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ABSTRACT 

Intimate partner violence (IPV) is a pervasive and insidious problem that results in 

considerable deleterious effects to the physical and psychological health of women, as well as 

their children. When women exposed to IPV are pregnant, it also results in poor pregnancy and 

birth outcomes for themselves and their fetuses. Evidence suggests that these impacts result due 

to toxic stress experienced by women exposed to IPV. Alternate nostril breathing (ANB), a slow 

yogic breathing technique, has demonstrated effectiveness in reducing stress in various 

populations, including women who were pregnant, but had not experienced IPV, and women 

who experienced IPV, but were not pregnant. This dissertation study aimed to determine the 

feasibility and acceptability of an intervention of ANB to reduce stress in pregnant survivors of 

IPV. Mitigating the stress of these women could potentially be an initial step in improving their 

pregnancy and birth outcomes. This mixed methods dissertation study initially was conducted in 

a face-to-face format, and included collection of salivary C-reactive protein (CRP) pre- and post-

intervention in order to assess convergence or divergence with results from pre- and posttest 

scores on the perceived stress scale (PSS-10), in addition to thematic analysis of post-

intervention interview data. Due to the onset of the COVID-19 pandemic, the study had to be 

revised to a completely online format. This was performed using the research electronic data 

capture (REDCap) program. CRP could no longer be collected in an online format. Conducting 

an interventional study with a highly vulnerable population (pregnant women exposed to IPV) 

during a pandemic proved to present considerable challenges to enrollment and retention. This 

dissertation describes the study and examines potential methods to improve recruitment, 

enrollment, and retention of a highly vulnerable population. 
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CHAPTER 1: INTRODUCTION 

Intimate partner violence (IPV) is a pervasive and insidious issue impacting the health of 

millions of United States (U.S.) citizens (Centers for Disease Control and Prevention [CDC], 

2020a). IPV is defined as “physical violence, sexual violence, stalking and psychological 

aggression (including coercive acts) by a current or former intimate partner” (CDC, 2020a, 

“Intimate Partner Violence,” para. 1). Although IPV can be perpetrated against all genders, 

women are inordinately affected (Caldwell et al., 2012; Smith et al., 2017), and violence 

perpetrated against women is more severe than that against men (Chisholm et al., 2017). The 

incidence of IPV is demographically widespread in the U.S., occurring in all states (Smith et al., 

2017), subcultures, religions, and socioeconomic groups (Miller & McCaw, 2019). For women 

in abusive relationships, pregnancy does not conclusively offer protection from physical and 

psychological violence (Alhusen et al., 2015; Bailey, 2010; Brownridge et al., 2011; Chambliss, 

2008; Chisholm et al., 2017; Taillieu et al., 2016; World Health Organization [WHO], 2011). 

Smith et al. (2017) conducted a nationwide study in the U.S. investigating the incidence 

of IPV. Over 37% of women reported experiencing some type of IPV in their lifetime; of those 

women experiencing IPV, greater than 32% reported physical violence. Of those reporting 

physical violence, more than 23% reported severe physical violence. Greater than 47% of 

American women reported psychological violence during their lifetime; and for more than 36% 

of women violence was sexual. More than 73% of American women exposed to IPV reported 

that the experience impacted them adversely in at least one way.  

Women exposed to IPV are at risk for a wide range of injuries resulting from physical 

violence. These injuries include increased risk for homicide and suicide; and increased risk for a 
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multitude of chronic diseases and conditions of the musculoskeletal, cardiovascular, respiratory, 

gastrointestinal, neurologic, immunologic, gynecologic, and endocrine systems (CDC, 2020b; 

Chisholm et al., 2017; WHO, 2017). They are also at considerable risk for many psychologic 

conditions, including anxiety disorders, depression, post-traumatic stress disorder (PTSD), and 

insomnia (CDC, 2020b; WHO, 2017). Physical and psychological stress resulting from exposure 

to IPV are factors implicated in the adverse health outcomes common to this population of 

women (Taillieu et al., 2016; Van Parys et al., 2015).  

IPV is a serious problem during pregnancy. The reported prevalence rates of IPV during 

pregnancy vary widely based on the type of IPV, population studied, and how it was assessed 

(Bailey, 2010). General prevalence rates during pregnancy are estimated at 2.2% (Pregnancy 

Risk Assessment Monitoring System, 2017). In addition to increased risks for several adverse 

health outcomes to their general health (CDC, 2020b; WHO, 2017), pregnant women who 

experience IPV face additional risks of poor pregnancy and birth outcomes (Alhusen et al., 2015; 

Brownridge et al., 2011; Taillieu et al., 2016; Van Parys et al., 2015; WHO, 2017).  

The societal impact of IPV is challenging to estimate, yet its detrimental influence on the 

emotional wellbeing, independence, and productivity of women is notable (WHO, 2012; 2017). 

IPV was found to be significantly associated with PTSD, depression, and economic 

independence; and in turn, financial, work, and interpersonal resource losses were shown to 

predict PTSD, depression, and economic independence, irrespective of the abuse experienced 

(Sauber & O’Brien, 2017). In particular, the relationship between PTSD and psychological abuse 

was significantly mediated by interpersonal resource loss (Sauber & O’Brien, 2017). Increased 

risk of homelessness for women and their children due to IPV (Bassuk & Rosenberg, 1988; 
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Bassuk et al., 1997; Nyamathi et al., 2001; Shinn et al., 1998; Wood et al., 1990), as well as 

housing instability (Adams et al., 2018; Pavao et al., 2007; Rollins et al., 2012), compounded 

risks for poor physical and psychological health for women survivors of IPV (Daoud et al., 

2016). Survivors’ financial hardship and stress increased, reducing their ability to provide self-

care, and leading to deterioration of their health (Daoud et al., 2016). Women survivors of IPV 

conveyed that they suffered from depression at least once, frequently in association with physical 

and other psychological illnesses, due to their experience of housing instability (Daoud et al., 

2016).  

A recent systematic review of 16 randomized controlled trials (RCTs) examining 

multicomponent interventions for women survivors of IVP revealed that only two studies 

investigated interventions to decrease stress (Sabri & Gielen, 2017), indicating a gap in 

knowledge for this population of women.  

Statement of the Problem 

IPV is an insidious stressor that can result in a pervasive, chronic state of stress in its 

survivors. Consequences to women’s health can endure, despite termination of violence (CDC, 

2020b; Chisholm et al., 2017).  

Significance of the Problem to the Target Population and to Health Care 

In the U.S., risk for adverse maternal and fetal outcomes were found to increase 

significantly for pregnant women exposed to IPV compared to those who were not exposed to 

IPV (Mogos et al., 2016). Mogos et al. (2016, p. 453) found that exposure to IPV during 

pregnancy increased odds for preterm birth (AOR = 1.97, 95% CI = [1.59, 2.44]), intrauterine 

growth restriction (AOR = 1.55, 95% CI = [1.01, 2.40]), stillbirth (AOR = 4.12, 95% CI = [2.75, 
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6.17]), and fetal death (AOR = 3.34, 95% CI = [1.99, 5.61]). Compared to pregnant women not 

exposed to IPV, pregnant women exposed to IPV are more likely to have inadequate, late, or 

absent prenatal care (Alhusen et al., 2015; Bailey, 2010; Chambliss, 2008; Taillieu et al., 2016; 

WHO, 2011).  

IPV is a serious problem impacting the affected women and their fetuses. Since one 

factor contributing to poor health outcomes in this population of women is excessive stress 

(Taillieu et al., 2016; Van Parys et al., 2015), an intervention to reduce stress could benefit them. 

One such intervention is yogic breathing. There has been a paucity of research conducted using 

yogic relaxation breathing as a technique for reducing stress in women survivors of IPV, 

especially in pregnant women. Considerable evidence exists that supports an intervention of 

yogic relaxation breathing as a safe, easy to perform, and efficacious method to reduce stress, 

and may provide psychological and physiological support for pregnant women survivors of IPV.  

Background on Yogic Relaxation Breathing 

Yogic breathing (traditionally called pranayama in India) derives from yoga (Cameron, 

2014; Gard et al., 2014; Sharma et al., 2013). Prana is “life-force” (Cameron, 2014, p. 124), 

“life-sustaining force” (Gard et al., 2014, p. 4), or “energy” (Brown & Gerbarg, 2005a, p. 189). 

Ayama is defined as “freedom or release” (Gard et al., 2014, p. 4), or “stretch or extend” (Goyal 

et al., 2014, p. 68). It is one of the eight limbs of Ashtanga yoga, the assemblage of practices best 

known in the global west (Cameron, 2014; Gard et al., 2014; Goyal et al., 2014). It is usually 

based on deep breathing approaches (Gard et al., 2014; Joshi et al., 2017; Perciavalle et al., 

2017). Yogic breathing is said to promote mental wellbeing, a calm alert state, enhance cognitive 

focus, and to optimize the stress response (Van Diest et al., 2014). One type of yogic breathing 
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technique that has been used to enhance parasympathetic nervous system (PNS) function, 

promote relaxation, and in stress reduction is alternate nostril breathing (ANB).  

Data for the prevalence of yogic relaxation breathing specifically as an independent 

practice from yoga within the U.S. are not currently available. However, the National Center for 

Health Statistics Report on complementary health approaches used by adults listed deep 

breathing techniques as the second most commonly practiced technique, reporting that 10.9% of 

the U.S. population surveyed used it independently or in combination with other modalities 

(Clarke et al., 2015). Yoga is the most commonly practiced mind-body technique used in the 

U.S., with 14.3% adults surveyed in 2017 practicing it (Clarke et al., 2018). Furthermore, its 

popularity as a mind-body technique has grown significantly since 2002 (Clarke et al., 2015; 

2017). This is relevant, since all types of yoga incorporates focused breathwork (Cameron, 

2014). Interest for use of yogic relaxation breathing in many health-related conditions is evident, 

including in stress reduction (Chandla et al., 2013; Chen et al., 2017; Dabhade et al., 2012; Goyal 

et al., 2014; Joshi et al., 2017; Joshi et al., 2016; Ma et al., 2017; Naik et al., 2018; Perciavalle et 

al., 2017; Peterson et al., 2017; Seppala et al., 2014; Sharma et al., 2013; Sinha et al., 2013; 

Turankar et al., 2013; Twal et al., 2016; Van Diest et al., 2014), hypertension (Brandani et al., 

2017), insomnia (Bertisch et al., 2012; Jerath et al., 2019), substance abuse (Brown & Gerbarg, 

2005; Saoji et al., 2019; Zope & Zope, 2013), and many other conditions (Saoji et al., 2019) 

based on literature searches conducted using it or other similar terms. Its most prevalent 

application, based on literature searches, appears to be in stress reduction (Appendix A – 

Manuscript 1). 



 

 

 

 

14 

Purpose of the Study 

The purpose of this study was to evaluate the feasibility of implementing an intervention 

of alternate nostril breathing (ANB) to reduce stress in pregnant women survivors of IPV (that is, 

facilitators of and barriers to implementation of yogic relaxation breathing). The aims of the 

study were as follows: 

Aim 1 

Assess the feasibility of study recruitment, enrollment, and retention. This will provide 

information on the appropriateness of sampling procedures.  

Assumption 1a. 15 – 20 pregnant women survivors of IPV will be recruited, and 70% of 

those will enroll in the study.  

Rationale. Sample sizes for phase 1 studies such as feasibility studies are small (Bowen 

et al., 2009; Julious, 2005; Orsmond & Cohn, 2015; Tickle-Degnen, 2013). Bowen et al. (2013) 

determined that the lower range of sample size for feasibility studies was 10 participants. Julious 

(2005) recommends a sample size of 12 participants as a rule of thumb for conducting a 

feasibility study, and for precision about the mean and variance.  

Assumption 1b. Retention rate of participants will be 80%. 

Rationale. Average attrition rates in health behavior change trials was found to be 17% 

in intervention conditions in a recent systematic review and meta-analysis (Crutzen et al., 2015). 

Estimating an attrition rate of 20% is appropriate for an intervention requiring the performance 

of a specific behavior. Therefore, an additional 20% of participants should be enrolled to ensure 

for the desired sample size at the conclusion of the study (Motulsky, 2018). 
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Aim 2 

Determine adherence to the intervention and quantitative study assessments. 

Aim 2a 

Determine adherence to and completion rates of data collection methods for assessment 

of salivary CRP and the perceived stress scale (PSS-10) scale. This will provide information on 

the evaluation of required resources and implementation of the intervention. 

Assumption 2a. 34-56% of participants will perform the intervention of ANB twice daily 

for six minutes per session for four weeks. 

Rationale. Interventions involving lifestyle and/or behavior change are exceptionally 

prone to low adherence rates (Friedman et al., 2015b). Studies investigating adherence on similar 

types of interventions for similar purposes reported adherence rates of 34% for a tailored online 

program for various psychological conditions (Batterham et al., 2018), 54% for an intervention 

of Bikram yoga in stressed and sedentary adults (Hewett et al., 2019), and 56% for a mindfulness 

meditation intervention using a mobile app (Huberty et al., 2019). 

Assumption 2b. 34-56% of the participants will complete collection of saliva for 

analysis of concentrations of CRP and complete the self-report assessment of perceived stress 

survey (PSS-10). 

Rationale. Adherence to an intervention is not directly related to attrition and retention 

rates, since features correlated with attrition and retention are not definitely related to the 

intervention itself (Sidani & Braden, 2011). Still, aspects of a study, such as taxing (for example, 

amount and duration of data collection procedures) and intrusive (for example, specimen 

collections) research measures could potentially influence adherence (Sidani & Braden, 2011). 
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The studies listed above used multiple surveys to collect data (Batterham et al., 2018; Hewett et 

al., 2019; Huberty et al., 2019), as well as collecting several types of physiologic measures, 

including drawing blood samples for various chemical and biological markers (Hewett et al., 

2019). 

Aim 3 

Describe participants’ perceptions of the acceptability of data collection methods (PSS-10 

and CRP) and their perceptions of ANB as an intervention through semi-structured interviews. 

This will provide information on the evaluation of data collection and analysis procedures, 

including pilot-testing the appropriateness of the interview guide. 

Aim 4 (Exploratory) 

Explore the convergence or divergence of the individual total scores on the PSS-10, 

concentrations of salivary CRP, and each participant’s descriptions of stress before and after 

implementation of ANB. This will provide a preliminary evaluation of the main relationships 

between variables and outcome measures.  

Conceptual Framework 

The theoretical framework of complex systems theory (CST) guided this research. In 

complex systems science (CSS) theory, health is described as an interaction among six essential 

domains: 1) physical; 2) environmental; 3) emotional; 4) social; 5) cognitive; and 6) semiotic – 

the latter defined as how individuals construct meaning related to their understanding of their 

health experiences (Topolski, 2009). Though these domains are internal or external to the 

individual, they nevertheless interact and exchange information in a dynamic, nonlinear fashion 

through time (Topolski, 2009). The interdependent interactions of complex systems demonstrate 
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complexity through one system’s various components interacting with one another, and through 

that interaction, result in collective behaviors of that system (Koithan et al., 2012). Complexity is 

also demonstrated through the system’s interaction with its environment (Koithan et al., 2012). 

Thus, CSS has been used to describe individuals (Hong & Hain, 2016), pregnancy (Downe, 

2010), and family structures, including those involving IPV (Burge et. al, 2014; 2016; 

Katerndahl et al., 2014a; 2014b; 2014c) as complex adaptive systems (CAS). 

Yogic relaxation breathing techniques such as ANB, a type of integrative health (IH) 

modality (Rioux, 2012) are believed to be a complex systemic intervention (Brown et al., 2013; 

Carter & Carter, 2016; Goyal et al., 2014; Jerath et al., 2012; Jerath et al., 2015; Payne & Crane-

Godreau, 2015; Sharma et al., 2013; Streeter et al., 2012; Twal et al., 2016), so CSS is well-

indicated for examining the relationships between this complex intervention and the complex 

biopsychosocial systems upon which it is believed to act. The dynamics of breathing is explained 

by fractal processes (West, 2013), exhibited by self-similarity (scale-in-variance), or the 

repeating and decreasing scale observed in the pattern of the bronchial tree (Goldberger et al., 

2013). Thus, the pattern in the smallest scale of the bronchial tree is similar to the pattern in the 

largest scale (Goldberger et al., 2002).  

Interventions to mitigate physical and psychological effects of IPV have demonstrated 

moderate but inconsistent results (Katerndahl, 2013; WHO, 2017). Interventions directed at 

decreasing the impact of IPV have failed to result in significant reductions in its consequences 

(McLean & Bocinski, 2017; Smith et al., 2017). Nonlinear systems perspectives such as CAS 

theory are believed to be ideal to examine complex interventions such as ANB aimed at 
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addressing the complex and interrelated processes contributing to adverse health outcomes in 

pregnant survivors of IPV. 

Psychoneuroimmunology (PNI) has demonstrated that composite interactions link the 

immune system to behavior and health outcomes (Bennett et al., 2013). Thus, the science of PNI 

was converged with CAS theory for this study to describe potential mechanisms of action 

occurring in responses to traumatic stress experienced related to IPV (Bennett et al., 2013; 

Jaremka et al., 2013; Joynt et al., 2003; Kendall-Tackett, 2009; Miller et al., 2009), the impact of 

maternal stress on the fetus (Blaze et al., 2017; DeSocio, 2018; Gilles et al., 2018; Huizink & de 

Rooij, 2018; Kuzawa et al., 2017; Murray et al., 2018; Rakers et al., 2017; Schepanski et al., 

2018; Van den Bergh et al., 2018; Zucchi et al., 2013), and the effect of ANB on responses to 

stress (Brown et al., 2013; Carter & Carter, 2016; Chandla et al., 2013; Goyal et al., 2014; Jerath 

et al., 2015; Payne & Crane-Godreau, 2015; Sharma et al., 2013; Streeter et al., 2012; Twal et al., 

2016; Van Diest et al., 2014).  

Some scientists differentiate between allostasis and homeostasis, suggesting that the term 

allostasis expands upon basic concepts of homeostasis by including the impact of psychosocial 

stressors on physiological functioning (Ramsay & Woods, 2014). Both terms share several 

concepts and are applicable to understanding the relationship between stress and its impacts on 

health (Billman, 2013; Ramsay & Woods, 2014), including the need to use nature to develop 

interventions that restore homeostasis (Billman, 2013). Allostasis is defined as the efforts of the 

system to sustain a sense of physiologic equilibrium during periods of stress by adapting to the 

external environment (Kendall-Tackett, 2009; Ramsay & Woods, 2014). Maintenance of 

allostasis is stated to occur from adapting the set point, anticipatory regulation through learned 
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responses, and through activation or deactivation of physiologic responses (Ramsay & Woods, 

2014). Allostatic load represents an accumulative, physiologic, and measurable impact on 

multiple body systems arising from extended exposure to biopsychosocial stressors (Kendall-

Tackett, 2009; Ramsay & Woods, 2014). Extended exposure to these stressors impairs the ability 

of compensatory mechanisms to react appropriately with a broad, systemic, adaptive, and 

flexible response that assists the body to revert to a state of prior stability or equilibrium 

(Kendall-Tackett, 2009; Ramsay & Woods, 2014). Disequilibrium of the system results when the 

system cannot effectively control stressors to maintain equilibrium (Kendall-Tackett, 2009; 

Payne & Crane-Godreau, 2015). In disequilibrium states, the system becomes overwhelmed, 

resulting in a chronic maladaptive state (Payne & Crane-Godreau, 2015). In states of persistent 

stress, allostatic load can cause poor health (Kendall-Tackett, 2009; Ramsay & Woods, 2014).  

Maternal prenatal psychosocial stress “is defined as maternal exposures to stressful life 

events, maternal perceptions of stress, and/or physical manifestations of the stress response 

during pregnancy” (DeSocio, 2018, p. 901). Adverse health outcomes for offspring secondary to 

maternal stress include shortened gestation (DeSocio, 2018; Gilles et al., 2018; Rakers et al., 

2017), decreased birth anthropometric measures (DeSocio, 2018; Gilles et al., 2018; Kuzawa et 

al., 2017; Rakers et al., 2017), cognitive and structural brain development deficits (DeSocio, 

2018; Huizink & De Rooij, 2018; Rakers et al., 2017; Schepanski et al., 2018; Van den Bergh et 

al., 2018; Zucchi et al., 2013), attention deficit hyperactivity disorder and other behavioral 

problems (DeSocio, 2018; Huizink & De Rooij, 2018; Murray et al., 2018; Rakers et al., 2017; 

Schepanski et al., 2018; Van den Bergh et al., 2018), schizophrenia and other psychiatric 

disorders (DeSocio, 2018; Huizink & De Rooij, 2018; Rakers et al., 2017; Schepanski et al., 
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2018; Van den Bergh et al., 2018; Zucchi et al., 2013), childhood obesity (DeSocio, 2018), 

epigenetic alterations and shortened telomere length (Blaze et al., 2017; DeSocio, 2018; Huizink 

& De Rooij, 2018; Murray et al., 2018; Rakers et al., 2017; Zucchi et al., 2013) (see Appendices 

A and B – Manuscripts1 and 2). 

Summary 

IPV is a serious problem impacting women in multiple ways, including their physical and 

psychological health, pregnancies, children, safety, and psychosocial wellbeing. The experience 

of IPV has been demonstrated to significantly contribute to the risk of poor outcomes these 

women face. The experience of excessive stress in this population of women has been implicated 

as a factor contributing to their poor health outcomes. Evidence suggests that ANB has been 

effective in reducing stress in various populations, but has never been studied in pregnant women 

exposed to IPV. An intervention of ANB in this population of women framed with CAS theory 

and PNI may be beneficial in reducing their stress levels. 
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CHAPTER 2: PRESENT STUDY 

Review of the Literature 

Several databases were explored to determine the prevalence of using yogic relaxation 

breathing as an intervention for stress reduction. Initially, three separate literature reviews were 

conducted. The first literature review was conducted in general populations, but had to be 

narrowed further to articles most relevant to the research topic of stress reduction, since this first 

search yielded either too few or too many results. The third literature review was conducted in 

pregnant women exposed to IPV. No studies in this third search were found that specifically used 

a sample of pregnant women survivors of IPV. This search only yielded results in the sub-

populations of interest, that is, women survivors of IPV who were not pregnant or pregnant 

women who did not experience IPV. A systematic review of the literature is in Appendix A – 

Manuscript 1. 

Study Design and Methods 

This study was approved prior to the start of the COVID-19 pandemic, and required 

modification during the pandemic. This section describes the initial design and methods, and the 

changes necessitated by COVID-19. 

The purpose of the study was to assess the feasibility of ANB, an integrative health (IH) 

modality, as an intervention to reduce stress in pregnant survivors of IPV, and to determine their 

acceptability of using ANB for this purpose. Many researchers who conduct studies on IH 

modalities recommend using a mixed methods research design to evaluate IH interventions 

(Verhoef et al., 2005).  
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Initial Study Design 

The initial study aimed to triangulate data on feasibility and acceptability, as well as to 

gauge whether the data collected (PSS-10 + salivary CRP + participant interviews) produced 

convergent or divergent results. Application of both quantitative and qualitative approaches 

would have allowed for a more thorough evaluation of various findings (Verhoef et al., 2005), 

including – as initially proposed – any potential changes in baseline results on psychological and 

biological measures to post-intervention results, in relation to responses from participants 

regarding their experience of using the intervention.  

Broadly, mixed methods research designs generally consist of qualitative and quantitative 

elements, which allow for improved comprehension of the issue under study; and take advantage 

of the strengths of each method while diminishing their limitations (Creswell & Plano Clark, 

2018a; Trochim et al., 2016a). The intention was to use both methods during data collection and 

analysis to identify how the results obtained from each supported or contradicted one another 

(Creswell & Plano Clark, 2018a; Trochim et al., 2016a).  

A fixed mixed methods convergent pretest-posttest design was intended for this study 

(Creswell & Plano Clark, 2018b). The quantitative and qualitative procedures were devised and 

established prior to beginning the study, as indicated for a fixed mixed methods design (Creswell 

& Plano Clark, 2018b). The intention was to: 1) collect quantitative and qualitative data at 

approximately the same time (Creswell & Plano Clark, 2018b), 2) analyze each form 

independently using appropriate methods for each, and 3) merge the results during final data 

analysis, as would be appropriate for a convergent design (Creswell & Plano Clark, 2018b). 

Quantitative and qualitative results would have been merged to compare results from each 
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method (Creswell & Plano Clark, 2018b), including the extent to which each set of results 

converged or diverged with each other (Creswell & Plano Clark, 2018b). The quantitative results 

from the PSS-10 and concentration of salivary CRP were to be examined for convergence or 

divergence with the qualitative results from participant interviews. Convergent results were to be 

used to interpret potential associations between methods (Creswell & Plano Clark, 2018b), that 

is, in participants’ individual total scores on the PSS-10, concentrations of salivary CRP, and 

their descriptions of stress before and after implementation of ANB. An explanation of the 

potential rationale for divergence, as well as a plan for supplementary analysis of data and/or 

additional data collection would have been provided in an effort to clarify the reason for 

divergence (Creswell & Plano Clark, 2018b). Results from each method would have been re-

examined to try to identify problems in data analysis in order to correct inaccurate analyses 

(Creswell & Plano Clark, 2018b). For the study, the QUAN + QUAL convergent design would 

have allowed for each approach to have equivalent importance in the conduction of the study 

(Creswell & Plano Clark, 2018b).  

