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ABSTRACT 

BACKGROUND: Type 2 diabetes mellitus affects millions of individuals, representing 

a vast burden of disease for the national health care system. Yoga practice has 

demonstrated potential for diabetes control and prevention, yet few yoga-based studies 

explore factors affecting maintenance of yoga practice over time. 

PURPOSE: The purpose of this study was to explore factors influencing the 

maintenance of yoga practice over time, to clarify the relationship between the social 

environment and yoga practice, and to examine the influence of a yoga intervention over 

time on the physical activity of adults with or at risk for type 2 diabetes. 

METHODS: A descriptive, longitudinal design measured yoga practice and physical 

activity (baseline and 3, 6, and 15 months post-intervention), social support (baseline and 

15 months post-intervention), and social discrimination (15 months post-intervention). A 

subset of participants completed interviews regarding experiences with yoga. 

SAMPLE: A convenience sample of 63 individuals participated in an 8-week yoga-

based study and completed follow-up assessments. A subset of the sample (n= 13) 

completed a follow-up interview. 

RESULTS: Themes of readiness for yoga, environmental support for yoga, and 

integrating yoga emerged through qualitative analysis of interview data. There were no 

statistically significant between-group differences [F (3, 147) = 0.598,p = .617] in 

physical activity over time, with a low effect size for treatment group by time 

(r)p
2 = 0.012). After controlling for baseline social support, there was no statistically 

significant difference in social support based on reported yoga practice at 15 months 
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post-intervention [F(l, 51) = 0.023,p = .879]. After controlling for age, there was no 

statistically significant difference in social discrimination based on reported yoga practice 

at 15 months post-intervention [F(l, 58) = 0.657, p = .421]. The effect size of yoga 

practice was low in both analyses (r\p
2 < .001 and rip2 = 0.011, respectively). 

CONCLUSIONS: As reported by interviewed participants, yoga practice affords 

multiple short-term benefits for individuals with or at risk for type 2 diabetes. Further 

research is necessary to identify social environmental factors that support maintenance of 

yoga practice and to clarify the long-term benefits of personal yoga practice. 
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CHAPTER ONE: INTRODUCTION 

Scope of the Problem 

The prevalence of type 2 diabetes mellitus has increased nationwide. From 1980 

to 2006, the United States population with diagnosed diabetes rose from 5.6 million to 

16.8 million (Centers for Disease Control and Prevention [CDC], 2008). The prevalence 

of diagnosed and undiagnosed diabetes among Americans aged 20 years or older is 

estimated to be 23.5 million (10.7%), and for those aged 60 years or older, the estimated 

prevalence is 12.2 million (23.1%) (National Diabetes Information Clearinghouse 

[NDIC], 2008). 

Ethnic and racial disparities in the prevalence of diabetes and diabetes-related 

complications are noteworthy. Diabetes prevalence among ethnic minorities over the age 

of 20 is as follows: 16.5% among American Indians/Alaska Natives; 11.8% among non-

Hispanic blacks, 10.4%) among Hispanic/Latino Americans, and 7.5% among Asian 

Americans, in contrast with the prevalence of 6.6% among non-Hispanic whites (NDIC, 

2008). Microvascular complications of diabetes, including chronic kidney disease, eye 

damage, and foot problems, are higher among ethnic minorities than among non-Hispanic 

whites with diabetes (American Association of Clinical Endocrinologists, 2007). 

Investigators have targeted specific health behaviors, namely nutrition and 

physical activity, in randomized trials to foster lifestyle change among those with type 2 

diabetes. Measured outcomes have included food intake, physical activity patterns, 

changes in body habitus (decreased body mass index, weight, or waist circumference) 

and improved glycemic control (Brooks et al., 2006; Glasgow et al., 2006; Keyserling et 
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al., 2002; Toobert et al, 2003; Tudor-Locke et al., 2004; Wolf et al., 2004). 

Unfortunately, most of these studies did not address the factors affecting maintenance of 

lifestyle change; only one study reported data points beyond one year post-intervention 

(Toobert et al, 2007). 

A growing body of evidence suggests racial/ethnic disparities in the practice of 

lifestyle factors known to delay the onset of diabetes and to optimize diabetes control, 

namely dietary behavior and physical activity (CDC, 2004; Haire-Joshu & Fleming, 

2006; Macera et al., 2005; Schulz et al., 2005). In particular, only 25% of African 

Americans aged 18 years of older engage in consistent physical activity of moderate 

intensity, compared to 35% of non-Hispanic whites of the same age (CDC, 2005). 

Current Approaches to the Problem 

Healthcare professionals and policymakers agree that reducing racial and ethnic 

disparities in diabetes and other health-related outcomes is a national priority (United 

States Department of Health and Human Services, 2007). However, debate persists 

regarding root causes and appropriate action to take. Some argue that cultural practices 

are to blame, although culture itself is often poorly defined, if at all (Hunt, Schneider, & 

Comer, 2004). Others purport that a viable solution is the promotion of cultural 

competence among healthcare providers (Betancourt, Green, Carrillo, & Ananeh-

Firempong, 2003; Brach & Fraser, 2000). Still others point to the lack of practical 

interventions tested among individuals with diabetes, particularly for the promotion of 

lifestyle changes such as physical activity and nutrition recommendations (King et al., 

2006; Kittler & Sucher, 2004). Researchers have begun to study the effects of various 
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complementary and alternative medicine (CAM) modalities on diabetes management, 

given the increasing prevalence of diabetes, enduring health disparities, dissatisfaction 

with conventional approaches, and growing public interest in CAM (Chao, Wade, 

Kronenberg, Kalmuss, & Cushman, 2006; Garrow & Egede, 2006a; Garrow & Egede, 

2006b). 

Yoga Practice and Diabetes Outcomes 

Mind-body medicine is a domain of CAM that focuses on the dynamic interaction 

between the mind and the body, exploring the organic capacity of emotional, mental, 

social, and spiritual phenomena to influence behavior, symptoms, and overall health 

(National Center for Complementary and Alternative Medicine, 2007). Yoga is a mind-

body practice that has become increasingly popular in American society as both an 

effective strategy for stress management and an innovative form of physical activity 

(Frishman, 2005; Manyam, 2004). Among adults with diabetes, yoga practice has been 

associated with multiple short-term health benefits, including significant reductions in 

both physiologic and psychosocial risk factors (Bijlani et al., 2005; Innes, Bourguignon, 

& Taylor, 2005; Innes & Vincent, 2006; Jain, Uppal, Bhatnagar, & Talukdar, 1993; 

Malhotra, Singh, Singh, et al., 2002; Malhotra, Singh, Tandon, et al., 2002; Singh, 

Malhotra, Singh, Madhu, & Tandon, 2004). 

Individuals who regularly practice yoga reap the greatest benefits; some consider 

consistency to be the most important factor in the success of mind-body therapies (Rice, 

2001). The health literature focused on yoga practice among individuals with type 2 

diabetes includes reports of beneficial outcomes resulting from divergent intervention 
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protocols. Some discuss the benefits from an intensive protocol of supervised residential 

intervention (Agte & Tarwadi, 2004; Jain, Uppal, Bhatnagar, & Talukdar, 1993; Malhotra 

et al., 2002; Singh, Malhotra, Singh, Madhu, & Tandon, 2004). Others describe 

significant results with a protocol of weekly yoga sessions ranging from 8 weeks to 6 

months; in most cases, participants were expected to practice at home on a daily basis 

(DiBenedetto et al., 2005; Oken et al, 2006; Roth & Creaser, 1997; Williams et al., 

2005). 

Maintenance of Yoga Practice over Time 

Despite the proliferation of yoga-based studies in recent years, few have 

examined the maintenance of yoga over time. Specific diabetes-related outcomes have 

rarely reported data beyond one-year post-intervention, which limits understanding of the 

long-term benefits of yoga practice for diabetes care and prevention. Given the benefits 

of consistent yoga practice over a three- to six-month timeframe as reported in the 

literature, it is plausible that long-term yoga practice would result in cumulative 

beneficial effects, including improved health status and health-related quality of life. One 

retrospective study indicates that yoga is associated with decreased weight gain over time 

among healthy adults, a matter of significance in diabetes prevention and control (Kristal, 

Littman, Benitez, & White, 2005). 

The benefits of yoga for health promotion in diabetes care are promising, but 

findings from a recent investigation of the metabolic costs of hatha yoga indicate that 

typical beginner-level yoga practice is not of sufficient intensity to meet physical activity 

recommendations for health and cardiovascular fitness (Hagins, Moore, & Rundle, 2007). 
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Nonetheless, given the many musculoskeletal benefits afforded by regular yoga practice, 

it is plausible that yoga not only serves as a beneficial form of physical activity but also 

increases one's capacity for other types of physical activity, although no studies to date 

have tested this hypothesis. The National Center for Complementary and Alternative 

Medicine recently published a report highlighting the need for research that both 

examines the health behaviors of individuals who practice complementary and alternative 

therapies and explores avenues by which to foster health promotion in this distinct 

population (Nahin et al., 2007). 

Maintenance of Physical Activity over Time 

While little has been published regarding the maintenance of yoga practice, the 

extant literature regarding maintenance of physical activity provides insight into factors 

that may likewise affect the practice of yoga over time. Individual factors, such as 

demographic characteristics and self-efficacy, have been widely investigated; physical 

activity maintenance is more likely among persons who are young, married, Caucasian, 

male, currently in paid employment, and confident in managing an exercise routine 

(Boutelle, Jeffery, & French, 2004; Eyler et al., 2002; Speck & Harrell, 2003; Umstattd et 

al., 2006; Weiss et al., 2007; Wilbur, Chandler, Dancy, & Lee, 2003a, Fallon, Wilcox, & 

Ainsworth, 2005; Laitakari, Vuori, & Oja, 1996; McNeill, Kreuter, & Subramanian, 

2006; Stiggelbout, Hopman-Rock, Crone, Lechner, & van Mechelen, 2006). Likewise, 

evidence continues to accumulate regarding the influence of the social environment on 

physical activity maintenance (Eyler et al., 2002; Laitakari et al, 1996; Lucas, Orshan, & 

Cook, 2000; Speck & Harrell, 2003; Weiss et al , 2007). The principal social 



environmental factor examined by researchers is social support (Barrera, Toobert, Angell, 

Glasgow, & Mackinnon, 2006), but firm conclusions regarding the role of social support 

in physical activity maintenance are elusive (van Dam et al., 2005). Unsupportive aspects 

of the social environment, such as social discrimination, may also have an influence on 

physical activity over time, but further investigation is necessary to test this hypothesis. 

