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ABSTRACT

In the past decade, research on effects of yoga on cognitive functioning has increased, but
most studies have investigated the impact of low-intensity yoga postures. There is growing
consensus among researchers regarding the need for exploring the effects of different styles of
yoga. However, there is no evidence whether flow-based, moderate-intensity forms of yoga can
deliver cognitive and psychosocial benefits. The purpose of the study was to assess the feasibility
and efficacy of an eight-week, moderate-intensity, flow-based yoga intervention, on cognitive
functioning and psychosocial stress, as compared to a waitlist control group. The sample was
full-time working adults with symptoms of stress. The intervention included postures and
movements, followed by breathing and relaxation, and was conducted 3 times/week for ~50
minutes. It was titrated in terms of supervision, starting with individual and group sessions taught
by a certified instructor on Zoom, and ending with self-guided sessions. Attendance for the self-
guided sessions was assessed using Fitbit and post-sessions logs. Overall attendance was 75.1%.
Results showed an improvement in working memory with the yoga group had higher accuracy as
compared to the control group (Ms+SD = 7.3043.05 vs. 6.11+2.70). There was a reduction in
stress and anxiety (Ms+SD = 34.97+10.34 vs. 39.36+11.96) in the yoga group as compared to the
control group. Reduction in stress from baseline to week four mediated the improvement in
working memory. Additionally, there was an improvement in yoga self-efficacy (1,2 = 0.059),
self-regulation (n,*> = 0.066), positive psychological well-being, and physical activity frequency
(np2 = 0.076), as compared to the control group. Participants enjoyed the intervention (100%) and
liked to learn through video guided instruction (95%). Overall, this study is one of the first
studies to show that regular moderate-intensity flow-based yoga may improve cognitive

functioning. The yoga intervention decreased stress and anxiety, and improved well-being. This
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further augment the growing evidence of cognitive and psychosocial benefits of yoga among
working adults with stress and low physical activity. The mediation analysis provides evidence
for the hypothesized stress reduction mechanism underlying cognitive change. The results
suggest that it is feasible to learn yoga through video instructions, and has implications for
designing more video-guided yoga studies, and encouraging self-guided practice, to increase
accessibility to yoga for different populations. This results provide support for the role of Social
Cognitive Theory in impacting behavior change techniques related to physical activity, and
provide support for a gradually titrated intervention in terms of supervision. This is one of the
few studies to add to the literature that yoga improves aspects of positive psychological well-
being. More research is needed to extend and replicate these findings across larger and varied
samples. Future studies should examine the efficacy in comparison with other physical and
mind-body activities, to investigate the unique impact of moderate-intensity flow-based yoga.
Future studies should focus on aspects such as exploring more mechanisms underlying cognitive
and stress change, implement more behavior change techniques for sustained engagement in the

intervention, and tailor technology based on accessibility for different populations.
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CHAPTER I: INTRODUCTION

Background and significance

Mental health conditions are now the leading cause of disability in the developed
countries. Psychosocial stress has increased over the years and is a global problem among full
time employees (Seniova & AntoSova, 2014). For example, in a sample of full-time working
adults from 45 Dutch companies, 23% reported having psychological distress, and 22% reported
having fatigue (Biiltmann, Kant, Kasl, Beurskens, & Van Den Brandt, 2002). In some
populations such as primary healthcare workers, the prevalence was higher, with 59% reporting
stress symptoms (Wiegner, Hange, Bjorkelund, & Ahlborg, 2015). Other studies have reported a
prevalence of perceived stress or anxiety among 35% (Holmgren, Dahlin-Ivanoff, Bjorkelund, &
Hensing, 2009) or 10% of employees, especially among middle-aged women (Andrea et al.,
2004; Bergdahl & Bergdahl, 2002). Stress is often comorbid with depression and/or anxiety
(Bergdahl & Bergdahl, 2002; Hanel et al., 2009), and rates of depression and anxiety have
increased over the years in the US (Weinberger et al., 2018).

In European countries and the UK, stress-related illness is one of the main reasons for
increased sick leave (Henderson, Glozier, & Elliott, 2005; Mental health: facing the challenges,
building solutions, 2005; Suff, 2019), and has been described as an epidemic (Mental health:
facing the challenges, building solutions, 2005). According to the National Institute of
Occupational Safety and Health, similar statistics are observed in the US. In 1999, between 26%
to 40% of American employees report moderate to severe stress due to work (Sauter et al.,
1999). According to the global poll conducted by Gallop in 2018, more than half of the adults
surveyed reported facing stress, and stress levels were higher in the American workforce as

compared to 143 countries across the globe (Gallup 2019 global emotions report, n.d.). It has
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also escalated progressively over the last three decades, among employees (“Workplace Stress
Continues to Mount,” 2018), along with an increase in stress-related sick leave/absence
(“Workplace stress - The American Institute of Stress,” n.d.). Stress levels were the highest
among middle aged adults, followed by young adults. Stress also has an economic burden in
terms of healthcare costs. Additionally, it contributes to the economic burden in terms of days
lost in productivity due to sickness (Henderson et al., 2005). Unanticipated absence due to stress
is estimated to cost employers anywhere from $605 per worker/year to $3.5 million annually
(“Workplace stress - The American Institute of Stress,” n.d.), and costs about $190 billion in
healthcare (Goh, Pfeffer, & Zenios, 2016).

Psychological distress is associated with an increased likelihood of physical and mental
diseases, including but not limited to headaches, flu, obesity, cardiovascular disease (CVD),
human immunodeficiency virus, cancer, and depression (Blanc-Lapierre, Rousseau, & Parent,
2017; Block, He, Zaslavsky, Ding, & Ayanian, 2009; Chida, Hamer, Wardle, & Steptoe, 2008;
Chrousos, 2000; Sheldon Cohen, Janicki-Deverts, & Miller, 2007; DeLongis, Folkman, &
Lazarus, 1988; Epel, 2009; Garg et al., 2001; Gouin & Kiecolt-Glaser, 2011; J. Wang et al.,
2005). It is also shown to lower immunity, which too, increases the likelihood of contracting
diseases (Ho, Fang Neo, Chua, Cheak, & Mak, 2010).

Exposure to stress leads to the activation of the sympathetic nervous system (SNS) and
suppression of the parasympathetic nervous system (PNS), along with the release of adrenaline
and non-adrenaline to cope with the stressor. Another system that gradually reacts to stress is the
hypothalamus-pituitary-adrenal axis. When stress is encountered, the hypothalamus secretes a
hormone known as the corticotropin releasing hormone. This hormone stimulates the release of

adrenocorticotropic hormone (ACTH) from the pituitary glands. ACTH in turn, stimulates the



release of glucocorticoid hormones (i.e. cortisol in humans) as a way of preparing the mind and
the body to respond to the stressor by increasing energy levels. The body reacts in a similar
manner whether one is experiencing physical or psychological stress (De Kloet, Joéls, &
Holsboer, 2005; Sapolsky, Krey, & McEwen, 1986).

The presence of cortisol in a higher level as compared to usual, due to chronic stress, is
detrimental to the body and the brain. A high level of cortisol is associated with obesity and a
detrimental effect on metabolic factors (Rosmond, Dallman, & Bjorntorp, 1998), an increase in
cardiovascular risk factors (Vogelzangs et al., 2010), as well as cognitive aspects. It has been
shown to impair long term potentiation in the hippocampus thus impairing memory formation,
facilitate long term depression, and is related to a number of psychiatric disorders (J. J. Kim &
Diamond, 2002). High levels of cortisol have also been found in patients with Alzheimer’s
disease (K. L. Davis et al., 1986; Weiner, Vobach, Olsson, Svetlik, & Risser, 1997), and a high
level of stress is detrimental to the pathology of many mental health disorders such as
Alzheimer’s disease, multiple sclerosis, and depression (Esch, Stefano, Fricchione, & Benson,
2002). Apart from this, patients having a high level of cortisol, such as those with Cushing’s
disease and depression, showed structural and functional brain impairments, and poorer
performance on attention and memory tasks (Wolf, 2003). In another study, older adults
collected their cortisol samples and underwent cognitive assessments annually for a period of
three years. Results showed that a higher level of cortisol was associated with poorer declarative
memory and executive functioning assessed via the Stroop task and trail making task (Li et al.,
2006).