The conceptual framework of CAS theory converged with a secondary model of PNI was 

used guide data collection and analysis of each approach. Using a mixed methods design for a 

study guided by CAS theory had strong support for addressing highly complex research 

problems (Koopmans, 2016; Poth, 2018) – known as wicked problems (Mertens, 2015; Mertens 

et al., 2016; Rittel & Webber, 1973) and grand challenges (Mertens et al., 2016; White House 

Office of Science and Technology Policy, 2015), or those representing socially interrelated 

background influences (Poth, 2018). These are problems for which little is conclusively 

understood and/or understanding is incomplete regarding the problem itself or its resolution 
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(Poth, 2018). Mixed methods and complexity theory would have allowed for a multilevel 

examination of various complex interactions (Koopmans, 2016).  

Since a paucity of data exists for the intervention of ANB in the pregnant women 

exposed to IPV, it was appropriate to conduct a feasibility and acceptability study. The literature 

is inconsistent about the goals of a feasibility study versus a pilot study (Arain et al., 2010; 

Billingham et al., 2013; Cope, 2015; Orsmond & Cohn, 2015; Tickle-Degnen, 2013). Feasibility 

studies use a less complex methodology and concentrate on fewer elements of a full-scale study 

than do pilot studies (Arain et al., 2010; Orsmond & Cohn, 2015). Feasibility study findings help 

to establish whether specific elements of a full-scale experimental trial are possible to implement 

(Cope, 2015; Orsmond & Cohn, 2015; Tickle-Degnen, 2013). Several researchers suggest that 

feasibility studies should consist of both quantitative and qualitative data collection and analysis 

methods (Bowen et al., 2009; Orsmond & Cohn, 2015; Tickle-Degnen, 2013), which fits well 

with using a mixed methods design.  

Study parameters that were evaluated in this feasibility study included ability to recruit 

participants; adherence, retention, and follow-up rates; appropriateness of sampling procedures; 

evaluation of required resources and implementation of the intervention; and evaluation of data 

collection and analysis procedures (Arain et al., 2010; Bowen et al., 2009; Cope, 2015; Orsmond 

& Cohn, 2015; Tickle-Degnen, 2013).  

Quantitative data were intended to inform the feasibility of the intervention by identifying 

potential concerns re: implementation and assessment (Friedman et al., 2015a; Orsmond & 

Cohn, 2015). Qualitative data from participant interviews were intended to further assess 
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acceptability of the intervention to participants (Bowen et al., 2009; Orsmond & Cohn, 2015; 

Verhoef et al., 2005).  

Initial Study Method 

Intervention. Alternate nostril breathing (ANB) is a slow yogic breathing technique 

believed to assist in reducing stress by improving parasympathetic nervous system response 

(Turankar et al., 2013). An illustrated guide for ANB is in Appendix D – Study Materials. ANB 

consists of: 1) sitting in a comfortable and relaxed position in a chair or on the floor with gaze 

focused or eyes closed; 2) folding the right ring finger into the palm of the right hand, and 

extending the right thumb and right pinkie finger; 3) placing the index and middle fingers of the 

right hand onto the forehead just above the eyebrows and centered directly above the nose; 4) 

using the right thumb to hold the right nostril closed, inhaling slowly and deeply through the left 

nostril; 5) after full inhalation, closing the left nostril with the right pinkie finger, releasing the 

right nostril, then exhaling slowly and deeply; 6) repeating this cycle from right nostril to left; 7) 

continuing for at least several more cycles (approximately six minutes), eventually ending with 

an exhale from the left nostril. Participants were instructed to focus on their breathing while 

practicing ANB.  

The immediate goal of the intervention was to reduce perceived stress in pregnant women 

survivors of IPV, and to decrease salivary CRP concentrations. The long-term goal was to 

potentially improve their pregnancy and birth outcomes. In the initial face-to-face study, specific 

strategies included a discussion on providing instruction on ANB. Providing information and 

education on the intervention was intended to improve intervention fidelity (Sidani & Braden, 

2011) and to promote adherence (Friedman et al., 2015b). Nonspecific strategies were to 
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reinforce the importance of participants’ daily practice, gaining their trust, and providing them 

with support by creating a warm, welcoming environment, demonstrating genuine empathy and 

concern, answering questions honestly, and permitting time for discussion (Friedman et al., 

2015b). These nonspecific strategies were also methods intended to improve adherence 

(Friedman et al., 2015b). Information provided for both specific and nonspecific strategies was 

consistently given for all groups. The mode of delivery used verbal and written mediums: a 

verbal format using face-to-face group or individual instruction (dependent on the number of 

participants enrolled at any given time), demonstration, and group or individual practice of ANB; 

and written format using an instruction sheet with ANB instructions and pictures for participants 

to use for daily practice (Appendix D – Study Materials).  

Allowing participants time to trial the intervention provided an opportunity for the PI to 

observe whether participants performed the intervention correctly, and was the method intended 

for assessing intervention fidelity (Sidani & Braden, 2011). Providing visual aids such as written 

instructions with pictures was the method intended for improving adherence (Friedman et al., 

2015b; Shadish, Cook, & Campbell, 2002). The technique was demonstrated during a one-time 

group or individual session to allow for corrections on the technique and to answer any 

questions. In the initial face-to-face study, the intervention was delivered for a duration of four 

weeks. The rationale for a four-week study duration was based on the evaluation period of the 

PSS-10. The frequency was minimally twice daily individual practice (mornings/evenings) for 

six minutes each. The intervention dose was determined based on sources and studies on ANB 

(Khalsa, n.d.; Peterson et al., 2017; Sharma et al., 2013; Sinha et al., 2013; Turankar et al., 

2013). Participants were asked to complete a form with the date, time, and duration of practice 
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performed mornings and evenings (in minutes) to document their adherence to the intervention 

dose and frequency (Appendix D – Study Materials). Participant record keeping of their use of 

the intervention the method intended for improving intervention fidelity (Sidani & Braden, 2011) 

and for monitoring adherence (Friedman et al., 2015b; Shadish et al., 2002). In order to support 

adherence to the intervention and retention in the study, participants were asked the best time to 

contact them, and were contacted weekly by a site visit from the PI to monitor participants’ 

practice by reviewing their completed daily practice forms, and to answer any questions. 

Providing reminders to participants was the method intended for this purpose (Friedman et al., 

2015b; Sidani & Braden, 2011), and was intended to support adherence by identifying issues so 

that they could be addressed in a timely manner (Friedman et al., 2015b).  

Additional methods to promote adherence included providing a phone number where 

participants could contact the PI with any issues (Friedman et al., 2015b), and providing 

incentives, for example, issuing gift cards for a small amount, to all participants that completed 

all study procedures (Friedman et al., 2015b; Shadish et al., 2002). In the initial face-to-face 

study, participants were given a choice between a Target or Walmart gift card in the amount of 

$25.00 to all those who complete the study. Researchers conducting studies on IPV 

recommended compensating participants for their participation and time with a gesture such as a 

gift card for a small amount (Btoush & Campbell, 2009; Logan et al., 2008) (Appendix D – 

Study Materials for the intervention outline.) 

Assessments. Quantitative data were obtained pre- and post-intervention using a scale to 

measure perceived stress, and initially, in measurement of a psychobiological marker of stress 

(Kazdin, 2017). The intent was to obtain qualitative data via post-intervention semi-structured 
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interviews to probe the fidelity of the performance of the intervention by participants by 

assessing their beliefs about the usefulness of the intervention and determining how it applies 

within their lives (Orsmond & Cohn, 2015; Trochim et al., 2016a).  

Scale. The primary outcome was perceived stress, defined as “the degree to which 

situations in one’s life are appraised as stressful (Cohen et al., 1983, p. 385). It was measured 

using the PSS-10 (Cohen, 1994), a 10-item, revised version of the original 14-item self-report 

scale developed by Cohen et al. (1983). The PSS-10 is scored by reversing responses to the four 

positively stated items, item 4, 5, 7, and 8, then summing across all items in the scale (Cohen, 

1994). Higher total scores indicate a higher level of perceived stress (Cohen, 1994). The PSS-10 

has been used in multiple studies to assess stress reduction while using an intervention of yogic 

relaxation breathing (Peterson et al., 2017; Sharma et al., 2013). The PSS-10 was also used in a 

study to evaluate a stress management intervention in pregnant women who were not exposed to 

IPV (Pinar et al., 2017). 

Reliability and validity of the measure. Cohen and Williamson (1988) conducted a 

factor analysis on the PSS-14 to identify correlations among the items, and four items that were 

deemed deficient were removed, thus creating the PSS-10. This minor correction on the PSS-10 

resulted in an estimated internal reliability of 0.78 (Cronbach’s alpha) (Cohen & Williamson, 

1988). The creators of the scale concluded that the PSS-10 was the most reliable version, and 

endorsed its use in subsequent research (Cohen & Williamson, 1988).  

Taylor (2015) conducted a psychometric analysis of the PSS-10 using a large sample 

from the National Survey of Midlife Development in the United States II, and consisting of 

Black and Caucasian adults of both genders and various ages. He found that when the scale is 
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used correctly inferences made using it are valid (Taylor, 2015). He determined that the 

subscales of the PSS-10 have a wide estimation range demonstrated by no evidence of item 

misfit after conducting an item analysis using the graded response model (Taylor, 2015). The 

graded response model is a group of mathematical models that addresses ordered polytomous 

categories such as never, almost never, sometimes, etc. used on assessment scales (Samejima, 

1997).  

To establish concurrent validity, the psychometric properties of the PSS-10 have been 

compared to several assorted scales commonly used in different populations of pregnant women, 

including the pregnancy experience scale (PES), state trait anxiety inventory (STAI), Speilberger 

state anxiety scale, life orientation test—revised, Edinburgh postnatal depression scale, and 

prenatal psychosocial profile (PPP) (Bann et al., 2017; Benediktsson et al., 2017; Solivan et al., 

2015). Bann et al. (2017) compared the PSS-10 to the PES and the STAI in a sample of 

primigravid women at two time points, and reported that their analysis of the psychometric 

properties of the PSS-10 demonstrated a high internal consistency reliability for the overall 

sample, with Cronbach’s alphas of 0.88 at the first visit and 0.89 at the third visit. Solivan et al. 

(2015) compared the PSS-10 to the perceived stress subscale of the PPP in a sample of pregnant 

women. Statistical analysis using Cohen’s kappa was used to evaluate inter-scale agreement on 

perceived stress dichotomously and in tertiles (Solivan et al., 2015). Moderate overall agreement 

between the two scales was demonstrated, with κ = 0.37 (Solivan et al., 2015). High agreement 

(κ = 0.61) was demonstrated when the highest stress tertile was compared to lower stress tertiles 

(Solivan et al., 2015). Solivan et al. (2015) determined that neither scale was appropriate for 

measuring low stress levels, due to discordant classification of women at these levels.  
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In studies that examined the effectiveness of relaxation breathing on stress reduction, 

Peterson et al. (2017) reported that the PSS-10 had good internal validity (α = 0.78) and good 

construct validity compared with other measures of stress, high internal reliability within the 

current sample (baseline α = 0.907, n = 461 and follow-up α = 0.874, n = 135); and demonstrated 

predictive validity for symptoms of depression and common physical symptomology in their 

study evaluating the effect of a relaxation breathing intervention on stress and general wellbeing. 

Pinar et al. (2017) reported that the Turkish version of the PSS-10 for test–retest reliability 

correlation was 0.88, and had a Cronbach’s alpha of 0.77 for the initial measurement in their 

study evaluating a stress management training intervention using relaxation breathing on 

depression, stress, and coping strategies in pregnant women. 

In the pretest-posttest design, the baseline level of the variables of interest were 

determined by testing participants prior to administration of the intervention, the intervention 

was performed for the designated period, and then participants were re-tested at the conclusion 

of the study period (posttest) to examine whether there was a difference in the level of the 

variables (Trochim et al., 2016b). An exploratory examination of the variables of interest were 

intended to be made from pre- to posttest to identify convergence or divergence among the 

individual participant’s results before and after implementation of ANB, but could not be 

performed due to an inability to reach a minimum sample size. The outcome variable was 

perceived stress, and in the initial face-to-face study, a secondary outcome variable was 

concentrations of CRP. When the study had to be revised to an online version, CRP could no 

longer be collected. The predictor variable was ANB.  
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Changes to the Study Design and Methods During COVID-19 

Data collection for this phase of the study began on June 23, 2020. As the coronavirus 

spread exponentially across the nation, several states and/or cities, imposed restrictions to 

community gatherings and social activities, including the closure of a variety of businesses, 

workplaces, and schools. The University of Arizona Institutional Review Board (IRB) mandated 

a COVID policy that suspended face-to-face data collection effective immediately upon its 

release. Information on recruitment during both phases of the study are in Appendix C – 

Manuscript 3. 

In the online version of the study, several revisions to the delivery of the intervention 

were necessary. The online version of the study was created using REDCap, which is robust 

software that facilitates the creation and delivery of online surveys, delivery of an intervention, 

text message reminders, and data management (Clinical & Translational Sciences Research 

Center, n.d.). The PI uploaded instructions for and a video recorded demonstration of ANB into 

REDCap. The instructions could be downloaded for use by participants. Nonspecific strategies 

intended to improve adherence had to be modified and limited to a phone number that 

participants could call to ask the PI if they had any questions. The intervention duration was 

reduced to one week in order to facilitate completion of the intervention. Participants received 

daily text message reminders through REDCap to complete the intervention. Participants 

indicated whether they practiced ANB each day during the week (‘Yes’/’No’) and the frequency 

of their practice, if they had practiced that day, directly into a survey created in REDCap. A 

posttest perceptions survey was created and added on REDCap to query about the specific details 

of the frequency and duration of their daily practice for the week, and their perceptions about the 
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ease or difficulty of learning ANB, how performing ANB made them feel, how likely they were 

to continue practicing ANB in the future, and in what situations and times they might use ANB. 

This survey also asked participants if they would be willing to participate in a brief interview. 

Initially, compensation remained at $25.00 in the participant’s choice of a gift card to Target or 

Walmart, but compensation was later increased to a total of $50.00 in an effort to increase 

enrollment (Appendix C – Manuscript 3 for additional details). 

All procedures were performed by participants online, including a screening survey that 

established eligibility to participate. Once eligibility was established, participants were directed 

to the consent form. If they agreed to consent, they were directed to complete a demographics 

form, and the perceived stress scale (PSS-10). Once these surveys were completed, the 

participants could proceed to viewing the instructional video on how to perform ANB. 

Thereafter, the participants could record their daily practice in the survey generated by REDCap. 

Text reminders with a link to the survey for the current practice day were sent to participants’ 

mobile phone number. For each practice day, the video and downloadable written instructions 

were available for participants to view if they chose to do so. Twenty-four hours after practice 

day 7, the participants received a text message reminder to complete the posttest surveys, which 

included the PSS-10 and the perceptions survey. If the participant agreed to interview, they were 

asked to call the PI on three specific days and times at their convenience. This was done to 

ensure for the safety of the participant by preventing the PI from calling the participant at an 

inconvenient or “bad” time, to avoid arousing suspicion in the abuser if the participant still lived 

with him. Participants that agreed to interview were sent a text message reminder to contact the 

PI for the interview 24 hours after they agreed to interview. 
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Institutional Review Board Approvals 

Initial approval from the University of Arizona IRB was obtained by the PI for a face-to-

face study that included collection of a biologic sample pre- and post-intervention to examine 

concentrations of salivary C-reactive protein, a marker of stress (Appendix E – Institutional 

Review Board Materials). At this time, only one site (a transitional home for pregnant homeless 

women) had agreed to participate. A second addendum was sought and granted when another 

site (an organization providing services to families to enhance wellbeing and mental health) was 

added to the study (Appendix E – Institutional Review Board Materials). Due to restrictions 

imposed by the COVID-19 pandemic, the initial study had to be revised to a fully online format, 

requiring a third addendum from the IRB (Appendix E – Institutional Review Board Materials). 

Salivary CRP could no longer be collected in the online version. The IRB required that a clause 

be added to the consent form with this addendum, that stated participant’s names, addresses, and 

social security numbers would need to be collected if compensation received from this study or 

in combination with other studies would equal $600 or more in a year. The clause was added, but 

despite participants’ eligibility, the consent form was not being completed. This was discussed 

with the dissertation team, as well as with the liaison from the CON to the IRB. Since this study 

did not meet requirements for this clause to be added, a fourth addendum was sent to the IRB 

requesting permission to remove the clause, and to increase compensation for participation in the 

study from $25.00 to $50.00 in gift cards of the participant’s choice. This addendum was 

granted, and the changes instituted (Appendix E – Institutional Review Board Materials). See 

Appendix C – Manuscript 3 for further details. 
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Ethics 

Pregnant women are considered a vulnerable population in research (DuBois et al., 

2012). Despite the impact of the trauma of IPV on the health of individuals, victims of IPV are 

not considered a vulnerable population by research regulations (Clark & Walker, 2011). 

Violence, including gender violence, is considered a social determinant of health that must be 

addressed in order to improve the health of individuals at risk for, or experiencing violence 

(Commission on Social Determinants of Health [CSDH], 2008), which speaks to the 

vulnerability of those who experience violence. Researchers who study IPV recognize the 

potential vulnerability of women who experience IPV, as well as the ethical challenges posed by 

conducting research with this population of women (Bender, 2017; Btoush & Campbell, 2009; 

Clark & Walker, 2011; DeMarni Cromer & Newman, 2011; Fraga, 2016; Logan et al., 2008; 

Paavilainen et al., 2014; Wagman et al., 2008). Conducting a study with such a vulnerable 

population during a pandemic proved to increase the difficulties associated with recruiting, 

enrolling, and retaining this population of women. 

In addition to general principles of autonomy, respect for persons, and beneficence that 

should be afforded to all research participants (Bender, 2017; Btoush & Campbell, 2009; Clark 

& Walker, 2011; DeMarni Cromer & Newman, 2011; Logan et al., 2008; Wagman et al., 2008), 

other measures have been suggested by researchers studying IPV. These include:  

• Assurance that every aspect of the research design and process considers the potential 

impact of procedures on participants (Bender, 2017; Clark & Walker, 2011; DeMarni 

Cromer & Newman, 2011) 
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o Every aspect of the research design and process considered the potential impact of 

procedures on participants. Any identifiable information such as participants’ 

names were not collected during the study, and any potentially identifiable 

information such as mobile phone numbers and email addresses were deidentified 

in the study. 

• Imperatives to research team members to examine their own beliefs, attitudes, and biases 

toward IPV and receive appropriate training to prevent further victimization and 

exploitation of participants (Btoush & Campbell, 2009; Fraga, 2016; Paavilainen et al., 

2014; Wagman et al., 2008) 

o All research team members were aware of their own beliefs and attitudes toward 

IPV, and these were clearly supportive of women who were exposed to it. 

• Implementation of additional precautions for ensuring for the safety of participants and 

research team members (Bender, 2017; Btoush & Campbell, 2009; Clark & Walker, 

2011; Fraga, 2016; Logan et al., 2008; Paavilainen et al., 2014; Wagman et al., 2008) 

o Every precaution was taken to ensure for the safety of participants and team 

members. 

• Heightened concern for maintenance of anonymity, privacy, and confidentiality of 

participants (Bender, 2017; Btoush & Campbell, 2009; Clark & Walker, 2011; 

Paavilainen et al., 2014; Wagman et al., 2008)  

o Maintenance of participants’ anonymity, privacy, and confidentiality was strictly 

protected. The PI successfully argued for protection of these concerns with the 
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IRB when it was assumed by the IRB that identifiable information on 

participants’ identities needed to be collected during the consent process. 

• Assurance that unbiased data analysis and interpretation, as well as equitable 

dissemination of results occurs, in order to benefit the target population and in allowing 

their voices to be heard (Clark & Walker, 2011; Logan et al., 2008; Wagman et al., 

2008). 

o Available data was analyzed and interpreted with sensitivity to individual 

participants, and dissemination of results has been implemented with the intention 

of benefiting the target population and allowing their voices to be heard. 

Equitable dissemination of results is important for encouraging development of new policies and 

interventions to assist women survivors of IPV (Bender, 2017; Clark & Walker, 2011; 

Paavilainen et al., 2014; Wagman et al., 2008). To achieve that end, two manuscripts describing 

the study have already been submitted to peer-reviewed journals and are currently under review. 

A third will be submitted to a peer-reviewed journal shortly (Appendix C – Manuscript 3). 

Results 

This section summarizes the characteristics of the sample and the results as reported by 

study aim.  

Characteristics of the Sample 

The median age of participants that completed the demographic survey was 28 years (n = 

9). The majority were white (88.9%), not Hispanic/Latina (66.7%). Forty-four percent of 

participants graduated college (44.4%). The income range of the majority of participants was 

$30,201 - $34,600 (28.6%). The majority of the participants were married/in a relationship 
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(88.9%), and were in this relationship for 0-5 years (75.0%). The majority of participants 

(88.9%) who responded to the question about how many children they had reported not having 

an existing child. The three participants who reported having children also reported that all their 

children lived with them. The majority of participants were in their third trimester of pregnancy 

(44.4%). The most commonly reported abuse experienced by the participants was equally 

distributed between physical (55.6%) and emotional/psychological abuse (55.6%). Complete 

results on demographic data for participants that completed that survey are located in Table 1. 

Table 1 

Characteristics of Participants (n=9) 

Characteristic N (%) 

Age (mean = 28, standard deviation = 3.04 3 (0.5%) 

Race 

    White 

    Black/African-American 

 

8 (88.9%) 

1 (11.1%) 

Ethnicity 

    Not Hispanic/Latina 

    Hispanic/Latina 

 

6 (66.7%) 

3 (33.3%) 

Education 

    Graduated high school 

    Some college 

    Graduated college 

 

2 (22.2%) 

3 (33.3%) 

4 (44.4%) 

Employment 

    Yes 

    No 

 

7 (77.8%) 

2 (22.2%) 

Annual Income 

    Less than or equal to $12,500 

    $21,351 - $25,750 

    $25,751 - $30,200 

    $30,201 - $34,600 

    $39,011 - $43,500  

    Greater than or equal to $43,501  

 

1 (14.3%) 

1 (14.3%) 

1 (14.3%) 

2 (28.6%) 

1 (14.3%) 

1 (14.3%) 

Married or in a Relationship 

    Yes 

    No  

 

8 (88.9%) 

1 (11.1%) 
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Table 1 – Continued  

Characteristic N (%) 

Years Married or in a Relationship with Current Partner (n = 8) 

    0 - 5  

    6 - 10  

 

6 (75.0%) 

2 (25.0%) 

Number of Weeks Gestation 

    Up to 13 weeks  

    14 - 26 weeks 

    27 - 37 weeks  

 

3 (33.3%) 

2 (22.2%) 

4 (44.4%) 

Types of Abuse and/or Threats/Intimidation 

    Physical abuse  

    Emotional/Psychological abuse  

    Sexual abuse  

    Threats of physical harm  

    Threats of sexual harm  

    Threats to keep/take things from you  

 

5 (55.6%) 

5 (55.6%) 

4 (44.4%) 

3 (33.3%) 

4 (44.4%) 

1 (11.1%) 

Number of Years Experienced Abuse 

    0 - 5  

    6 - 10  

    16 - 18  

 

7 (77.8%) 

1 (11.1%) 

1 (11.1%) 

Results for Aim 1 

Aim 1 was to assess the feasibility of study recruitment, enrollment, and retention: 

Feasibility of recruitment was partially established, as interest in the study was apparent by the 

number of women who responded and were eligible to participate. However, feasibility of 

enrollment and retention may have been significantly hampered by conditions created by the 

state and city shut downs resulting from the COVID-19 pandemic.  

One participant enrolled in and completed all study procedures and the post-intervention 

interview in the initial face-to-face version of the study. In the online version of the study, 67 

women responded. Of those who responded, 40 respondents were not eligible to participate in 

the study, and 27 respondents were eligible to participate. One eligible respondent declined 

participation in the study, and 12 did not complete the consent process. Fourteen of the eligible 

participants consented to participate, but only eight began the pretest surveys. Of those, four 
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completed the ANB instructions, but did not complete the intervention or posttest surveys. One 

eligible participant that consented to participate in the study completed the demographics form, 

but no other study procedures. Another eligible participant that consented to participate in the 

study only completed the pretest surveys. Of respondents that were eligible and consented to 

participate in the study, only two completed all study procedures. These two participants agreed 

to interview, but did not contact the PI, despite having been sent text reminders several times to 

do so. Additional details on recruitment, enrollment, and retention are in Appendix C – 

Manuscript 3. 

Results for Aim 2 

Aim 2 was to determine adherence to the intervention and quantitative study assessments: 

Adherence to the intervention and quantitative study assessments could not be established, 

because of inability to achieve sample size. 

Results for Aim 2a 

Aim 2a was to determine adherence to and completion rates of data collection methods 

for assessment of salivary CRP and the perceived stress scale (PSS-10) scale: Adherence to and 

completion rates for collection and assessment of CRP could not be established, as this 

procedure had to be abandoned when the study had to be revised to a fully online format. 

Adherence to and completion rates for collection of the PSS-10 was partially established. Nine 

participants completed the pretest PSS-10, but only three completed the posttest PSS-10. Results 

for the PSS-10 scores are in Table 2. 
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Table 2 

PSS-10 Scores 

Data Collection Point Mean (SD) Total Score 

Pretest Baseline Completers (n = 8) 16.5 (7.051) Pretest Posttest 

Pretest and Posttest Completers (n = 3) 

    Participant 0481-NT (R63) 

    Participant R12 

    Participant R18 

8.33 (3.21)  

9 

9 

19 

 

7 

12 

6 

Higher scores indicate more stress. Range of scores on the pretest: 7 – 25. Range of scores on the posttest: 6 – 12. 