Experiences of discrimination based on race, age, or weight may play a significant role in 

the maintenance of physical activity and yoga practice, but such a role has not been 

examined (McNeill, Kreuter, & Subramanian, 2006). 

Study Purpose 

The purpose of this study was to explore factors influencing the maintenance of 

yoga practice over time, to clarify the relationship between the social environment and 

yoga practice, and to examine the influence of a yoga intervention over time on the 

physical activity of adults with or at risk for type 2 diabetes. Variables representing the 

social environment were defined operationally as perceived social support and social 

discrimination. 

Primary data were gathered from participants in both the intervention and control 

groups of two larger studies conducted at the University of Virginia Center for the Study 

of Complementary and Alternative Therapies (CSCAT): the Women's Health and Yoga 

Study (WHYS) and Diabetes and Yoga Study (DAYS), also referred to as the "parent 

studies." 
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The specific aims of the current study were to: 

1) describe the extent to which individuals with or at risk for type 2 diabetes have 

continued or stopped their yoga practice following an 8-week yoga-based study 

and to examine their beliefs regarding factors that promote or discourage the 

maintenance of yoga practice; 

2) describe patterns of yoga practice and examine differences in physical activity 

over time (baseline and at 3, 6, and 15 months post-intervention) between 

individuals with or at risk for type 2 diabetes who completed the 8-week yoga 

intervention compared to those who did not receive the yoga intervention; 

3) explore the difference in social support between individuals with or at risk for 

type 2 diabetes who practice yoga and those who do not practice yoga at 15 

months following completion of an 8-week yoga-based study; and 

4) explore the difference in perceived social discrimination between individuals 

with or at risk for type 2 diabetes who practice yoga and those who do not 

practice yoga at 15 months following completion of an 8-week yoga-based study. 

Conceptual Model of the Study 

The theoretical basis for the study was the Interaction Model of Client Health 

Behavior (IMCHB), originally proposed by Cox in 1982. Designed specifically with the 

intent of putting theory into practice, the IMCHB is often used in nursing research of 

phenomena affecting health promotion and health behavior (Cox, 1982). The core 

elements of the model (presented in Figure 1) include the multifaceted individuality of 

the person (termed "client singularity"), interaction between the client and the health care 
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professional, and health outcomes (Cox, 1982). The element of client singularity 

represents a multidisciplinary, clinician-driven synthesis of health behavior theories, 

including the seminal Health Belief Model with its emphasis on constructs such as 

individual readiness (a function of the analysis of benefits and barriers for a given health 

behavior) and cues to action (Rosenstock, 1966). Client singularity also encompasses 

social environmental constructs, broadly identified as social influence and environmental 

resources. Psychological constructs of motivation, cognitive appraisal, and affective 

response to environmental stimuli also comprise client singularity, as do demographic 

characteristics and previous health care experience (See Figure 1). 

Figure 1. The Interaction Model of Client Health Behavior 

i r 
Elements of Client Singularity 

Background variables 

1. i -Demographic 
(-"-characteristics 

2. -Social influence 

Previous health 
care experience 

-"Environmental 
-••resources 

Intrinsic 
motivation 

Cognitive 
appraisal 

Affective 
response 

Elements of Client-
Professional interaction 

Affective 
support 

Health 
information 

Decisional 
control 

Professional/ 
technical 
competencies 

Elements of Health 
Outcome 

1. Utilization of 
health care 
services 

2. Clinical health 
status indicators 

3. Severity of 
health care 
problem 

4. Adherence to the 
recommended care 
regimen 

5. Satisfaction 
with care 

- Nonrecursive block -

From Cox, C. L. (1982). An Interaction Model of Client Health Behavior: 
Theoretical prescription for nursing. Advances in Nursing Science, 5(1), 41-56. 

Permission to reprint for dissertation granted by Wolters Kluwer Health / 
Lippincott, Williams, & Wilkins 



9 

This study focused on two of the three IMCHB core elements: client singularity 

and health outcomes. The sub-elements of client singularity that were operationalized for 

measurement in this study were demographic characteristics and social influence, 

affecting the primary health outcome of yoga practice and the secondary health outcome 

of physical activity. Based on the literature, key demographic variables included in the 

current study were age, gender, race/ethnicity, marital status, education, and employment. 

Variables representing social influence in the current study were perceived social 

discrimination and social support, aspects of the social environment that may affect yoga 

practice and physical activity (See Figure 2). 

Figure 2. Conceptual Model of the Study 

Age 
Gender 

Race/ethnicity 
Marital status 

Education 
Employment 

Social support 

Perceived social 
discrimination 

V * 

X / „ 

1 
r 

Physical activity 

r 
r 

Yoga practice 
i i 

/ 
/ 

Diabetes control 
and prevention 

Study Design and Methods 

A descriptive, longitudinal design was used to address the purpose and specific 

aims of the dissertation research. Participants in the first two cohorts of the DAYS and 

WHYS who completed the trials and agreed to future contact were eligible for 

participation in this follow-up study. Data collection included the administration of 
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mailed questionnaires on yoga practice, physical activity, social support, and social 

discrimination at 15 months post-intervention. 

Following stratification based on reported yoga practice, respondents from the 

yoga intervention group were asked to participate in a semi-structured interview 

regarding their experiences with yoga. Development of the interview guide was informed 

by the elements of client singularity in the IMCHB. Interviews were audiotaped, 

following verbal consent, and transcribed verbatim. 

Prior to the analysis of specific aim 1, interview transcripts were read while 

listening to the audiotapes to confirm the accuracy of transcription. The transcripts were 

imported into the NVivo 7 software program (QSR International, 2007) and analyzed 

using Burnard's (1991) staged approach for thematic content analysis. 

Questionnaire data were entered into the Statistical Package for the Social 

Sciences (SPSS: The Predictive Analytics Company, 2009) software program, version 

16.0. The data were validated, cleaned, and merged with the DAYS and WHYS dataset 

consisting of demographics and data on yoga practice and physical activity collected at 

baseline, 3 months post-intervention, and 6 months post-intervention. Prior to analysis, 

descriptive statistics were calculated for all demographic and study variables. The 

internal consistency of instruments was evaluated using Cronbach's alpha reliability 

coefficient. Missing values analyses were performed to identify any patterns. 

For specific aims 2 through 4, assumptions of normality and homogeneity of 

variance were tested, and associations between demographic variables and study 

variables were evaluated. For specific aim 2, baseline differences in demographics and 
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physical activity between the intervention and control group were assessed. For specific 

aim 3, baseline differences in demographics and social support between those practicing 

yoga and those not practicing yoga were assessed. For specific aim 4, only baseline 

differences in demographics between those practicing yoga and those not practicing yoga 

were assessed, because there were no baseline data on social discrimination. 

Repeated measures analysis of variance (ANOVA) and repeated measures 

analysis of covariance (ANCOVA) models were used to analyze specific aim 2, and 

ANCOVA models were used to analyze specific aims 3 and 4. Assumptions specific to 

each statistical test were met prior to interpretation of the findings. 

Importance of the Study and Its Contribution to Science 

Rates of type 2 diabetes continue to climb; in spite of intervention programs that 

have proliferated in various forms, the epidemic does not appear to be abating. In 2007, 

the incidence of diagnosed diabetes among those aged 20 years or older was 1.6 million 

new cases (NDIC, 2008). 

Yoga is a mind-body practice that enhances stress management and provides an 

innovative form of physical activity (Frishman, 2005; Manyam, 2004). According to a 

recent systematic review of the effects of yoga on physiologic and clinical risk factors in 

adults with type 2 diabetes, multiple yoga-based intervention studies have documented 

improvement in a range of diabetes-related outcomes (Innes & Vincent, 2006). 

Although yoga-based studies have become increasingly common in recent years, 

few have examined the maintenance of yoga over time. Therefore, the extent to which 

study participants continue to practice yoga or fluctuate in yoga practice over time is 



largely unknown. Moreover, studies that investigate the efficacy of yoga practice on 

diabetes-related outcomes have rarely reported data beyond one-year post-intervention, 

which limits understanding of the long-term benefits of yoga practice for diabetes care. 

Exploring factors that affect the maintenance of yoga practice over time and examining 

the effects of yoga practice on physical activity among individuals with or at risk for type 

2 diabetes may foster a greater understanding of the effectiveness of yoga-based 

interventions and elucidate the potential of yoga for diabetes prevention and control. 

The conceptual model of this study proposes that social support and social 

discrimination, variables representing the perceived social environment of the individual, 

are influential in the maintenance of yoga practice and physical activity. Examining the 

social environment is relevant for the fields of public health, nursing, and CAM. Health 

promotion is a fundamental aspect of each of these disciplines, particularly in terms of 

primary and secondary prevention of chronic diseases such as diabetes. Until the social 

environment is more clearly understood, innovative interventions such as yoga practice 

for diabetes prevention and control, will have limited effectiveness in practice; indeed, 

randomized controlled trials that emphasize intervention efficacy to the exclusion of 

intervention reach, adoption, and maintenance over time inevitably narrow the possibility 

of research translation into practice (Glasgow, Vogt, & Boles, 1999). Findings from this 

study will guide a developing program of research in the design and testing of innovative, 

translatable yoga-based health promotion programs for diabetes prevention and control. 
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Organization of the Dissertation 

This dissertation represents a compilation of the scholarly process that began with 

a review of the literature and progressed to the implementation of a study. The format for 

this dissertation diverges slightly from that of the more traditional, 5-chapter dissertation. 