Cortisol can cross the blood brain barrier, which is a border of cells that prevents

pathogens from the blood circulating in the body to cross over to the central nervous system.



Prolonged stress also increases the amount of glucocorticoid receptors in the brain, leading to
more uptake of cortisol. These are found in a number of areas that are implicated in cognitive
functioning, such as the hippocampus, dentate gyrus, amygdala (De Kloet et al., 2005), and
prefrontal cortex (Wolf, 2003). Wolf (2003) reviewed the research on HPA axis and cognitive
functioning, specifically memory. Overall, results suggested the presence of an inverted U
relationship between cortisol and cognitive functioning, with a high level of cortisol being
detrimental to cognitive functioning, such as a reduction in neuronal excitability and impairment
of synaptic plasticity, and impaired performance on tasks of working memory and delayed recall.
Other studies have also shown impairments in memory and hippocampal functioning to be
associated with elevated cortisol levels (Lupien et al., 1998).

Lupien et al (2009) conducted a review about the effects of stress on brain and cognition,
across the lifespan from pre-natal stress to stress during aging. Stress among adults was
associated with memory impairment, reduced hippocampal volume, reduced frontal lobe volume,
and had an inverted-U relationship with axonal transport in neurons in the prefrontal cortex.
Similarly, McEwen and colleagues (2012) also provided evidence that acute and chronic stress
can cause structural and functional changes in the prefrontal cortex and amygdala, and affect
hippocampal dependent cognitive functioning. This suggests that chronic stress may have a role
in the survival and function of neurons in the prefrontal cortex, which plays a key role in
executive functioning.

Complementary and alternative medicine (CAM) use is popular for stress reduction
among those with a moderate level of mental distress. Among adults reporting mental distress,
40% reported using CAM, with 10% of those engaging in yoga, in a nationally representative

survey conducted in 2012 (Rhee, Evans, McAlpine, & Johnson, 2017). Yoga, commonly



pronounced as Yoga, means ‘union,” and is one of the limbs in the eight limb process advocated
by the Indian sage Patanjali, which include yama (abstinences), niyama (observances), asana
(yoga postures), pranayama (breath control), pratyahara (withdrawal of the senses), dharana
(concentration), dhyana (meditation) and samadhi (absorption). Traditionally, yoga was
considered as a method for preparing the body and mind for the next steps or limbs of the eight-
limb process, but now it is considered as a mindful physical activity. Yoga interventions and
classes in the West mostly focus on three of the eight limbs, namely, yoga postures, breathing
exercises and meditation. Hatha Yoga is the most popular form of yoga practiced in America
(Morone & Greco, 2007). Hatha yoga is an umbrella term that includes different styles of yoga
that vary in their speed, difficulty of postures, or the type of movement, among other aspects
(Morone & Greco, 2007).

The prevalence of yoga is growing over the years among adults in Western societies,
where it is often perceived as a complementary form of exercise. According to a nationally
representative survey of US adults in 2007, 6.1% had engaged in yoga in the past 12 months
(Barnes, Bloom, & Nahin, 2008). In 2012, that number increased to 8.9%, which is roughly 21
million (Cramer, Ward, et al., 2016) and the lifetime prevalence of yoga was 13.2% (31 million).
In 2017, 14.5% of the population reported engaging in Yoga, Tai-Chi or Qigong in the last 12
months (C. Wang, Li, Choudhury, & Gaylord, 2019). Cramer et al (2016) reported that adults
who had engaged in yoga in the last 12 months were more likely to be young (18-29 years of
age) females (73.7%). The most common reason for practicing yoga included wellness or disease
prevention (78.4%) of which 6.4% practiced it specifically for stress reduction, and other reasons
included improving their energy (66.1%) or immune function (49.7%). Other studies have also

reported that reasons for engaging in yoga included managing mental health problems like



depression, anxiety, stress, and insomnia (Pilkington, Kirkwood, Rampes, & Richardson, 2005;
C. Wang et al., 2019). The most common source of yoga information seemed to be yoga classes,
with 51.2% having attended yoga classes, followed by DVDs or CDs (36.5%), the internet
(26.9%) and print media (24.3%) (Cramer, Ward, et al., 2016). A majority of respondents
primarily reported stress reduction as an outcome of their yoga practice (84.7%), followed by
improved overall health (81.0%), improved emotional well-being (67.5%), improved sleep
(59.1%), and increased sense of control over their health (56.9%). There are a number of online
yoga videos, classes, and podcasts (Muntean, Neustaedter, & Hennessy, 2015), and over 120
mobile applications (Cummiskey, 2011; Garcia-Holgado, Reiris, Kearney, Martinus, & Garcia-
Pefialvo, 2019; S. A. Smith et al., 2016; Thirumalai et al., 2018).

According to report by the International Health, Racquet & Sportsclub
Association (IHRSA), participation in yoga has increased by 8% from 2015 to 2019. In 2018,
more than one out of five health club members participated in yoga programs in the US, making
it the most preferred group activity that year (Rodriguez, 2019). As evidenced by two studies
reporting on prevalence of yoga, yoga has continued to be most popular among young adults
aged 18-34 years, evident (Cramer, Ward, et al., 2016; Rodriguez, 2019). IHRSA has
recommended that shorter sessions, lasting 20 to 30 minutes, may be most appropriate for this
age group to accommodate their busy schedules.

In the past decade, research on effects of yoga on cognitive functioning among relatively
healthy adults, has increased. In two reviews covering more than 15 studies, both acute and
chronic yoga studies showed a positive association of yoga with aspects of executive functioning
(Gothe & McAuley, 2015; Luu & Hall, 2016). Gothe and McAuley (2015) found that the

strongest effects were seen on tasks of attention and processing speed, followed by executive



functioning, and memory. Most of these studies focused on Hatha or Iyengar yoga, across the
lifespan. Both the reviews highlighted the need for more RCTs, with larger sample sizes, in order
to draw firm conclusions about the cognitive benefit of yoga.

Yoga research conducted so far has primarily investigated low intensity yoga sessions
focused on Hatha yoga, lasting an average of 60 minutes. There is growing consensus among
researchers regarding the need for exploring the effects of different styles of yoga (Cowen &
Adams, 2007; Larkey, Jahnke, Etnier, & Gonzalez, 2009; Riley & Park, 2015; Ross & Thomas,
2010). Recently, Schmalzl et al (2015) highlighted that few studies examine the contribution of
the individual components of yoga, and that “investigations in which type, amount or intensity of
either movement, breath or attention are carefully manipulated, while the other components are
kept constant, will be particularly informative in this regard.” In a systematic review comparing
the effects shown by different types of yoga, the maximum amount of studies were on Hatha
yoga and Iyengar yoga (Cramer, Lauche, Langhorst, & Dobos, 2016). It has been found that the
physical and physiological effects of yoga can differ by style. In an RCT comparing Hatha yoga
to Ashtanga yoga among young adults, both groups improved in trunk strength, and flexibility,
but Ashtanga group improved in perceived stress and diastolic blood pressure as well (Cowen &
Adams, 2005). Hatha yoga elicited a percent maximum heart rate of 45% whereas Ashtanga
yoga was 54%. Cowen and Adams (2005) reported that there has not been enough research
comparing the different styles of yoga.

Other schools of Yoga beyond Hatha yoga have gained popularity, including Ashtanga
yoga, Vinyasa yoga (VY) and/or power yoga. While it can be debated that these forms of yoga
may or may not fall under the umbrella term of Hatha yoga, there are some key differences

between them and Hatha Yoga as researched until now. Vinyasa yoga or Ashtanga yoga or



power yoga or sun salutation sequences (found in hatha, Vinyasa and Ashtanga yoga) are all
more intense, almost fitness-based forms of yoga. In these, the focus is on flow and transitions
between the movements rather than holding the poses, is usually fast paced, and uses large body
movements while following a specific breathing pattern. Breathing is synchronized with the
movement throughout the sequence. The practice of these moderate intensity forms of yoga is
common among yoga practitioners. In a survey of 1045 yoga practitioners in the US, 85.8%
reported doing sun salutation or other vigorous forms of yoga, including arm balances or
backbends, during their regular yoga practice (Ross, Friedmann, Bevans, & Thomas, 2013).
These forms of yoga have been studied for various reasons. It is hypothesized that an activity
that combines moderate intensity exercise along with breathing, both of which have shown
beneficial effects separately, may be beneficial to patients with depression (Uebelacker et al.,
2010).