Results for Aim 3 

Aim 3 was to describe participants’ perceptions of the acceptability of data collection 

methods (PSS-10 and CRP) and their perceptions of ANB as an intervention through semi-

structured interviews. Evaluation of the acceptability of study procedures and the intervention to 

participants could not be fully evaluated, since only one participant completed the semi-

structured interview. 

The participant (0481-NT [R63]) who was interviewed provided some pertinent insights 

into use of ANB in her experience of using it. She denied experiencing any particular feelings 

while answering the questions on the PSS-10, stating: 

No, questions like (pause), how often have I been irritated or how often did I feel 

bothered by things outside my control like, just looking back on the past month, um 

(paused a few seconds), you know, like, day to day, I guess like, I’ve had irritations, but 

overall, it seems like a lot less than like, I would have answered this in the past. Um, as 

far as like negative feelings go. And I feel like I’ve been able to handle things like, pretty 

decently. 
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When asked to describe the feelings that she was having, she stated: 

Yeah, little, little annoyances like things my partner would do that would just like, irritate 

me. Um (pause), like, he gets tired, and so he gets like, in a mood, and I feel like, I don’t 

know, in the back of my mind I’m like, the pregnant one here (laughs). Like (laughs), 

why are you being a baby? Um, but little things like that would annoy me. But as far as 

like, things that are important, um, I felt like I can handle them, like work, and um, where 

I’m at in life and things that I have to do for myself to um, move forward. I feel like, on 

top of that stuff. 

She denied disliking anything about providing a saliva sample, stating that she “thought it was 

pretty cool (appears excited),” and that she was “into science.” When she was asked to describe 

what it was like for her to learn ANB, she stated that it was “sometimes frustrating in the 

morning” because of difficulty breathing through one nostril related to a deviated septum, and to 

pregnancy-related nasal congestion. However, this participant did not report having the same 

difficulty performing ANB in the evening, and stated that, “But, other than that, I, I like it. It was 

relaxing [emphasis added]. In response to the question of if there was anything particularly easy 

or particularly difficult about performing ANB, she reported that it was difficult to focus on her 

breathing, stating, “Probably just staying focused on like, you know, just allowing myself that 6-

minute slot of like, doing just that.” When questioned about how she might use ANB going 

forward, she responded: 

Um, yeah, I haven’t had panic attacks in a while, but I feel like if I was going to, be 

feeling, like, you know especially anxious or maybe on the verge of a panic attack, it 
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would be a good breathing technique [emphasis added] to, you know, slow my heart rate 

and calm down [emphasis added].  

Her response to the question on how doing ANB made her feel, she took time to answer, 

obviously thinking about the question, then stated: “While it was hard to focus, it made 

me feel focused [emphasis added]. I don’t know if that makes any sense? (She took time 

to think again here.) Um (long pause), yeah, just very present [emphasis added].” Her 

response to the question of what she would tell another woman that was in a similar 

situation what it felt like to do ANB, she responded: 

(Paused) Um, I think that it would benefit people [emphasis added], that you 

know, um, who don’t, really like, have like, their own kind of practice, you know 

what I mean, but like need to have something where they like, kind of tune out 

and settle down. For me it was very like, calming [emphasis added]. And like 

when my mind is racing, things like this would be helpful. So, I would just share 

my experience. 

When asked if she was aware of using ANB in this manner, she responded that she was 

familiar with yogic breathing from doing yoga in the past, at the beginning or the end of a 

yoga session, but had never used it for daily practice to help herself feel a little better. 

When asked if she had anything she would like to add, she stated, “Um, I think doing it in 

the evening helps me mellow out and sleep better, cause my sleep has definitely been 

better [emphasis added].”  

This feasibility study did identify potential facilitators of and barriers to implementation 

of ANB in pregnant women exposed IPV, but only limited information on facilitators of and 
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barriers to assessment of the intervention itself since the targeted sample size was not achieved 

(Bowen et al., 2009; Friedman et al., 2015a; Orsmond & Cohn, 2015; Tickle-Degnen, 2013).  

In the perceptions survey, all three participants who completed the study procedures 

reported practicing ANB twice daily. Participant responses to the ease of learning ANB varied – 

one participant (R12) reported that it was “somewhat easy” to learn, whereas another participant 

(R18) reported that it was “extremely easy” to learn. A third participant (0481-NT [R63]) 

reported that it was “somewhat difficult” to learn. Two participants (R18 & 0481-NT [R63]) 

reported that it was “extremely likely” that they would continue to use ANB in the future, and 

one reported it was “likely” (R12) that they would continue to use ANB in the future. Participant 

responses to other questions in the perceptions survey are in Table 3.  

Results for Aim 4 (Exploratory) 

Aim 4 was to explore the convergence or divergence of the individual total scores on the 

PSS-10, concentrations of salivary CRP, and each participant’s descriptions of stress before and 

after implementation of ANB: Since the targeted sample size was not achieved, preliminary 

evaluation of the main relationships between variables and outcome measures could not be 

evaluated.  
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Table 3 

Participant Perceptions Survey Responses 

Perceptions Survey Question Mean (SD) Response 

Number of Days per Week ANB 

was practiced (n = 3): 

    Participant 0481-NT (R63) 

    Participant R12 

    Participant R18 

5 (1.73)  

 

7 

4 

4 

Free Text Perceptions Survey Responses 

For how many minutes were you able to practice 

ANB when you practiced it? 

    Participant 0481-NT (R63) 

    Participant R12 

    Participant R18 

Please describe how doing ANB made you feel. 

    Participant 0481-NT (R63) 

    Participant R12 

    Participant R18 

In what situations or times might you use ANB? 

    Participant 0481-NT (R63) 

    Participant R12 

    Participant R18 

Responses 

 

 

6 

10 

5 

 

I like it. It was relaxing. 

It can calm me down. 

Can help me calm down. 

 

When I’m feeling anxious or about to have a panic attack. 

I use it when I get discouraged. 

Practice when you’re alone. 

Discussion 

The purpose of this study was to determine the feasibility and acceptability of ANB to 

reduce stress in a population of pregnant women exposed to IPV. Despite apparent interest in the 

study, with 68 respondents to both phases of the study (initial face-to-face & online formats), and 

28 of the respondents eligible to participate, desired targets for enrollment and retention of 

participants were not achieved. Additional details on response to the study are in Appendix C – 

Manuscript 3. 

The sample had limitations. The majority of women were white, not Hispanic/Latina, 

college educated, employed, married or in a relationship for up to five years, and in their third 

trimester of pregnancy. The income most participants reported was less than or equal to $34,600, 
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well below the reported U.S. national median income of $47,299 for women in 2019 (United 

States Census Bureau, 2020). Most participants reported experiencing physical and 

psychological abuse, with sexual abuse and threats of sexual harm also commonly reported. 

Most participants also reported experiencing the abuse for up to five years, the same range 

reported for the years they were married or in a relationship. Whether these findings factored into 

low enrollment and retention rates could not be determined. However, these finding do indicate 

areas that should be further studied and evaluated in relation to the levels of stress these women 

experience. 

Evidence suggests that recruiting, enrolling, and retaining pregnant women in research 

studies can be difficult, since these women commonly report lack of interest in participating due 

to time and financial constraints, lack of convenience/transportation, and unavailability of 

childcare (Coleman-Phox et al., 2013; Frew et al., 2014; Goff et al., 2016; van der Zande et al., 

2018). It is not unreasonable to assume that most of these reasons for lack of participation would 

be mitigated by a study that was fully conducted online. However, this was not the case in this 

study. Potential reasons for difficulty in enrollment and retention may include challenges of 

conducting a study during a novel pandemic. The incidence of IPV was reported to increase 

during shut downs of states during the COVID-19 pandemic (Fielding, 2020). Yet, some states 

reported that calls to domestic violence help lines decreased (Evans et al., 2020; Fielding, 2020). 

This phenomenon may have resulted from survivors’ inability to access services owing to their 

forced confinement with their abusers (Evans et al., 2020; Fielding, 2020). The state and/or city 

shutdowns that occurred may have impacted participants’ ability to participate without concerns 

of initiating a violent episode if they were still living with their abuser. Furthermore, they may 
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have had their own challenges of dealing with children who were being schooled at home due to 

schools closing because of the pandemic. Another potential reason may be due to the difficulties 

of recruiting and retaining a highly vulnerable population – pregnant women exposed to IPV. 

Despite using different types of organizations and methods to advertise the study, gaining 

sufficient access to potential participants may be restricted without having a relationship with a 

gatekeeper at these organizations. Therefore, future attempts at conducting a study with this 

population of women may require developing community partnerships through community 

engagement research efforts. Still, researchers conducting studies with pregnant women report 

that these women prefer face-to-face interactions when participating in a study (Coleman-Phox et 

al., 2013; Frew et al., 2014; Goff et al., 2016), which may indicate that studies that are conducted 

fully online may not be as useful in this population of women. Also, performing an analysis of 

immigrant populations prevalent in an area where the study is being advertised, and including 

participation for those speaking the language of that prevalent immigrant population will likely 

be beneficial. 

Although data obtained were insufficient to be analyzed for relative change scores on the 

PSS-10 pre- and post-intervention, participants’ responses did indicate that ANB can be an 

acceptable and useful intervention to reduce stress in pregnant survivors of IPV. Results found in 

this study regarding the potential of ANB to assist practitioners to calm down and relax, reduce 

anxiety, decrease the heart rate, and to improve sleep reflect findings reported in the literature. 

Acceptability of using ANB by pregnant survivors of IPV is suggested by the likelihood that it 

would continue to be practiced by the participants, particularly when some type of negative 

emotion is experienced. Though these results are promising, further investigation would need to 
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be conducted to gain a complete understanding of using ANB to reduce stress in pregnant 

survivors of IPV. 
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Abstract 

Background: Stress resulting from intimate partner violence (IPV) on pregnant women causes 

and sustains poor health and contributes to poor pregnancy and birth outcomes. Appropriate 

interventions to reduce stress in this population of women are warranted. Objective: Present a 

systematic review and the state of the science of evidence on alternate nostril breathing (ANB) as 

a holistic intervention for stress reduction for pregnant survivors of IPV framed by Complex 

Adaptive Systems theory and psychoneuroimmunology (PNI). Data Sources: Eight databases 

and reference lists of potential articles. Study Eligibility Criteria: Randomized controlled trials 

published between January 2013 and July 2019. Participants: Adults. Intervention: ANB. 

Study Appraisal and Synthesis Method: Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines. Results: ANB is effective in reducing stress measured 

by psychological and biological indicators. Limitations: Studies were limited in ethnic and 

gender diversity, most populations Asian Indian and predominately male. Conclusions: Use of 

ANB as a safe and effective holistic intervention for stress reduction shows promise, but research 

in pregnant survivors of IPV is limited. Implications: Stress reduction benefits may be 

significant for pregnant survivors of IPV and their fetuses, with minimal risk.  

 Keywords: stress, pregnancy, intimate partner violence, alternate nostril breathing, 

psychoneuroimmunology 
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Alternate Nostril Breathing to Reduce Stress: An Option for Pregnant Women Survivors of 

Intimate Partner Violence? 

Nurses providing holistic care benefit from understanding how multiple factors 

(individual, environmental, societal, physiological, psychological) interact to cause illness and 

disease and play a role enhancing health by promoting wellbeing (Daruna, 2012; Yan, 2012).  

Slow yogic breathing interventions, such as alternate nostril breathing (ANB), have been 

useful in decreasing stress across a range of populations. ANB is an accessible, easy-to-perform, 

and safe controlled breathing exercise that has some support for its safety and efficacy in a broad 

demographic of individuals (Chandla et al., 2013; Chen et al., 2017; Dabhade et al., 2012; 

Franzblau et al., 2008; Goyal et al., 2014; Joshi et al., 2017; Joshi et al., 2016; Ma et al., 2017; 

Naik et al., 2018; Perciavalle et al., 2017; Peterson et al., 2017; Seppala et al., 2014; Sharma et 

al., 2013; Sinha et al., 2013; Turankar et al., 2013; Twal et al., 2016; Van Diest et al., 2014). 

ANB may be useful in reducing stress of women survivors of intimate partner violence 

(IPV). Examples of IPV include physical and/or sexual violence, psychological aggression, and 

stalking (Centers for Disease Control and Prevention [CDC], 2019b). One factor contributing to 

poor health outcomes in survivors of IPV is excessive stress (Taillieu et al., 2016; Van Parys et 

al., 2015). The literature is lacking in stress reducing interventions for women survivors of IPV 

in general (Sabri & Gielen, 2017). IPV also is a serious problem affecting pregnant women and 

their fetuses, with general prevalence rates estimated at 2.2% (Pregnancy Risk Assessment 

Monitoring System, 2017). Even less is known about stress reduction in pregnant women 

suffering with IPV. This manuscript presents the state of the science of ANB to reduce stress and 
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a systematic review (SR) of the literature to provide evidence for ANB as a holistic stress-

reduction intervention for pregnant survivors of IPV.  

Two theories that resonate with holistic nursing guided this inquiry: Complex Adaptive 

Systems (CAS) theory and psychoneuroimmunology (PNI). CAS theory views the individual as 

a complex, whole system, irreducible to its parts, with the whole greater than the sum of its parts 

(Bell & Koithan, 2006; Bell et al., 2012; Koithan et al., 2012; Rickles et al., 2007). CAS theory 

focuses on the individual as a complex system interacting with other complex systems and the 

environment. Ultimately, this interaction impacts the occurrence of illness or health (Bell & 

Koithan, 2006; Bell et al., 2012; Koithan et al., 2012; Rickles et al., 2007). PNI is useful for 

explaining how holistic body-mind interventions, such as ANB, result in complex interactions 

between multiple organ systems to improve health (Daruna, 2012; Yan, 2012). PNI provides a 

holistic context to describe 1) the impact of stress resulting from the experience of IPV on 

women, 2) the pathways by which IPV causes and sustains poor health and contributes to poor 

pregnancy and birth outcomes, 3) the effects of maternal stress on the fetus, and 4) mechanisms 

of action of ANB.  

ANB is a type of controlled breathing derived from yoga, a holistic body-mind practice 

that originated in India more than 3,500 years ago (Cameron, 2010; Carter & Carter, 2016; Gard 

et al., 2014; Sharma et al., 2013). Yogic breathing consists of regulating breathing using various 

fast or slow techniques (Cameron, 2010; Gard et al., 2014; Goyal et al., 2014; Naik et al., 2018; 

Peterson et al., 2017; Sharma et al., 2013; Twal et al., 2016; Van Diest et al., 2014). Every yogic 

breathing technique involves voluntary breathing and incorporates conscious use of the 

diaphragm (Chandla et al., 2013; Gard et al., 2014; Goyal et al., 2014; Joshi et al., 2017; Joshi et 
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al., 2016; Peterson et al., 2017; Pramanik et al., 2009; Sharma et al., 2013; Sinha et al., 2013). 

Yogic breathing purportedly optimizes the stress response (Van Diest et al., 2014), and 

downregulates arousal (Gard et al., 2014). Owing to these characteristics, yogic breathing has 

been used to promote relaxation and reduce stress by enhancing parasympathetic nervous system 

(PNS) function (Brown et al., 2013; Turankar et al., 2013; Twal et al., 2016).  

State of the Science 

Stress and Its Impact on Pregnant Women 

Pathways by which IPV Causes and Sustains Poor Health 

Numerous deleterious effects of traumatic stress on physical and emotional wellbeing 

have been identified through PNI (Bennett et al., 2013; Jaremka et al., 2013; Kendall-Tackett, 

2009; Payne & Crane-Godreau, 2015). Composite interactions link the immune system to 

behavior and health outcomes (Bennett et al., 2013). Available evidence suggests that traumatic 

stress such as that resulting from IPV activates the immune and inflammatory systems, initiating 

responses that increase concentrations of stress hormones and inflammatory mediators in the 

bloodstream (Bennett et al., 2013; Jaremka et al., 2013; Kendall-Tackett, 2009). Recurrent 

exposure to trauma conditions the immune and inflammatory systems to react to potential or 

impending stress-inducing incidents rapidly and persistently (Kendall-Tackett, 2009; Payne & 

Crane-Godreau, 2015). An elaborate interaction between the sympathetic and parasympathetic 

branches of the autonomic nervous system (ANS), the ANS and the immune system, and cortical 

and subcortical regions of the brain initiate the stress response (Payne & Crane-Godreau, 2015). 

Evidence further suggests that chronic stress can injure the hippocampus, resulting in HPA axis 

dysfunction that results in pathological secretion of cortisol (Sapolsky et al., 1985). Persistently 
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elevated cortisol concentrations can impair sensitivity of glucocorticoid receptors, resulting in 

dysregulation of immune cells that release proinflammatory cytokines, and thus increase 

inflammation (Miller et al., 2002; Webster et al., 2002). Chronic stress has been shown to 

increase release of the excitatory neurotransmitter glutamate within the amygdala, and this 

neuronal hyperactivity has been linked to depression, anxiety, and other stress-induced 

conditions (Zhang et al., 2019). Communication between the neurologic, immune, and endocrine 

systems is multidirectional, which generally permits a cohesive response between them (Maier & 

Watkins, 1998; Wrona, 2006). Yet, bidirectional communication between these systems also 

heightens risk for dysfunction to occur if one system is compromised (Bennett et al., 2013). 

Several adverse health outcomes can result with abnormally elevated and chronic 

inflammation, including cardiovascular disease, type II diabetes, cancer (Bennett et al., 2013; 

Jaremka et al., 2013; Kendall-Tackett, 2009), neurodegenerative diseases (Bennett et al., 2013; 

Jaremka et al., 2013), gastrointestinal disorders, and chronic lung diseases (Kendall-Tackett, 

2009). These adverse health outcomes are common to women exposed to IPV (CDC, 2019b; 

Chisholm et al., 2017; World Health Organization [WHO], 2017). Other common outcomes of 

IPV, such as depression, anxiety, insomnia, smoking, and poor nutrition elevate inflammation 

(Bennett et al., 2013; Jaremka et al., 2013; Kendall-Tackett, 2009). Women exposed to IPV are 

often isolated from friends and family by their abusers; lack of social support is also linked to 

abnormal elevations in inflammation (Bennett et al., 2013; Jaremka et al., 2013; Kendall-Tackett, 

2009). These stressors can interact, resulting in exponential increases in inflammation (Bennett et 

al., 2013; Jaremka et al., 2013).  
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Marital discord itself increases stress and depression in individuals, in part through 

psychoneuroimmunological mechanisms (Jaremka et al., 2013). Depression has been linked to 

amplification of the inflammatory response to acute stressors (Miller et al., 2009; Pace et al., 

2006). It has also been suggested that the association between depression and inflammation is 

bidirectional – depression increases inflammation and inflammation fosters depression (Miller et 

al., 2009). Even physiological stressors such as giving birth are amplified by women who are 

depressed: women diagnosed with major depression had higher concentrations of IL-6 

postpartum than those who were not diagnosed with major depression (Maes et al., 2001). 

Depression is a common adverse psychological outcome in women exposed to IPV, especially 

during pregnancy (Brownridge et al., 2011; Chambliss, 2008; Van Parys et al., 2015). 

Effects of Maternal Stress on the Fetus 

Multiple studies have examined the effect of maternal prenatal psychosocial stress on the 

developing fetus and its implications for the health of offspring during their lifetimes. Although 

the pathways by which maternal prenatal stress impacts fetal development and health outcomes 

for offspring are multifactorial, complex, and not completely understood, these studies implicate 

the effect of the maternal physiological stress response (e.g., HPA axis function, stress hormones, 

and inflammatory mediators) on fetal growth and development, DNA, and/or HPA axis function 

(Blaze et al., 2017; DeSocio, 2018; Gilles et al., 2018; Huiznk & de Rooij, 2018; Kuzawa, Fried, 

Borja, & McDade, 2017; Murray et al., 2018; Rakers et al., 2017; Schepanski et al., 2018; Van 

den Bergh et al., 2018; Zucchi et al., 2013), which ultimately alters stress reactivity in offspring, 

and increases their susceptibility to physical, psychological, and behavioral disorders (DeSocio, 

2018; Huizink & de Rooij, 2018; Murray et al., 2018; Rakers et al., 2017; Zucchi et al., 2013). 
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The synergistic interaction of maternal stress, mental illness, substance abuse, infection, poor 

maternal nutritional intake, inadequate maternal antenatal healthcare utilization, and poor 

maternal-fetal attachment is cited to lead to poor health outcomes in children whose mothers 

experienced prenatal IPV (Murray et al., 2018). The synergistic impact of these pathways must 

be considered when developing interventions for pregnant women experiencing stress, especially 

those who are survivors of IPV (Alhusen et al., 2015; Bailey, 2010; Chambliss, 2008; Taillieu et 

al., 2016; WHO, 2011). A holistic intervention such as ANB has potential to address this 

synergistic impact more readily than traditional interventions alone (Carter & Carter, 2016; 

Daruna, 2012; Jerath et al., 2015; Yan, 2012), thus resulting in improved health outcomes for 

both mother and fetus. Pregnant women who are survivors of IPV have undoubtedly experienced 

toxic stress that threatens their health and the health of their fetuses. Development of feasible, 

portable interventions with demonstrated effectiveness to reduce their stress levels are warranted 

for improving their pregnancy and birth outcomes. 

Mechanisms of Action of ANB 

ANB is believed to assist in balancing the sympathetic and parasympathetic branches of 

the ANS – particularly in mitigating the SNS dominance associated with sustained stress 

(Peterson et al., 2017). Multiple studies have demonstrated the effect of ANB to enhance PNS 

function, promote relaxation, and reduce stress (Chandla et al., 2013; Goyal et al., 2014; Joshi et 

al., 2016; Naik et al., 2018; Peterson et al., 2017; Sharma et al., 2013; Sinha et al., 2013; 

Turankar et al., 2013; Twal et al., 2016).  

Initiation of the stress response increases cardiac and respiratory rates, blood pressure, 

skin conductivity, and muscle tension (Jerath et al., 2015) (Figure 1). Various psychological 



 

 

 

 

72 

states are known to influence the ANS and cardiorespiratory function (Kreibig, 2010). Negative 

or positive psychological states such as stress or calmness are believed to impact the ANS 

through sympathetic or parasympathetic nervous system activity (Kop et al., 2011). Jerath et al. 

(2015) suggested that negative affective states stimulate the SNS. Stimulation of the PNS is 

suggested to result in universal inhibition and hyperpolarization (Jerath et al., 2015). Deep, slow 

breathing techniques such as ANB are proposed to stimulate the PNS, which increases 

synchronization of cardiorespiratory function, resulting in inhibition and hyperpolarization of 

cells in the amygdala and thalamus, and transference to PNS control (Jerath et al., 2012). Deep 

breathing techniques such as ANB have demonstrated effects on optimizing heart rate variability 

(HRV), a positive indicator of enhanced PNS functioning and an improved stress response 

(Chandla et al., 2013; Van Diest et al., 2014). Additionally, the improvement in PNS activity 

through breathing techniques like ANB are presumed to target the stress response by increasing 

action of the inhibitory neurotransmitter gamma amino-butyric acid (GABA) system within the 

brain, including through stimulation of vagal nerves, and ultimately decreasing allostatic load 

(Brown et al., 2013; Streeter et al., 2012). Multiple outcomes of PNS stimulation also include 

affects to the HPA axis through its conduits to the hypothalamus, amygdala, and hippocampus, 

which facilitates an increase in GABA levels in the hippocampus and decreases cortisol 

concentrations (Brown et al., 2013). Stimulation of vagal nerves through deep, diaphragmatic 

breathing may increase release of oxytocin, vasopressin, and prolactin, hormones believed to be 

associated with increasing emotions of love, bonding, and empathy, and improving feelings of 

general wellbeing (Brown et al., 2013).  
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Respiration is the only autonomic function that is readily managed through voluntary 

control, and can therefore be used to influence the PNS toward adaptive responses to stress 

(Streeter et al., 2012). Research suggests that body-mind interventions such as ANB may directly 

affect the subcortical brain and may be potentially more effective than conventional therapies in 

managing stress-related maladaptive behaviors (Jerath et al., 2015; Payne & Crane-Godreau, 

2015). ANB assists in bringing the user to a state of calmness and relaxation, and alters focus 

from existing or potential challenges (Payne & Crane-Godreau, 2015). The concerted focus of 

the mind while practicing ANB may be the mechanism by which mind and respiration interact 

(Carter & Carter, 2016; Goyal et al., 2014; Payne & Crane-Godreau, 2015; Sharma et al., 2013; 

Twal et al., 2016). A state of relaxation is induced through recursive feedback loops by 

decreasing excitability of muscle and other tissues, stimulating stretch receptors in lungs, and in 

neural tissues and processes within cardiorespiratory and neurologic systems (Carter & Carter, 

2016; Goyal et al., 2014; Payne & Crane-Godreau, 2015; Sharma et al., 2013; Twal et al., 2016).  

Physical and psychological functioning may improve with regular practice of ANB 

through appropriate PNS stimulation, which balances influences of the SNS on immune / 

inflammatory responses (Carter & Carter, 2016; Payne & Crane-Godreau, 2015; Sharma et al., 

2013; Twal et al., 2016). The potential for ANB to restore balance between the sympathetic and 

parasympathetic branches of the ANS is believed to promote positive psychological states by 

reducing anxiety and stress (Streeter et al., 2012) safely and effectively.  

Examination of novel interventions that may alleviate stress, anxiety, and depression for 

pregnant women is essential and warranted (National Center for Complementary and Integrative 
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Health, 2016). Reducing stress associated with IPV may be helpful for overcoming psychosocial 

dysfunction and health disparities that are prevalent in pregnant survivors of IPV.  