Chapter One presents the core concepts and overview of the study, including specific 

aims, study design, and study significance. Chapter Two presents the review of the 

literature forming the basis for the study; this chapter has been published (Alexander, 

Taylor, Innes, Kulbok, & Selfe, 2008) and thus constitutes Manuscript One. Chapter 

Three presents the study design and methods in detail, including information regarding 

the protection of human subjects. Chapter Four presents the study findings in the form of 

three manuscripts, one addressing the first specific aim, another addressing the second 

specific aim, and the final one addressing the third and fourth specific aims. Chapter Five 

presents a summary of the discussions in each manuscript and cohesively ends the work 

through implications for research and practice. 
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ABSTRACT 

The purpose of this paper is to review the literature to identify the effects of yoga-

based therapy on the management of type 2 diabetes mellitus and to examine the social 

context of physical activity. Findings from the review indicate that yoga has a positive 

short-term effect on multiple diabetes-related outcomes; however, long-term effects of 

yoga therapy on diabetes management remain unclear. The context of the social 

environment, including interpersonal relationships, community characteristics, and 

discrimination, influences the adoption and maintenance of health behaviors such as 

physical activity, including yoga practice. Further research is necessary to elucidate the 

extent of this influence. 

Key Words: yoga, physical activity, social environment, discrimination, type 2 diabetes 

mellitus 
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Upward trends in the prevalence of type 2 diabetes mellitus (also referred to as 

diabetes) are evident nationwide. From 1980 to 2005, prevalence of diabetes among the 

United States population with diabetes rose from 5.6 million to 15.8 million.1 

Approximately 9.6% of Americans 20 years or older (a total of 20.6 million people) have 

diabetes.2 

Ethnic and racial disparities in the prevalence of diabetes and diabetes-related 

complications are noteworthy. Diabetes prevalence rates among ethnic minorities over 

the age of 20 are as follows: 12.8% to 15.1% among American Indians/Alaska Natives, 

13.3% among African Americans, and 9.5% among Hispanic/Latino Americans; these 

rates contrast with the prevalence rate of 8.7% among non-Hispanic whites.3 Long-term 

complications such as blindness, end-stage renal disease, and lower extremity amputation 

are much higher among ethnic minorities than among non-Hispanic whites with 

diabetes.4 

Healthcare professionals and policymakers agree that reducing racial and ethnic 

disparities in diabetes and other health-related outcomes is a national priority; however, 

debate persists regarding root causes and appropriate action to take. Some argue that 

cultural practices are to blame, although culture itself is often defined poorly, if at all.5 

Others purport that a viable solution is the promotion of cultural competence among 

healthcare providers.6'7 Still others point to the lack of practical interventions tested 

among individuals with diabetes, particularly for the promotion of lifestyle changes in the 

form of physical activity (PA) and nutrition recommendations.8'9 Given the increasing 

prevalence of diabetes, enduring health disparities, dissatisfaction with conventional 
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approaches, and growing public interest in complementary and alternative medicine 

(CAM), researchers have begun to study the effects of various CAM modalities on 

diabetes management. 

The purpose of this review is twofold: (1) to probe the published research 

literature to identify current understanding of yoga-based therapy as a CAM modality for 

diabetes management, and (2) to situate these findings in a broader context through a 

review of the social determinants of health behavior and lifestyle change, particularly PA. 

The primary aim of this integrative review is to examine key factors of the social 

environment that affect the practice of PA, including yoga, among adults with or at risk 

for type 2 diabetes mellitus. 

BACKGROUND AND SIGNIFICANCE 

To investigate the most efficacious means of improving health status among those 

with diabetes, researchers have targeted specific health behaviors for lifestyle change, 

namely nutrition and PA, in the design of randomized clinical trials, measuring outcomes 

such as food intake, PA patterns, changes in body habitus (decreased body mass index, 

weight, or waist circumference), and improved glycemic control.10"15 Unfortunately, most 

of these studies do not address the mechanisms for maintenance of lifestyle change, nor 

do the studies have data points beyond 1 year postintervention. 

Further complicating the challenge to improve health status among those with 

diabetes, a growing body of evidence suggests additional racial/ethnic disparities in the 

practice of dietary behavior and PA.16 In particular, only 25% of African Americans aged 
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18 years or older engage in consistent PA of moderate intensity, compared to 35% of 

non-Hispanic whites of the same age.17 

Yoga therapy, as applied in Western culture, is an innovative form of PA and 

stress management; this mind-body practice is a CAM modality that has become 

increasingly popular in recent years.18'19 Among adults with diabetes, yoga therapy has 

been associated with multiple benefits and few adverse effects.20 Yet studies that 

investigate yoga therapy and its outcomes rarely report data beyond 1 year post-

intervention, and few, if any, examine aspects of the social environment that may 

contribute to yoga practice as a lifestyle to prevent or minimize complications from 

diseases such as diabetes. 

Social conditions such as poverty, discrimination, socioeconomic status, and 

ecological resources influence the risk and trajectory of disease; yet the focus of 

intervention is often upon behavioral risk factors at the level of the individual. 

Examining the social determinants of PA holds relevance for the advancement of science 

in the fields of public health, nursing, and CAM modalities. Until the effects of the social 

environment are more clearly understood, innovative programs to improve health will 

have limited effectiveness in real world settings. Indeed, randomized, controlled trials 

that emphasize intervention efficacy to the exclusion of intervention reach, adoption, and 

maintenance over time inevitably narrow the possibility of research translation into 

practice.22 
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METHODS 

This review focuses on published research articles indexed in the CINAHL®, 

PubMed®, Medline®, Web of Science®, and PsycINFO® databases and relevant articles 

obtained through the ancestry approach. Search criteria included research articles written 

in English, published between 1985 and April 2007, and concerning studies conducted 

among adult humans. For the first aim of the review (yoga-based therapy in diabetes 

management), the key words were yoga and diabetes mellitus. For the second aim of the 

review (social determinants of PA), the key words included diabetes mellitus, physical 

activity, social support, social environment, stigma, prejudice, and discrimination. 

Exclusion criteria included articles not written in English and those with a target 

population of children, young adults, or pregnant women. Among the articles describing 

study findings, those that were excluded were those with outcomes less than 6 months 

post-intervention or those lacking a focus on diabetes-related outcomes. After application 

of inclusion and exclusion criteria, there were 73 articles eligible for review. Additional 

articles were retrieved from the reference lists of the eligible articles. Most of the articles 

included in the review were based on research in the United States, although articles 

based on research in other countries were included if they were written in English and 

pertained to the aim of the review. 

YOGA THERAPY IN DIABETES MANAGEMENT 

Although considered an ancient tradition in Indian culture, yoga therapy falls 

within the domain of CAM in American society. Public interest in CAM continues to 
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grow; consequently, it behooves healthcare professionals to be informed and to engage 

their patients in open discussion regarding CAM use.23'24 

Persons with diabetes use CAM at rates of prevalence equal to those without 

diabetes according to a study drawn from analysis of the 2002 National Household 

Interview Survey.24 Although this study is subject to self-report and recall bias, its 

findings are clinically important: those with diabetes are more likely to practice prayer 

than those without diabetes, but they are less likely to use herbs, consume vitamins, or 

practice yoga therapy.24 

Current projections of undiagnosed diabetes are quite high, so true patterns of 

CAM use or yoga practice among those with diabetes are difficult to abstract. One readily 

discernible trend, however, is the increased experimentation with yoga practice in the 

United States in recent years. In 2004, findings from a nationwide survey indicated that 

7.5% of a nationally representative sample had practiced yoga at some point in their lives, 

with almost 4% having practiced yoga in the past year; interestingly, 90% of the sample 

expressed the belief that yoga was very helpful in improving and/or maintaining health. 

Although the low response rate and low proportion of yoga users necessitate the judicious 

interpretation of these data, the evidence base for yoga therapy as an efficacious strategy 

for chronic illness management continues to expand. 

The implementation of yoga therapy varies widely. While many researchers 

conceptualize yoga as a form of PA, others argue that comprehensive yoga, an approach 

incorporating body postures (asanas), breathing techniques (pranayamas), meditation, 

cleansing, nutrition, attitudinal and behavioral modification, and mental discipline, is 
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more beneficial and loyal to its ancient tenets. ' " Nonetheless, Western forms of yoga 

primarily emphasize components of exercise and stress management.18'19 

Yoga therapy has been associated with a multitude of benefits and few adverse 

effects according to a recent systematic review of the effects of yoga on physiologic and 

clinical risk factors in adults with diabetes.20 Benefits include significant reductions in 

fasting and postprandial blood glucose, hemoglobin Ale, total cholesterol and low-

density lipoprotein, triglycerides, coronary stenosis, oxidative stress, blood pressure, 

body weight, waist/hip ratio, heart rate, catecholamine levels, need for medication 

10 Of) T< 08 

relative to baseline, and psychosocial risk factors. " ' " Yoga is also associated with 

decreased weight gain in healthy adults, a matter of significance in the prevention and 

management of many chronic illnesses, including diabetes. Although intervention 

studies reveal similar positive findings, many have a poor study design, lack an adequate 

control group, and offer an insufficient description of sampling and statistical analysis 

techniques.20 

Yoga-based therapy is clearly a promising intervention for primary and secondary 

prevention of diabetes given the multiple health benefits attributed to the practice of 

yoga. However, the literature is unclear regarding the most beneficial forms of yoga, the 

possibility of a dose-response relationship in managing diabetes, and the most labor-, 

cost-, and time-effective manner in which to train patients. Moreover, no studies were 

identified that measured factors contributing to the maintenance of yoga practice over 

time. An exploration of the social determinants of PA in general will provide a logical 

basis for understanding factors that may contribute to yoga practice as well. 
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SOCIAL DETERMINANTS OF PHYSICAL ACTIVITY 

Little has been published regarding the factors that contribute to the adoption and 

maintenance of yoga therapy as a form of PA. The focus of the extant literature on the 

initiation and maintenance of PA in general is largely upon factors at the level of the 

individual person, with limited consideration of environmental factors. Researchers 

agree that self-efficacy, for example, is a fundamental element of PA adoption and 

maintenance.31"38 In addition, there is ample evidence linking demographic factors with 

PA. For example, long-term maintenance is less likely for older, ethnic minority women 

who reside in the southern or northeastern regions of the United States. " J , ' J^ ' It appears 

that the intensity of PA is also predictive of its longevity in practice; activities that 

emphasize moderate intensity conducive to lifestyle integration are more likely to be 

maintained over time. ' 

The initiation and maintenance of PA do not depend solely upon individual 

factors, however; environmental factors are critical determinants as well.33'35'37'39'42 

Environmental factors include physical features as well as social characteristics. Social 

environmental factors constitute the focus of this integrative review. 