There is growing evidence that moderate intensity styles of yoga involve more
cardiovascular activity than low intensity hatha yoga. Among regular yoga practitioners,
performing a 60-minute Vinyasa sequence yielded an average heart rate of 109 beats per minute,
a high rating of perceived exertion, and an average of 273 kcals (i.e. 3.6 MET), which was lower
than that observed during treadmill walking (353.8 kcals) (S. A. Sherman et al., 2017). In
another study, average heart rate was reported to be 107 bpm and the activity was between 50-
63% of max heart rate for most participants (Shepperson Ward, McCluney, Bosch, & Bosch,
2013). Other studies have reported heart rates between 60-70% of heart rate max (Blank, Raman,
Chock, & Krieger, 2001; Hagins, Moore, & Rundle, 2007; Spilde, Porcari, Greany, Doberstein,
& Foster, 2005). Ray, Pathak, and Tomer (2011) found that the maximal heart rate during/after a

Hatha yoga session was lower than 60%. By comparison, this is higher/lower than Vinyasa yoga



and the ACSM recommendation. The energy expenditure in VY is reported to be 2.6 MET
(Hagins et al., 2007) or between 3 and 4 MET in a 60 minute session (Gordon, 2014; S. A.
Sherman et al., 2017), or 6.7 MET in a 15 minute session (Carroll, Blansit, Otto, & Wygand,
2003). Even 15 minutes of Vinyasa yoga may be moderate intensity based on percent heart rate
max (McGuirk, 2012). Thus, VY has the potential to be a moderate intensity activity. In most of
these studies, participants were yoga practitioners, and the effects among naive participants may
be different due to difference in the level of fitness and practice. Engaging in a moderate
intensity or flow-based form of yoga may offer additional health benefits, such as reduced stress
and blood pressure (Cowen & Adams, 2005), as compared to low-intensity yoga. Also,
practicing VY has been shown to increase HRV (Tay & Baldwin, 2015), quality of life (Céline
Martin & Keats, 2014), reduce risk of type 2 diabetes (Yang et al., 2011), reduce depressive
symptoms (Uebelacker et al., 2010), and increase positive affect along with a reduction in
negative affect (Gaskins, Jennings, Thind, Becker, & Bock, 2014). There is a dearth of studies
comparing styles of yoga that differ in intensity. However, there have been studies of aerobic
activity of different intensities. In studies comparing moderate and low intensity activity, it has
been found that moderate intensity activity may be more beneficial to aspects of executive
functioning, as compared to low intensity activity (Kamijo et al., 2004; Lambourne &
Tomporowski, 2010; Loprinzi & Kane, 2015; Wohlwend, Olsen, Haberg, & Palmer, 2017),
although the evidence is equivocal.

Sun salutation is another form of flow-based moderate intensity yoga sequence. It
involves a sequence of ten or twelve postures, done one after the other in quick succession, along
with breathing that is synchronized with each movement. For example, inhalation is done in

posture one, exhalation is done in posture two, and so on and so forth. It has been described as ‘a



unique combination of asana, pranayama, and meditation,” and is helpful in building physical
and mental strength (Stec, 2014). The sun salutation sequence comes from Hatha yoga, which is
suitable to beginners, and is also found in Ashtanga and VY in a slightly altered manner. Among
participants new to yoga, engaging in sun salutation for about 30 minutes was a moderate
intensity activity, as seen by a MET of >3.0 and heart rate at >55% of the maximum, as
compared to the rest of the hatha yoga practice. Similar results have been reported by systematic
reviews (Grabara, 2016; Larson-Meyer, 2016), as well as by another study comparing sun
salutation and non-sun salutation sequences of hatha yoga, in terms of heart rate, energy
expenditure and oxygen consumption (Clay, Lloyd, Walker, Sharp, & Pankey, 2005). In an
intervention which was a combination of tai-chi and sun salutation at a moderate intensity, state
anxiety decreased post the intervention (Field, Diego, & Hernandez-Reif, 2010). Further,
performing sun salutation does not over stress the joints, may be optimal for the osteogenesis
(Omkar, Mour, & Das, 2011), is shown to reduce body mass index, body fat, and increase upper
body strength (Bhutkar, Bhutkar, Taware, & Surdi, 2011) and decrease body pain. There is only
study that has assessed cognitive functioning after engaging in sun salutation, in young adults
engaging in sun salutation vs. breathing exercises vs. a combination of both (Goud Kondam,
2017). Participants engaged in 30 minutes of yoga, followed by either sun salutation, breathing
exercises, or a combination of both, for the same duration. Results showed that the combined
group outperformed the other groups in their performance on a battery of tasks measuring
memory, fluency, attention and orientation among other domains. All three groups were better
than the no-activity control group. A confounding factor in this study is the engagement in 30
minutes of yoga irrespective of the group assignment, so the effects on cognition cannot be

attributed to a particular component of yoga.

10



A study for identifying essential components of yoga interventions for reducing
depression and anxiety, sought the expertise of 18 yoga teachers having experience in the field of
mental health. They reached a consensus that ‘coordinated flow of breath with movement’ was
considered important or essential for reducing both anxiety and depression. They also
recommended that, for reducing depression, yoga postures be repetitive, dynamic movements
involving chest-openers and back bends (rather than holding poses for long), while focusing on
breathing, such as sun salutation (de Manincor, Bensoussan, Smith, Fahey, & Bourchier, 2015).

While Hatha yoga remains widely studied among healthy populations, these fitness-based
forms of Yoga have not been thoroughly explored in terms of their feasibility, effectiveness,
acceptability, and physiological and psychosocial effects, among healthy populations. It may
very well be that these forms of Yoga show the same effects as low-intensity Hatha yoga, but
considering that aerobic exercise of different intensities has shown different effects, there is
reason to examine the effects of moderate-intensity forms of Yoga. While there is evidence for
physical health benefits of these different styles of flow-based yoga, few studies have been
designed to investigate the effects of such yoga practice on executive functioning. Evidence for
physical health benefits of moderate intensity and/or dynamic yoga styles, evidence for cognitive
benefits of Hatha yoga, and the evidence of cognitive benefits of moderate intensity physical
activity warrants an investigation of whether a shorter, but moderate intensity and dynamic form
of yoga, would yield similar benefits to executive functioning. The purpose was to investigate
the potential cognitive effects of a moderate intensity yoga program that can be performed for a
shorter period of time as compared to previous interventions, in order to be more suitable to full-

time working adults with stress who often report having time constraints.
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Specific aims and hypotheses

This study is designed to assess the impact of moderate-intensity flow-based yoga on
executive functioning, as compared to a waitlist control group. It was hypothesized that
participants engaging in the yoga intervention would perform better on tasks of executive
functioning and psychosocial measures, as compared to the waitlist control group. The specific
aims were:

1. To assess the feasibility of the remotely delivered yoga intervention

2. To study the efficacy of an 8-week, remotely delivered yoga intervention (flow-based

movements, breathing, and relaxation) on improving executive functioning among full-
time working adults facing symptoms of chronic stress or anxiety, during a pandemic

3. To study the efficacy of an 8-week, remotely delivered yoga intervention on reducing

stress and anxiety among full-time working adults facing symptoms of chronic stress or
anxiety, during a pandemic, and assessing the unique impact of postures vs. breathing and
relaxation on stress outcomes.

4. To test hypothesized mediation effect of stress reduction on executive functioning
This study is designed to improve executive functioning and stress among full time working
adults with symptoms of chronic stress, through moderate-intensity flow-based yoga movements,
such as sun salutation. This study is novel in that cognitive effects of styles of yoga that involve
performing postures in a dynamic flow usually of a moderate intensity have not been
investigated yet. In spite of being a dynamic form of yoga, sun salutation is a part of Hatha yoga
and involves postures that are suitable for beginners. It was theorized that engaging in an aerobic
and mind-body activity may provide participants with more benefits as compared to an aerobic

activity alone. A yoga program shorter in length, and that can be technologically delivered at
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home, may be more feasible to full-time working adults. If successful, this study will advance the
current understanding of cognitive effects of yoga interventions. It will provide people with a
technologically delivered yoga activity making it easier for individuals to incorporate in their
daily lives.