Impact of Intimate Partner Violence on Women’s Health 

IPV is a pervasive and insidious issue impacting the health of millions of US citizens 

(CDC, 2019a). The incidence of IPV is demographically widespread in the US, occurring in all 

states (Smith et al., 2017), subcultures, religions, and socioeconomic groups (Miller & McCaw, 

2019). For women in abusive relationships, pregnancy does not necessarily offer protection from 

physical and psychological violence (Alhusen et al., 2015; Bailey, 2010; Brownridge et al., 2011; 

Chambliss, 2008; Chisholm et al., 2017; Taillieu et al., 2016; WHO,  

2011). 

Women exposed to IPV are at risk for a wide range of injuries resulting from physical 

violence. These injuries include increased risk for a multitude of chronic diseases and conditions 

impacting body systems (CDC, 2019b; Chisholm et al., 2017; WHO, 2017). They are also at 

considerable risk for many psychologic conditions, including anxiety disorders, depression, 

posttraumatic stress disorder (PTSD), and insomnia (CDC, 2019b; WHO, 2017). Consequences 

to women’s health can endure, despite termination of violence (CDC, 2019b; Chisholm et al., 

2017). Women exposed to IPV at any point in their lifetime, even if it ended years prior, assessed 

their physical and mental health as poor twice as often as those who were never exposed to IPV 

(WHO, 2012). Physical and psychological stress resulting from exposure to IPV are factors 

implicated in the adverse health outcomes common to this population of women (Taillieu et al., 

2016; Van Parys et al., 2015). In addition to increased risks for several adverse health outcomes 

to their general health (CDC, 2019b; WHO, 2017), pregnant women who experience IPV face 
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additional risks of poor pregnancy and birth outcomes (Alhusen et al., 2015; Brownridge et al., 

2011; Taillieu et al., 2016; Van Parys et al., 2015; WHO, 2017).  

Adverse pregnancy and birth outcomes experienced by pregnant women exposed to IPV 

include preterm labor and birth, placental abruption, uterine rupture, low birth weight, infection, 

poor maternal nutrition/weight gain, pregnancy-induced disease, and fetal demise (Alhusen et al., 

2015; Bailey, 2010; Brownridge et al., 2011; Chambliss, 2008; Taillieu et al., 2016; Van Parys et 

al., 2015; WHO, 2011). Exposure to IPV can severely impact the health and development of the 

fetus (Taillieu et al., 2016; Van Parys et al., 2015; WHO, 2017). Poor physical and mental health 

during pregnancy has implications for children’s health after birth, including physical, cognitive, 

and emotional problems; and impaired maternal-child attachment (Bailey, 2010; Chambliss, 

2008; Izaguirre & Calvete, 2014; Taillieu et al., 2016; WHO, 2011). 

Women are vulnerable during pregnancy because of the physical and psychological 

adaptations they undergo during this period (Brownridge et al., 2011; Van Parys et al., 2015). 

Evidence has demonstrated that IPV impacts the health of pregnant women because stressors 

experienced from the trauma of IPV intensify the normal stressors of pregnancy (Brownridge et 

al., 2011; Van Parys et al., 2015). The combined exposure to stressors of IPV and those of normal 

pregnancy increase the vulnerability of pregnant women exposed to IPV even further. 

In summary, ANB reduces stress by enhancing PNS function, and has demonstrated 

effectiveness in stress reduction in several populations. It is a safe, easy to learn and perform 

intervention, and may be useful in alleviating stress in pregnant survivors of IPV. Reducing stress 

levels in these women has great potential to improve their physical and psychological health, 

pregnancies, and birth outcomes.  
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Systematic Review 

The question guiding this SR was: “Does the evidence on ANB support its use as a 

holistic intervention to reduce stress in pregnant survivors of IPV?” The SR followed the 

PRISMA guidelines (Moher et al. & The PRISMA Group, 2009).  

Search Strategies and Information Sources 

The first search determined the prevalence of using yogic breathing as an intervention for 

stress reduction. Search terms reflected known variations of name and technique of yogic 

breathing interventions (Van Diest et al., 2014). The search limits were publication dates between 

01/2013 and 07/2019, English language, and peer-reviewed. The selection criterion was 

randomized controlled trials (RCTs). This initial general search yielded too many unspecific 

results, so a second search narrowed articles to those most relevant to stress reduction.  

Eight databases (Table 1) were explored in the second search (conducted in the general 

population). Reference lists of selected articles were examined for relevant articles using the 

same search terms, limits, and selection criterion. A search was then performed on Google 

Scholar by entering the titles of these potentially relevant articles. In the third search (conducted 

in pregnant survivors of IPV) four databases (Table 1) were explored. Reference lists of research 

articles selected for consideration in this search were also examined for articles meeting the 

selection criterion. Then a search was performed on Google Scholar by entering the titles of 

these potentially relevant articles. This search yielded several articles that were duplicates or 

were minimally/non-relevant to the purpose of the search.  

A third search targeted databases that yielded the most results from the second search, 

using similar search limits but narrowed to pregnant survivors of IPV. In the third search four 
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databases (Table 1) were explored. Reference lists of research articles were also examined using 

the procedure described above. This search only yielded results in women survivors of IPV who 

were not pregnant or pregnant women who did not experience IPV, and generated many 

duplicates or minimally/non-relevant articles. Thus, the search yielded no studies specifically 

targeting pregnant survivors of IPV.  

Study Selection  

Studies that met selection criterion from the second database search (conducted in the 

general population) were screened for inclusion in the SR. Studies using reference lists of these 

articles that met the selection criterion were also considered in the final evaluation. After 

reviewing the abstracts of these articles, those that were not RCTs were removed from inclusion. 

The remaining RCTs obtained from the databases and reference lists were reviewed for use of 

ANB as an intervention. Studies that met criteria from the third database search (conducted in 

pregnant survivors of IPV) only yielded studies conducted in populations of women survivors of 

IPV who were not pregnant, and those who were pregnant but did not experience IPV. 

Unfortunately, none of these studies used ANB, but did use a type of relaxation breathing. Thus, 

the studies using a form of relaxation breathing in these two subpopulations were examined.  

Data Collection Process and Data Items 

The first author extracted data from the study articles independently; extraction was 

confirmed by a second member of the team. Studies were examined for similarities and 

dissimilarities in several study characteristics. 

Specific variables examined were study purpose, study population, sample size, sample 

demographics, type of ANB used, measurement scales for stress and/or other psychological 
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states, measurement of biological indicators of stress, intervention duration, study duration, study 

results, and risk of bias.  

Risk of Bias in Individual and Across Studies 

Risk of bias in individual and across studies was assessed by carefully examining the 

study article for potential sources of bias. The Revised Cochrane Risk-of-Bias tool for 

randomized trials (RoB 2) was used to assess risk of bias in individual studies and across studies 

(RoB2 Development Group, 2019). 

Results 

Study Selection  

In the second database search conducted in the general population, relevant studies were 

assessed for eligibility, and additional articles were identified by examining the reference lists of 

the relevant studies. Studies that met the selection criterion were considered in the final 

evaluation. After reviewing the abstracts of these articles, those that were not RCTs were 

removed from inclusion. The remaining RCTs were reviewed for use of ANB as an intervention, 

and those that used ANB were included for use (Figure 2 for details).  

In the third database search conducted in a population of pregnant survivors of IPV, no 

studies relevant to the purpose of the SR were found. Studies conducted in pregnant women or 

women who experienced IPV were assessed for eligibility. Additional articles were identified 

from examining the reference lists of the studies selected from this search. Studies that met the 

selection criterion were considered in the final evaluation. After reviewing the abstracts of these 

articles, those that were not RCTs were removed from inclusion. Seven studies from this search 

met criteria of interest were identified for inclusion; three RCTs in populations of women 
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survivors of IPV, and four RCTs in those who were pregnant. None of these studies used ANB, 

demonstrating that no studies to date have used ANB as an intervention to reduce stress in 

pregnant survivors of IVP (Figure 3).  

Study Characteristics and Risk of Bias Within and Across Studies 

Study characteristics are listed in Tables 2 and 3. The most frequently occurring risk of 

bias across studies that may affect cumulative evidence was bias due to deviations from intended 

interventions. Other types of bias that may affect cumulative evidence were randomization 

process bias, measurement of the outcome bias, and missing outcome data bias (Table 4). 

Results of Individual Studies 

Chandla et al. (2013) demonstrated a significant reduction in anxiety levels post 

intervention, and demonstrated significant improvement in the experimental group post 

intervention. Naik et al. (2018) demonstrated that ANB resulted in a significant reduction in PSS-

10 scores with a clinically significant magnitude reduction (delta change) in PSS-10 scores for 

the experimental group. Sharma et al. (2013) demonstrated that ANB is effective in reducing 

perceived stress and in the ability of specifically slow yogic breathing to decrease cardiac indices 

indicative of stress response, including heart rate, diastolic blood pressure, mean arterial 

pressure, rate pressure product, and double product; showing it is an effective intervention for 

reducing stress. Turankar et al. (2013) demonstrated that ANB is effective in reducing pulse rate 

and galvanic skin response, corroborating other studies that measured these parameters and 

found similar results. Twal et al. (2016) demonstrated that ANB is effective in decreasing some 

salivary cytokines (IL-1β, IL-8, & MCP-1) that are increased during stress states.  

Synthesis of Results for ANB as an Intervention to Reduce Stress 
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Slow yogic breathing techniques have shown effectiveness in several studies with 

demographically diverse populations in reducing multiple indicators of stress (Chandla et al., 

2013; Chen et al., 2017; Ma et al., 2017; Naik et al., 2018; Perciavalle et al., 2017; Seppala et al., 

2014; Sharma et al., 2013; Turankar et al., 2013; Twal et al., 2016), implying its broad 

applicability. Five of these nine RCTs used a version of ANB in their interventions (Chandla et 

al., 2013; Naik et al., 2018; Sharma et al., 2013; Turankar et al., 2013; Twal et al., 2016) and are 

included in this review (Table 2).  

The five RCTs using ANB measured one or more biological parameters of stress, and 

demonstrated efficacy of ANB for reducing stress when assessed by these parameters. Biological 

parameters measured included cardiorespiratory function (n=3), skin conductivity (n=1), heart 

rate variability (n=1), and salivary pro-inflammatory cytokines (n=1). Of the five studies that 

measured physiological parameters of stress, three also used psychological measures. Combined 

biological and psychological assessments showed overall improvements in stress, supporting the 

correlation between the intervention and outcome of interest (Kazdin, 2017).  

Two of the three studies that used psychological measures used the PSS-10 (Naik et al., 

2018; Sharma et al., 2013). The third study (Chandla et al., 2013) used three different 

psychological scales to measure a variety of emotional states related to stress (i.e., anxiety, 

memory, & general wellbeing).  

Risk of Bias Within and Across Studies in General Populations 

Risk for bias due to deviations from intended interventions – effect of assignment to 

intervention bias due to lack of blinding of participants, researchers, and/or evaluators were 

apparent in all of the reviewed RCTs (n=5), as well as deviations from intended interventions – 
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trial context: effects of recruitment that could influence the outcome (n=4). All of the studies also 

demonstrated some form of risk from the randomization process. Most of the studies 

demonstrated risk in measurement of the outcome bias (n=4). Risk of missing outcome data bias 

due to attrition was demonstrated in one of the five RCTs. Concerns regarding the potential for 

bias due to inadequate or selective reporting due to failure to disclose both funding sources or 

conflicts of interest was demonstrated in two of the five RCTs. A summary table with additional 

details of these studies is found in Table 4. Taken together, the studies suggest that ANB can 

positively influence the stress response, thereby improving resistance to stressors and mitigating 

health risks (Carter & Carter, 2016; Goyal et al., 2014; Kendall-Tackett, 2009). The scientific 

base for yogic breathing, specifically ANB, as a potential intervention for pregnant survivors of 

IPV is subsequently examined. 

Synthesis of Results Supporting an Intervention of ANB for Reducing Stress in Pregnant  

Women Survivors of IPV 

The literature search yielded seven RCTs that used a yogic breathing intervention in 

samples of women who were relevant for pregnant survivors of IPV (Table 3). Three of these 

studies investigated stress reduction in women survivors of IPV who were not pregnant 

(Franzblau et al., 2008; Kokka et al., 2019; Michalopoulou et al., 2015). The remaining four 

studies investigated stress reduction in pregnant women who were not exposed to IPV (Bastani et 

al., 2005; Kantziari et al., 2019; Pinar et al., 2017; Tragea et al., 2014). Although all of these 

studies used a form of yogic breathing in a combined intervention to reduce stress, none of them 

used ANB.  
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Franzblau et al. (2008) used three different interventions (giving testimony, yogic 

breathing, or giving testimony combined with yogic breathing) in a sample of American women 

exposed to IPV. Kokka et al. (2016) used a combination of relaxation breathing, progressive 

muscle relaxation, and guided imagery in a sample of Greek women exposed to IPV. 

Michalopoulou et al. (2015) used relaxation breathing and progressive muscle relaxation in a 

sample of Greek women exposed to IPV. 

Bastani et al. (2005) used deep breathing and muscle relaxation in a sample of pregnant 

Iranian women. Kantziari et al. (2019) used diaphragmatic breathing and progressive muscle 

relaxation or diaphragmatic breathing and guided imagery in a sample of pregnant Greek 

women. Pinar et al. (2017) used breathing and muscle relaxation exercises in a sample of 

pregnant Turkish women. Tragea et al. (2014) used relaxation breathing and progressive muscle 

relaxation in a sample of pregnant Greek women.  

Only one study analyzed the yogic breathing portion of the combined intervention 

separately (Franzblau et al., 2008). None of the studies measured biological parameters of stress, 

relying only on psychological scales. All studies except one (Franzblau et al., 2008) measured 

stress using the Perceived Stress Scale. Four of the studies reported effect sizes ranging from 

small to large (Bastani et al., 2005; Kantziari et al., 2019; Kokka et al., 2019; Michalopoulou et 

al., 2015), which supports the efficacy of the intervention. This literature review revealed that no 

intervention studies using ANB have been done to date to reduce stress in pregnant survivors of 

IPV, and reveals a gap in knowledge that should be addressed to provide a holistic and 

potentially beneficial, safe, and cost-effective intervention for pregnant survivors of IPV. 

Risk of Bias Within and Across Studies in Pregnant Women and Survivors of IPV 
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All of the studies demonstrated some form of risk from the randomization process. 

Deviations from intended interventions and in measurement of the outcome bias due to lack of 

blinding of participants, researchers, and/or evaluators were apparent in all of the reviewed 

RCTs, although Pinar et al. (2017) did blind participants to conditions. Potential for missing 

outcome data bias due to attrition was evident in five of the seven RCTs. Some concerns 

regarding inadequate/selective reporting were apparent in most of the studies, with authors 

failing to disclose both funding sources or conflicts of interest (n=3), funding sources (n=2), 

conflicts of interest (n=1), or aspects of the intervention (n=2). See Table 4 for additional details. 

Limitations 

A limitation in conducting this SR was the dearth of literature available on the use of 

ANB for stress-reduction in pregnant survivors of IPV. In addition to the risks of bias previously 

discussed, most of the studies conducted in the general population were limited in ethnic and 

gender diversity, most using populations of Asian Indians (Chandla et al., 2013; Sharma et al., 

2013), who were male (Naik et al., 2018; Turankar et al., 2013). There was no indication in two 

studies that a power analysis had been conducted (Chandla et al., 2013; Naik et al., 2018). Two 

studies did not provide reliability and validity data for the PSS-10 (Naik et al., 2018; Sharma et 

al., 2013). A potential limitation in two studies was lack of measurement of biochemical and/or 

physiological parameters of stress (Naik et al., 2018; Sharma et al., 2013). Chandla et al. (2013) 

reported that it was challenging to maintain subjects’ participation and motivation for duration of 

study, and noted that few studies have been conducted on yogic breathing. We observed that 

researchers did not specify how participants were randomized to groups, and did not provide 

information on whether groups were demographically similar. Naik et al. (2018) reported that 
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participants with psychological conditions were not excluded from participation. Sharma et al. 

(2013) reported that only one self-report measure was used to assess stress. We observed that age 

diversity of sample was limited (all young, 18-25 years), and researchers did not specify how 

participants were randomized to groups. Turankar et al. (2013) reported no limitations for their 

study. We observed this lack of discussion on potential limitations as a limitation, and researchers 

did not specify how participants were randomized to groups. Twal et al. (2016) reported that 

cytokine concentrations at time 0 were obtained after the experimental group learned ANB, 

which may have influenced cytokine concentrations and may not reflect true baseline values. We 

observed that the intervention duration was very brief (20 minutes), and researchers did not 

specify how participants were randomized to groups. 

All of the studies conducted in pregnant women who did not experience IPV, and most of 

the studies conducted in women survivors of IVP who were not pregnant were limited in in 

ethnic diversity of the women, and the breathing intervention was not evaluated separately from 

the other components of the intervention in all but one of these studies. None of these studies 

measured biological indicators of stress. Most did not include any type of blinding. Bastani et al. 

(2005) reported that some aspect of group sessions other than the relaxation technique itself may 

have reduced anxiety and perceived stress, and socializing after training sessions (in person or 

over phone) could have provided social support that influenced outcomes for experimental group 

participants, frequency of home practice was based on unverified, subjective self-reports, and 

long-term changes in anxiety and stress were not assessed. Potential limitations Kantziari et al. 

(2019) reported were use of self-report tools, the degree of compliance was not measured, and 

participants’ expectations for benefit could bias results. Pinar et al. (2017) did not report 
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limitations. We observed this lack of discussion on potential limitations as a limitation. Pinar et 

al. (2017) also did not describe the breathing technique nor the muscle relaxation exercises, 

effect sizes were not stated, and researchers stated in their conclusion that pregnant women 

should be given a music CD to listen to in the home but did not report on nor discuss use of a 

music CD in their report. Tragea et al. (2014) reported several limitations, including 1) results 

may be partially differentiated in the experimental group due to influence of the trainer-

consultant; 2) more frequent phone and/or personal contact with the trainer in the experimental 

group may have assisted in reducing stress and anxiety independent from the intervention; 3) it 

was not possible to monitor and control adherence to intervention, other than using a diary to 

record frequency of practice; 4) results may not be generalizable to all populations of pregnant 

women due to potential differences in demographics; 5) specific demographics of their sample of 

pregnant women may have influenced adherence to and expectation of an effect; 6) use of per 

protocol analysis despite similar numbers of attrition in both groups; and 7) scales used measured 

stress in general, not specific to pregnancy, since these are considered more predictive and 

reliable for assessing for premature birth.  

Franzblau et al. (2008) stated that the sample size was small, and the study duration was 

brief (4 days). Kokka et al. (2016) reported several limitations, including 1) the sample size was 

relatively small, 2) the study/intervention duration was short, 3) difficulty monitoring 

compliance, and 4) inability to determine if participants were receiving other interventions while 

participating in study. We observed that researchers did not specify how participants were 

randomized to groups. Michalopoulou et al. (2015) reported that all measures relied on self-

report, short study duration (8 weeks), and the control group did not receive any form of stress 
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reduction intervention, increasing potential for differences in outcomes. We observed that 

techniques used for relaxation breathing nor progressive muscle relaxation were described. 

Discussion 

Summary of Evidence for ANB in Stress Reduction 

In the conduction of this SR, no nursing literature was found that focused on the 

intervention of ANB in pregnant survivors of IPV. One study using a combination intervention of 

relaxation breathing and muscle relaxation in pregnant women who did not experience IPV was 

conducted by nurses, but was not published in a nursing journal (Pinar et al., 2017). The study by 

Bastani et al. (2005) conducted in the same population using a similar intervention was published 

in a nursing journal (Journal of Midwifery and Women’s Health), and one of the researchers was 

a RN and midwife (Maryam Vafaei).  

Five studies in general populations demonstrated effectiveness of ANB in significantly 

improving multiple indicators of stress, including increasing the high frequency component of 

heart rate variability (Chandla et al., 2013); decreasing HR (Naik et al., 2018; Sharma et al., 

2013; Turankar et al., 2013); decreasing BP (Naik et al., 2018; Sharma et al., 2013); decreasing 

double product, MAP, and rate pressure product (Sharma et al., 2013); decreasing galvanic skin 

conductivity (Turankar et al., 2013); and decreasing proinflammatory cytokines IL-8 and IL-1β 

(Twal et al., 2016). These parameters are appropriate to measure when evaluating an intervention 

for stress reduction, because all are involved in the stress response initiated by the immune and 

sympathetic nervous systems, and the HPA axis (Jaremka et al., 2013). One of these studies also 

demonstrated that ANB significantly improved psychological wellbeing and memory, and 

significantly decreased anxiety (Chandla et al., 2013). Two of these studies also demonstrated 
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that ANB significantly decreased perceived stress (Naik et al., 2018; Sharma et al., 2013). 

Turankar et al. (2013) blinded the research team member that collected biological paramters of 

stress to conditions, which strengthens confidence in these results. The study by Chandla et al. 

(2013) included women, which adds support for the effect of ANB in pregnant women; measured 

anxiety, which is a common condition in women survivors of IPV; measured HRV, which is a 

good biophysical indicator of stress; and the experimental intervention of ANB was compared to 

a control of yoga postures. This allowed for evaluation of the effects of ANB separately from 

those of yoga postures, demonstrating that ANB compared to yoga positions likely provided the 

component in the practice of yoga that mostly contributes to stress reduction, providing support 

for the strength of an intervention of ANB as beneficial for stress mitigation. Half of the 

participants in the study by Twal et al. (2016) were women, supporting the potential to use ANB 

as intervention to reduce stress in pregnant women. Of the three studies that used psychological 

measures, Chandla et al. (2013) used three different psychological scales to measure a variety of 

emotional states related to stress, but did not use the PSS-10. Use of different psychological 

measures can make synthesis of the results challenging. 

Seven studies conducted with survivors of IPV or with pregnant women using a 

combined intervention that included a form of yogic breathing demonstrated improvements in 

psychological measures, including significantly decreased anxiety (Bastani et al., 2005; Kokka et 

al., 2019), significantly decreased depression (Franzblau et al., 2008; Kantziari et al., 2019; 

Kokka et al., 2019; Pinar et al., 2017), and significantly decreased perceived stress (Bastani et 

al., 2005; Kantziari et al., 2019; Kokka et al., 2019; Michalopoulou et al., 2015; Pinar et al., 
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2017; Tragea et al., 2014). All but one of these studies used a version of the Perceived Stress 

Scale to measure stress, which enhances synthesis of results. 

Pinar et al. (2017) blinded participants to the allocation sequence, which likely 

strengthens confidence in differences in results between groups. Franzblau et al. (2008) 

demonstrated that although the combined intervention of yogic breathing and giving testimony 

about their experience of IPV was most significant of four interventions, testimony alone was not 

significant, yet yogic breathing alone was significant, indicating that the breathing component of 

the combined intervention contributed the greatest effect. However, none of the studies in 

survivors of IPV or in pregnant women used ANB. 

Conclusions 

The evidence on yogic breathing, specifically ANB, for stress reduction shows promise, 

but research using ANB as a holistic intervention for reducing stress in pregnant survivors of IPV 

is limited. Because of the insidious and profound implications of IPV on physical and 

psychological health of affected pregnant women and their fetuses – further research on safe and 

effective interventions is warranted. Pregnant survivors of IPV comprise an exceptionally 

vulnerable group of women. Based on findings in this SR, ANB may offer a feasible, safe, and 

effective holistic intervention for decreasing psychological and biological measures of stress in 

these women. ANB may also offer benefits to pregnant women’s emotional health, and presents 

no known associated risks to mother or baby.  

Research and Clinical Implications 
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Using ANB as an intervention to reduce stress in pregnant survivors of IPV supports the 

tenets of holistic nursing because it addresses the whole person through mechanisms of action 

that intersect the complexity of the conditions of pregnancy and IPV with the intervention itself. 

The first step in investigating use of ANB as an intervention to reduce stress in pregnant 

survivors of IPV is to determine its feasibility and acceptability within this vulnerable 

population. The authors are currently conducting this feasibility research. Knowledge gained 

from the feasibility study will determine how ANB can be incorporated into a stress-mitigation 

program for pregnant survivors IPV. Since the stress-reduction benefits may be significant for 

these women and their fetuses, and the risks of an ANB intervention are very minimal, the 

benefit-to-harm ratio is likely to favor implementation (Friedman, Furberg, DeMets, Reboussin, 

& Granger, 2015).  