A uniform definition of the social environment is difficult to pinpoint, although 

scientists would generally agree that key features of the social environment, such as 

social norms, social stressors, and social constraints on individuals' opportunities and 

choices, shape health behaviors such as PA.43 The authors of Healthy People 2010 

emphasize the role of social environmental factors in healthy living and highlight the 
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influence of 2 aspects of socioeconomic status—income and education—on leading 

health indicators, one of which is PA.40 

Social support is the most widely investigated social environmental factor in the 

health literature; encouragement or assistance from family and friends constitutes a form 

of proximal support that affects lifestyle changes in diabetes management, including 

PA.34'44"46 Social resources in the neighborhood and community, on the other hand, 

provide distal support for PA maintenance, which is equally important for sustained 

lifestyle change.31'39'41'44'47"49 These resources may be either stress-buffering or stress-

inducing qualities of the environment. Moreover, certain social environmental factors 

("leverage points") exert a disproportionate influence on behavior and wellbeing. 

Social influence of interpersonal support 

Findings from the literature suggest that social support is a critical determinant of 

health status and serves as a protective factor for those suffering with or at risk for 

chronic illness.53"56 Some view their family members as a reliable source of emotional 

support, especially in times of illness.57 Individuals with diabetes often report that family 

members provide instrumental support, encouraging them to engage in self-management 

behaviors, including exercise, judicious grocery shopping, meal preparation, and foot 

care—activities that can help them to achieve better glycemic control over time. 

Mechanisms by which social support influences PA include the establishment of social 

norms that promote the adoption and maintenance of health behaviors such as exercise 

and the provision of helpful ideas and material resources to overcome barriers to PA. 
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Family members, however, are not always a positive source of support,. In direct 

contrast to reports that characterize family members as seemingly idyllic encouragers, 

some individuals testify that their family members have a tendency to make matters 

worse by engaging in regulatory or nagging behavior.56'61 Participants in one study 

emphasize that some family members are in denial or simply do not understand; they 

provide poor health advice, particularly with regard to food choices.62 Regarding PA, it 

appears that working,women who remain physically active report lower family support 

but higher levels of friend social support than women who are inactive. 

Family conflict can mitigate the positive aspects of social support and increase the 

stress faced by those living with diabetes. Due to differential forms of conflict 

measurement and analysis of outcomes, research findings regarding the influence of 

unresolved family conflict are contradictory. While some assert that addressing conflict 

leads directly to improved clinical outcomes and reduced healthcare costs, others indicate 

that conflict management does not appear to affect clinical measures directly.57'63 Still 

others determined that family conflict is related to depression, which in turn influences 

quality of life and attitude toward diabetes self-management. 4 

A recent review of controlled trials testing the effects of social support 

interventions determined that the role of social support in diabetes management remains 

unclear.56 Varying definitions, divergent measurement, and contradictory findings limit 

the understanding of social support mechanisms in promoting lifestyle change. Among 

those with diabetes, the effect of social support appears to vary by gender; men tend to 

prefer spousal and family support, while women favor the support of friends or extended 
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family networks.56 Emotional and instrumental support are commonly reported, but 

further research is necessary to explore the types of social support that are most beneficial 

for sustaining lifestyle changes necessary for diabetes management and prevention. 

Social influence of the neighborhood and community 

Environmental variables that capture characteristics of neighborhoods and 

communities are beginning to gain the attention of researchers, yet the expanding 

evidence base of PA determinants focuses more heavily on psychosocial and behavioral 

factors at the level of the individual.30 The influence of the social environment is widely 

recognized in health behavior research, yet the primary focus of the published literature 

pertains to the influence of the physical environment.34 While physical and social aspects 

of the environment have independent effects, social processes inevitably mediate the 

influence of the physical environment.52 

Social cohesion enhances the collective social capital of communities, which is in 

turn related to increased PA.34 Yet the few studies that investigate social environmental 

aspects of neighborhoods and communities predominantly focus upon neighborhood 

deprivation as opposed to neighborhood assets.34 The extent to which a given 

environment provides opportunities for the development of supportive interpersonal 

relationships will determine the growth of social cohesion, commitment, and innovation 

for change within that neighborhood or community. 

A large, cross-sectional phone-based survey of middle-aged and older women 

revealed that neighborhood characteristics are significantly related to physical inactivity. 

Among the 4 ethnic groups responding, in particular African American women, the 
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infrequent observations of others exercising in the neighborhood greatly increased one's 

odds of having an inactive lifestyle.30 Not only do social norms influence PA, but 

psychosocial hazards within a neighborhood may also affect the practice of PA. A recent 

review of the literature on PA maintenance among women highlighted the importance of 

environmental variables such as neighborhood safety, climate, and accessibility of trails 

or facilities for PA.35 

Studies that examine the influence of perceived neighborhood safety on PA reveal 

contradictory findings. Results from a survey of almost 3,000 multiethnic women across 

the United States reveal that perceived safety of one's neighborhood is not a significant 

predictor of PA.30 In contrast, a cross-sectional analysis of baseline data from a multilevel 

cohort study of community-dwelling older adults (Ar= 1140) revealed that visible, stable 

features of neighborhood environments evoking fear or alarm among residents are 

significantly related to less PA and less healthy diets.65 Likewise, a report from the CDC 

analysis of 1996 Behavioral Risk Factor Surveillance System data from Maryland, 

Montana, Ohio, Pennsylvania, and Virginia likewise indicates that neighborhood safety 

contributes to the physical inactivity of Americans across many regions of the United 

States.66 

The relationship between the social environment and PA is complex and in need 

of further clarification through research among various population groups. Moreover, it is 

vital to assess both individuals' perceptions of environmental influence on PA and 

objective assessment of the environment.30 Additional suggestions for assessment of the 

social influence of neighborhoods and communities on PA include enumeration of the 
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resources in the community that promote exercise, such as community walking clubs or 

local media reports addressing the benefits of PA.34 

Social influence of discrimination 

Another aspect of the social environment is social discrimination. For purposes of 

this article, social discrimination is defined as any form of prejudice or stigma based on 

physical traits such as race, weight, and age. In recent years, researchers have examined 

the effects of social discrimination on health outcomes. Specifically, scientists have 

documented the negative effects of racial discrimination on stress, depression, blood 

pressure, substance abuse, and satisfaction with medical care.67"72 

Racial discrimination is a present and historical reality for many Americans, and a 

recent review of community-based studies confirmed its positive association with 

outcomes in mental and physical health status.71 Racial discrimination has a dual 

description: individual perceptions, resulting in emotional distress and greater risk of 

chronic illness over time; and institutional racism, resulting in reduced access to optimal 

healthcare, increased exposure to hazardous conditions in the physical environment 

(related to housing and occupational opportunities), and aggressive advertising of both 

legal and illicit drugs and substances in segregated neighborhoods.34 

Measurement difficulties continue to impede progress in this line of research, 

particularly the broad range of instruments designed to measure discrimination and the 

extent to which specific health outcomes of interest have been based largely on self-

report, including self-rated physical health, stress, and depressive symptoms. Although 

subject to bias, such measures remain important, for these capture qualities of the social 
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environment that have been overlooked by researchers for decades. Future research is 

necessary to determine the influence of racial discrimination on PA and other health 

behaviors, as few, if any, such studies have been published in the research literature. To 

date, the primary behaviors that have a documented association with racial discrimination 

are alcohol and tobacco use.71 

In addition to racial bias, an "anti-fat" bias is apparent in American society. This 

bias poses a significant problem for those with diabetes because the association between 

obesity and diabetes is clearly established in the literature.73"75 Documented correlates of 

weight-based discrimination include healthcare avoidance, depression, and low self-

esteem.76"82 The literature regarding the influence of weight-based discrimination on 

health outcomes is accumulating, but measures used to assess the phenomenon have been 

categorical and in some cases dichotomous, which limits data analysis. Even so, it is 

important to note the findings from a large study of a convenience sample, indicating that 

over 20% of women and 17% of men report weight-related mistreatment, not only from 

their spouse or loved one but also from strangers. Furthermore, significant amounts of 

anti-fat bias are pervasive among healthcare professionals who work with obese patients 

or conduct obesity research.81 Some healthcare providers attribute negative characteristics 

to obese patients, and society as a whole often perceives obese individuals as deviant and 

having flaws in character that lead to their condition. 