Definition of terms

Hatha yoga. A school of yoga and an umbrella term that includes different styles of yoga
that vary in their speed and difficulty of postures. Hatha yoga primarily focuses on maintaining
postures in isometric contraction while standing, sitting, or lying down on the back or stomach,
coupled with breathing and meditation exercises.

Sun salutation. A sequence in Hatha yoga wherein the focus is on flow and transitions
between the movements rather than holding the poses. Sun salutation are usually fast-paced, and
involves whole-body movements, synchronized breathing, and follows a sequence of transitional
moves.

Aerobic exercise. A type of physical activity consisting of planned, structured, and
repetitive bodily movement with the goal of improving or maintaining one or more components
of physical fitness requiring oxygenated blood (American College of Sports Medicine, 2013).

Executive functioning. A set of general-purpose control processes that regulate one’s
thoughts and behaviors, including behavioral regulation, working memory, planning and

organizational skills, and self-monitoring (Miyake & Friedman, 2012; Stuss & Alexander, 2000).

13



CHAPTER II: REVIEW OF LITERATURE

Physical activity among working adults

In the United States, physical inactivity among adults is a major health issue. Only half of
the US adults meet the recommended level of aerobic physical activity, and only 23.3% meet the
recommended level of aerobic and strength training (National Center for Health Statistics, 2017).
Less than 5% of the adults participate in aerobic activity such as walking, for 30 minutes every
day (U.S. Department of Health and Human Services, 2017).

There are differences in physical activity participation among different groups of people.
For example, minority racial groups have a higher level of physical inactivity than Caucasians
(““Adult physical inactivity prevalence maps by race/ethnicity,” n.d.). Another group that is
susceptible to physical inactivity is young and middle-aged full-time working adults, who have
to juggle family and other responsibilities along with work. Full-time working adults spend more
than one-third of their day at their workplace (U.S. Department of Health and Human Services,
2017) and a majority of the workforce performs jobs that do not require them to be physically
active (Blackwell & Clarke, 2008). Less than 30% of these working adults met any physical
activity guideline, including guidelines for aerobic exercise only, strength exercise only, or a
combination of both, and 43% did not meet any physical activity guidelines (Blackwell &
Clarke, 2008).

The most common barrier to physical activity reported by full-time working adults is lack
of time (Booth, Bauman, Owen, & Gore, 1997; Jaffee, Mahle Lutter, Rex, Hawkes, & Bucaccio,
1999; Kruger, Yore, Bauer, & Kohl, 2007; Leininger, Adams, & DeBeliso, 2015; Scott Leicht,

Sealey, & Devine, 2013; Tavares & Plotnikoff, 2008). In reality, it may be a lack of perceived
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time, or a lack of energy (Kruger et al., 2007), as recent research has shown that adults may have
an average of five hours of free time every day (Sturm & Cohen, 2019). Apart from this, long
working hours (Sonnentag & Jelden, 2009), facing stress at work (Ng & Jeffery, 2003; Payne,
Jones, & Harris, 2002; Sonnentag & Jelden, 2009), and being a blue-collar worker (Burton &
Turrell, 2000) can negatively affect engagement in leisure time physical activity after work.
Another consistent barrier is a lack of resources to engage in physical activity. Only one in five
homes have access to a gym, recreation center, or park, within half a mile (U.S. Department of
Health and Human Services, 2017). In a review of studies assessing the association between
physical activity and environmental attributes, neighborhood characteristics including a lack of
accessibility (e.g. local park) and opportunities (e.g. presence of sidewalks) to engage in physical
activity were consistently associated with physical inactivity (Humpel, Owen, & Leslie, 2002).
Efficacy of intervention delivery methods

Workplace interventions have been conducted to increase physical activity among full-
time employees, but the evidence for their effectiveness is mixed (Abraham & Graham-Rowe,
2009). Dishman et al (1998) did not find a significant effect of worksite physical activity
interventions on physical activity levels, attributable to methodological quality of the studies.
The review by Proper et al (2003) found evidence that workplace interventions can have a
positive effect on physical activity. Further, in order to be successful, workplace interventions
may need to address a wide variety of concerns that pose as barriers to workplace physical
activity(Graveling, Crawford, Cowie, Amati, & Vohra, 2008; Kruger et al., 2007;

Schwetschenau, O’Brien, Cunningham, & Jex, 2008; Tavares & Plotnikoff, 2008).

On the other hand, home-based interventions may be a viable delivery setting for physical

activity interventions. Home-based interventions have been shown to be as effective as
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supervised group-based interventions to increase physical activity, irrespective of physical
activity type or frequency, among middle-aged and older adults (Van Der Bij, Laurant, &
Wensing, 2002). In the review by Van Der Bij and colleagues (2002), most of the home-based
exercises were of a moderate intensity and included aerobic exercise, strength training, or
flexibility exercises, with a prescribed dose of 3x/week or more. Adherence rates were equal to,
and in some cases were higher (King, Haskell, Taylor, Kraemer, & Debusk, 1991), for home-
based interventions among older adults, as compared to center-based interventions (Ashworth,
Chad, Harrison, Reeder, & Marshall, 2005). Among adults with chronic disease, adherence and
dropout rates have also been shown to be comparable across clinic and home-based interventions
(Bullard et al., 2019). In meta-analyses comparing different modes of delivery for physical
activity interventions, adherence to home-based physical activity interventions involving contact
with staff had similar (Burke, Carron, Eys, Ntoumanis, & Estabrooks, 2006) or higher (Atienza,
2001) adherence compared to standard exercise interventions. Additionally, response rates have
been found to be higher for home-based interventions, followed by healthcare interventions and
lastly, workplace interventions (Waters, Galichet, Owen, & Eakin, 2011). Home-based
interventions may be facilitated using technology. The next following section provides evidence
of home-based, technology-delivered physical activity interventions.
Home-based interventions using technology

Utilization of digital health technology may be advantageous for facilitating home
practice of yoga. According to data from the Pew Research Center (2019), 81% of Americans
own a smartphone. Specifically, among middle-aged adults, 92% of those aged between 30-49
years, and 79% of those between 50-64 years of age own a smartphone. Among those with

access to internet, 86% use the internet at least occasionally via a smartphone, tablet, or other
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mobile device. As of 2018, 42% of US adults use a health-related technology for the purposes
offitness and health improvement (Mikulic, 2019a), with young and middle-aged adults
represent the highest share of usage (Mikulic, 2019b). In a national sample of adults, 36%
reported havinghealth applications on their smartphone, and 60% reported that the
applications were useful in helping them achieve their health goals (Bhuyan et al., 2016). In a
review of studies on health behavior change using mobile applications, 74% of the studies
reported a successful outcome (Zhao, Freeman, & Li, 2016). Studies have used asynchronous
and synchronous technology as adelivery mode for home-based yoga interventions.
Intervention delivery using synchronous technology refers to the instructor interacting with
and providing feedback to participants in realtime, using media such as audioconferencing,
videoconferencing or text messaging, through applications such as Zoom or Skype.
Asynchronous technology refers to participants being provided with technology to engage in
the intervention, without interacting with the instructor inreal-time. Technology interventions
may or may not be conducted at home. The following sections will expand upon the use of
asynchronous technology, followed by synchronous technology, in studies of yoga,
mindfulness, and physical activity conducted at home. In cases where technological and
home-based interventions do not overlap, they have been reviewed separately.
Home-based yoga interventions with asynchronous technology

Asynchronous technology such as DVDs and websites has been used to deliver yoga
interventions in seven studies. In a 12-week study with participants having myeloproliferative
neoplasms (n = 55), although only 37% adhered to the prescription of >60 minutes/week of
practice, yoga practice averaged 50 minutes/week among participants (Huberty et al., 2017).

