama. Replication of this study may not be possible with people who are extensively trained in
yogic breathing because it would be expected that habitual practice of paced breathing and Ujjayi
breathing would allow participants to perform these pranayamas with less effort. This would cause less
cardiovascular reactivity in response to a mental stressor and more positive perception of the breathing
and stress task. In this study, the effects of Ujjayi breathing and paced breathing were only tested during
one laboratory session. The long-term effects of these yogic breathing techniques are of high interest
because of the previous reports of Ujjayi breathing and paced breathing decreasing heart rate and blood
pressure after several weeks of practice (Tomar & Singh, 2011). This study did had a control group.
However, it would have been beneficial to measure the respiration patterns of the control group, like the
respiration of the Ujjayi and paced breathing groups. This would have provided a comparison of how
many breaths per minute a person would naturally breath during a resting and a stressful period. The
present study also only obtained preliminary perceived stress, using PSS scores, across all three
conditions. Post-testing PSS scores were only obtained in the Ujjayi breathing and paced breathing
groups. It would have been beneficial to have preliminary and post-testing PSS scores for all three
conditions, in order to observe if the perceived stress of the pranayama groups was different compared to
the unregulated breathing group after the testing session.

Future studies that capture the long term effects of Ujjayi breathing and paced breathing could
clarify if the novelty of pranayama effects its physiological benefits. The present study only consisted of
participants who had no previous knowledge of pranayama and only thirty minutes of practicing Ujjayi
breathing and paced breathing, during one laboratory session. A continuation of this project could include
an acclimation, or “training” period of Ujjayi breathing and paced breathing. This would reduce the
novelty of the pranayama techniques, potentially leading to observable physiological benefits. Including

an acclimation period may also improve perceptions of the breathing techniques, allowing participants to
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perceive the breathing as a relaxing activity, which could lead to significant decreases in cardiovascular
reactivity during a mental stress task, as was predicted in this present study. Future work could also
consist of reducing attentional demands during the breathing techniques. This could consist of not
displaying the breath pacer on a monitor, but verbal dictation of the pacer, in order to test if the degree of

attentional demand is what affects the physiological benefits of pranayama.

Conclusions and Future Research

Participants who were inexperienced with pranayama, showed no significant differences in
cardiovascular reactivity during a mental stress task when practicing Ujjayi breathing or paced breathing
in a laboratory setting, when compared to participants who breathed normally. However, participants who
were in the pranayama groups reported the stress task as significantly more difficult, stressful, negative
and perceived their performance as significantly worse than the control group. Because there were no
physiological differences across groups, the differences of the subjective measures of the PASAT
observed between groups indicated pranayama as possibly beneficial for human health. Further studies
are needed in order to establish if regular practice of pranayama techniques, such as, Ujjayi breathing and
paced breathing, reduces the novelty of the breath. Thus, potentially improving subjectivity of the

pranayama techniques and the physiological benefits during mental stress.
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Appendix

Table 1
Demographic, Clinical Characteristics and PASAT Scores of Eligible Recruited Sample

Group

Ujjayi Breathing Paced Breathing Control

(n=15) (n=15) (n=15)
Variable M(SD) M(SD) M(SD)
Age 19.6(1.24) 19.9(0.961) 20.4(1.18)
Gender 80.0 80.0 46.7
Preliminary PSS Score 17.8(5.10) 20.3(6.31) 14.6(6.30)
Post-Testing PSS Score 18.0(5.69) 21.4(6.70)
PASAT Score 923(37.4) 930(35.0) 955(22.4)

Note. Gender is expressed in percent female. To access PASAT score, M derived from #»=14 in Ujjayi
group and n=14 in paced breathing group because 2 participants were excluded due to lack of compliance
during task. Significant differences were observed between the Ujjayi breathing group and the control (ps
< 0.05) for PASAT score. Significant differences were observed between the paced breathing group and
control (ps < 0.05) for PSS score.

Table 2
Respiration Rate (Breaths/Min) During Each Phase and Subjective Measures of Breathing

Group
Ujjayi Breathing Paced Breathing
(n=15) (n=15)

Variable M(SD) M(SD)
Resting Breaths/Min, M (SD) 6.33(1.03) 6.01(0.128)
Stress Breaths/Min, M (SD) 13.0(6.67) 16.0(5.65)
Recovery Breaths/Min, M (SD) 6.06(0.398) 6.08(0.113)
How difficult did you find the breathing? 2.60(1.30) 2.33(1.95)
How stressful did you find the breathing? 2.73(1.83) 2.27(1.49)
How well you think you performed the breathing? 2.60(1.18) 3.27(1.33)
How embarrassing did you find the breathing? 1.00(1.51) 0.867(1.55)
How enjoyable did you find the breathing? 2.67(1.45) 2.93(1.91)

Note. The maximum score is 6 for each subjective measure. No significant differences were observed (all
ps >.05).
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Figure 1. A. Systolic blood pressure, B. Diastolic blood pressure, and C. Heart rate reactivity to mental
stress across testing three consecutive sessions in paced breathing (n = 15), Ujjayi breathing (n = 15), and
unregulated breathing (n=15) conditioned groups. Error bars represent standard error of the mean.
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Figure 2. Subjective PASAT measures of difficulty, stressfulness, performance, and negativity of impact
and experience in paced breathing (n = 15), Ujjayi breathing (n = 15), and unregulated breathing (n=15)
conditioned groups. Error bars represent standard error of the mean.