A recent study of 216 women revealed that obesity is associated with increased 

healthcare avoidance and delay in seeking medical attention. This particular study is 

limited because of its reliance on self-reported data. One of the key findings, however, is 
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that women avoid visiting healthcare providers because they simply do not want to be 

weighed in the clinic and do not want to be told to lose weight.76 The authors indicate that 

healthcare avoidance may be especially pronounced if women perceive that their obese 

condition disproportionately affects their treatment through the lack of diagnostic 

evaluation and further testing or if healthcare providers focus solely on weight to the 

exclusion of apparent symptoms.76 Although the evidence base is insufficient to draw 

conclusions, it is logical that weight-based discrimination could influence health 

behaviors such as PA or limit access to unbiased education and healthcare. 

Ageism affects health behavior and health outcomes as well. Studies indicate that 

physicians are less likely to recommend PA to older adults, that sedentary behavior stems 

from sociocultural attitudes and prejudice toward aging, and that negative stereotypes of 

aging influence physiological function important for lifelong PA.83"85 

In particular, it is proposed that biological changes inherent in the aging process, 

coupled with societal values and cultural attitudes regarding the activity of older adults, 

significantly affect the PA patterns of older adults.83 As they age, women in particular 

often report a delicate balance between avoiding the risk of injury, desiring to meet 

sociocultural ideals for beauty and longevity, and seeking to maintain an independent 

lifestyle as they pursue PA. Others simply hold subtle societal beliefs that suggest their 

aging bodies are incapable of handling the exertion of PA. 

In a study of community-dwelling men and women between the ages of 63 and 

82, investigators report significant increases in walking speed and other improvements in 

gait among those who were exposed to positive stereotypes of aging and no changes in 
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those exposed to negative stereotypes of aging. The authors conclude that stereotypes of 

aging have a profound impact on gait and other aspects of physiological function.84 A 

recent review of the literature regarding ageist stereotypes indicates that healthcare 

providers likely propagate aging myths by being less aggressive in their treatment of 

conditions and their recommendations for health-promoting behaviors. In particular, 

physicians may be less likely to recommend PA, in spite of known benefits, simply 

because they perceive older adults as having earned rest and repose.85 

Discrimination is pervasive in modern society. Evidence suggests that anywhere 

from 70% to 100% of adults report racial discrimination, over 20% of adults report 

mistreatment related to weight, and over 80% of Americans aged 50 or older report 

experiencing some form of ageism.78'85'86 Recent research suggests that the internalization 

of negative stereotypes and discrimination poses a significant threat to health and is 

related to glucose intolerance, abdominal obesity, elevated blood pressure, and physical 

inactivity. ' ' ' Although the social stigma caused by perceived discrimination may 

affect the adoption and maintenance of health behaviors such as PA, this relationship is 

rarely measured.89 In fact, there were no such studies retrieved in a recently published 

review of the literature regarding the social environment and PA.34 

There is a clear gap in the literature regarding the social influence of 

discrimination on PA. Further research is necessary to inform practice and to build the 

knowledge base for appropriate levels of intervention to promote health and PA among 

all people, regardless of their background or physical appearance. 
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DISCUSSION 

The twofold purpose of this review was to identify from the published research 

literature the effects of yoga therapy as a CAM modality for diabetes management and to 

provide context for these findings through an examination of the social determinants of 

PA. The implications for yoga-based research are evident. Although wide variations in 

the design and implementation of yoga therapy preclude the possibility of meta-analysis 

at this point, findings indicate that yoga has a positive short-term effect on multiple 

health-related outcomes. It would be prudent for healthcare providers to encourage 

exploration of yoga therapy as an option for PA and stress management for all patients, 

including those with diabetes; however, yoga is not considered a substitution for medical 

care but rather an adjuvant approach for health promotion. The long-term effects of yoga 

therapy on diabetes management remain unclear, a reflection of the lack of longitudinal 

research with data points beyond 1 year post-intervention. 

The social determinants of PA and associated implications are myriad. Simply 

put, further research is necessary to clarify the effects of the social environment on PA. 

Unfortunately, diverse measurements of social support and discrimination inhibit firm 

conclusions about the respective influence of these variables on the adoption and 

maintenance of PA. The social influence of neighborhoods and communities remains 

unclear, although a growing body of evidence points to the importance of social 

connectedness and cohesion, which can then influence social norms in favor of PA. For 

too long, research on neighborhoods and communities has focused on deprivation, crime, 

and fear, without assessing social assets or the capacity for social cohesion. It is essential 
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to acknowledge the influence of deficits in the social environment, but identifying social 

ecological leverage points for change is equally important.52 

Disparities in diabetes and other health outcomes warrant the investigation of 

researchers and the attention of practitioners. The findings of this review support the 

assumption that complementary and alternative approaches, particularly yoga therapy, are 

efficacious in health promotion and diabetes management, yielding many benefits with 

few adverse effects. However, an intervention in isolation, no matter how innovative it 

may be, is not adequate to ensure long-term behavior change. Environmental factors are 

critical determinants of health behavior, and social influences are clearly important for 

the practice of all forms of PA, including yoga, as well as other lifestyle changes 

necessary for optimal diabetes management. Behavioral interventions are more likely to 

make an appreciable impact on the public's health when the interventions apply a 

conscientious appraisal of the social context of behavior to the meaningful development 

of strategies that enhance social assets while minimizing social hazards and inequalities, 

thereby achieving greater ecological depth. 
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CHAPTER THREE: RESEARCH DESIGN AND METHODS 

Study Design 

The current study used a descriptive, longitudinal design to address the specific 

aims. The parent studies, from which some data for this current study are drawn, 

consisted of two randomized, controlled trials, one for individuals with type 2 diabetes 

(Diabetes and Yoga Study, [DAYS]) and the other for healthy women at risk for diabetes 

and cardiovascular disease (Women's Health and Yoga Study, [WHYS]) (Innes, Selfe, 

Taylor, Cottingham, Hasan, & Alexander, 2008; Innes, 2009a; Innes, 2009b). Although 

the target population for each of these trials was different, the trials had concurrent study 

enrollment and followed the same yoga intervention protocol. 

Human Subjects Protection 

Recruitment and Informed Consent 

The investigator obtained Human Subjects approval for the current study through 

the Institutional Review Board for Health Sciences Research (IRB-HSR) at the 

University of Virginia. The investigator recruited from the parent studies, contacting 

those who agreed to future contact in the original consent form for the two parent studies 

(DAYS, IRB-HSR # 12282; WHYS, IRB-HSR #11337). All recruitment was done only 

with approval from the IRB-HSR and the investigator's Dissertation Chair. 

Institutional Review Board 

The original protocol for the DAYS and WHYS parent studies was modified to 

reflect two additional points of data collection, one consisting of surveys at 15 months 

post-intervention and the other consisting of interviews following submission of the 
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surveys, which occurred from 16 to 20 months post-intervention. The investigator 

received approval for these modifications from the General Clinical Research Center 

first, followed by approval from the IRB-HSR. 

HIPAA Regulations for Privacy 

Information was available for review by the University of Virginia Research 

Compliance staff and the IRB-HSR members or designates. This release was required to 

authorize an audit for the assessment of responsible conduct of research. Throughout the 

study, hard copies of the data were stored in a locked cabinet in the CSC AT, with access 

limited to the investigator, her advisor, and the study coordinator for the parent studies. 

Electronic storage of the data was on a secure, password-protected server used for storing 

data from the parent studies as well. Only the printer and copier in the CSCAT were used 

for printing data. 

Sample 

Participants for the DAYS and WHYS were recruited through advertisements 

posted in community newspapers, university buildings, community venues, and medical 

offices. These advertisements sought individuals who were interested in participating in a 

free yoga-based study. Potential participants were screened over the phone and then 

scheduled for study enrollment. 

Over a 15-month time period, three separate cohorts were enrolled and 

participated in the trials. The current study represents a subgroup of participants from the 

first two cohorts of DAYS and WHYS, those who indicated on the consent forms of 
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those respective studies that they agreed to future contact and were followed at 3, 6, and 

15 months after completion of the study. 

Inclusion criteria for the two trials were similar with some notable differences. 

Individuals were eligible to participate in the WHYS if they were 45 to 80 years of age, 

postmenopausal, had no yoga experience within the past 12 months, and were able to 

complete an 8-week gentle yoga program. Additional inclusion criteria for the WHYS 

were an inactive lifestyle (exercising less than 3 times per week) and having either 

overweight status (BMI >= 25), visceral adiposity (waist circumference >= 88 cm) or a 

first-degree relative with diabetes or essential hypertension. Individuals were excluded 

from the WHYS if they had insulin sensitivity (QUICKI > 0.357), took medications 

affecting carbohydrate metabolism, had any serious chronic conditions, and/or had any 

major orthopedic or neurologic diagnoses. Additional exclusion criteria were active joint 

or musculoskeletal pain, sleep apnea, and/or regular use of an assistive device. 

Individuals were eligible to participate in the DAYS if they were 45 to 80 years of 

age, postmenopausal (for the women), had an established medical diagnosis of type 2 

diabetes for at least 6 months, had no yoga experience within the past 12 months, and 

were able to complete an 8-week gentle yoga program. Individuals were excluded from 

the DAYS if they took insulin, had any serious chronic comorbid conditions, experienced 

any acute coronary symptoms within the past 6 months, had an artificial pacemaker, 

and/or had any major orthopedic or neurologic diagnoses. Additional exclusion criteria 

were active joint or musculoskeletal pain, sleep apnea, and/or regular use of an assistive 

device. 
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A total of 94 individuals were enrolled in the first two cohorts of the DAYS and 

WHYS, but only 80 participants completed the study and were willing to be contacted 

afterward. Reasons for attrition included schedule conflicts/competing obligations 

in = 3), health problems (n = 4), abnormal lab values (n = 2), distance (n= 1), or 

unknown reasons in = 4). Of these, 59 participants completed questionnaires at 3 months 

post-intervention, and 60 completed questionnaires at 6 months post-intervention, for 

respective response rates of 74% and 75%. At 15 months post-intervention, 78 of 80 

participants (one did not speak/write English and another was lost to follow-up at the 

time) were mailed follow-up questionnaires. 