Inanother eight-week combined yoga and mindfulness RCT, participants were asked to
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engage in the program 30-45 minutes/day, six-seven times/week (Kvillemo, Brandberg, &
Brénstrom, 2016). Only 39% in the intervention group completed the study, most of them
citing a lack of time. Participants engaged in the program for an average of 3.6 days/week,
suggesting that a frequency higher than that, at the prescribed duration, may not be optimal

for adherence.

Adherence rates have been higher in other studies. Among cancer survivors, a four-week yoga
program delivered through a DVD had an adherence rate was 94.4% (Komatsu, Yagasaki,
Yamauchi, Yamauchi, & Takebayashi, 2016), and a nine-week multimodal mindfulness program
including yoga had an average completion rate of 70% (Everts, van der Lee, & de Jager
Meezenbroek, 2015). In an RCT for cancer survivors who were provided a yoga DVD along
with psychological and behavioral support, 75% of the participants used the DVD to engage in
yoga an average of three times/week during the eight weeks (Winters-Stone et al., 2018). In a
four-week RCT for young and middle aged health care workers, 69% of the participants
completed an at-home sun salutation intervention for pain relief, using a DVD, for six
minutes/daily (Sakuma et al., 2012). In an RCT for hypertensive adults (n = 115) delivered
through a CD for 12 weeks, 78% participated in yoga for at least nine of the 12 weeks (Wolff et
al., 2016). While the above studies were completely home-based, asynchronous technology has
also been used to facilitate home practice after attending in-person yoga classes. Data on
adherence to home practice is described below to offer more insight on the feasibility of
conducting a home-based yoga intervention.

Yoga interventions with home practice

In a systematic review of 465 yoga studies, 26% of the studies recommended home

practice as a part of their intervention (Elwy et al., 2014). Home practice may be an important

18



component of yoga and physical activity interventions because it provides opportunities for
participants to engage in the activity according to their convenience, get a higher dose of the
activity, or to get more skilled at the practice (K. J. Sherman, 2012). Additionally, home practice
has been associated with mindfulness, subjective well-being, BMI, sleep disturbance, and food
consumption, over and above years of practice or class attendance, among a national sample of
Iyengar yoga practitioners (Ross et al., 2013). In case of home practice, it has been
recommended that materials or facilitation aids be provided (K. J. Sherman, 2012), and these
include written instructions using diagrams, yoga mats and blocks, and audio or video CDs and
DVDs (Ward, Stebbings, Cherkin, & Baxter, 2014).

Yoga interventions with home practice have shown good adherence rates (Yang, 2007).
In 6-month yoga interventions, home practice was performed on 63% of all days (Flegal,
Kishiyama, Zajdel, Haas, & Oken, 2007) or 64% of the all days for an average of 38 minutes
(Oken et al., 2006). In an intervention of a shorter duration (12-weeks), adherence with home
practice was higher, at 86% (Tilbrook et al., 2014). Recently, Greenberg et al (2018) examined
whether compliance would differ with varying doses of home practice. In their study assessing
the impact of Kripalu yoga on stress reduction, 84 participants were randomly assigned to low,
medium, or high dose of yoga via home practice, for a duration of 12 weeks. Participants in the
low dose group were asked to practice for 10 minutes/day, six days/week, and those in the high
dose group were asked to practice for 40 minutes/day, six days/week. The medium dose group
was given flexibility in the duration. Out of six days, they were told to practice for 10 minutes on
three days/week, and for 40 minutes on the remaining three days/week. Average adherence was
68%. Adherence was defined as the number of days participants engaged in the prescribed dose

of at-home yoga (self-reported) and it was not statistically different (an average of 4 days/week)
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across the three conditions. In terms of adherence to the minutes, the low dose group showed the
highest compliance at 91%, which was significantly different than the adherence of the high
(63%) and the medium (58%) dose groups. This study provides promise for engaging in yoga at
home, with the best compliance rates for practicing 10 minutes/day.

In completely home-based or partially home-based interventions, compliance was
commonly measured through self-report, such as online or paper logs (Carmody & Baer, 2008;
Greenberg et al., 2018; Oken et al., 2006; Wolff et al., 2016). In a study to assess validity of self-
report measures of home practice, Uebelacker et al (2010) asked yoga practitioners to report on
their four-week home yoga practice through daily and weekly online logs. Participants reported
on frequency and duration of yoga classes, formal yoga practice (duration > 5 minutes), and
informal yoga practice (duration < 5 minutes). Adherence with the 28 daily logs was high, with
the majority of the participants (69%) having only four or fewer days missing. Only 19% of the
participants had complete entries. The compliance for weekly logs was much higher, with 72%
of the participants having complete entries. Participants also reported engaging in yoga at home
twice as much as going to yoga classes (Ms = 4.38 vs. 2.48). There was good agreement between
daily and weekly logs in tracking home yoga practice (ICC between 0.60 and 0.74). This study
shows that using weekly logs may provide reliable information about home practice while
reducing participant burden.

Physical activity and mindfulness interventions using asynchronous technology

Apart from yoga, physical activity and mindfulness interventions have also used
asynchronous technology as a delivery method. Studies have used DVDs to deliver aerobic,
strength, or flexibility based physical activities. Among clinical populations, exercise

interventions delivered using a DVD along with additional support through emails and
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phone calls had the following adherence rates to the prescribed exercise protocol: 69% for
a six-week intervention (J. Moore et al., 2009), 73.3% for an eight-week intervention
(Khalil et al., 2012), 71% for a 16-week intervention (Learmonth, Adamson, Kinnett-
Hopkins, Bohri, & Motl, 2017) and 89.2% for a 21-week intervention (Vestergaard,
Kronborg, & Puggaard, 2008). In a partially home-based exercise intervention using a
DVD to facilitate home exercise, adherence rates were not reported, but dropout was low
(<20%) (Hui et al., 2006) and participants reported satisfactionwith the intervention. A six-
month RCT among older adults (n = 307) comparing at-home exercise (flexibility, balance,
and toning) using a DVD three times/week, to an attentional control group, showed an
adherence of 75.7% to the exercise prescription, and improved functional fitness and
symptoms of anxiety and depression. On average, >80% of the participantsreported
satisfaction with the quality of the content and the program itself (Aguifiaga et al., 2018;
McAuley et al., 2013). In an eight-week dance RCT among young adults (n = 45, Mage
= 26 years) who engaged in Zumba for 60 minutes three times/week at home using a DVD,
average adherence to the prescription was 87% (Delextrat, Warner, Graham, & Neupert, 2016).
Similar adherence rates have been observed in mindfulness interventions. In an eight-
week mindfulness intervention for stress, depression, and anxiety, young adults (n = 26) engaged
in mindfulness through videos and reading material hosted on a website. All participants
completed the intervention and showed a decrease in stress, anxiety, and reaction time in the
Attention Network Task (Spadaro & Hunker, 2016). In a 12-week online mindfulness
intervention delivered through 15-minute audio and video modules for with adults with
fibromyalgia, the completion rate was 49%, with dropout rate being 15%. Even though the

completion rate was low, participants completed an average of 8 out of 12 sessions (M. C. Davis
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& Zautra, 2013). In another eight-week RCT among young adults (n = 65), completion rate of a
mindfulness intervention for stress reduction delivered via an audio CD was 64% (Warnecke,
Quinn, Ogden, Towle, & Nelson, 2011). In a meta-analysis of mindfulness interventions for
stress, depression, anxiety, well-being, and mindfulness, 12 of 15 studies delivered the
interventions using asynchronous technology such as videos uploaded on a website, or
smartphone applications (Spijkerman, Pots, & Bohlmeijer, 2016). The effect sizes for depression
and anxiety in these interventions was lower than observed for face-to-face interventions, but
that may be attributable to smaller number of studies included in the meta-analysis and
variability in study population. Five studies measured adherence, defined as completion of all
sessions, and it ranged from 39% to 92%. Jayewardene et al (2017) conducted a meta-analysis of
eight online mindfulness RCTs for stress reduction among non-clinical populations. A
significantmoderate effect was found for stress reduction over a course of two-twelve weeks,
with the highest effect among middle-aged adults. Five of these interventions included regular
email or phone calls or tailored feedback to motivate participants. Allexandre et al (2016)
randomized participants to asynchronous, synchronous, and face-to-face delivery of a
mindfulness intervention for stress reduction. All participants (n = 161, Mage = 40 yrs.) received
access to a website hosting mindfulness classes. The synchronous group additionally met
virtually once/week to practice mindfulness and the face-to-face group met three times during
the eight- week program. The asynchronous group received an audio CD of the program along
with the website access. There were no significant differences between adherence to the program
at the end of eight weeks (M = 63%), but those in the synchronous and face-to-face groups had a
highercompletion rate at one-year follow-up (41% and 48% vs 19%). Overall, there is evidence

that physical activity and mind-body interventions delivered through asynchronous technology
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have good adherence rates, comparable to face-to-face interventions.
Home-based yoga interventions using synchronous technology