A feasible, holistic ANB intervention has the potential to yield important clinical 

applications. Because the incidence of IPV is likely greatly underreported (Bailey, 2010; 

Brownridge et al., 2011; Chisholm et al., 2017; Taillieu et al., 2016), stress reduction should be 

offered to all pregnant women in obstetric providers’ offices; prenatal classes; women’s shelters 

– including those providing outreach services, emergency shelter, or transitional housing; 

birthing centers; and labor and delivery and mother-baby units of hospitals. Since ANB is easy to 

perform and does not require any special clothing or equipment, it can be performed in 

practically any location – home, work, school, or healthcare provider offices.  
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Table 1  

Search Strategy 

Search 2 Search Terms Database Search 2 Results 

pranayama, [OR] relaxation, yogic, regulated, diaphragmatic, 

meditation; paced, resonance, [OR] coherent breathing in combination 

with search terms health promotion 

pranayama [AND] stress reduction [OR] yogic breathing [AND] stress 

reduction 

CINAHL One result 

Cochrane No results 

ERIC No results 

Embase Six results using pranayama, 14 results using yogic breathing 

Google 

Scholar 

1,120 results using pranayama [AND] stress reduction, reviewing 15 

pages yielded 1 result 

PsychInfo One result 

PubMed 15 results using pranayama, 5 results using yogic breathing 

Science 

Direct 

105 results using pranayama, 12 results when breathe [OR] Beck 

depression [OR] anxiety [OR] PTSD [AND] woman were added; 88 

results using yogic breathing without additional filters 

Search 3 Search Terms Database Search 3 Results 

Specific to database: 

yogic breathing [AND] stress management [OR] stress reduction [OR] 

stress intervention [OR] coping [OR] stress techniques [OR] stress relief 

CINAHL No results 

Cochrane Not included in Search 3 

ERIC Not included in Search 3 
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[AND] intimate partner violence [OR] domestic violence [OR] partner 

abuse [OR] intimate partner aggression; pranayama [OR] 

diaphragmatic breathing [AND] stress management [OR] stress 

reduction [OR] stress intervention [OR] coping [OR] stress techniques 

[OR] stress relief [AND] intimate partner violence [OR] domestic 

violence [OR] partner abuse [OR] intimate partner aggression 

Embase Not included in Search 3 

Google 

Scholar 

9,070 results using breathing exercise [AND] stress management 

[AND] pregnancy, reviewing 10 pages yielded 2 results; 15,300 results 

using breathing exercise [AND] stress management [AND] intimate 

partner violence, reviewing 10 pages yielded no results; 5,630 results 

using relaxation breathing [AND] stress reduction [AND] pregnant 

women [AND] intimate partner violence, reviewing 15 pages yielded 1 

result, 17,200 results using relaxation breathing [AND] stress 

reduction, reviewing 15 pages yielded 1 result 

PsychInfo Not included in Search 3 

PubMed No results using pranayama [AND] stress management [AND] 

intimate partner violence; no results using breathing [AND] stress 

management [AND] intimate partner violence 

Science 

Direct 

53 results using breathing [AND] stress management [AND] intimate 

partner violence; 2,181 results using breathing [AND] stress 

management [AND] pregnancy; 315 results using these terms limited 

to publication dates from 2015 to 2019 
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Figure 2 

 

PRISMA flow diagram – General Populations (Second Search) 
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Figure 3 

 

PRISMA flow diagram – Women Survivors of IPV or Pregnant Women (Third search) 
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Table 2 

Alternate Nostril Breathing Studies in General Populations – Main Findings Related to Stress 

Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

Chandla et al. (2013) 

India 

Purpose: Determine effect 

of Bhastrika and Anulom-

Vilom pranayama and yoga 

postures on heart rate 

variability, general 

wellbeing, cognition, and 

anxiety levels of medical 

students 

 

Sample: N = 96 

medical students 

aged 18 – 22 (mean 

age 19.6); EG n = 

48, 60.42% male; 

CG n = 48, 77.08% 

male Setting: India 

Design: Pre-test–post-

test RCT with two 

groups: pranayam (EG) 

taught Bhastrika and 

Anulom-Vilom (ANB) 

pranayama by qualified 

practitioner; yogasana 

(CG) performed 20 sets 

of Suryanamaskar yoga 

taught by qualified 

practitioner; duration 

and frequency of 

sessions same in both 

groups Duration: 6 

Type: Anulom-Vilom 

(ANB) Frequency: 40 

minutes/day 

Measures: PGIMS, 

HAM-A, PGWB; HRV 

measured pre- and post-

intervention using ECG 

Main Outcomes: EG 

scores on PGIMS and 

PGWB significantly 

improved (P < .001); 

HAM-A scores 

significantly decreased (P 

< .001); HF component of 

HRV significantly 

increased (P < .001); LF 

component of HRV 

Limited ethnic 

diversity (all Asian 

Indian; 

predominately 

male; provides no 

knowledge 

regarding use of 

ANB for pregnant 

women, nor 

women exposed to 

IPV  
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

weeks significantly decreased (P 

< .001); LF/HF power 

percent significantly 

decreased (P < .001); both 

groups showed positive 

correlation pre- and post-

test between LF/HF power 

percent and PGIMS (r = 

.98, P ≤ .01) and PGWB (r 

= .98, P < .01) scores, and 

negative correlation 

between LF/HF power 

percent and HAM-A 

scores (r = -.95, P ≤ .05) 

Naik et al. (2018) 

India  

Purpose: Examine effect 

Sample: N = 99 

adult men; EG n = 

49; CG n = 50; no 

Design: Pre-test ̶ post-

test RCT with two 

groups; EG instructed 

Type: Modified version of 

Anuloma Viloma 

pranayama (ANB) in ratio 

Measures: PSS-10; 

measurement of 

anthropometric parameters 

Limited ethnic and 

gender diversity 

(all Asian Indian 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

modified isolated alternate 

nostril breathing on 

perceived stress and 

cardiovascular parameters 

 

significant 

differences in 

baseline 

measurements 

between groups 

Setting: Advanced 

Centre for Yoga 

Therapy Education 

and Research, 

Department of 

Physiology, 

Jawaharlal Institute 

of Postgraduate 

Medical Education 

and Research 

on breathing 

intervention  

under guidance of a 

trained, certified yoga 

instructor; CG did not 

perform any type of 

breathing intervention 

Duration: 12 weeks 

of 1:1:1, inhaling through 

one nostril for 6 seconds, 

closing both nostrils and 

holding breath for 6 

seconds, exhaling 6 

seconds through the 

opposite nostril, closing 

both nostrils and holding 

breath for 6 seconds, then 

repeating the process, 

constituting one cycle 

Frequency: 30 minutes 

with 5-minute rest period 

after practicing for 15 

minutes; 5 times/weekly 

under direct supervision; 

participants encouraged to 

(height, weight, BMI, 

waist-hip ratio), and basal 

cardiovascular parameters 

(HR, SBP, DBP) Main 

Outcomes: Significant 

reduction in PSS-10 scores 

between groups for EG (P 

< .05); magnitude of 

change (delta change) of 

PSS-10 scores in EG 

statistically and clinically 

significant (P < .0001); 

significant reduction in 

HR, SBP, and DBP from 

baseline for EG (P < .05), 

though the magnitude of 

reduction (delta change) 

and male); 

provides no 

knowledge 

regarding use of 

ANB for pregnant 

women, nor 

women exposed to 

IPV 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

practice at home daily on 

other days 

was not clinically 

significant 

Sharma et al. (2013) 

India  

Purpose: Compare effects 

of slow and fast pranayama 

on perceived stress and 

cardiovascular functions 

 

Sample: N = 90 

young male and 

female healthcare 

students aged 18 – 

25; 3 groups: fast 

pranayama (n = 30; 

77% female), slow 

pranayama (n = 30; 

87% female), or no 

pranayama (n = 30; 

83% female)  

Setting: 

Departments of 

Physiology and 

Advanced Centre 

Design: RCT with 3 

groups: fast, slow, or no 

pranayama; groups 1 

and 2 received one week 

of practice sessions 

from yoga instructor; 

group 1 practiced 

Kapalabhati, Bhastrika, 

and Kukkuriya; group 2 

practiced Nadishodhana 

(ANB), Savitri, and 

Pranav; group 3 did not 

receive training in, nor 

practice any type of 

pranayama 

Type: Group 2 – Slow 

pranayama including ANB 

(Nadishodhana); each cycle 

(7 minutes/set) practicing 2 

minutes of each pranayama 

with 1 minute of rest 

between each set;  

group 1 and 2 laid down 

and relaxed for 10 minutes 

at end of session 

Frequency: 30 minutes, 3 

times weekly 

Measures: 

Anthropometric 

parameters: height (in cm), 

weight (in kg); resting 

cardiovascular parameters: 

after 10 minutes of supine 

rest, SBP, DBP, and HR 

recorded; PP, MAP, rate 

pressure product (RPP = 

[HR × SBP]/100), and 

double product (Do P = 

HR × MAP) calculated for 

each recording; three BP 

and HR recordings at 1-

minute intervals taken – 

Limited ethnic and 

age diversity of 

sample (all Asian 

Indian, all young, 

18-25 years); 

provides no 

knowledge 

regarding use of 

ANB for pregnant 

women, nor 

women exposed to 

IPV 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

for Yoga Therapy 

Education and 

Research 

Duration: 12 weeks lowest values included for 

study; PSS-10 Main 

Outcomes: HR (P < .001), 

DBP (P = .01), MAP (P = 

.01), RPP (P = .01), and 

Do P (P < .001) decreased 

significantly in Group 2; 

PSS-10 scores decreased 

significantly in Groups 1 

and 2 (P = .0001) 

Turankar et al. (2013) 

India 

Purpose: Evaluate short-

term effects of pranayama 

on cardiovascular and 

pulmonary functions, and 

galvanic skin resistance 

Sample: N = 11 

healthy adult men 

aged 18 – 30, 

randomly chosen 

from teaching staff 

and postgraduate 

residents; EG n = 6; 

Design: Pilot RCT with 

two groups; EG (slow 

pranayama) or CG 

(regular breathing); 

intervention performed 

under guidance of 

expert who instructed in 

Type: EG trained in 

Anuloma-Viloma (ANB) 

using Kumbhak (with 

breath holding), inhaling 

for 6 seconds, holding 

breath for 6 seconds, 

exhaling for 6 seconds, 

Measures: Pulse rate, BP, 

GSR, and PFT obtained 

baseline, and post-

intervention on Day 9 by 

research assistant blinded 

to randomization; pulse 

rate and GSR, recorded 

Limited ethnic and 

gender diversity of 

sample (all male 

Asian Indians); 

provides no 

knowledge 

regarding use of 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

CG n = 5; EG and 

CG comparable in 

age and BMI 

Setting: Department 

of Pharmacology, 

Grant Medical 

College 

breathing techniques 

Duration: 9 days 

constituted one breathing 

cycle; about 30 cycles; CG 

performed regular, 

rhythmic breathing without 

consciously controlling 

respiratory rate and depth 

Frequency: Twice daily 

(once in morning, once in 

evening); 20 

minutes/session, for 7 days 

during five stages as 

participants asked to 

alternately lie down, stand 

up, or perform a stepping 

exercise; each stage 

lasting one minute; at mid 

phase (30 seconds) pulse 

rate and amplitude of GSR 

recorded; SBP and DBP 

measured after completion 

of all stages; MAP 

calculated; PFT recorded 

with participants standing; 

recorded FVC and FEV1; 

same parameters recorded 

post-test one hour after 

completion of last 

ANB for pregnant 

women, nor 

women exposed to 

IPV 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

pranayama session Main 

Outcomes: Significant 

decrease in resting pulse 

post-intervention (P < .05) 

for both groups, and 

significant decrease in 

GSR after standing from 

Phase 1 – 2 in EG (P < 

.05)  

Twal et al. (2016) 

United States  

Purpose: Determine if 

pranayama reduces salivary 

expression of 

proinflammatory 

biomarkers 

Sample: N = 20 

healthy males and 

females aged ≥ 18; 

EG n = 10, 50% 

female – median age 

30 years, median 

age for males 29 

years; CG n = 10, 

Design: Stratified, pilot 

RCT with two 

conditions: yogic 

breathing (EG) and 

attention control (CG); 

stratified by gender to 

CG or EG; EG taught 

yogic breathing 

Type: Thirumoolar 

pranayamam (ANB); 

combination of 10 minutes 

of Om chanting followed 

by 10 minutes of 

thirumoolar pranayamam; 

inhale for two counts, hold 

breath for eight counts, 

Measures: Cytokine 

multiplex assay: 10 stress 

related cytokines (IL-1β, 

IL-1RA, IL-6, IL-8, IL-10, 

IL-17, IP-10, MCP-1, 

MIP-1b, and TNF-alpha) 

analyzed at 5-time points 

(0, 5, 10, 15, and 20 

Very brief 

intervention period 

(20 minutes); 

provides no 

knowledge 

regarding use of 

ANB for pregnant 

women, nor 
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Author/Year/Country & 

Purpose 

Sample & Setting 

Study Design & 

Duration 

Type of ANB/ 

Frequency of Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge Gaps 

50% female – 

median age 27 

years, median age 

for males 33 years 

Setting: University 

of South Carolina, 

Charleston, SC 

technique by yoga 

instructor; CG read 

quietly for same period 

in independent one-on-

one sessions Duration: 

One 20-minute session 

exhale for four counts; 

cycle repeated for 10 

minutes Frequency: One 

20-minute session 

minutes) Main 

Outcomes: For the EG, 

IL-8 concentrations 

decreased significantly at 

all time points (P = .01) 

and by group (P = .02); 

IL-1β concentrations 

decreased significantly in 

two-time points: 15 and 20 

minutes (P = .005) and by 

group (P = .01) 

women exposed to 

IPV  

Note. Abbreviations. ANB = alternate nostril breathing; BMI = body mass index; CG = control group; DBP = diastolic blood pressure; Do P = double product; 

ECG = electrocardiogram; EG = experimental group; FEV1 = forced expiratory volume at 1 second; FVC = forced vital capacity; GSR = galvanic skin response; 

HAM-A = Hamilton Anxiety scale; HF = high frequency; HR = heart rate; HRV = heart rate variability; LF = low frequency; MAP = mean arterial pressure; PFT 

= pulmonary function test; PGIMS = PGI Memory scale; PGWB = psychological general wellbeing index; PP = pulse pressure; PSS = Perceived Stress scale; 

RCT = randomized controlled trial; RPP = rate pressure product; SBP = systolic blood pressure.  
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Table 3 

Breathing Intervention Studies in Women Survivors of IPV or Pregnant Women – Main Findings Related to Stress 

 

Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

Bastani et al. (2005)  

Iran 

Purpose: Investigate 

effect of applied 

relaxation training on 

reducing anxiety and 

perceived stress in 

pregnant women 

 

Population: N = 104, aged 

18 – 30, 14 – 28 weeks 

gestation,  

uncomplicated, singleton 

pregnancy, fluent in 

Persian, moderate to severe 

anxiety levels (initial state 

and 

trait anxiety scores 21 – 40 

or 41 – 60, respectively); 

no differences in 

demographic variables, 

Design: Pre-test−post-

test RCT; EG n = 52; 

CG n = 52; EG taught 

Ost’s applied 

relaxation in 6 sessions 

by instructor  

CG received routine 

hospital-based prenatal 

care 

Duration: 7 weeks 

Type: Deep 

breathing 

Frequency: Not 

specified; subjects in 

EG instructed to 

practice regularly  

Measures: STAI; PSS-14; 

demographic and obstetric 

questionnaire 

Main Outcomes: Significant 

decreases in all 3 scales on STAI 

and PSS-14 for EG (P < .001); 

significant decrease in mean 

perceived stress score in EG (P 

< .001);  

effect size for post-intervention 

STAI was 2.39 (small) and 2.27 

(small) for post-intervention 

Effect of deep 

breathing not 

assessed 

separately; no 

biological 

markers of stress 

measured; limited 

ethnic diversity 

of sample (all 

Iranian) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

state/trait anxiety and 

perceived stress on pre-test 

PSS-14 

 

Franzblau et al. (2008) 

United States 

Purpose: Investigate 

short-term effects of 

abused women giving 

testimony about their 

abuse and/or effects of 

yogic breathing on 

depression 

 

Population: N = 40, aged 

18 – 45, self-identified 

African American (n = 20) 

or white (n = 20); reported 

IPV from male partner 

within past two years; no 

significant differences 

between race, education, 

military status of abuser, or 

number of children 

younger than 5 in abused 

women’s custody on BDI-

II score  

Design: Mixed 

methods RCT with 

four conditions: 

testimony (n = 10), 

yogic breathing (n = 

10), testimony and 

yogic breathing (n = 

10), or control (n = 

10); matched with 

trained listener of same 

race for testimony 

condition; yogic 

breathing taught in 

Type: Yogic 

breathing (slow); 

extensions and 

reductions of 

inhalations and 

exhalations to pace 

breath; sound used 

with breathing to 

enhance relaxation; 

breath used to 

recuperate by 

maintaining state of 

focused stillness in 

Measures/Procedures: 

Assistant administered BDI-II 

days 1 and 4 

Main Outcomes: Testimony 

and yogic breathing vs. control 

(P = .009), yogic breathing vs. 

control (P = .031) significant  

Only one 

measure used; no 

biological 

markers of stress 

measured 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

yoga studio; control 

group met with 

assistant on day 1 and 

4 

Duration: 4 days; 

conditions practiced for 

2 days 

body, senses, mind; 

simple yoga poses 

used to enhance 

yogic breathing 

techniques  

Frequency: Each 

individual condition 

practiced 45 minutes 

for 2 days, total 1.5 

hours; in combined 

condition gave 

testimony 45 

minutes, practiced 

yogic breathing 

techniques 45 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

minutes for 2 days, 

total 3 hours 

Kantziari et al. (2019) 

Greece 

Purpose: Examine 

effectiveness of a stress 

management program 

consisting of 

diaphragmatic 

breathing and 

progressive muscle 

relaxation or 

diaphragmatic 

breathing and guided 

imagery in pregnant 

Population: N = 40, 

primigravidae, 

second trimester (14 –28 

weeks) singleton gestation, 

no history of mental 

illness, able to speak and 

read Greek; exclusion 

criteria: systematic practice 

of other relaxation 

techniques, use of drugs 

for medical complications; 

no statistically 

significant between-groups 

Design: Two-arm, 

parallel-group, quasi-

experimental RCT; EG 

n = 20; CG n = 20; EG 

trained on three 

relaxation techniques: 

1) DB, 2) PMR, and 3) 

GI; received two CDs 

(1 on DB and PMR, 1 

on DB and GI); 

instructed to use CD of 

their choice to practice 

at home; CG given 

Type: Diaphragmatic 

breathing (generally a 

slow technique) 

Frequency: Twice 

daily for 20 minutes 

each session 

Measures/Procedures: PSS-14; 

10-item EPDS; 18-item HLC 

Main Outcomes: Significant 

differences between groups in 

post-test scores on PSS-14 (P = 

.01), EPDS (P = .01), and 

internal HLC (P = .03); 

moderate effect sizes for each 

result: r = .41, r = .41, and r = 

.34), respectively 

Effect of 

breathing 

intervention not 

analyzed 

separately; effect 

of DB-PMR and 

DB-GI 

interventions not 

analyzed 

separately; no 

biological 

markers of stress 

measured; limited 

ethnic diversity 

of sample (all 

Greek) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

women differences in baseline 

measurements 

generic instructions on 

improving quality of 

life and reducing 

stress; both groups 

received lecture on 

stress, benefits of 

relaxation; given 

printed materials on 

stress, its consequences 

in pregnancy, benefits 

of and safe exercise 

during pregnancy 

Duration: 8 weeks 

Kokka et al. (2016) 

Greece 

Population: N = 60, aged 

18 – 70, current victim of 

Design: Parallel-group 

pre-test−post-test RCT; 

Type: Abdominal 

breathing (slow) 

Measures/Procedures: DASS-

21; PSS-14; HLC; Self- 

Effect of 

breathing 

intervention not 

analyzed 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

Purpose: Investigate 

effectiveness of stress 

management program 

in decreasing stress and 

depression, improving 

health locus of control, 

and lifestyle in women 

survivors of IPV 

physical, psychological, 

sexual, or combined abuse 

(present and past); 

literate in Greek; exclusion 

criteria: substance abuse, 

use of tricyclic 

antidepressants, diagnosis 

with any major psychiatric 

disorder, cortisone 

treatment for any reason 

 

EG n = 30; CG n = 30; 

EG trained in 

biofeedback assisted 

abdominal breathing; 

instructed to practice 

RB twice/day 

(morning/ evening); 

PMR using CD, under 

guidance of 

researchers; instructed 

to practice twice/day; 

guided imagery using 

CD, under guidance; 

CG did not receive any 

intervention 

using NexusR system 

while continuously 

monitoring HR and 

BP Frequency: One 

hour/week 

Esteem Assessment 

Questionnaire; Spiritual Well-

Being Scale; WAST; Self-

Efficacy Scale; COPE; BDI 

Main Outcomes: Significant 

mean differences in primary 

outcomes between groups from 

pre- to post-test in perceived 

stress (P > .001), self-esteem (P 

> .001), healthy lifestyle and 

personal control (P > .001), 

depression (P > .001), anxiety 

(P > .001), stress (P > .001), 

BDI (P > .001); on COPE in 

substance use (P =.009); effect 

separately; only 

self-report scales 

used; no 

biological 

markers of stress 

measured; limited 

ethnic diversity 

of sample (all 

Greek) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

Duration: 8 weeks sizes mostly moderate – large 

(range r = .3 -.8) 

Michalopoulou et al. 

(2015) 

Greece 

Purpose: Determine 

most significant 

psychological 

symptoms of IPV, 

impact of relaxation 

breathing and 

progressive muscle 

relaxation on perceived 

stress, depressive 

symptoms, coping 

Population: N = 34, aged 

> 18, self-identified IPV 

from male partner (verbal, 

emotional, physical, and/or 

sexual); able to converse 

and write in Greek; out of 

abusive relationship for at 

least 30 days with no 

intention of reconciling; 

exclusion criteria: using 

psychotropic drugs (e.g., 

antidepressants, 

benzodiazepines, 

Design: Parallel-group 

pre-test−post-test RCT; 

EG n = 16); CG n = 18; 

EG trained in RB and 

PMR using audio CD, 

10 minutes of RB, 15 

minutes of PMR; CG 

received standard 

shelter services (meals, 

shelter, assistance in 

finding job, counseling 

in legal issues 

regarding divorce, 

Type: Relaxation 

breathing (rate not 

specified; assumed to 

be slow) 

Frequency: EG 

practiced using 

guided RB-PMR CD 

twice/day for 8 weeks 

at home (maximum 

of 112 times) 

Measures/Procedures: PSS-14; 

HLC; BDI; WCCL Main 

Outcomes: Perceived stress 

significantly decreased in EG vs. 

CG (P = .01) with medium 

effect size (r =.45) 

Effects of 

breathing 

intervention not 

analyzed 

separately; no 

biological 

markers of stress 

measured; limited 

ethnic diversity 

of sample (all 

Greek) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

behaviors, locus of 

control, sleep quality 

and quantity 

antipsychotics, cannabis, or 

other stimulants); 

practicing other relaxation 

techniques (e.g., yoga, 

pilates, meditation, 

psychotherapy); no 

significant differences in 

baseline characteristics 

between groups 

social services 

appointments) 

Duration: 8 weeks 

Pinar et al. (2017) 

Turkey 

Purpose: Examine 

effect of stress 

management training 

on depression, stress, 

Population: N = 202, 

living in city of Sivas 

province, consent to 

participation and home 

visits, no perceptual 

deficits and 

Design: Single blind 

RCT with 3 assessment 

periods – pre-

intervention, week 5, 

and post-intervention; 

EG n = 103, stress 

Type: Breathing 

technique not 

specified; assumed to 

be slow Frequency: 

EG received guided 

practice for 30 – 40 

Measures/Procedures: BDI, 

PSS-10, WCI Main Outcomes: 

EG had significantly lower BDI 

scores week 5 than CG (P = 

.006), and significantly lower 

PSS-10 scores than CG week 5 

No description of 

breathing 

technique nor on 

muscle relaxation 

exercises; limited 

ethnic diversity 

of sample (all 

Turkish) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

and stress coping 

methods in pregnant 

women 

 

communication 

problems, 8 – 30 weeks 

gestation, healthy 

pregnancy; no significant 

differences between groups 

on sociodemographic and 

pregnancy variables 

management training 

consisting of 

information about 

stress, factors causing 

stress in 

pregnancy, methods of 

coping with stress, 

breathing and muscle 

relaxation exercises 

taught using 

demonstration 

and role-play, and 

standard care); CG n = 

99, standard care) 

Duration: 10 weeks 

minutes for 9 weeks (P = .009) and post-intervention 

(P = .017); EG had significantly 

higher scores than CG for self-

confident approach week 5 (P = 

.022) and post-intervention (P = 

.025), optimistic approach week 

5 (P = .001), search for social 

support approach week 5 (P = 

.007) and post-intervention (P = 

.013) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

Tragea et al. (2014) 

Greece 

Purpose: Evaluate 

effects of applied 

relaxation 

(combination of 

diaphragmatic 

breathing and muscle 

relaxation) in reducing 

anxiety and stress, and 

raising sense of control 

in pregnant women in 

second trimester 

Population: N = 60, aged 

20 – 40, primigravida, in 

second trimester of 

pregnancy (14 – 28 weeks 

gestation), singleton 

gestation, no prior history 

of medical complications, 

able to understand Greek; 

exclusion criteria: 

therapeutic use of drugs for 

medical complications, use 

of other relaxation 

techniques; no significant 

differences in baseline 

characteristics between 

Design: Pre-test−post-

test RCT; EG n = 31; 

CG n = 29; EG given 

20-minute audio CD on 

diaphragmatic 

breathing and muscle 

relaxation exercises to 

practice as often as 

possible;  

CG given general 

guidelines on 

improving lives and 

reducing stress 

Duration: 6 weeks 

Type: Diaphragmatic 

breathing (slow): 

deep diaphragmatic 

breaths followed by 

prolonged, slow 

exhalation 

Frequency: One – 2 

times/day 

Measures/Procedures: PSS-14; 

questionnaire measuring 

everyday life, lifestyle, health 

(sleep, eating habits, medical 

history, general health status, 

exercise, various symptoms of 

stress); HLC; STAI Main 

Outcomes: Significantly less 

smoking (P = .046), decreased 

repression and anger (P = .028), 

reduction in sleep disorders (P = 

.023), satisfied with sleep 

quality (P = .025), higher sense 

of complete control over lives (P 

= .018) at conclusion of study in 

Effects of 

breathing 

intervention not 

analyzed 

separately; no 

biological 

markers of stress 

measured; limited 

ethnic diversity 

of sample (all 

Greek) 
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Authors/Purpose Sample/Setting 

Study Design & 

Duration 

Type of Breathing 

Intervention/ 

Frequency of 

Sessions 

Measures & Main 

(Significant) Outcomes 

Knowledge 

Gaps 

groups EG compared with CG; PSS-14 

scores significantly reduced in 

EG (mean change 

-3.23, 95% CI: -4.29 to 

-0.29); EG had significant 

improvement in internal health 

locus of control compared with 

CG (mean change 1.99, 95% CI: 

0.02 to 3.7) 

Note. Abbreviations. BDI = Beck Depression Inventory; CG = control group; COPE = Coping Orientation to Problems Experienced; DB = diaphragmatic 

breathing; DASS-21 = Depression, Anxiety, and Stress Scale; EG = experimental group; EPDS = Edinburgh Postnatal Depression Scale; GI = Guided Imagery; 

HLC = Health Locus of Control; PMR = progressive muscle relaxation; PSS = Perceived Stress Scale; RB = relaxation breathing; RCT = randomized controlled 

trial; STAI = Spielberger State/Trait Anxiety Inventory; WAST = Women Abuse Screening Tool; WCCL = Ways of Coping Checklist; WCI = Ways of Coping 

Inventory. 
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Table 4 

Risk of Bias Within and Across Studies 

Population/Study Bias Domain 

 

Randomization Process 

Bias 

Deviations from Intended 

Interventions Bias 

Missing Outcome 

Data Bias  

Measurement of the 

Outcome Bias 

Selection of 

Reported 

Result Bias 

General Population 

Chandla et al. 