Demographic Distribution 

The racial/ethnic composition of the study sample was comparable to population 

estimates of race among persons living in the city of Charlottesville and the county of 

Albemarle in the Commonwealth of Virginia (Table 1). 

Table 1. Demographic Distribution 

Population 

Study Sample 
City of 
Charlottesville 
Albemarle 
County 
Virginia 
United States 

White 

82.5% 
72.3% 

83.8% 

73.2% 
80.0% 

Black 
(African 
American) 

14.3% 
20.8% 

9.9% 

19.9% 
12.8% 

American 
Indian and 
Alaska 
Native 

0 
0.1% 

0.2% 

0.4% 
1.0% 

Asian 

1.6% 
4.7% 

4.8% 

4.8% 
4.4% 

Native 
Hawaiian 
and Other 
Pacific 
Islander 

0 
<0.1% 

<0.1% 

0.1% 
0.2% 

Hispanic 
or 
Latino 
origin 

0 
3.4% 

3.7% 

6.6% 
15.1% 

United States Census Bureau (2009a, 2009b, and 2009c) 
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Recruitment strategies for the DAYS and WHYS included advertising throughout 

Charlottesville and Albemarle County, using community newspapers and flyers posted in 

a variety of public locations. Certain members of the research team were hired to recruit 

actively among the African American population to increase the diversity of study 

participants. Therefore, it was anticipated that individuals from the two largest 

racial/ethnic groups in Virginia (White and Black [African American]) would receive 

significant exposure to study advertising. 

The first two cohorts of the DAYS and WHYS comprised a sample of individuals 

whose demographic distribution was roughly similar to Charlottesville and Albemarle 

County but with racial/ethnic diversity primarily limited to White and Black (African 

American) individuals. A total of 77 White individuals (82%), 16 Black or African 

American individuals (17%), 1 Asian individual (1%), 1 individual reporting more than 

one race (1.6%), and 1 person of Hispanic or Latino ethnic origin (1%) were enrolled in 

the first two sessions of the DAYS and WHYS. In the current study, composed of 

individuals who responded to the 15-month post-intervention follow-up assessment, a 

total of 52 White individuals (82.5%), 9 Black or African American individuals (14.3%), 

1 Asian individual (1.6%), and 1 individual reporting more than one race (1.6%) 

participated. 

Data Sources 

The sources of data for the current study included questionnaires soliciting the 

following information: self-reported physical activity, yoga practice, and perceptions of 

social support and social discrimination. Data from the parent studies that were used in 
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the current study consisted of demographics and data on physical activity and yoga 

practice collected at baseline, 3 months post-intervention, and 6 months post-

intervention. A subset of the sample (n = 13) completed an interview between 16 and 20 

months post-intervention. All of the data were obtained solely for research purposes. 

Instruments 

The demographic variables in the study—age, gender, race/ethnicity, marital 

status, education, and employment—were drawn from the DAYS and WHYS parent 

dataset. The outcome variables of interest included physical activity and yoga practice. 

Additional study variables included social discrimination and social support. Please see 

Table 2 for an overview of variables, instruments, level of measurement, and time point 

at which the instrument data were collected. 

Table 2. Instruments 

Variable 

Yoga practice 

Physical activity 

Social support 

Social 
discrimination 

Instrument 

Follow-up yoga 
questionnaire 

Physical Activity 
Scale for the Elderly 
(PASE) 

Duke Social Support 
Index (DSSI) 

Williams' Everyday 
Discrimination Scale 
(WDS) 

Level of Measurement 

Quantitative: 
nominal/discrete 
Qualitative: open-ended 
Continuous 
(score range: 0 to 400+) 

Continuous 
(score range: 11 to 33) 

Continuous 
(score range: 10 to 40) 

Time Point 
Collected 

Follow-up only 
(3, 6, & 15 months 
post-intervention) 
Baseline & follow-
up (3, 6, & 15 
months post-
intervention) 
Baseline & follow-
up (15 months 
post-intervention) 
Follow-up only 
(15 months 
post-intervention) 
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Yoga Practice 

Yoga practice was assessed for all participants, using a brief follow-up 

questionnaire designed specifically for the DAYS and WHYS. This questionnaire^ 

included both closed- and open-ended questions regarding current and past yoga practice. 

Dichotomous responses (yes/no) were elicited regarding current yoga practice, lifestyle 

changes, and desire to continue or start yoga in the future. Participants in the intervention 

group were asked if they had joined a yoga class and if they practiced yoga positions 

learned during the study, while participants in the control group were asked if they had 

used the yoga coupons they received and whether or not they had joined a yoga class. 

Additional questions inquired about the specific amount of time individuals practiced 

yoga each week (if applicable), what may have helped them to maintain their yoga 

practice, what benefits they had received from doing yoga, when they stopped practicing 

yoga (if applicable), why they had not used the yoga coupons (if applicable), and any 

other commentary they desired to provide. The dichotomous response item (yes/no) 

regarding current yoga practice served as the measure of reported yoga practice for the 

current study. 

Physical Activity 

Physical activity was measured using the Physical Activity Scale for the Elderly 

(PASE), developed by Washburn, Smith, Jette, and Janney (1993). This scale consisted 

of 10 primary questions, subdivided into additional questions—for a maximum of 26 

questions (Washburn et al., 1993). These questions were designed to assess the physical 

activity patterns of older adults in particular—focusing on leisure time (recreational) 
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activity, household activity, and work-related activity. Given the broad age range (45 to 

80 years old) for eligibility in the DAYS and WHYS, the PASE was an appropriate 

instrument to use. 

The PASE developers reported moderate internal consistency (a = 0.69) for the 

three activity components of the survey. In addition, the reported test-retest reliability of 

the PASE is 0.75 (baseline values and follow-up values 3 to 7 weeks later), with mail 

administration being more reliable than telephone administration (Washburn et al., 1993). 

The association between PASE scores and perceived health status was statistically 

significant but modest at r = -0.34. Correlation coefficients for the relationship between 

PASE scores and physiologic measures were varied. The associations between PASE 

scores and systolic blood pressure, diastolic blood pressure, and body mass index were 

very low and not statistically significant (r = -0.09, -0.07, and 0.01, respectively). 

However, coefficients for the PASE with balance and grip strength were higher and 

statistically significant (r = 0.33 and 0.37, respectively), providing some evidence of 

construct and convergent validity (Washburn et al., 1993). 

Social Support 

Social support was measured using the Duke Social Support Index (DSSI), 

originally designed by Landerman, George, Campbell, and Blazer (1989). The original 

35-item measure was comprised of 5 indices—satisfaction with social support, perceived 

social support, frequency of social interaction, size of the social network, and 

instrumental support. The current study used an abbreviated version of the DSSI, 

consisting of 11 items: the 4-item "social interaction" subscale in its entirety and 7 of 10 
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items in the "subjective support" subscale (Koenig et al., 1993). The developers decided 

to exclude the size of the social network, the 5-item social network subscale, and the 13-

item instrumental support subscale from the abbreviated instrument, because these 

subscales were related weakly to depression and other psychological symptoms (Koenig 

et al., 1993). In addition, the developers dropped three independent items on the original 

DSSI, unrelated to any of the major subscales, in an effort to isolate primary components 

of the instrument and reduce its length (Koenig et al., 1993). 

The original DSSI was completed by almost 3,000 community-dwelling adults, 

including an oversampling of adults aged 60 and over. After modifying the DSSI, 

investigators reported on its reliability and association with clinical outcomes (Koenig et 

al., 1993). Reliability for the 7-item subjective support subscale was 0.75 for the overall 

sample, 0.71 for older adults with two or more chronic illnesses, and 0.75 for older adults 

with no chronic illness (Koenig et al., 1993). All of the items in the abbreviated 

instrument fell along a single factor, based on analysis of data from the older adults with 

chronic illness in the sample (Koenig et al., 1993). The investigators further indicated 

that, when compared to the original measure, the abbreviated DSSI had similarly strong 

associations with health outcomes, such as mental health and use of health services 

(Koenig et al., 1993). 

Social Discrimination 

Social discrimination was measured using the Williams' Everyday Discrimination 

Scale (WDS), a 10-item instrument designed to measure perceived social discrimination 

or unfair treatment (Williams et al., 1997). Each item described one day-to-day instance 
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of discrimination (e.g., being treated with less courtesy or less respect than others, having 

others act as if they are afraid of you or think you are dishonest), and participants 

responded to each item by indicating how often they had experienced that particular 

instance of discrimination. The four response options were: never, once, two or three 

times, or four or more times. After completing the ten items, participants completed one 

additional question designed to ascertain his or her perception regarding the primary 

reason for any discriminatory experiences they had reported. Response options for this 

question included these categories: ancestry or national origins, gender, race, age, 

religion, height or weight, shade of skin color, sexual orientation, education or income 

level, physical disability, or other (Krieger et al., 2005; Williams et al., 1997). The social 

discrimination score was calculated by summing item responses, which represented the 

total number of instances for which participants reported experiencing unfair treatment 

(Krieger et al., 2005). This score was used in statistical analysis. The perceived reason for 

the collective experiences of discrimination, the eleventh instrument item, was used for 

descriptive purposes (Krieger et al., 2005). 

The conceptual basis for the WDS was the growing body of literature 

documenting the effects of racism and other forms of social discrimination on health and 

health-related outcomes (Williams et al., 2003; Williams et al., 1997). The impetus for 

instrument design stemmed from the mounting concern that assessments of 

discrimination were oversimplified or focused solely on major discrimination, as opposed 

to the conceptualization of discrimination as a day-to-day, structured part of life 
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experiences, the stress of which accumulates over time (Essed, 1991; Williams et al., 

1997). 