Four yoga studies have been conducted using synchronous technology. In a qualitative
study by Muntean et al (Muntean et al., 2015), pairs of participants (n = 16) engaged in an
unsupervised yoga session at home through video chat applications such as Skype or FaceTime.
Limitations included having a limited field of view through the webcam and a lack of physical
touch for correcting postures. Yet, participants enjoyed engaging in the session with another
person real-time, as it gave a sense of community and accountability. They also did not report
having any inhibitions about being watched through the webcam while performing yoga poses,
most likely because they already had a social relationship with their partner. In another
qualitative study, Addington et al (2018) recruited four women undergoing breast cancer
treatment to engage in a yoga intervention through a videoconferencing application
(GoToMeeting). Participants practiced yoga for 75 minutes, two times/week, for 12 weeks.
While they enjoyed the yoga intervention, they reported having difficulties using the technology.
Schulz-Heik (2017) conducted a survey of veterans (n = 64) who engaged in an in-person yoga
program or teleyoga offered by Veteran Affairs Medical Center, to examine whether outcomes
differed by mode of delivery. There were no significant differences in the number of veterans
who attended either class (~30), reported satisfaction level with the classes (M = 82%), or in the
outcomes of the program such as self-reported anxiety, depression, and energy level. Donesky et
al (2017) conducted a non-randomized study of an eight-week teleyoga among 15 older adults
with heart failure and chronic obstructive pulmonary disease (COPD). It was theorized that
teleyoga would help people living with COPD overcome many of the serious health issues, such

as breathlessness and skeletal muscle myopathy, that restrict travel and accessibility. The yoga
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teacher engaged with participants twice weekly, through videoconferencing, wherein
participantsaccessed live classes on their internet-connected television. Participants could see
the teacher andvice versa, but could not see the other participants. Weekly phone calls were
made and information leaflets were mailed out each week for additional support. Intervention
feasibility was assessed via safety, adherence, and acceptability. Adherence to the intervention
was high, with a mean attendance rate of 14.5 out of 16 classes (90%). The intervention was
deemed as safe as no emergency room visits occurred due to the intervention, and the mean
heart rate, oxygen saturation rate, and perceived exertion stayed within safe levels. Acceptability
was high, with high mean scores for enjoyment, and low scores for perceived difficulty.
However, participants reported having difficulty using the videoconferencing technology in 45%
of the classes and only 23% of the classes were without technical issues.
Physical activity and mindfulness interventions with synchronous technology

Physical activity studies have been conducted using synchronous technology and have
also been compared to other delivery methods. Taylor et al (2009) conducted a study with older
adult stroke patients (n = 12), involving one hour of aerobic and strength exercise, twice/day, for
9 weeks. Participants and caregivers interacted with the staff through a television connected via
optical transport network. The remote participants attended an average of 70.4% of the sessions
and no adverse events were observed. Other studies conducted with older adults involving
aerobic, strength, or balance exercise sessions through videoconferencing, for the purpose of
rehabilitation, have shown average adherence rates of 87% (Lai, Woo, Hui, & Chan, 2004), and
97% (Russell, Buttrum, Wootton, & Jull, 2004). Taetzsch and colleagues (2019) compared a
face-to-face and videoconference delivered multi-component weight loss program which

included 150 minutes of exercise/week for 12 weeks, among adults (Mage = 42 years). The
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average attendance rate for both groups was high (90%). Retention rate, referring to participants
who did not dropout of the study, was significantly higher for the remote delivery method than
face-to-face contact (Ms 96% vs 70%). In a 10-week RCT for cancer survivors engaging in 90
minutes/week of moderate intensity aerobic exercise, retention rate was 89% and adherence to
the prescribed exercise dose was 84% (Courneya et al., 2003). In a 12-week RCT for cardiac
rehabilitation among adults (Mage = 61 years), an aerobic exercise program was delivered at
home, three times/week, through telemonitoring and tele-feedback, compared to face-to-face
contact (Rawstorn et al., 2018). Participants were provided with a sensor that tracked their
physiological responses such as heart rate and respiratory rate, which was connected to a
smartphone application that provided staff real-time access to participants’ data, allowing for
remote coaching and monitoring. While adherence to the prescribed exercise was lower than
other studies in the intervention group (M = 58%), it did not differ significantly from the control
group (M = 63%). In another internet-based intervention to promote physical activity, there
wereno significant differences in intervention effectiveness when comparing internet delivery to
face-to-face delivery (Steele, Mummery, & Dwyer, 2007). In a systematic review of home-
based physical activity interventions for older adults, Geraedts and colleagues (2013) found
home- based interventions that use non-frequent or frequent telephone contact, or direct remote
feedback to be as effective as supervised exercise programs. Particularly, direct remote feedback
seemed to be a good alternative to onsite exercise programs. In studies that measured adherence,
it was >60%, except for one study.

Krageloh and colleagues (2019) conducted a videoconference-delivered mindfulness
RCT among University students and staff (n = 32, Mage = 30 years). Participants met as a group

at a location in the University, and were connected with the facilitator through a
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videoconferencing application (GoToMeeting). Sessions were conducted once/week for 90
minutes and included breathing exercises, meditation, mindful movement, and educational
material. Average attendance to the sessions was 71.33%. Participants who attended at least 5 of
the 6 sessions were significantly better on outcomes such as depression, anxiety, and negative
affect, as compared to the control group. In another 12-week RCT for stress reduction, a
mindfulness program delivered in-person (n = 44) was compared to online delivery (n = 52),
once/week for 60 minutes. There was significantly lower dropout in the online group (3.8%) as
compared to the in-person group (27.3%), and the results were equivalent across both the groups
(Wolever et al., 2012). Aikens et al. (2014) conducted a seven-week RCT for stress reduction
among employees (n = 44) which included online mindfulness training once/week for 60
minutescompared to a waitlist control. The intervention included seated and standing
mindfulness movements, body scan, breathing exercises, and mindfulness exercises, along with
strategies to promote behavior change. Among the completers, 82.4% completed more than
75% of the program, attended an average of 79.1% of the sessions, and showed significant
improvement in measures of stress and mood. Similarly, an eight-week RCT comparing online-
delivered mindfulness for stress reduction which included a 2 hour weekly practice of hatha
yoga, Qigong, and meditation, in comparison to a waitlist control group, was conducted among
cancer survivors(n = 62, Mage = 58 years) (Zernicke et al., 2014). The average number of
sessions attended by participants was 66% and average engagement in home practice was 150
minutes/week. All participants reported being satisfied with the program and showed significant
improvement in stress symptoms and mindfulness, as compared to the control group. In another
eight-week intervention among participants with depression, weekly mindfulness classes were

delivered online either through the phone or the internet. 73% of the participants completed
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more than 50%o0f the intervention with no particular difference between the delivery modes, and
results showed a reduction in symptoms of depression (Thompson et al., 2010). Overall,
conducting a home- based yoga intervention may be feasible and beneficial, per evidence from
the studies above. Thenext sections will highlight theoretical constructs guiding technology-
delivered behavior change interventions.
Technology acceptance model

The Technology Acceptance Model (TAM) has been used as a conceptual framework to
understand the processes behind participants’ use and acceptance of technology. TAM was
developed based on a behavioral theory to inform the design and implementation of new
information systems, and to provide a theoretical basis to test a consumer’s acceptance of the
technology (F. Davis, 1985, 1989). TAM primarily focuses on two determinants of technology
usage—perceived utility and ease-of-use—as well as attitudes towards the technology.
According to theory and empirical validation studies, perceived ease-of-use has a direct effect on
perceived usefulness. These psychological constructs, in turn, influence the user’s intention to
use the technology (behavioral intent), which influences user behavior. The relationship between
perceived usefulness and behavioral intent is stronger than between perceived ease of use and
behavioral intent (Y. Lee et al., 2003). Apart from these, there are other variables that affect
behavioral intention to use the technology, such as computer anxiety, self-efficacy, enjoyment,
and experience (Y. Lee et al., 2003). There are also personal and external factors that affect
perceived usefulness and ease of use (Figure 1).