(2013) 

No information on whether 

the allocation sequence was 

random or if the allocation 

sequence was concealed 

No information provided on 

whether participants and 

researchers were blinded to 

conditions 

Participants were students from 

the institution where the 

researchers work (trial context: 

effects of recruitment could 

influence the outcome) 

No evidence of bias No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

 

Naik et al. (2018) No information on whether 

the allocation sequence was 

concealed 

Authors reported that they were 

unable to double blind conditions 

No information provided on how 

One participant 

dropped from the 

experimental group 

Researchers were not 

blinded to outcome 

assessments, “potential 

No information 

available on 

analysis 
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Population/Study Bias Domain 

 

Randomization Process 

Bias 

Deviations from Intended 

Interventions Bias 

Missing Outcome 

Data Bias  

Measurement of the 

Outcome Bias 

Selection of 

Reported 

Result Bias 

and where participants were 

recruited 

rater bias” (p. 7) intentions 

Sharma et al. 

(2013) 

No information on whether 

the allocation sequence was 

random or if the allocation 

sequence was concealed  

Authors reported that “double-

blinded conditions could not be 

attempted” (Discussion, para. 8) 

No information provided on how 

and where participants were 

recruited 

No evidence of bias No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

Turankar et al. 

(2013) 

No information on whether 

the allocation sequence was 

concealed 

No information on whether 

participants and researchers were 

blinded to conditions 

Participants were teaching staff 

and students from the institution 

where the researchers work (trial 

context: effects of recruitment 

No evidence of bias No evidence of bias No information 

available on 

analysis 

intentions 
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Population/Study Bias Domain 

 

Randomization Process 

Bias 

Deviations from Intended 

Interventions Bias 

Missing Outcome 

Data Bias  

Measurement of the 

Outcome Bias 

Selection of 

Reported 

Result Bias 

could influence the outcome) 

Twal et al. (2016) No information on whether 

the allocation sequence was 

random or if the allocation 

sequence was concealed 

No information on whether 

participants and researchers were 

blinded to conditions 

No evidence of bias No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

Pregnant Women 

Bastani et al. 

(2005)  

No information on whether 

the allocation sequence was 

concealed 

No information on whether 

participants and researchers were 

blinded to conditions 

Six participants 

dropped: three from the 

experimental group, 

three from the control 

group 

No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

Kantziari et al. 

(2019) 

The allocation sequence was 

not concealed to researchers 

or participants 

Participants and researchers were 

not blinded to conditions 

11 participants dropped 

from the experimental 

group, 

12 dropped from the 

Researchers were not 

blinded to outcome 

assessments  

No information 

available on 

analysis 

intentions 
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Population/Study Bias Domain 

 

Randomization Process 

Bias 

Deviations from Intended 

Interventions Bias 

Missing Outcome 

Data Bias  

Measurement of the 

Outcome Bias 

Selection of 

Reported 

Result Bias 

control group 

Pinar et al. (2017) No information on whether 

the allocation sequence was 

concealed 

Researchers were not blinded to 

conditions  

Seven participants 

dropped from the 

experimental group, 

11 dropped from the 

control group 

No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

Tragea et al. (2014) No information on whether 

the allocation sequence was 

concealed 

No information on whether 

participants and researchers were 

blinded to conditions 

Researchers report using per 

protocol analysis in relation to 

dropouts, “although 

similar dropouts were noted in 

both groups” (p. 209) 

13 participants dropped 

from the experimental 

group, 

12 dropped from the 

control group 

No information on 

whether researchers 

were blinded to 

outcome assessments 

No information 

available on 

analysis 

intentions 

IPV 
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Population/Study Bias Domain 

 

Randomization Process 

Bias 

Deviations from Intended 

Interventions Bias 

Missing Outcome 

Data Bias  

Measurement of the 

Outcome Bias 

Selection of 

Reported 

Result Bias 

Franzblau et al. 

(2008) 

No information on whether 

the allocation sequence was 

random or if the allocation 

sequence was concealed  

No information on whether 

participants and researchers were 

blinded to conditions 

No evidence of bias No information on 

whether researchers 

were blinded to 

outcome assessments  

No information 

available on 

analysis 

intentions 

Kokka et al. (2016) No information on whether 

the allocation sequence was 

concealed  

Participants and researchers were 

not blinded to conditions 

No evidence of bias Researchers were not 

blinded to outcome 

assessments 

No information 

available on 

analysis 

intentions 

Michalopoulou et 

al. (2015) 

The allocation sequence was 

not concealed to researchers 

or participants 

Participants and researchers were 

not blinded to conditions 

One participant 

dropped from the 

experimental group 

Researchers were not 

blinded to outcome 

assessments 

No information 

available on 

analysis 

intentions  
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Abstract 

Introduction: Intimate partner violence (IPV) among pregnant women is a serious problem 

contributing to adverse pregnancy and birth outcomes secondary to stress. Considerable evidence 

supports yogic breathing interventions such as alternate nostril breathing (ANB) for reducing 

stress of various etiologies in diverse populations. ANB is cost-effective, easy to perform, and is 

a safe technique for pregnant women. Methods: Theoretical justification for use of ANB as an 

intervention for improved pregnancy and birth outcomes among survivors of IPV will be 

examined via converged theories of Complex Adaptive Systems (CAS) theory and 

Psychoneuroimmunology (PNI). Results: Linear systems perspectives lack ability to adequately 

examine interventions aimed at addressing complex, interrelated processes of IPV contributing to 

adverse health outcomes in women survivors of IPV, particularly those who are pregnant. 

Discussion: CAS theory merged with PNI may provide a germane approach to address complex, 

multiple interactions occurring in this condition, as well as to investigate the impact of ANB in 

mitigating stress. This manuscript is believed to provide the first attempt to integrate CAS theory 

and PNI to provide important insights into the processes of pregnancy, IPV, and ANB, and the 

interactions of these complex conditions on each other. 

 Keywords: complex adaptive systems theory, psychoneuroimmunology, intimate partner 

violence, pregnancy, yoga 
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Yogic Breathing for Pregnant Intimate Partner Violence Survivors: Converging Complex 

Adaptive Systems Theory and Psychoneuroimmunology 

Intimate partner violence (IPV) among pregnant women is a serious problem contributing 

to adverse pregnancy and birth outcomes secondary to stress (Alhusen et al., 2015; Brownridge 

et al., 2011; Taillieu et al., 2016; Van Parys et al., 2015; World Health Organization [WHO], 

2011; 2017). Considerable evidence supports yogic breathing interventions such as alternate 

nostril breathing (ANB) for reducing stress of various etiologies in diverse populations (Brown 

& Gerbarg, 2005; Brown et al., 2013; Chen et al., 2017; Goyal et al., 2014; Michalopoulou et al., 

2015; Peterson et al., 2017). ANB is cost-effective, easy to perform, and a safe technique for 

pregnant women (Khalsa, 2010). Theoretical justification for use of ANB as an intervention for 

improved pregnancy and birth outcomes among survivors of IPV will be examined via 

converged theories of complex adaptive systems theory and psychoneuroimmunology. Linear 

systems perspectives lack ability to adequately examine interventions aimed at addressing 

complex and interrelated processes of IPV contributing to adverse health outcomes in women 

survivors of IPV, particularly those who are pregnant. CAS theory merged with PNI may provide 

a germane approach to address complex, multiple interactions occurring in this condition, as well 

as to investigate the impact of ANB in mitigating stress.  

Methods 

Complex Adaptive Systems Theory 

Complex systems theories engage nonlinear, dynamic processes (Rickles et al., 2007), 

and are uniquely useful for examining human psychological, biological, and sociological 

phenomena (Lehrer & Eddie, 2013). The biopsychosocial processes related to IPV (Burge et al., 
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2014; 2016; Katerndahl et al., 2014a; 2014b; 2014c), stress (Lehrer & Eddie, 2013), and 

pregnancy (Downe, 2010) represent such mutually relational and nonlinear processes, and 

humans are considered a type of complex adaptive system (Hong & Hain, 2016; Koithan et al., 

2012; Sturmberg et al., 2019; Topolski, 2009).  

Family dynamics constitute a self-organizing system (Pincus & Metten, 2010). Self-

organization allows complex systems to exchange “information, energy, or matter” (p. 354). Self-

organization arises from interaction of several system elements with one another, resulting in 

various complex dynamics, including positive and negative feedback loops (Pincus & Metten, 

2010; Sturmberg et al., 2019). Dynamic interaction between system elements results in 

emergence of systemic dynamics that are irreducible to individual element behaviors (Pincus & 

Metten, 2010; Sturmberg et al., 2019).  

Hong and Hain (2016, p. 30) defined a complex system as arising from a network of 

“many-to-one and one-to-many” connections between various structures and their processes. 

These mappings of a complex system manifest system redundancy, ensuring for system 

resilience and adaptability (Hong & Hain, 2016). Many functional redundancies are associated 

with recursive feedback loops, through which distinctive system patterns and behaviors may 

emerge over time (Sturmberg, 2016). As an open, complex adaptive system, the human body 

evidences such nonlinear network relations and recursive feedback loops (Sturmberg, 2016). 

Complex systemic organization promotes continued functioning through compensation or 

adaptation, but can also produce or exacerbate dysfunction, including in human illness 

symptomology (Hong & Hain, 2016; Sturmberg, 2016).  
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Human system openness and nonlinear adaptivity plays a crucial role in understanding 

health and illness as emergent states resulting from interaction of multiple, integrated networks 

(Sturmberg et al., 2019). Illness occurs largely due to human system failure to effectively 

manage stress levels it experiences (Sturmberg et al., 2019). Health and illness must be 

understood as emergent properties within the whole person system in order to achieve optimal 

health and develop appropriate interventions (Koithan et al., 2012; Sturmberg et al., 2019). 

Individual human systems interact with other human systems in shared physical, emotional, 

social, and cognitive environments (Sturmberg et al., 2019; Topolski, 2009). These interactions 

are nested within larger systems of relationships, such as in families, organizations, and 

communities (Burge et al., 2014; Koithan et al., 2012; Pincus & Metten, 2010). Here too, 

nonlinear recursive feedback loops – within and across nested system levels – result in 

distinctive and emergent collective system behaviors (Koithan et al., 2012; Sturmberg, 2016).  

CAS theory is ideal for understanding the impact of IPV on pregnant survivors of IPV 

because it was used to describe both pregnancy (Downe, 2010) and IPV (Burge et al., 2014; 

2016; Katerndahl et al., 2014a; 2014b; 2014c). It was used to describe the respiratory system and 

respiration (Goldberger, 1996; West, 2013); hence, is applicable to an intervention of ANB. CAS 

addresses one open system, the respiratory system, nested within several other open systems, 

such as the woman’s body, and the relationship between the woman and abuser – within the 

social-emotional context of abuse, whether ongoing or prior, itself. This synergy in context 

among these three phenomena, respiration, the pregnant woman, and the abuse, as described by 

CAS provides a means by which each can be examined and understood in interaction with one 
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another, potentially explaining how their collective outcome is greater than the sum of their 

individual effects.  

CAS cannot be explained as summative products of cause-and-effect interactions (Burge 

et al., 2014). Points of instability may become bifurcation (or tipping) points resulting in a shift 

in fundamental system characteristics (Bell & Koithan, 2006; Burge et al., 2014; Downe, 2010; 

Katerndahl et al., 2014a; 2014c; Koithan et al., 2012). Edge-of-chaos states preceding these 

tipping points, and the fundamental system shift itself, may precipitate radical behavior changes 

(Bell & Koithan, 2006; Burge et al., 2014; Downe, 2010; Katerndahl et al., 2014a; 2014c; 

Koithan et al., 2012). If this quality of sensitivity to initial conditions can promote a bifurcation 

point in the human system’s response to stress through carefully targeted interventions, it may 

result in behavior change that assists the system to achieve an improved state of health (Bell & 

Koithan, 2006; Resnicow & Vaughan, 2006). 

CAS Theory and IPV 

Katerndahl et al. (2014a; 2014b; 2014c) highlighted several core principles of CAS in 

their studies examining IPV, including nonlinearity, non-causality – or various interdependent 

factors, circular causality, and feedforward dynamics; attractors – or factors that change the 

system over time and influence its behavior; and dynamics – or identification of adaptive, 

longitudinal patterns. Using CAS and time series data to study three dynamic patterns of IPV, 

Burge et al. (2016) found that the periodic pattern revealed linear (predictable) violence 

dynamics and may have an attractor (repeating behavior); the chaotic pattern displayed a 

nonlinear (unpredictable) dynamic with an attractor (repeating behavior); and the random pattern 

showed a nonlinear (unpredictable) dynamic without an attractor. Violence in the random pattern 
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was most frequent and severe (Burge et al., 2016). The random dynamic pattern occurred most 

frequently (Katerndahl et al., 2014a).  

CAS Theory and Pregnancy 

Pregnancy was also described as a complex state using CAS theory; it requires the 

woman’s internal and external evolution as a CAS in constant interaction with her environment 

(Downe, 2010). The woman may experience edge-of-chaos states due to various enormous 

physical adaptations occurring over time during the perinatal period. Edge-of-chaos is described 

as “an ideal mix of stability and flexibility,” where conditions of stability and flexibility can 

quickly adjust to variable inputs arising between system components (Koithan et al., 2012, p. 9); 

in this case, maternal and fetal adaptation to their environments (Downe, 2010). This movement 

toward the edge-of-chaos occurs due to hormonal, psychological, physiological, biochemical, 

cellular, and neuromuscular processes; many dependent on positive and negative feedback loops, 

requiring system flexibility to adapt as changes arise in the woman’s body over the duration of 

the pregnancy (Downe, 2010). Self-organization may be evident in the woman’s physiological 

and psychological systems through dynamic, nonlinear adaptation. The pregnant woman and the 

developing fetus may be understood using concepts within CAS theory, as each is a complex 

system, yet interconnected and interacting with one another within their mutually shared physical 

and psychological environments (Downe, 2010).  

CAS Theory and ANB 

ANB can be explained using CAS theory, since complexity of the respiratory system is 

evident in its intimately networked relationships to other organ systems and functions within the 

human body. Physiologic parameters such as breathing are used to measure adequacy of a 
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physiological system using the concept of homeostasis (West, 2013). Breathing is a dynamic 

function linked to the structure of the bronchial tree itself (Goldberger, 1996; West, 2013). The 

respiratory rate is measured as breathing rate variability – the breath-to-breath time interval 

(West, 2013). Fractal variability of breathing is a vital attribute of respiration, and as such, 

reduced variability in respiration decreases efficacy of respiration (Goldberger, 1996; West, 

2013). Efficient respiration is negatively impacted under conditions of stress (Jerath et al., 2015). 

Additionally, CAS theory is recommended as a theoretical framework for studying integrative 

interventions such as ANB (Bell et al., 2012; Koithan et al., 2012; Rioux, 2012).  

Psychoneuroimmunology 

Psychoneuroimmunology developed through incorporation of several medical disciplines 

from experimentation into human and animal responses to different stressors (Adler, 2000; 

Daruna, 2012). PNI examines health and illness using modern scientific knowledge, but with a 

broader, holistic view common to health beliefs of ancient cultures (Daruna, 2012). It provides a 

foundation for understanding the complexity of health and for promoting it, given it is “the most 

integrative scientific discipline” (p. 23). PNI is particularly attentive to multisystemic processes 

involved in humans’ experience of psychological and/or physical stress on health and behavior 

(Adler, 2000; Daruna, 2012; Irwin, 2008; Prolo et al., 2002; Zachariae, 2009).  

PNI and IPV  

Investigations of traumatic stress on humans’ physical and emotional wellbeing using 

PNI revealed several deleterious effects, such as increased risk for cardiovascular disease, 

diabetes, gastrointestinal disorders, and depression (Bennett et al., 2013; Jaremka et al., 2013; 

Joynt et al., 2003; Kendall-Tackett, 2009; Payne & Crane-Godreau, 2015). Depression was 
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found to increase risk of cardiovascular disease by the same mechanism (Joynt et al., 2003; 

Kendall-Tackett, 2009). Traumatic stress, including experiencing IPV, triggers the immune/ 

inflammatory response, increasing inflammatory mediators within the bloodstream, in part 

secondary to sympathetic nervous system (SNS) activation (Bennett et al., 2013; Jaremka et al., 

2013; Kendall-Tackett, 2009; Miller et al., 2009). Traumatic stress prepares the immune/ 

inflammatory response to rapidly respond to future stressful events, and this response can 

become chronic (Kendall-Tackett, 2009; Payne & Crane-Godreau, 2015). 

Evidence obtained using PNI to investigate the impact of discordant marital relationships 

demonstrated that stress and depression resulting from relationship discord increases 

inflammation synergistically and bidirectionally (Miller et al., 2009), and also decreases 

individuals’ resistance to stress (Jaremka et al., 2013). Since conflict, stress, and depression both 

independently and in interaction with one another promotes release of proinflammatory 

cytokines and stress hormones (Bennett et al., 2013; Jaremka et al., 2013; Joynt et al., 2003; 

Miller et al., 2009), these multiple interactions contribute to conditions of chronic inflammation, 

increasing risk for several chronic illnesses (Bennett et al., 2013; Jaremka et al., 2013; Kendall-

Tackett, 2009; Payne & Crane-Godreau, 2015). 

PNI and Pregnancy 

PNI was also used to investigate the impact of maternal prenatal psychosocial stress on 

fetal development and its potential for adverse lifetime health effects in children. Several studies 

demonstrated a potential link between maternal hypothalamic-pituitary-adrenal (HPA) axis 

function, stress hormones, and inflammatory mediators activated during the stress response as 

having a negative impact of on fetal growth and development, DNA, and/or HPA axis function 
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(Blaze et al., 2017; DeSocio, 2018; Gilles et al., 2018; Huizink & de Rooij, 2018; Kuzawa et al., 

2017; Murray et al., 2018; Rakers et al., 2017; Schepanski et al., 2018; Van den Bergh et al., 

2018; Zucchi et al., 2013). These fetal physiologic alterations are anticipated to result in 

amplified stress reactivity in children after birth, subsequently intensifying their risk for physical, 

psychological, and behavioral disorders (DeSocio, 2018; Huizink & de Rooij, 2018; Murray et 

al., 2018; Rakers et al., 2017; Zucchi et al., 2013). Murry et al. (2018) identified several factors 

commonly suffered by pregnant women experiencing IPV, including maternal stress, mental 

illness, substance abuse, infection, poor maternal nutritional intake, inadequate prenatal 

healthcare utilization, and poor maternal-fetal attachment, and proposed that the interface of 

these factors contributes to increased risk for adverse health consecquences in their children.  

PNI and ANB 

Deep, slow breathing involved in ANB is believed to stimulate the parasympathetic 

nervous system (PNS) (Jerath et al., 2012). Augmented PNS functioning results in various 

enhancements in the stress response, including heart rate variability optimization (Chandla et al., 

2013; Van Diest et al., 2014), reduction in fr load through stimulation of vagal nerves and 

increased activity of the inhibitory neurotransmitter gamma amino-butyric acid (GABA) system 

in the brain (Brown et al., 2013; Streeter et al., 2012), and elevated hippocampal GABA 

concentrations and reduced serum cortisol concentrations by effects to the HPA axis through the 

hypothalamus, amygdala, and hippocampus (Brown et al., 2013). Vagal nerve stimulation 

through ANB may enhance feelings of wellbeing through serum elevations of oxytocin, 

vasopressin, and prolactin (Brown et al., 2013).  
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Although most autonomic nervous system (ANS) functions are not under voluntary 

control, respiration is one ANS function that can be controlled, and may be manipulated to 

achieve adaptive responses to stress through stimulation of the PNS (Streeter et al., 2012). 

Response to a physical or emotional challenge largely arises from the subcortical area of the 

brain; if the system is unable to resolve the challenge properly, it becomes overwhelmed and 

remains in a persistent, maladaptive state of distress (Jerath et al., 2015; Payne & Crane-

Godreau, 2015). Body-mind interventions such as ANB are believed to be more effectual in 

modifying stress-related maladaptive behaviors than conventional therapies because they directly 

affect the brain’s subcortical region (Jerath et al., 2015; Payne & Crane-Godreau, 2015). All 

components of body-mind interventions, e.g., a focus on posture and respiration, are components 

of ANB (Payne & Crane-Godreau, 2015). Practicing ANB regularly may help individuals to 

achieve a calm, relaxed state – removing their focus from current or impending stress-inducing 

events (Payne & Crane-Godreau, 2015). The proposed mechanism of action through which mind 

and respiration interface while practicing ANB is believed to result from focused concentration 

of the mind. This promotes a relaxed state through activation of recursive feedback loops that 

stimulate stretch receptors in the lungs and neural tissues and processes within the 

cardiorespiratory and neurologic systems, and decrease excitability of muscle and other tissues 

(Carter & Carter, 2016; Goyal et al., 2014; Payne & Crane-Godreau, 2015; Sharma et al., 2013; 

Twal et al., 2016). 

Enhancements in human physical and emotional responses to stressors are possible with 

appropriate PNS stimulation, by stabilizing SNS stimuli to immune/inflammatory reactions 

(Carter & Carter, 2016; Payne & Crane-Godreau, 2015; Sharma et al., 2013; Twal et al., 2016). 
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ANB may improve physiologic and cognitive reserves by augmenting individuals’ resilience to 

stressors (Carter & Carter, 2016; Chandla et al., 2013; Payne & Crane-Godreau, 2015). 

Reductions in anxiety and stress resulting from regular practice of ANB are proposed to enhance 

emotional functioning through its ability to equalize sympathetic and parasympathetic influences 

within the ANS (Streeter et al., 2012).  

Results 

CAS theory may be helpful in describing how multiple stressors of pregnancy and IPV 

foster loss of system complexity, resulting in poor obstetric outcomes in pregnant women 

exposed to IPV. Pregnant women exposed to IPV experience higher levels of stress due to 

normal stressors of pregnancy compounded by stressors of violence (Bailey, 2010; Brownridge 

et al., 2011; Taillieu et al., 2016; Van Parys et al., 2015). Trauma of IPV may reflect an initial 

condition (prior inputs) affecting a fitness landscape (system adaptation to the environment) that 

provokes system self-organization (Koithan et al., 2012; Pincus & Metten, 2010) to either 

positively or negatively adaptive outcomes (Lehrer & Eddie, 2013).  

CAS theory may also be useful in illustrating relationships linking breathing to the body-

mind with concepts from PNI, particularly through measurement of biological and physiological 

markers of stress (Goyal et al., 2014; Kendall-Tackett, 2009; Lehrer & Eddie, 2013; 

Michalopoulou et al., 2015; Payne & Crane-Godreau, 2015; Sharma et al., 2013; Rioux, 2012; 

Twal et al., 2016; Weston & Hood, 2004). Practicing ANB regularly may initiate a small change 

that drives the system to a bifurcation point, resulting in modification of behavior and emergence 

to a healthier state (Figure 1) (Koithan et al., 2012). Interventions such as ANB that control the 
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stress response can be implemented to improve resistance to stress, thereby reducing health risks 

(Carter & Carter, 2016; Goyal et al., 2014; Kendall-Tackett, 2009).  

Discussion 

CAS theory is ideal to investigate an intervention of ANB in pregnant survivors of IPV, 

since it was used to describe IPV (Katerndahl et al., 2014a; 2014b; 2014c), pregnancy (Downe, 

2010), and respiration (Goldberger et al., 2002; West, 2013) as complex adaptive systems, and is 

recommended as a theoretical framework for studying integrative interventions such as ANB 

(Bell et al., 2012; Koithan et al., 2012; Rioux, 2012). CAS theory, supported by PNI, provides 

important insights to understanding interactions occurring between these individually complex 

conditions. This knowledge assists in evaluating which interventions are most likely to result in 

mitigating stress contributing to poor pregnancy and birth outcomes. Addressing complex 

conditions effectively generally requires multicomponent interventions. ANB is readily 

combined with other interventions to reduce potential health risks and enhance outcomes. It 

provides a simple but effective method for mitigating stress in these women that is easy to 

perform and safe for mother and fetus. 