Williams and colleagues (1997) referred to the theoretical work of Essed (1991) 

as foundational to the evolution of the instrument, indicating evidence for content validity 

of the scale. Developers of other measures of discrimination have used the WDS to assess 

convergent validity (Krieger et al., 2005). In the primary article describing the measure, 

the authors reported strong internal consistency, with a = 0.88 (Williams et al., 1997). 

Procedures 

Data Collection 

The follow-up procedures for the parent studies (DAYS and WHYS) included the 

mail administration of two questionnaires (the yoga practice questionnaire and the PASE) 

at 3 and 6 months post-intervention to participants who consented to future contact. 

Participants received $10.00 for participation in one of these follow-up assessments and 

$30.00 for participation in both follow-up assessments. After the completed 

questionnaires were returned, participants received payment by mail. 

In the current study, participants from the first two cohorts of the DAYS and 

WHYS who consented to future contact were mailed four instruments (the yoga practice 

questionnaire, the PASE, the DSSI, and the WDS), along with instructions and a pre-

addressed, stamped envelope. The total estimated time for completion of these 

questionnaires was 15 minutes. Two weeks after the mailing, participants who had not 

yet responded were contacted by phone for follow-up. Participants received $10.00 for 

their participation after the completed questionnaires were returned. 
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After receiving the completed questionnaires from participants, the investigator 

used stratified purposive sampling to request interviews from a subset of respondents. 

Purposeful or purposive sampling is a core qualitative strategy denoting the selection of 

"information-rich cases" that can shed light on matters of fundamental importance to the 

purpose of the study (Patton, 2002, 230). In the case of the current study, the purpose of 

qualitative inquiry was to elicit in-depth information about the maintenance of yoga 

practice. Accordingly, the investigator did not include control participants in the 

sampling frame, because their exposure to yoga differed significantly from that of the 

intervention participants. Although the control participants were offered coupons for 6 

free yoga sessions, very few redeemed all of their coupons. Moreover, even having 6 

sessions of yoga would contrast sharply with the 8-week, 16-session, in-depth, tailored 

instruction that the intervention participants received. For this reason, only intervention 

participants from the DAYS and WHYS were included in the sampling frame for 

qualitative inquiry in the current study. 

A total of 36 participants in the yoga intervention group returned the 15-month 

post-intervention questionnaires. Stratification of the sampling frame by reported yoga 

practice at 15 months post-intervention narrowed the selection of interviewees even 

further. Individuals who reported practicing yoga at 15 months post-intervention (n = 5) 

were classified as having long-term yoga practice, and those who had practiced yoga for 

at least 3 months but less than 15 months post-intervention (n = 14) were classifed as 

having mid-term yoga practice. Individuals who reported stopping yoga practice prior to 

3 month post-intervention (n = 17) were classified as having short-term yoga practice. 
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Requests for interviews began with participants who reported long-term yoga 

practice. Of these 5 individuals, 3 agreed to participate (one of whom preferred to answer 

questions via e-mail), 1 declined (because of health problems), and 1 did not respond. 

Following that, 13 of the 14 individuals who reported mid-term yoga practice (one 

individual had health problems interfering with completion of the yoga intervention) 

were contacted. Of these 13 individuals, 7 agreed to participate, 4 declined (because of 

time constraints or health problems), and 2 did not respond. The investigator then 

contacted 6 of the individuals who reported short-term yoga practice; 3 agreed to 

participate, 2 did not respond, and 1 could not participate because of distance. 

A confidential, audiotaped interview with each participant occurred in person 

(except in the case of one individual, who preferred to respond via e-mail), at the 

participant's preferred private location. Before the interview began, the investigator 

clarified that participation was completely voluntary and that there were no right or 

wrong responses. The investigator encouraged participants to discuss their experiences 

with yoga, using open-ended questions. 

Questions were purposefully broad, so that participants would answer freely 

without sensing the need to comply or provide socially desirable responses. The 

Interaction Model of Client Behavior (IMCHB, Cox, 1982) provided a foundation for 

development of the interview guide. The elements of client singularity, particularly social 

influences, environmental resources, intrinsic motivation, cognitive appraisal, and 

affective response, were of primary interest with regard to the health outcome of yoga 

practice. Participants were asked to share examples from their experience, describing: 
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(a) a typical yoga group session; (b) typical yoga-based activity at home; (c) what they 

found most difficult about doing yoga; (d) what made them feel the best about doing 

yoga; and (e) what may help them to continue or re-start yoga practice. The duration of 

each interview ranged from 30 to 45 minutes. 

A significant limitation of the interview format was the risk of social desirability 

bias. Simply put, participants may have responded in a manner that they perceived was 

acceptable to the interviewer and conformed to societal norms. The investigator engaged 

in friendly conversation with participants before the interview, fostered openness by 

reminding participants that there were no right or wrong answers, asked broad-based 

questions, and assured confidentiality of responses—all strategies to reduce the influence 

of social desirability bias (Polit & Hungler, 1999; Singleton & Straits, 1999). 

Data Management 

Qualitative Data 

The digital audiofiles from each interview were transcribed verbatim and stored in 

electronic format as password-protected Microsoft Word files. The interview transcripts 

were identified by study ID number only and did not contain personal identifiers. The 

transcripts, audiofiles, and field notes will be stored until the study is complete and will 

later be destroyed in accordance with the policy of the IRB-HSR. 

Quantitative Data 

Data entry and analysis were conducted using SPSS, version 16.0 (SPSS: The 

Predictive Analytics Company, 2009). Validation of data entry at baseline and for each 

follow-up was completed by two individuals, following a procedure in which one person 
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read the data from the questionnaires aloud, while the other person confirmed the 

accuracy of these data in the SPSS dataset. In addition, basic data screening and cleaning 

procedures were done to minimize errors in data entry. Missing values analysis was 

performed to identify any patterns. 

Throughout the study, hard copies of the questionnaire data were stored in a 

locked cabinet in the CSCAT, with access limited to the investigator, her advisor, and the 

study coordinator for the parent studies. Electronic storage of the data was on a secure, 

password-protected server used to store all DAYS and WHYS data. 

Specific Aims 

Specific Aim 1: To describe the extent to which individuals with or at risk for type 2 

diabetes have continued or stopped their yoga practice following an 8-week yoga-based 

study and to examine their beliefs regarding factors that promote or discourage the 

maintenance of yoga practice. 

Specific Aim 2: To describe patterns of yoga practice and examine differences in 

physical activity over time (baseline, months 3, 6, and 15) between individuals with or at 

risk for type 2 diabetes who completed the 8-week yoga intervention compared to those 

who did not receive the yoga intervention. 

Hypothesis: Individuals with or at risk for type 2 diabetes who completed the 

yoga intervention report more physical activity over time (baseline, months 3, 6, and 15) 

than those who did not receive the yoga intervention. 
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Specific Aim 3: To explore the difference in social support between individuals with or 

at risk for type 2 diabetes who practice yoga and those who do not practice yoga at 15 

months following completion of an 8-week yoga-based study. 

Hypothesis: Individuals with or at risk for type 2 diabetes who practice yoga 

report greater social support than those who do not practice yoga at 15 months following 

completion of an 8-week yoga-based study. 

Specific Aim 4: To explore the difference in social discrimination between individuals 

with or at risk for type 2 diabetes who practice yoga and those who do not practice yoga 

at 15 months following completion of an 8-week yoga-based study. 

Hypothesis: Individuals with or at risk for type 2 diabetes who practice yoga 

report less social discrimination than those who do not practice yoga at 15 months 

following completion of an 8-week yoga-based study. 

Data Analysis 

Prior to the analysis of specific aims, descriptive statistics (means and standard 

deviations for continuous variables and frequencies and percents for categorical 

variables) were calculated on demographic variables, yoga practice, physical activity, 

social support, and social discrimination. The internal consistency of the PASE, DSSI, 

and WDS was assessed using Cronbach's alpha reliability coefficient. Because of the 

nature of this pilot study, the level of significance was set at a = 0.05, and;? values up to 

0.07 were examined for the quantitative analyses. 
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Analysis of Specific Aim 1 

Each interview transcript was reviewed while listening to the corresponding audio 

file to confirm accurate transcription. When this preliminary validation process was 

complete, all of the documents were imported into NVivo 7, a software package designed 

to manage documents and facilitate qualitative data analysis (QSR International, 2007). 

The textual data were read, re-read, and organized into categories, in accordance 

with staged thematic content analysis described by Burnard (1991). Key words or phrases 

in each interview transcript were categorized by content, a process that generated many 

units of meaning, or codes (Graneheim & Lundman, 2004). As textual analysis 

continued, the inter-relatedness of specific codes became clear, giving rise to the 

emergence of grand categories (Burnard, 1991). The iterative process of reading, 

analyzing, and coding revealed underlying meanings that cut across grand categories; 

these more in-depth meanings are also known as latent content, or themes (Graneheim & 

Lundman, 2004). In addition, the investigator used the constant comparison method of 

analysis, a relatively simple process of querying data, in this case with the aid of NVivo 7 

software, to identify patterns of similar participant expressions. Use of the constant 

comparison method increases the validity of findings (Silverman, 2001). 

Debate continues regarding the legitimacy of validation techniques in qualitative 

studies (Silverman, 2001; Wolcott, 1994). However, before the interviews began, the 

study team determined that participants would have the opportunity to review the themes 

if they so desired and provide additional thoughts or criticisms regarding the extent to 

which the themes represented their experiences with yoga, a process known as 
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respondent validation (Silverman, 2001). Additional strategies to increase the validity of 

the findings include increasing reader access to primary data and seeking feedback from 

other researchers, particularly regarding the analysis (Wolcott, 1994). In the current 

study, these strategies were applied while consulting with an experienced qualitative 

researcher at multiple stages throughout the process to discuss decisions in analysis and 

interpretation. In addition, primary data in the form of direct quotations were included 

together with the investigator's interpretations as much as possible, allowing a full and 

accurate account of participant expressions. 