TAM has been supported in studies investigating the use of technology for physical
activity purposes. Lunney, Cunnigham, and Eastin (2016) assessed the adoption of wearable

fitness trackers for the purpose of engaging in physical activity, among working adults in
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the US.They found that perceived usefulness and attitude towards the device influenced
participants’ acceptance of the device and both perceived usefulness and perceived ease of
use were direct predictors of the fitness tracker usage. Similarly, perceived usefulness and
attitudes were predictive of the behavioral intention to use a gamified health management
app (Wen, 2017). In another study, willingness to continue using a fitness application was
predicted by perceived usefulness, perceived ease of use, and social norms (Beldad &
Hegner, 2018). While TAM may be effective in explaining the use and acceptance of
physical activity technology, it has been suggested that TAM be integrated with theories
that include additional variables related to behavioral change (Legris, Ingham, & Collerette,
2003).
Social cognitive theory

Interventions using constructs rooted in theory are significantly more successful than
those that are not theory based (Glanz & Bishop, 2010). Social Cognitive Theory (SCT) is a
theoretical framework that has been applied to guide behavioral change interventions. SCT
proposes that there is reciprocal causal interaction between three sets of factors, namely,
cognitive, behavioral, and environmental, that motivate and sustain an individual’s behavior
(Bandura, 1977). Self-efficacy, self-regulation, and outcome expectations are important
constructs in this theory that predict maintenance of health behaviors, including physical activity.

Self-efficacy is confidence in one’s ability to do a particular task successfully. Self-
efficacy has been repeatedly found to be one of the most important factors influencing
participation in, and continuation of, physical activity behavior. In a review of interventions
using the SCT versus other theories of behavior change, SCT constructs predicted participation

in four weeks of physical activity, with self-efficacy accounting for most of the unique variance
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(Dzewaltowski, Noble, & Shaw, 1990). Self-efficacy has been shown to be an important and
consistent predictor of physical activity maintenance, in a review of 44 studies using SCT
constructs (Young, Plotnikoff, Collins, Callister, & Morgan, 2014) and in other reviews (Rhodes
& Nigg, 2011). Self-efficacy is theorized to be increased from four sources of information:
mastery experiences, vicarious experiences, social persuasion, and individuals’ perceptions of
physiological and affective responses to behavior (Bandura, 1977). Mastery experience is
theorized to be the most effective source of self-efficacy, but all sources of self-efficacy may be
important depending on the time and context of the intervention (Gao, Xiang, Lee, & Harrison,
2008). Mastery may be important in the beginning of the intervention (Gao et al., 2008),
especially to ensure proficiency in the motor movements, before progressing to more difficult
movements. Feedback on performance and vicarious experience are also associated with high
levels of self-efficacy (Ashford, Edmunds, & French, 2010). By having a supervised intervention
along with feedback, before progressing toward the unsupervised part, mastery experience can be
facilitated for the participants. Another review of 22 studies among healthy adults found that
self-regulatory strategies were also a predictor of physical activity (Rhodes & Pfaeftli, 2010).
Self-regulatory strategies include planning, goal-setting, and self-monitoring of behavior.
Self-efficacy and self-regulatory strategies are a part of behavior change techniques
(BCTs). It is important to use theory and evidence-based behavior change techniques to sustain
physical activity during and after the intervention. Michie and colleagues (2009) conducted a
meta-analysis to identify the most effective BCTs to promote physical activity and healthy
eating, from a list of 26 BCTs. Self-monitoring (monitoring one’s change in behavior through
logs or diaries), combined with at least one technique from control theory, such as goal-setting or

feedback on performance, was significantly more effective than other techniques. In a systematic
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review conducted specifically among internet-based physical activity interventions, self-
monitoring and feedback were the most commonly used BCTs (Van Den Berg, Schoones, &
Vlieland, 2007). However, in a meta-analysis of internet-based physical activity interventions,
providing educational content, and not self-monitoring and goal setting, significantly moderated
increases in physical activity (Davies, Spence, Vandelanotte, Caperchione, & Mummery, 2012).
It is to be noted only 26% of the studies in this meta-analysis included participants who were
physically inactive at baseline, which was a significant moderator of intervention effectiveness.
The effectiveness of BCTs may differ based on whether participants are inactive or active at the
beginning of the intervention.

Studies have specifically examined which BCTs may be most effective in technology-
based health interventions, including physical activity. In a content analysis of lifestyle activity
monitors such as Fitbit (Lyons, Lewis, Mayrsohn, & Rowland, 2014), and smartphone
applications for health behaviors (Zhao et al., 2016), the most commonly present BCTs were
self-monitoring and provision of feedback. In a review of studies (n = 14) using BCTs in e-health
physical activity interventions for people with cardiovascular disease, the most commonly used
BCTs were information about consequences, goal-setting, and self-monitoring (Duff et al.,
2017). Similarly, e-physical activity interventions for people with diabetes included BCTs such
as feedback, barrier identification, and self-monitoring (Van Vugt, De Wit, Cleijne, & Snoek,
2013), and instruction, adding technology, information about consequences, and self-monitoring
(Kebede, Liedtke, Mollers, & Pischke, 2017). Webb and colleagues (2010) conducted a meta-
analysis of internet interventions (n = 85) for a variety of health behaviors. Results showed that
interventions based on behavior change theory had a significantly higher effect than those that

were not theory-based. The most common BCTs used in these interventions were providing
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information on consequences of the behavior, self-monitoring, and identifying barriers.
Modeling, relapse prevention/coping planning, facilitating social comparison, goal setting, action
planning, and provision of feedback on performance had a small significant effect on change in
behavior. Genugten and colleagues (2016) further conducted a meta-analysis of the above studies
to examine the interaction between BCTs and different modes of technological delivery. No
synergistic effects were found between delivery modes and BCTs, but they found that
interventions using barrier identification and providing rewards for change were the least
effective, as compared to interventions that used other combinations of BCTs. Overall, self-
regulatory strategies, such as self-monitoring, and strategies to improve self-efficacy, such as
providing instruction and feedback, seem to be the most popular and effective BCTs in internet-
based physical activity interventions.

While SCT and BCTs has been widely applied to increase exercise adoption and
maintenance, there are few studies that have applied these constructs to yoga interventions.
Among breast cancer survivors, a SCT-based yoga intervention for improving arthralgia was
designed to promote self-efficacy whilst engaging in the yoga intervention through performance
accomplishment, structured experience, verbal support, and physical feedback (Galantino et al.,
2012). Middle-aged women (n = 10) attended two Hatha yoga classes per week, for six weeks.
However, self-efficacy was not assessed at the end of the intervention. Participants reported
experiencing a feeling of community and empowerment, among other benefits. Mehta and
Sharma (2011) conducted a 10-week yoga intervention for alleviating anxiety, involving
knowledge, self-efficacy, outcome expectations, and outcome expectancies for yoga. Along with
postures, breathing, and meditation, each 50-minute yoga session included discussions about the

benefits of yoga (outcome expectations), gradual progression of yoga postures and exposure to
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role models (self-efficacy), role plays of breathing exercises, positive reinforcement, and weekly
reminders of these strategies. The control group was given the same yoga intervention without
addressing the constructs of SCT. Knowledge, self-efficacy and outcome expectations increased
in both the groups, whereas anxiety decreased only in the control group, possibly due to a higher
increase in self-efficacy. Sharma (2001) conducted a Kundalini yoga intervention among middle-
aged participants (n = 31) and examined its effect on SCT-based constructs. Knowledge,
outcome expectations, and self-efficacy for yoga and yoga postures increased significantly after
the intervention. The same SCT-based yoga intervention was implemented for smoking cessation
among young to middle-aged adults (n =21) in a RCT (M. Sharma & Corbin, 2006), and
included multi-site yoga classes, a yoga video to facilitate home practice, and phone calls from
staff members to encourage smoking cessation. Self-control for quitting increased in the yoga
group and decreased in the self-help control group at the end of the intervention, whereas no
change was seen in self-efficacy for yoga or quitting, in contrast to the non-randomized study. It
is to be noted that the attrition rate in this study was quite high (66.7%). In a RCT among
females with PTSD (n = 38), a Kripalu yoga intervention (vs. control) was held once/week for 75
minutes, for 12 weeks. While the intervention did not explicitly address components of SCT,
self-efficacy and self-regulatory strategies were assessed at baseline and end of the intervention
(Martin, Dick, Scioli-Salter, & Mitchell, 2015). The yoga group did not change significantly on
these variables but showed a significant decline in external self-regulation, implying a shift
toward internal motivation. An RCT among older women with knee osteoarthritis showed a
positive association between self-efficacy and adherence. SCT was used to increase adherence to
a 8-week yoga program along with home practice (Cheung, Wyman, & Savik, 2016). The

intervention included demonstration of yoga poses and individualized feedback by the instructor