Potential research implications regard incorporating ANB as a viable and necessary 

intervention for maternal health as standard practice for perinatal care. The National Center for 

Complementary and Integrative Health (2016) Strategic Plan articulated using novel, 

complementary interventions to promote health such as “mindfulness approaches to reduce 

stress, anxiety, and depression in pregnant women and improve birth outcomes” (p. 25). This 

highlights the need to address stress in this vulnerable population of women using holistic and 

safe interventions.  
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Conclusions 

CAS theory described processes involved in pregnancy (Downe, 2010), IPV (Burge et al., 

2016; Katerndahl et al., 2014a; 2014b; 2014c), and respiration (Goldberger et al., 2002; West, 

2013). Using CAS theory to describe processes involved in all three phenomena using an 

intervention of ANB is not known to have been previously attempted. Likewise, PNI provides a 

strong foundation upon which to investigate integrated interactions of maternal stress resulting 

from IPV on maternal and fetal health, as well as the impact of integrated health interventions 

such as ANB in mitigating these effects. 

Author Contribution Statement 

The contributions of author 1 were in conceptualizing the ideas for the goals and aims of 

the manuscript, designing the methodology used for writing the manuscript, supervision and 

administration of the project, provision of resources for the project, visualization of the 

manuscript, and in writing the original draft. The contributions of authors 2 and 3 were in 

reviewing and editing the writing of the draft. 



 

 

 

 

148 

References 

Adler, R. (2000). On the development of psychoneuroimmunology. European Journal of 

Pharmacology, 405, 167–176. 

Alhusen, J. L., Ray, E., Sharps, P., & Bullock, L. (2015). Intimate partner violence during 

pregnancy: Maternal and fetal outcomes. Journal of Women's Health, 24(1), 100-106. 

https://doi.org/10.1089/jwh.2014.4872  

Bailey, B. A. (2010). Partner violence during pregnancy: Prevalence, effects, screening, and 

management. International Journal of Women's Health, 2, 183-197. 

https://doi.org/10.2147/IJWH.S8632 

Bell, I. R. & Koithan, M. (2006). Models for the study of whole systems. Integrative Cancer 

Therapies, 5(4), 293-307. https://doi.org/10.1177/1534735406295293  

Bell, I. R., Koithan, M., & Pincus, D. (2012). Methodological implications of nonlinear 

dynamical systems models for whole systems of complementary and alternative 

medicine. Forschende Komplementarmedizin, 19(s1), 15-21. 

https://doi.org/10.1159/000335183  

Bennett, J. M., Gillie, B. L., Lindgren, M. E., Fagundes, C. P., & Kiecolt-Glaser, J. K. (2013). 

Inflammation through a psychoneuroimmunological lens. In J. P. Sturmberg & C. M. 

Martin (Eds.), Handbook of systems and complexity in health (pp. 279-299). New York, 

NY: Springer Science+Business Media. https://doi.org/10.1007/978-1-4614-4998-0_19 

Blaze, J., Asok, A., Borrelli, K., Tulbert, C., Bollinger, J., Ronca, A. E., & Roth, T. L. (2017). 

Intrauterine exposure to maternal stress alters Bdnf IV DNA methylation and telomere 

https://doi.org/10.1089/jwh.2014.4872
https://doi.org/10.2147/IJWH.S8632
https://doi.org/10.1177/1534735406295293
https://doi.org/10.1159/000335183
https://doi.org/10.1007/978-1-4614-4998-0_19


 

 

 

 

149 

length in the brain of adult rat offspring. International Journal of Developmental 

Neuroscience, 62, 56-62. http://dx.doi.org/10.1016/j.ijdevneu.2017.03.007  

Brown, R. P., Gerbarg, P. L., & Muench, F. (2013). Breathing practices for treatment of 

psychiatric and stress-related medical conditions. Psychiatric Clinics of North America, 

36, 121-140. http://dx.doi.org/10.1016/j.psc.2013.01.001  

Brown, R. P. & Gerbarg, P. L. (2005). Sudarshan Kriya yogic breathing in the treatment of 

stress, anxiety, and depression: Part II - Clinical applications and guidelines. Journal of 

Alternative and Complementary Medicine, 11(4), 711-717.  

Brownridge, D. A., Taillieu, T. L., Tyler, K. A., Tiwari, A., Chan, K. L., & Santos, S. C. (2011). 

Pregnancy and intimate partner violence: Risk factors, severity, and health effects. 

Violence Against Women, 17(7), 858-881. https://doi.org/10.1177/1077801211412547  

Burge, S. K., Becho, J., Ferrer, R. L., Wood, R. C., Talamantes, M., & Katerndahl, D. A. (2014). 

Safely examining complex dynamics of intimate partner violence. Families, Systems, & 

Health, 32(3), 259-270. http://dx.doi.org/10.1037/fsh0000013  

Burge, S. K., Katerndahl, D. A., Wood, R. C., Becho, J., Ferrer, R. L., & Talamantes, M. (2016). 

Using complexity science to examine three dynamic patterns of intimate partner violence. 

Families, Systems, & Health, 34(1), 4-14. http://dx.doi.org/10.1037/fsh0000170  

Carter, K. S. & Carter, R. (2016). Breath-based meditation: A mechanism to restore the 

physiological and cognitive reserves for optimal human performance. World Journal of 

Clinical Cases, 4(4), 99-102. https://dx.doi.org/10.12998/wjcc.v4.i4.99  

http://dx.doi.org/10.1016/j.ijdevneu.2017.03.007
http://dx.doi.org/10.1016/j.psc.2013.01.001
https://doi.org/10.1177/1077801211412547
http://dx.doi.org/10.1037/fsh0000013
http://dx.doi.org/10.1037/fsh0000170
https://dx.doi.org/10.12998/wjcc.v4.i4.99


 

 

 

 

150 

Chandla, S. S., Sood, S., Dogra, R., Das, S., Shukla, S. K., & Gupta, S. (2013). Effect of short-

term practice of pranayamic breathing exercises on cognition, anxiety, general well being 

and heart rate variability. Journal of the Indian Medical Association, 111(10), 662-665.  

Chen, Y.-F., Huang, X.-Y., Chien, C.-H., & Cheng, J.-F. (2017). The effectiveness of 

diaphragmatic breathing relaxation training for reducing anxiety. Perspectives in 

Psychiatric Care, 53, 329-336.  https://doi.org/10.1111/ppc.12184  

Daruna, J. H. (2012). Historical antecedents. In Introduction to psychoneuroimmunology (2nd 

ed., pp. 9-25). London, United Kingdom: Academic Press. 

DeSocio, J. E. (2018). Epigenetics, maternal prenatal psychosocial stress, and infant mental 

health. Archives of Psychiatric Nursing, 32(6), 901-906. 

https://doi.org/10.1016/j.apnu.2018.09.001  

Downe, S. (2010). Beyond evidence-based medicine: Complexity and stories of maternity care. 

Journal of Evaluation in Clinical Practice, 16, 232-237. https://doi.org/10.1111/j.1365-

2753.2009.01357.x  

Gilles, M., Otto, H., Wolf, I. A. C., Scharnholz, B., Peus, V., Schredl, M., Sütterlin, M. W., Witt, 

S. H., Rietschel, M., Laucht, M., & Deuschle, M. (2018). Maternal hypothalamus-

pituitary-adrenal (HPA) system activity and stress during pregnancy: Effects on 

gestational age and infant's anthropometric measures at birth. 

Psychoneuroendocrinology, 94, 152-161. https://doi.org/10.1016/j.psyneuen.2018.04.022  

Goldberger, A. L. (1996). Non-linear dynamics for clinicians: Chaos theory, fractals, and 

complexity at the bedside. Lancet, 347, 1312-1314.  

https://doi.org/10.1111/ppc.12184
https://doi.org/10.1016/j.apnu.2018.09.001
https://doi.org/10.1111/j.1365-2753.2009.01357.x
https://doi.org/10.1111/j.1365-2753.2009.01357.x
https://doi.org/10.1016/j.psyneuen.2018.04.022


 

 

 

 

151 

Goldberger, A. L., Peng, C.-K., & Lipsitz, L. A. (2002). What is physiologic complexity and 

how does it change with aging and disease? Neurobiology of Aging, 23, 23-26.  

Goyal, R., Lata, H., Walia, L., & Narula, M. K. (2014). Effect of pranayama on rate pressure 

product in mild hypertensives. International Journal of Applied and Basic Medical 

Research, 4(2), 67-71. doi:10.4103/2229-516X.136776  

Hong, S. L. & Hain, S. J. (2016). Complicated vs. complex, disease vs. illness: Rethinking 

diagnosis, therapy, and restoring health. In J. P. Sturmberg (Ed.), The value of systems 

and complexity sciences for healthcare (pp. 29-37). Cham, Switzerland: Springer 

International. https://doi.org/10.1007/978-3-319-26221-5_1  

Huizink, A. C. & de Rooij, S. R. (2018). Prenatal stress and models explaining risk for 

psychopathology revisited: Generic vulnerability and divergent pathways. Development 

and Psychopathology, 30(3), 1041-1062. https://doi.org/10.1017/S0954579418000354  

Irwin, M. R. (2008). Human psychoneuroimmunology: 20 years of discovery. Brain, Behavior, 

and Immunity, 22, 129–139. https://doi.org/10.1016/j.bbi.2007.07.013  

Jaremka, L. M., Lindgren, M. E., & Kiecolt-Glaser, J. K. (2013). Synergistic relationships 

among stress, depression, and troubled relationships: Insights from 

psychoneuroimmunology. Depression and Anxiety, 30, 288-296.  

https://doi.org/10.1002/da.22078  

Jerath, R., Barnes, V. A., Dillard-Wright, D., Jerath, S., & Hamilton, B. (2012). Dynamic change 

of awareness during meditation techniques: Neural and physiological correlates. 

Frontiers in Human Neuroscience, 6, Article 131. 

https://doi.org/10.3389/fnhum.2012.00131  

https://doi.org/10.1007/978-3-319-26221-5_1
https://doi.org/10.1017/S0954579418000354
https://doi.org/10.1016/j.bbi.2007.07.013
https://doi.org/10.1002/da.22078
https://doi.org/10.1002/da.22078
https://doi.org/10.3389/fnhum.2012.00131


 

 

 

 

152 

Jerath, R., Crawford, M. W., Barnes, V. A., & Harden, K. (2015). Self-Regulation of breathing 

as a primary treatment for anxiety. Applied Psychophysiology and Biofeedback, 40, 107-

115. https://doi.org/10.1007/s10484-015-9279-8  

Joynt, K. E., Whellan, D. J., & O’Connor, C. M. (2003). Depression and cardiovascular disease: 

Mechanisms of interaction. Biological Psychiatry, 54, 248–261. 

https://doi.org/10.1016/S0006-3223(03)00568-7  

Khalsa, K. (2010). Pranayama: Top 3 breaths for pregnancy and new motherhood. 

https://blog.spiritvoyage.com/pranayama-top-3-breaths-for-pregnancy-and-new-

motherhood/  

Katerndahl, D., Burge, S., Ferrer, R., Becho, J., & Wood, R. (2014a). Dynamics of violence. 

Journal of Evaluation in Clinical Practice, 20, 695-702. 

https://doi.org/10.1111/jep.12151  

Katerndahl, D., Burge, S., Ferrer, R., Becho, J., & Wood, R. (2014b). Webs of causation in 

violent relationships. Journal of Evaluation in Clinical Practice, 20, 703-710.  

https://doi.org/10.1111/jep.12259  

Katerndahl, D., Burge, S., Ferrer, R., Becho, J., & Wood, R. (2014c). Do violence dynamics 

matter? Journal of Evaluation in Clinical Practice, 20, 719-727.  

https://doi.org/10.1111/jep.12216  

Kendall-Tackett, K. (2009). Psychological trauma and physical health: A 

psychoneuroimmunology approach to etiology of negative health effects and possible 

interventions. Psychological Trauma: Theory, Research, Practice, and Policy, 1(1), 35-

48. https://doi.org/10.1037/a0015128  

https://doi.org/10.1007/s10484-015-9279-8
https://doi.org/10.1016/S0006-3223(03)00568-7
https://blog.spiritvoyage.com/pranayama-top-3-breaths-for-pregnancy-and-new-motherhood/
https://blog.spiritvoyage.com/pranayama-top-3-breaths-for-pregnancy-and-new-motherhood/
https://doi.org/10.1111/jep.12151
https://doi.org/10.1111/jep.12259
https://doi.org/10.1111/jep.12259
https://doi.org/10.1111/jep.12216
https://doi.org/10.1111/jep.12216
https://doi.org/10.1037/a0015128


 

 

 

 

153 

Koithan, M., Bell, I. R., Niemeyer, K., & Pincus, D. (2012). A complex systems science 

perspective for whole systems of complementary and alternative medicine research. 

Forschende Komplementarmedizin, 19(s1), 7-14. https://doi.org/10.1159/000335181  

Kuzawa, C. W., Fried, R. L., Borja, J. B., & McDade, T. W. (2017). Maternal pregnancy C-

reactive protein predicts offspring birth size and body composition in metropolitan Cebu, 

Philippines. Journal of Developmental Origins of Health and Disease, 8(6), 674-681. 

https://doi.org/10.1017/S2040174417000502  

Lehrer, P. & Eddie, D. (2013). Dynamic processes in regulation and some implications for 

biofeedback and biobehavioral interventions. Applied Psychophysiology and 

Biofeedback, 38, 143-155. https://doi.org/10.1007/s10484-013-9217-6  

Michalopoulou, E., Tzamalouka, G., Chrousos, G. P., & Darviri, C. (2015). Stress management 

and intimate partner violence: A randomized controlled trial. Journal of Family Violence, 

30, 795-802. https://doi.org/10.1007/s10896-015-9740-8  

Miller, A. H., Maletic, V., & Raison, C. L. (2009). Inflammation and its discontents: The role of 

cytokines in the pathophysiology of major depression. Biological Psychiatry, 65(9), 732-

741. https://doi.org/10.1016/j.biopsych.2008.11.029  

Murray, A. L., Kaiser, D., Valdebenito, S., Hughes, C., Baban, A., Fernando, A. D., Madrid, B., 

Ward, C. L., Osafo, J., Dunne, M., Sikander, S., Walker, S., Thang, V. V., Tomlinson, 

M., & Eisner, M. (2018). The intergenerational effects of intimate partner violence in 

pregnancy: Mediating pathways and implications for prevention. Trauma, Violence, & 

Abuse, 1-13. https://doi.org/10.1177/1524838018813563  

https://doi.org/10.1159/000335181
https://doi.org/10.1017/S2040174417000502
https://doi.org/10.1007/s10484-013-9217-6
https://doi.org/10.1007/s10896-015-9740-8
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1177/1524838018813563


 

 

 

 

154 

National Center for Complementary and Integrative Health. (2016). 2016 Strategic plan: 

Exploring the science of complementary and integrative health (16-AT-7643). US 

Department of Health & Human Services, National Institutes of Health. 

https://files.nccih.nih.gov/s3fs-public/NCCIH_2016_Strategic_Plan.pdf  

Payne, P. & Crane-Godreau, M. A. (2015). The preparatory set: A novel approach to 

understanding stress, trauma, and the bodymind therapies. Frontiers in Human 

Neuroscience, 9, Article178. https://doi.org/10.3389/fnhum.2015.00178  

Peterson, C. T., Bauer, S. M., Chopra, D., Mills, P. J., & Maturi, R. K. (2017). Effects of 

Shambhavi Mahamudra Kriya, a multicomponent breath-based yogic practice 

(pranayama), on perceived stress and general well-being. Journal of Evidence-Based 

Complementary & Alternative Medicine, 1-10. 

https://doi.org/10.1177/2156587217730934  

Pincus, D. & Metten, A. (2010). Nonlinear dynamics and biopsychosocial resilience. Nonlinear 

Dynamics, Psychology, and Life Sciences, 14(4), 353-380.  

Prolo, P., Chiapelli, F., Fiorucci, A., Dovio, A., Sartori, M. L., & Angeli, A. (2002). 

Psychoneuroimmunology: New avenues of research for the twenty-first century. Annals 

of the New York Academy of Sciences, 966, 400–408. 

Rakers, F., Rupprecht, S., Dreiling, M., Bergmeier, C., Witte, O. W., & Schwab, M. (in press). 

Transfer of maternal psychosocial stress to the fetus. Neuroscience & Biobehavioral 

Reviews. http://dx.doi.org/10.1016/j.neubiorev.2017.02.019  

https://files.nccih.nih.gov/s3fs-public/NCCIH_2016_Strategic_Plan.pdf
https://doi.org/10.3389/fnhum.2015.00178
https://doi.org/10.1177/2156587217730934
http://dx.doi.org/10.1016/j.neubiorev.2017.02.019


 

 

 

 

155 

Resnicow, K. & Vaughan, R. (2006). A chaotic view of behavior change: A quantum leap for 

health promotion. International Journal of Behavioral Nutrition and Physical Activity, 

3(25), 1-7. https://doi.org/10.1186/1479-5868-3-25  

Rioux, J. (2012). A complex, nonlinear dynamic systems perspective on Ayurveda and ayurvedic 

research. The Journal of Alternative and Complementary Medicine, 18(7), 709-718. 

https://doi.org/10.1089/acm.2011.0569  

Schepanski, S., Buss, C., Hanganu-Opatz, I. L., & Arck, P. C. (2018). Prenatal immune and 

endocrine modulators of offspring's brain development and cognitive functions later in 

life. Frontiers in Immunology, 9, 2186. https://doi.org/10.3389/fimmu.2018.02186  

Sharma, V. K., Trakroo, M., Subramaniam, V., Rajajeyakumar, M., Bhavanani, A. B., & Sahai, 

A. (2013). Effect of fast and slow pranayama on perceived stress and cardiovascular 

parameters in young health-care students. International Journal of Yoga, 6(2), 104-110. 

http://www.ijoy.org.in/text.asp?2013/6/2/104/113400  

Streeter, C. C., Gerbarg, P. L., Saper, R. B., Ciraulo, D. A., & Brown, R. P. (2012). Effects of 

yoga on the autonomic nervous system, gamma-aminobutyric-acid, and allostasis in 

epilepsy, depression, and post-traumatic stress disorder. Medical Hypotheses, 78, 571-

579. https://doi.org/10.1016/j.mehy.2012.01.021  

Sturmberg, J. P. (2016). “Returning to Holism”: An imperative for the twenty-first century. In J. 

P. Sturmberg (Ed.), The value of systems and complexity sciences for healthcare (pp. 3-

19). Cham, Switzerland: Springer International. https://doi.org/10.1007/978-3-319-

26221-5_1  

https://doi.org/10.1186/1479-5868-3-25
https://doi.org/10.1089/acm.2011.0569
https://doi.org/10.3389/fimmu.2018.02186
http://www.ijoy.org.in/text.asp?2013/6/2/104/113400
https://doi.org/10.1016/j.mehy.2012.01.021
https://doi.org/10.1007/978-3-319-26221-5_1
https://doi.org/10.1007/978-3-319-26221-5_1


 

 

 

 

156 

Sturmberg, J. P., Picard, M., Aron, D. C., Bennett, J. M., Bircher, J., deHaven, M., J., Gijzel. S., 

M., W., Heng, H., H., Marcum, J., A., Martin, C., M., Miles, A., Peterson, C., L., 

Rohleder, N., Walker, C., Olde Rikkert, M., G., M., & Melis, R., J., F. (2019). Health and 

disease – Emergent states resulting from adaptive social and biological network 

interactions. Frontiers in Medicine, 6, Article 59. doi:10.3389/fmed.2019.00059 

Taillieu, T. L., Brownridge, D. A., Tyler, K. A., Chan, K. L., Tiwari, A., & Santos, S. C. (2016). 

Pregnancy and intimate partner violence in Canada: A comparison of victims who were 

and were not abused during pregnancy. Journal of Family Violence, 31, 567-579. 

https://doi.org/10.1007/s10896-015-9789-4  

Topolski, S. (2009). Understanding health from a complex systems perspective. Journal of 

Evaluation in Clinical Practice, 15, 749-754.  https://doi.org/10.1111/j.1365-

2753.2009.01227.x  

Twal, W. O., Wahlquist, A. E., & Balasubramanian, S. (2016). Yogic breathing when compared 

to attention control reduces the levels of pro-inflammatory biomarkers in saliva: A pilot 

randomized controlled trial. BMC Complementary and Alternative Medicine, 16(294), 1-

10. https://doi.org/10.1186/s12906-016-1286-7  

Van den Bergh, B. R. H., Dahnke, R., & Mennes, M. (2018). Prenatal stress and the developing 

brain: Risks for neurodevelopmental disorders. Development and Psychopathology, 

30(3), 743-762. https://doi.org/10.1017/S0954579418000342  

Van Diest, I., Verstappen, K., Aubert, A. E., Widjaja, D., Vansteenwegen, D., & Vlemincx, E. 

(2014). Inhalation/Exhalation ratio modulates the effect of slow breathing on heart rate 

https://doi.org/10.1007/s10896-015-9789-4
https://doi.org/10.1111/j.1365-2753.2009.01227.x
https://doi.org/10.1111/j.1365-2753.2009.01227.x
https://doi.org/10.1186/s12906-016-1286-7
https://doi.org/10.1017/S0954579418000342


 

 

 

 

157 

variability and relaxation. Applied Psychophysiology and Biofeedback, 39(3-4), 171-180. 

https://doi.org/10.1007/s10484-014-9253-x 

Van Parys, A.-S., Deschepper, E., Michielsen, K., Galle, A., Roelens, K., Temmerman, M., & 

Verstraelen, H. (2015). Intimate partner violence and psychosocial health: A cross-

sectional study in a pregnant population. BMC Pregnancy and Childbirth, 15(278), 1-8. 

https://doi.org/10.1186/s12884-015-0710-1  

West, B. J. (2013). Mathematical principles: Tales of tails. In J. P. Sturmberg & C. M. Martin 

(Eds.), Handbook of systems and complexity in health (pp. 63-80). New York, NY: 

Springer Science+Business Media. https://doi.org/10.1007/978-1-4614-4998-0_5  

Weston, A. D. & Hood, L. (2004). Systems biology, proteomics, and the future of health care: 

Toward predictive, preventative, and personalized medicine. Journal of Proteome 

Research, 3, 179-196. https://doi.org/10.1021/pr0499693  

World Health Organization (2011). Intimate partner violence during pregnancy 

(WHO/RHR/11.35). Geneva, Switzerland: Author. 

https://apps.who.int/iris/bitstream/handle/10665/70764/WHO_RHR_11.35_eng.pdf;jsessi

onid=2EF0412962E44452E1A28232F6F78EDB?sequence=1 

World Health Organization. (2017, November 29). Violence against women. 

https://www.who.int/en/news-room/fact-sheets/detail/violence-against-women 

Zachariae, R. (2009). Psychoneuroimmunology: A bio-psycho-social approach to health 

and disease. Scandinavian Journal of Psychology, 50, 645–651. 

https://doi.org/10.1111/j.1467-9450.2009.00779.x  

https://doi.org/10.1007/s10484-014-9253-x
https://doi.org/10.1186/s12884-015-0710-1
https://doi.org/10.1007/978-1-4614-4998-0_5
https://doi.org/10.1021/pr0499693
https://apps.who.int/iris/bitstream/handle/10665/70764/WHO_RHR_11.35_eng.pdf;jsessionid=2EF0412962E44452E1A28232F6F78EDB?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/70764/WHO_RHR_11.35_eng.pdf;jsessionid=2EF0412962E44452E1A28232F6F78EDB?sequence=1
https://www.who.int/en/news-room/fact-sheets/detail/violence-against-women
https://doi.org/10.1111/j.1467-9450.2009.00779.x


 

 

 

 

158 

Zucchi, F. C. R., Yao, Y., Ward, I. D., Ilnytskyy, Y., Olson, D. M., Benzies, K., Kovalchuk, I., 

Kovalchuk, O., & Metz, G. A. S. (2013). Maternal stress induces epigenetic signatures of 

psychiatric and neurological diseases in the offspring. PLoS One, 8(2), Article e56967. 

https://doi.org/10.1371/journal.pone.0056967  

 

https://doi.org/10.1371/journal.pone.0056967


 

 

 

 

159 

Figure 1 

 
Complex Adaptive Behavior in Intimate Partner Violence 
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Note. Conceptual model of the proposed mechanisms by which a complex adaptive system (CAS) will respond to the whole systems intervention of 

alternate nostril breathing. Adapted from “The Wiki and the Blog: Toward a Complex Adaptive Intelligence Community,” by D. C. Andrus, 2005, in The 

Social Science Research Network (SSRN), p. 9. Copyright 2005 by the Central Intelligence Agency, and “Using Complexity Science to Examine Three 

Dynamic Patterns of Intimate Partner Violence,” by S. K. Burge, D. A. Katerndahl, R. C. Wood, J. Becho, R. L. Ferrer, & M. Talamantes, 2016, in Families, 
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Abstract 

Recruitment, enrollment, and retention of vulnerable populations such as pregnant women 

exposed to intimate partner violence (IPV) for a study examining an intervention is challenging 

under normal circumstances. When confronted with the restrictions and conditions of a novel 

pandemic such as COVID-19, it becomes significantly more difficult to reach the targeted 

sample sizes, achieve adherence, and to retain participants throughout the study duration. 

According to findings from several studies involving pregnant women, reasons reported by 

pregnant women for lack of participation in research studies includes time and financial 

constraints, lack of convenience/transportation, and unavailability of childcare. It is reasonable to 

assume that a study fully conducted online would mitigate many of these issues regarding 

participation. Other issues such as time or access constraints may have contributed to lack of 

participation. This manuscript describes the challenges encountered while attempting to conduct 

a feasibility and acceptability study examining use of alternate nostril breathing to reduce stress 

in a population of pregnant survivors of IPV, despite the study being conducted through a fully 

online format, and suggests potential solutions to these challenges. 