32



to promote observational learning, strategies to promote self-efficacy and positive outcome
expectations, and a 5S-minute discussion before every session regarding the participants’ specific
concerns. Baseline self-efficacy for exercise was significantly correlated with adherence to the
yoga class. Overall, preliminary evidence from these studies shows that strategies to target SCT
constructs in yoga studies may increase self-efficacy and self-regulation, in turn affecting
outcomes, and increasing adherence. Given that yoga is different from physical activities such as
walking, more rigorous research (e.g. RCTs) is needed to understand how self-efficacy may be
optimized in a yoga intervention for improving adherence and study outcomes. See Figure 2 for
self-efficacy and self-regulation strategies used in this study.
Yoga as physical activity and overall health

As mentioned previously, Hatha yoga is the most popular form of Yoga in the US. Hatha
means to ‘hold firmly or closely.” Hatha yoga is said to be the path through which one builds
willpower and perseverance (Svatmarama & lyengar, 1992) and includes maintaining postures in
isometric contraction while standing, sitting, or lying down on the back or stomach, coupled with
breathing and meditation exercises. Hatha yoga is an umbrella term that includes different styles
of yoga that vary in their speed, difficulty of postures, or the type of movement, among other
aspects (Morone & Greco, 2007), and is most suitable for beginners. One popular style derived
from Hatha yoga is Iyengar Yoga, which involves the use of straps and blocks to aid body
alignment, intended to suit populations with physical ailments or chronic disease and beginners.
Since aids are provided, practitioners who have issues such as physical ailments, poor body
structure, poor proprioception, or less flexibility can slowly perfect their postures, with minimum
risk of injury. Other styles derived from Hatha yoga are more vigorous, such as Ashtanga Yoga

and Bikram Yoga. Some forms, such as Vinyasa yoga, focus on the flow of movement and can
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be of low or vigorous intensity, as the flow of movement is moderated by the instructor. Most
styles incorporate postures, breathing and meditation in some way or the other (Mehta &
Sharma, 2011). Hatha yoga is the most common form of yoga used in yoga interventions in
research, and is the most commonly practiced in the US. Yoga interventions have been
conducted with a wide variety of populations, and for a variety of health outcomes, as reviewed
below.
Clinical populations

Yoga has been tested as a form of symptom management or a complementary form of
treatment among clinical samples. These studies have examined whether yoga, when compared
to other physical activity modalities, or no physical activity, improved cognition, mood, fatigue
and other aspects related to well-being. Among participants with multiple sclerosis (MS),
evidence suggests yoga is equally effective as aerobic exercise for improving energy and vitality
(Oken et al., 2004), response inhibition (Sandroff, Hillman, Benedict, & Motl, 2015) and better
than aerobic exercise in improving attention (Velikonja, Curié¢, Ozura, & Jazbec, 2010), but had
no effect on some other cognitive tasks (Oken et al., 2004). A meta-analysis showed that yoga
was useful for improving mood and fatigue in participants with MS but not for muscle function,
cognition or health-related quality of life (Cramer, Lauche, Azizi, Dobos, & Langhorst, 2014).

Yoga has been effective among participants with type-2 diabetes in improving aspects of
cognitive function (Kyizom, Singh, Singh, Tandon, & Kumar, 2010; Mohanty, Metri, Nagaratna,
& Nagendra, 2015; Satish & Lakshmi, 2016). Several systematic reviews show positive effects
of Yoga on other symptoms and outcomes of diabetes such as glucose levels (Aljasir, Bryson, &
Al-Shehri, 2010; Innes & Vincent, 2007; Upadhyay, Balkrishna, & Upadhyay, 2008), although

long term effects are still inconclusive and more high quality studies are required. Systematic
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reviews have shown that yoga can modify biological risk factors for cardiovascular disease
(CVD), such as blood pressure and total cholesterol (Cramer, Lauche, Haller, et al., 2014;
Hartley et al., 2014; Raub, 2002) as well as CVD risk factors associated with insulin resistance
syndrome (Innes, Bourguignon, & Taylor, 2005) and risk factors for metabolic syndrome (P.
Chu, Gotink, Yeh, Goldie, & Hunink, 2016). Overall, most reviews concluded that more high-
quality studies are required to draw clear conclusions as there may be a high risk of bias in the
studies reviewed, but there was preliminary positive evidence for the benefits of yoga to these
clinical populations. Similarly, systematic reviews have shown positive results for yoga
intervention in populations with cancer (Buffart et al., 2012), chronic low back pain (Cramer,
Lauche, Haller, & Dobos, 2013), and chronic neck pain (Cramer, Klose, Brinkhaus, Michalsen,
& Dobos, 2017).
Mental health disorders

Yoga interventions have been conducted for symptom management in patients with
neurological, psychiatric or mental health disorders, although the evidence is at its preliminary
stage. A review of yoga interventions for participants with epilepsy, stroke, Alzheimer’s disease,
fibromyalgia, and peripheral nervous system disorders investigated the efficacy of yoga as an
adjunct to their usual treatment. Results showed that yoga was beneficial for symptom
management, such as improvement in mobility and reduction in stress, seizures, depression and
fatigue (Mishra, Singh, Bunch, & Zhang, 2012), similar to a review on schizophrenia,
depression, anxiety, and post-traumatic stress (Cabral, Meyer, & Ames, 2011). In both reviews,
the evidence was limited by lack of RCTs, small sample sizes, participant non-blinding, and
short duration of studies. Similar positive results have been shown in reviews for other mental

health disorders. For example, Balasubramaniam, Telles, & Doraiswamy's (2013) systematic
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review of RCTs targeting major psychiatric disorders concluded that yoga may be effective as an
adjunct form of therapy for mild depression, schizophrenia, ADHD in children, and sleep
disorders, but more high-quality research is necessary to draw a conclusion. These findings are
supported by another systematic review of RCTs for neurological and psychiatric disorders,
wherein more than 50% of the studies reviewed found positive evidence for symptom
management of the disorders (Meyer et al., 2012). Other systematic reviews have found a
moderate effect size for yoga among people living with schizophrenia (Cramer, Lauche, Klose,
Langhorst, & Dobos, 2013) and anxiety (Kirkwood, Rampes, Tuffrey, Richardson, & Pilkington,
2005). However, researchers have refrained from making any recommendation due to high risk
of bias in the studies (Cramer, Lauche, Klose, et al., 2013) and due to poor methodological
quality of studies (Kirkwood et al., 2005).

Some studies have assessed cognitive functioning among participants with mental health
disorders. Among patients with major depression, engaging in Sahaj yoga (along with anti-
depressant medicine) for 8 weeks resulted in improvements in tests of processing speed and
working memory (V. Sharma, Das, Mondal, Goswami, & Gandhi, 2006). Studies have shown
change in the biomarkers of neuroplasticity, such as brain derived neurotrophic factor after
engaging in yoga, in patients with depression (Naveen et al., 2013, 2016; Tolahunase, Sagar,
Faiq, & Dada, 2018).

Yoga for stress and anxiety reduction

Apart from clinical populations, yoga has been widely used for management of stre