Keywords: COVID-19, pregnancy, intimate partner violence, stress, alternate nostril 

breathing 
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Recruitment, Enrollment, and Retention Challenges of a Vulnerable Population for an 

Online Intervention Study during the COVID Pandemic 

Recruiting, enrolling, and retaining a vulnerable population for a study is often 

challenging, particularly if the target population is pregnant women (Coleman-Phox et al., 2013; 

Frew et al., 2014; van der Zande et al., 2018). Yet, conducting research with pregnant women is 

necessary in order to address their specific needs and to establish safety of interventions for them 

and their fetuses (van der Zande et al., 2018). When a vulnerable population of pregnant women 

faces potentially constraining issues, such as intimate partner violence (IPV), research becomes 

more challenging, even in the best of times (Coleman-Phox et al., 2013; Crutzen et al., 2015). 

This research was initially designed in an in-person format, but had to be redesigned to a fully 

online format owing to the onset of the COVID-19 pandemic intersecting the research timeline. 

This shift created by the pandemic resulted in greater challenges to recruitment, enrollment, and 

retention. We address these challenges encountered in an online study to determine feasibility 

and acceptability of alternate nostril breathing (ANB) to reduce stress in pregnant women 

exposed to IPV. 

The Study 

The study aims were: 1) assess the feasibility of study recruitment, enrollment, and 

retention, 2) determine adherence to the intervention and quantitative study assessments (salivary 

C-reactive protein [CRP] collection and Perceived Stress Scale [PSS-10] completion), 3) 

describe participants’ perceptions of the acceptability of data collection methods and ANB as an 

intervention through semi-structured interviews, and 4) explore the convergence or divergence of 
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quantitative assessments with participant’s descriptions of stress before and after implementation 

of ANB. The recruitment target was 14 participants. 

Participants completed collection of salivary CRP and the PSS-10 pre- and post-

intervention. They received written instructions for practicing and documenting ANB 

approximately 6 minutes twice daily for 4 weeks. They also agreed to participate in a brief post-

intervention semi-structured interview. Participants received a $25 gift card as an incentive to 

complete the study. 

Initial Implementation 

The study began two months prior to the COVID-19 pandemic, conducted on the U.S. 

East Coast. One participant was recruited in this phase of the study. 

The primary investigator (PI) contacted 28 community organizations located throughout 

New Jersey (NJ) that provided services to women or families to ascertain whether they would be 

willing to serve as a recruitment site for the study. The majority of these organizations provided 

transitional housing for women suffering abuse. The other organizations provided social services 

to pregnant women, with two providing housing and other services for homeless pregnant 

women and their families. The recruitment process is depicted in Figure 1. Of the 28 

organizations having pregnant women as clients, approximately 93% either declined to 

participate owing to concerns regarding protecting clients, the impact on staffing, the lack of 

Spanish-speaking intervention, or did not return contacts.  

Two organizations agreed to participate: one residential facility (home) for pregnant 

homeless women, and the second at an organization providing services geared toward improving 

wellbeing and mental health for families (wellness). One participant was recruited and enrolled 
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from the home. Two others using the services of the wellness organization were screened, but 

were ineligible. 

One participant completed the entire study during the initial phase, including the post-

intervention interview.  

When the COVID-19 pandemic worsened and NJ shut down all non-essential businesses 

and schools and issued stay-at-home orders, both organizations also wished to delay in-person 

contacts with their clients until conditions improved. Furthermore, the PI’s university required 

that researchers suspend all in-person data collection. The university’s institutional review board 

(IRB) required a complete revision of the study to an exclusively online format. Thus, began the 

second phase of the study. 

Changes Necessitated by COVID-19 

The goal of the second phase was to revise all study components (screening, consent, 

pretest, intervention, posttest, and obtaining agreement to interview) to an online format 

conducted through the Research Electronic Data Capture (REDCap) program. REDCap is a web 

application for creating, administering, and managing surveys and databases online (Clinical & 

Translational Sciences Research Center, n.d.). Because the study had to be conducted fully 

online, salivary CRP could no longer be collected and assessed. Instruction for the ANB 

intervention had to be digitally videorecorded and uploaded onto REDCap. In this phase, 

participants were given the option to participate in the interview, rather than including 

participation in the consent process. Compensation for participants’ time initially remained the 

same. 

Recruitment 
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The two organizations that had previously agreed to help recruitment for the study 

continued participation in the online version of phase 2 by posting the study flyer in their 

organizations. Four additional organizations were contacted to determine interest in the study, 

and if permission would be granted to post the study flyer on their websites and/or Facebook 

pages. Three of these organizations provided domestic violence information or services, and one 

provided services to improve the health of women, children, and families. Only one of these 

organizations responded: The National Coalition Against Domestic Violence (NCADV, n.d.), 

agreed to allow posting of the study flyer on their Facebook page. The PI subsequently contacted 

five obstetric provider offices with whom she had worked for many years, but was only able to 

connect with two office managers from these offices. These office managers were sent the study 

flyer and the IRB approval document, but it is not known if they posted the flyer. Recruitment 

did not move forward with these provider offices.  

The PI received  IRB approval to recruit through Facebook. Figure 2 illustrates the issues 

encountered using this strategy. Compensation was increased to $50 in gift cards dispensed at 

three times: $20 for completion of all pretest procedures, $20 for completion of all posttest 

procedures, and $10 for agreeing to and completing the interview. This strategy did not 

significantly increase recruitment numbers. 

Enrollment 

Sixty-seven potential participants responded to the flyer. Of those, 27 were eligible: one 

declined to participate, 13 did not complete the consent process, and 14 consented. Six 

consenting participants did not begin the other study procedures and six began the study 

procedures but did not complete them.  
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Efforts were made to text message all consented participants who provided mobile phone 

numbers thanking them for their interest in the study and reminding them to complete study 

procedures. Up to four attempts were made per participant. One of these participants requested to 

be removed from the study roster after the fourth contact. The remainder did not respond to any 

of the text messages. Two participants completed the study. Figure 3 shows the flow of 

enrollment. 

Discussion 

Using a diversity of methods to recruit, enroll, and retain participants will yield the 

greatest results, as reported by researchers who have successfully studied vulnerable populations 

(Coleman-Phox et al., 2013; Frew et al., 2014; Hough & Flood-Grady, 2020; Webster et al., 

2012). However, this research team encountered difficulties to these processes that were 

magnified by the pandemic while studying a vulnerable population of pregnant women exposed 

to IPV. This discussion focuses on organizations as recruitment sources, study design, participant 

compensation, language(s) included in eligibility, social media for recruitment, an online format, 

and a shutdown during a pandemic.  

The main strategy for recruitment was enlisting the support of organizations to post 

information about the study. Prenatal clinics and outreach to obstetric providers and community 

organizations providing services to pregnant women are reported to yield the most participants 

when recruiting pregnant women (Coleman-Phox et al., 2013; Frew et al., 2014; Goff et al., 

2016). Generally, obtaining the assistance of, or having a gatekeeper on the research team is 

needed to gain access to these organizations (Coleman-Phox et al., 2013; Frew et al., 2014). We 

contacted several organizational gatekeepers who stated that the study was interesting and 
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needed. Most declined to participate because of concerns about the potential burden on staff and 

protecting clients, despite PI reassurances that the load on staff would be minimal. Methods to 

decrease burdens on staff should be explored, such as potentially building staff pay into the grant 

proposal (El-Khorazaty, et al., 2007). Concerns of conducting research during a pandemic must 

also be considered, such as organizations needing to furlough staff or being required to refocus 

resources. 

In this study, the PI was the main contact for participants but was unknown to them. It is 

likely that community engagement research methods are needed to recruit such a vulnerable 

population of pregnant women exposed to IPV, through formation of partnerships with 

organizations providing services to women exposed to IPV. Obtaining mutual trust between 

researcher and organization and participants is required in any research effort, but this trust is 

vital when conducting research with vulnerable populations and may enhance enrollment and 

retention (Coleman-Phox et al., 2013; El-Khorazaty, et al., 2007; Frew et al., 2014; Goff et al., 

2016; Webster et al., 2012). 

Providing compensation to participants is considered appropriate to show appreciation for 

their time, as well as to increase enrollment, retention, and completion of study procedures 

(Btoush & Campbell, 2009; Coleman-Phox et al., 2013; Frew et al., 2014; Goff et al., 2016; 

Logan et al., 2008). The goal is to provide compensation that is reasonable without exceeding an 

ethically acceptable amount commeasurable with participants’ time investment (Btoush & 

Campbell, 2009; Logan et al., 2008). Increasing participant compensation did not promote 

enrollment and retention. It is possible that the constraints of dealing with a pandemic (e.g., 

confinement with the abuser, children home from school) while pregnant and exposed to IPV 
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exceeded potential participants’ available and/or unrestricted time to implement study 

procedures. 

Some organizations indicated the need to provide the study in a language other than 

English. Even for a feasibility study, providing the study in the prevalent minority language(s) 

spoken, in addition to English, should improve recruitment and enrollment numbers (El-

Khorazaty, et al., 2007; Goff et al., 2016; van der Zande et al., 2018). 

Using social media sites such as Facebook can be a useful resource for recruiting research 

participants (Gelinas et al., 2017; Hough & Flood-Grady, 2020; Phillips, 2011), particularly 

difficult to reach populations (Frew et al., 2014; Gelinas et al., 2017). Although using the 

Facebook page of an organization is free, paying for advertisements may be the only means for 

sufficient reach to capture the targeted sample of participants (Hough & Flood-Grady, 2020). 

Paying for advertising on Facebook may not be accessible for researchers with a restricted 

budget (Hough & Flood-Grady, 2020). Additionally, social media sites may not produce better 

results than traditional recruitment methods, even when using paid ads (Frew et al., 2014; Hough 

& Flood-Grady, 2020). For researchers with a limited budget, the buying type options available 

for advertising on Facebook are limited (Facebook for Business, n.d.). Researchers describe 

successful recruitment from buying ads through Facebook (Frew et al., 2014; Gelinas et al., 

2017; Hough & Flood-Grady, 2020; Phillips, 2011), but we were not successful with the process 

involved. The support of a university research center with experience and programs in place to 

assist researchers to effectively harness social media sites and the ability to conduct a feasibility 

analysis to identify whether using a particular social media site would be beneficial for a 
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proposed study may be key to successfully recruit participants using these methods (Hough & 

Flood-Grady, 2020). 

Pregnant women list various reasons for not participating in research, including time and 

financial constraints, lack of convenience/transportation, and unavailability of childcare 

(Coleman-Phox et al., 2013; El-Khorazaty, et al., 2007; Goff et al., 2016; van der Zande et al., 

2018). We assumed conducting the study fully online, as required during the pandemic, would 

offer little disruption to study flow and that participants would prefer the flexibility offered by 

online study procedures (Gelinas, 2017). Despite using three different recruitment methods 

(flyers placed in organizations, flyers on an organization’s Facebook page, and obstetric provider 

offices), recruitment and enrollment numbers did not substantially increase in an online 

environment. Prior to the pandemic, some researchers stated that face-to-face contact may 

produce the best results for recruitment, enrollment, and retention of pregnant participants 

(Coleman-Phox et al., 2013; Frew et al., 2014; Goff et al., 2016). This option may not be 

possible during a pandemic, and researchers can consider more diverse multi-media strategies 

such as television advertising. 

Reports that the incidence of IPV increased during shut downs of states during the 

COVID-19 pandemic (Fielding, 2020) were countered by reports that in some states, calls to 

domestic violence help lines decreased (Evans et al., 2020; Fielding, 2020) potentially because of 

inability to access services due to forced confinement with an abuser (Evans et al., 2020, 

Fielding, 2020). Our assumption is that having potential participants in shutdowns with their 

abuser may have also restricted their ability to access the study, because the time that they would 
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be on their phone or computer could potentially increase the abuser’s suspicions, thus further 

increasing the risk of abuse occurring. 

In summary, lessons learned about recruitment, enrollment, and retention of a vulnerable 

population during a pandemic were: 1) use a diversity of recruitment methods that allow 

flexibility in case of unanticipated national disasters, 2) develop and sustain partnerships with 

community organizations providing services to pregnant women and those exposed to IPV, 3) 

implement studies using community engagement methods, such as including a gatekeeper to 

these community organizations on the research team, 4) develop a means to contact and interact 

with participants despite accessibility restrictions imposed by shut downs, such as text 

messaging, 5) provide the study in the language(s) of minority populations common in the area, 

and 6) budget for organization staff pay in grant proposals to compensate for increased burdens. 

Conducting research with a vulnerable population is generally challenging, and those challenges 

increase when that vulnerable population is also confronted with the impact of IPV, especially 

during a pandemic. This requires increased efforts to reach targeted enrollment and retention of 

participants. 
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Figure 1 

 

Organizations Contacted During the Initial Phase and Outcome 

 

 

Transitional housing for abused 
women 
(n = 13) 

Contacted by phone and/or email from one to five times 

• Did not return contact (n = 5) 

• Declined (n = 6) 

• Returned initial contact only (n = 1) 

• Met with PI but declined (n = 1) 

Organizations providing 
services to pregnant women 

(n = 8) 

Contacted by phone and/or email from one to five times 

• Did not return contact (n = 1) 

• Declined (n = 6) 

• Agreed to participate (n = 1) 

Organizations providing 
services to women 

(n = 5) 

Contacted by phone and/or email from one to five times 

• Did not return contact (n = 3) 

• Declined (n = 2) 

Organizations providing 
services to families 

(n = 2) 

Contacted by phone and/or email from one to five times 

• Agreed to meet with PI but cancelled. Unable to 
reschedule due to shut down of NJ after pandemic 
began (n = 1) 

• Agreed to participate (n = 1) 

Organizations that agreed to participate (n =2) 

• Providing services to pregnant women (n = 1) 

• Providing services to families (n = 1) 
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Figure 2 

 

Flow of Recruitment on Facebook (FB) 

 

 
National Coalition Against Domestic Violence (NCADV) 
allows the study flyer to be posted on their Facebook 

page. 

Initially able to post the flyer 
every 3-5 days for 2 weeks. 

Unable to post flyer on the NCADV fb page after second week (no “Create Post” window visible). 
Posted on the PI’s personal FB page. 

NCADV contacted to determine blocking of post. 

Contacted FB for assistance regarding inability to post on the NCADV FB page despite having 
permission from the organization. No response received. 

Able to post flyer on the NCAVD FB page 2 more times the day after contacting FB. 

Unable to post flyer on the NCAVD FB page again. Inquiry sent to FB. No response received. 

Still unable to post flyer on the NCAVD FB page for 8 days. Posted on the PI’s personal FB page. 

Able to post flyer on the NCAVD FB page after 15 days. Unable to repost on the page again for 7 
weeks. Posted on the PI’s personal FB page. 

 

Still unable to post on the NCAVD FB page after 16 more days.  

Investigated the possibility of purchasing ads from FB. Cost to control when and where ad could be 
posted beyond available study budget. 

No longer able to post on the NCAVD FB page (“Create Post” window no longer on the page). 
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Figure 3 

 

Enrollment in Online Phase of the Study 

 

67 potential participants responded 40 respondents ineligible to participate 

27 respondents eligible to participate 
1 declined to consent 

14 consented to participate 

6 did not complete all the study procedures 

1 completed the demographics 
form but did not complete the 

remainder of the study 
procedures 

1 completed all the pretest 
procedures but did not complete the 

intervention or remainder of the 
study procedures 

13 did not complete consent process 

4 completed all pretest procedures and 
intervention instruction but did not complete the 

intervention or posttest procedures 

2 completed the study and agreed to be 
interviewed but did not follow up 

6 did not begin the other study procedures 

 
 



 

 

 

 

178 

APPENDIX D: STUDY MATERIALS 
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Initial Consent Form 
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Initial Online Version Consent Form – Added Compensation Clause 

Confidential 
 Page 1 

Consent Form 
 
Please complete the survey below. 
 
Thank you! 
 
University of Arizona 
Consent to Participate in Research 
 
Study Title: Feasibility and Acceptability of Alternate Nostril Breathing to Reduce Stress in Pregnant Women 
Survivors of Intimate Partner Violence: A Mixed Methods Study 
 
Principal Investigator: Ottilie Rung, MS, BSN, RNC-OB, PhD Candidate 
 
You are being asked to participate in a research study. Your participation in this research study is voluntary and 
you do not have to participate. This document contains important information about this study and what to expect 
if you decide to participate. Please consider the information carefully. Feel free to ask questions before making 
your decision whether or not to participate. 
 
1. Why is this study being done and how long will it last? This research study will evaluate whether an intervention 
of alternate nostril breathing (ANB) will improve wellbeing in pregnant women survivors of intimate partner 
violence (IPV). If you agree to participate, you will be asked you to complete a questionnaire with questions about 
you, and a scale assessing your feelings throughout one week. You will be taught how to perform the intervention, 
and given time to ask questions regarding performing the intervention. You will be asked to complete a form with 
the date, time, and duration of practice performed mornings and evenings (in minutes). You will receive daily 
reminders via text during this period. After one week, you will be asked to complete the scale assessing your 
feelings. At the end of the study, you will be asked to take part in an interview. I will ask your permission to audio 
record this interview. 
 
2. What are the requirements to participate in this study? You may participate in this study if: 
• Ability to understand, speak, read, and write English 
• Aged ≥ 18 years 
• Pregnancy up to 37 weeks gestation 
• Recent or current history of any type (physical, emotional, verbal, and/or sexual) of IPV 
3. How many people will take part in the study? A minimum of 22, and a maximum of 30 people will take part in 
the study. 
 
4. What risks, side effects or discomforts can I expect from being in the study? No financial or legal risks are known 
to exist related to the intervention or in participation in the study. It is very unlikely that participation in the study 
will cause harm. Your name will not be placed on any documents. Your answers on all forms are anonymous. Your 
name will not be used during data collection. You will be assigned a unique code for identification purposes on any 
forms. With your permission, I will audio record your interview if you agree to participate in an interview. The 
audio recording will be as de-identified as possible, meaning that no names, addresses, email addresses, or other 
identifiable personal information will be on the recording. The same ID code that you are assigned will be used for 
07/31/2020 2:25pm  projectredcap.org 
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Confidential 
 Page 2 
the audio recording. All audio recordings will be transcribed and stored as de-identified data. Once the 
transcriptions have been made using Legal Language Services, the original recordings will be deleted. I will not 
reveal in conversation the names or any other characteristics of participants to others outside the shelter 
environment. If you require emotional support, a list of resources will be provided to you upon request. 
 
5. What are the benefits can I expect from being in the study? Participation in the study may improve how you 
feel, and regular practice of the intervention after the study may improve your general wellbeing. 
6. How long will I be in the study? Your participation in the study will be for one week. 
7. What other choices do I have if I do not take part in this study? Participation in the study is completely 
voluntary. Refusal to participate does not involve any penalty or loss of benefits to which you are otherwise 
entitled. If you take part, you can decide to stop at any time without penalty or loss of benefits to which you are 
otherwise entitled. You don't need to answer any question that you don't want to answer. You do not give up any 
personal legal rights you may have for taking part in this study. The only alternative to participating is not 
participating. 

 
8. What are the costs, and will I be paid for taking part in this study? The only cost to your participation is your 
time. All participants that complete all study procedures will be given the choice of a Target or Walmart gift card in 
the amount of $25.00. 
Compensation for participation in a research study is considered taxable income for you. We are required to 
obtain your name, address, and Social Security number for federal tax reporting purposes. If your compensation 
for this research study or a combination of research studies is $600 or more in a calendar year (January to 
December), you will receive an IRS Form 1099 to report on your taxes. 
 
9. Will my data be stored for future research? Your data will only be used for this study and will not be kept for 
future research. 
10. Will my study-related information be kept confidential? All of your study-related information will be kept 
confidential at all times. Study-related information from the interviews will only be shared with Legal Language 
Services for the transcription of the audio obtained through the interviews, and de-identified data from the 
questionnaires will be shared with the statistician at the University of Tennessee for statistical analysis. 
 
For questions, concerns, or complaints about the study you may contact Ottilie Rung: 
orung@email.arizona.edu, 201-477-2294. 
 
For questions about your rights as a participant in this study or to discuss other study-related concerns or 
complaints with someone who is not part of the research team, you may contact the Human Subjects Protection 
Program at 520-626-6721 or online at http://rgw.arizona.edu/compliance/human-subjects-protection-program. 
 
By electronically signing the consent form 
 
I have read (or someone has read to me) this form, and I am aware that I am being asked to participate in a 
research study. I have had the opportunity to ask questions and have had them answered to my satisfaction. I 
voluntarily agree to participate in this study. 
 
I am not giving up any legal rights by signing this form. I will be given a copy of this form. 
O Agree to participate 
O Disagree to participate 
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Revised Online Consent Form – Removal of Compensation Clause and Compensation Increased 

to $50 Payable in Three Phases 

Confidential 
 Page 1 
Consent Form 
 
Please complete the survey below. 
 
Thank you! 
 
University of Arizona 
Consent to Participate in Research 
 
Study Title: Feasibility and Acceptability of Alternate Nostril Breathing to Reduce Stress in Pregnant Women 
Survivors of Intimate Partner Violence: A Mixed Methods Study 
 
Principal Investigator: Ottilie Rung, MS, BSN, RNC-OB, PhD Candidate 
 
You are being asked to participate in a research study. Your participation in this research study is voluntary and 
you do not have to participate. This document contains important information about this study and what to expect 
if you decide to participate. Please consider the information carefully. Feel free to ask questions before making 
your decision whether or not to participate. 
 
1. Why is this study being done and how long will it last? This research study will evaluate whether an intervention 
of alternate nostril breathing (ANB) will improve wellbeing in pregnant women survivors of intimate partner 
violence (IPV). If you agree to participate, you will be asked you to complete a questionnaire with questions about 
you, and a scale assessing your feelings throughout one week. You will be taught how to perform the intervention, 
and given time to ask questions regarding performing the intervention. You will be asked to complete a form with 
the date, time, and duration of practice performed mornings and evenings (in minutes). You will receive daily 
reminders via text during this period. After one week, you will be asked to complete the scale assessing your 
feelings. At the end of the study, you will be asked to take part in an interview. I will ask your permission to audio 
record this interview. 
 
2. What are the requirements to participate in this study? You may participate in this study if: 
• Ability to understand, speak, read, and write English 
• Aged ≥ 18 years 
• Pregnancy up to 37 weeks gestation 
• Recent or current history of any type (physical, emotional, verbal, and/or sexual) of IPV 
3. How many people will take part in the study? A minimum of 22, and a maximum of 30 people will take part in 
the study. 
 
4. What risks, side effects or discomforts can I expect from being in the study? No financial or legal risks are known 
to exist related to the intervention or in participation in the study. It is very unlikely that participation in the study 
will cause harm. Your name will not be placed on any documents. Your answers on all forms are anonymous. Your 
name will not be used during data collection. You will be assigned a unique code for identification purposes on any 
forms. With your permission, I will audio record your interview if you agree to participate in an interview. The 
audio recording will be as de-identified as possible, meaning that no names, addresses, email addresses, or other 
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Confidential 
 Page 2 

 
identifiable personal information will be on the recording. The same ID code that you are assigned will be used for 
the audio recording. All audio recordings will be transcribed and stored as de-identified data. Once the 
transcriptions have been made using Legal Language Services, the original recordings will be deleted. I will not 
reveal in conversation the names or any other characteristics of participants to others outside the shelter 
environment. If you require emotional support, a list of resources will be provided to you upon request. 
 
5. What are the benefits can I expect from being in the study? Participation in the study may improve how you 
feel, and regular practice of the intervention after the study may improve your general wellbeing. 
6. How long will I be in the study? Your participation in the study will be for one week. 
7. What other choices do I have if I do not take part in this study? Participation in the study is completely 
voluntary. Refusal to participate does not involve any penalty or loss of benefits to which you are otherwise 
entitled. If you take part, you can decide to stop at any time without penalty or loss of benefits to which you are 
otherwise entitled. You don't need to answer any question that you don't want to answer. You do not give up any 
personal legal rights you may have for taking part in this study. The only alternative to participating is not 
participating. 
 
8. What are the costs, and will I be paid for taking part in this study? The only cost to your participation is your 
time. All participants that complete all study procedures will be given the choice of Target or Walmart gift cards in 
the amount of up to $50.00. You will receive one for $20.00 after completing the pre-test surveys, one for $20.00 
after completing the intervention and post-test surveys, and one for $10.00 if you agree to and complete the 
interview. 
 
9. Will my data be stored for future research? Your data will only be used for this study and will not be kept for 
future research. 
10. Will my study-related information be kept confidential? All of your study-related information will be kept 
confidential at all times. Study-related information from the interviews will only be shared with Legal Language 
Services for the transcription of the audio obtained through the interviews, and de-identified data from the 
questionnaires will be shared with the statistician at the University of Tennessee for statistical analysis. 
 
For questions, concerns, or complaints about the study you may contact Ottilie Rung: 
orung@email.arizona.edu, 201-477-2294. 
 
For questions about your rights as a participant in this study or to discuss other study-related concerns or 
complaints with someone who is not part of the research team, you may contact the Human Subjects Protection 
Program at 520-626-6721 or online at http://rgw.arizona.edu/compliance/human-subjects-protection-program. 
 
By electronically signing the consent form 
 
I have read (or someone has read to me) this form, and I am aware that I am being asked to participate in a 
research study. I have had the opportunity to ask questions and have had them answered to my satisfaction. I 
voluntarily agree to participate in this study. 
 
I am not giving up any legal rights by signing this form. I will be given a copy of this form. 
O Agree to participate 
O Disagree to participate 
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