Initial Analyses of Specific Aims 2 through 4 

Descriptive statistics were calculated on demographic variables, yoga practice, 

physical activity, social support, and social discrimination. Because of the relative 

homogeneity in some of the demographic variables of the sample, race/ethnicity, marital 

status, education, and employment were recoded for these analyses as Caucasian (non-

minority) = 0, minority = 1; not currently married = 0, currently married = 1; fewer than 4 

years of college = 0, 4 years of college or more = 1; and currently not working = 0, 

currently working = 1. 

The assumptions of normality (assessed using Fisher's test of skewness) and 

homogeneity of variance (evaluated using Levene's test) were met for all independent 

t-tests. For specific aim 2, baseline differences in demographics and physical activity 

levels between the intervention and control groups were assessed using independent t-

tests for continuous variables (age and physical activity) and Chi square tests for 

categorical variables (gender and dichotomized marital status, race/ethnicity, education, 
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and employment). For specific aims 3 and 4, independent t-tests and Chi square tests 

were used to assess baseline differences in demographics and social support between 

individuals practicing yoga and those who were not practicing yoga. 

Based on the literature, the demographic variables of age, gender, marital status, 

race/ethnicity, education, and employment were considered potential covariates. To 

determine the inclusion of covariates in statistical analysis, relationships between 

demographic variables and the outcome variables of physical activity at each time point 

(specific aim 2), social support (specific aim 3), and social discrimination (specific aim 4) 

were evaluated using the Pearson product-moment correlation coefficient for continuous 

variables; for the categorical variables, the Kendall's tau-b coefficient was used. 

Detection of statistically significant associations of moderate or greater strength (defined 

a priori as r >= .3) necessitated the inclusion of covariates in statistical analysis. 

Analysis of Specific Aim 2 

Repeated measures analysis of variance (ANOVA) and repeated measures 

analysis of covariance (ANCOVA) models were used to examine differences in physical 

activity over time between the yoga intervention and control groups. All of the 

assumptions necessary for repeated measures ANOVA, including univariate and 

multivariate normality, homoscedasticity, linearity between PASE scores at each time 

point, homogeneity of covariance, and compound symmetry, were met, as were the 

additional repeated measures ANCOVA assumptions of linearity between covariates and 

PASE scores at each time point and homogeneity of regression. Because of the nature of 

this pilot study, the level of significance was set at a = 0.05, andp values up to 0.07 were 
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examined. The effect size (partial Eta squared, r\p , which is effect + error), observed 

power, and estimated marginal means were assessed to evaluate the clinical importance 

of the findings. 

Analysis of Specific Aims 3 and 4 

Analysis of covariance (ANCOVA) was used to examine differences in social 

support based on 15-month post-intervention yoga practice, after controlling for baseline 

social support. Likewise, analysis of covariance (ANCOVA) was used to examine 

differences in social discrimination based on 15-month post-intervention yoga practice, 

after controlling for age. Prior to these analyses, all of the assumptions necessary for 

ANCOVA testing, including univariate normality, homogeneity of variance, multivariate 

normality, homoscedasticity, linearity between baseline social support and 15 month-

post-intervention social support (specific aim 3), linearity between social discrimination 

and age (specific aim 4), and homogeneity of regression, were met. The level of 

significance was set at a = 0.05, andp values up to 0.07 were examined. The effect size 

(partial Eta squared, rip2, which is effect + error), observed power, and estimated 

marginal means were assessed to evaluate the clinical importance of the findings. 
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ABSTRACT 

Yoga practice has demonstrated short-term benefit for diabetes control and 

prevention, but little is known about long-term yoga practice. In this qualitative study, 13 

adults with or at risk for type 2 diabetes described their experiences with yoga and their 

beliefs regarding maintenance of yoga practice over time. Themes of readiness for yoga, 

environmental support for yoga, and integrating yoga emerged through data analysis. 

Findings substantiate the need for further research to explore the existence of a dose-

response relationship between yoga practice and associated benefits. 

Key Words: yoga practice, diabetes mellitus, maintenance, qualitative 
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BACKGROUND AND SIGNIFICANCE 

According to a recent systematic review of the effects of yoga on physiologic and 

clinical risk factors in adults with type 2 diabetes, multiple yoga-based intervention 

studies have documented improvement in a range of diabetes-related outcomes, including 

significant reductions in hemoglobin Ale, total cholesterol, body weight, and need for 

medication.1 Primary proposed mechanisms by which the practice of yoga influences the 

body include: (1) reduction of sympathetic nervous system reactivity, thereby decreasing 

the inflammatory effects of accumulated stress, and (2) activation of the parasympathetic 

response through vagal nerve stimulation, thereby elevating mood states and likewise 

diminishing negative neuroendocrine and inflammatory responses. 

Because of the associated induction of relaxation, self-awareness, and 

mindfulness, yoga practice confers psychological benefits as well, including reduced 

anxiety and depression.2 Specific mental health outcomes, including quality of life, stress, 

mood states, quality of sleep, self-esteem, overall psychological well-being, and 

treatment of substance abuse, improve with yoga practice, as reported in the literature.3"10 

Individuals who regularly practice yoga reap the greatest benefits; some consider 

consistency to be the most important factor in mind-body therapies.8 The health literature 

focused on yoga practice among individuals with diabetes includes reports of beneficial 

outcomes resulting from widely divergent intervention protocols. Some discuss the 

implementation of an intensive protocol of supervised residential yoga intervention.1 ~15 

Others describe significant results with a protocol of weekly yoga sessions ranging from 
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8 weeks to 6 months; in most cases, the participants were expected to practice at home on 

a daily basis.7'9'16'17 

Despite the proliferation of yoga-based studies in recent years, few have 

examined the long-term benefits of yoga practice. Moreover, little is known about the 

challenges of maintaining yoga practice over time. The purpose of this study was to 

describe firsthand experiences with yoga as shared by adults with or at risk for type 2 

diabetes and to examine their beliefs regarding maintenance of yoga practice. 

METHODS 

Study Design 

The current qualitative study was a follow-up to two randomized, controlled 

trials, one for individuals with type 2 diabetes (Diabetes and Yoga Study [DAYS]) and 

the other for healthy women at risk for diabetes and cardiovascular disease (Women's 

Health and Yoga Study [WHYS]). Although the target population for these "parent 

studies" was different, the two studies had concurrent study enrollment and followed the 

same yoga intervention protocol. Further details regarding the DAYS and WHYS designs 

are described elsewhere.18"20 

Human Subjects Protection 

The University of Virginia Institutional Review Board for Health Sciences 

Research (IRB-HSR) approved the original study protocol, recruitment plans, and 

guidelines for ensuring the privacy and confidentiality of all participants. All protocol 

modifications for the current study received IRB-HSR approval as well. Written informed 

consent with approval for future contact was obtained from participants prior to study 
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enrollment. Verbal consent to audio recording was obtained from interviewees prior to 

beginning the interviews. 

Yoga Intervention: the Parent Studies 

The DAYS and WHYS intervention protocol included two group sessions of 

supervised yoga instruction per week, in addition to expected home practice, over an 8-

week period. The specific style of yoga used in the current study is Iyengar yoga, known 

for its gentle approach, focusing on postures and breathing exercises that are easily 

1 ri 7 1 

tailored for beginners and those with or at risk for chronic illnesses. ' In addition, 

Iyengar yoga includes the use of props such as blocks, belts, blankets, and chairs, all of 
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which offer additional support for yoga positions to prevent strain or overstretching. 

The yoga instructor had over 20 years of experience in Iyengar yoga and was a 

role model for participants because she began her study of yoga late in life. She played an 

active role in the development of homework assignments and the design of home-based 

resources, including a practice notebook and video in which she was featured. 

Each group session began in the late afternoon or early evening and lasted for 90 

minutes. Typically, the session began with brief discussion, during which participants 

shared any concerns with home practice. The instructor transitioned into the yoga session 

by leading participants in standard yoga relaxation and centering poses {asanas), 

followed by active yoga exercises designed for beginners. Focused yoga breathing 

exercises (pranayama) were incorporated throughout the session, particularly when 

participants were in seated or supine postures. Participants were supervised closely, with 

modifications of yoga postures recommended as necessary to minimize discomfort and/or 
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prevent strain. The instructor encouraged the use of props to support positions that were 

difficult or uncomfortable. Toward the end of each session, the instructor led participants 

through a cool-down period, consisting of standard relaxation poses. 

Sampling Methods for the Parent Studies 

Participants for the DAYS and WHYS were recruited through advertisements 

posted in community newspapers, university buildings, community venues, and medical 

offices. Posted advertisements sought individuals who were interested in participating in 

a free yoga-based study. Potential participants were screened over the phone and 

scheduled for study enrollment. 

Inclusion criteria common to both parent studies were age range (45 to 80 years 

old), postmenopausal status (for women), no yoga experience within the past 12 months, 

and the ability to complete an 8-week gentle yoga program. Exclusion criteria common to 

both parent studies were any major orthopedic or neurologic diagnoses, active joint or 

musculoskeletal pain, sleep apnea, and/or regular use of an assistive device. 

To be included in the DAYS, one additional criterion was necessary: an 

established medical diagnosis of type 2 diabetes for at least 6 months. Individuals were 

excluded from participation in the DAYS if they took insulin, had any serious chronic 

comorbid conditions, experienced any acute coronary symptoms within the past 6 

months, and/or had an artificial pacemaker. 

To be included in the WHYS, a few more specific criteria were necessary: an 

inactive lifestyle (exercising less than 3 times per week) and having either overweight 

status (BMI >= 25), visceral adiposity (waist circumference >= 88 cm) or a first-degree 
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relative with diabetes or essential hypertension. Exclusion criteria specific to the WHYS 

were evidence of insulin sensitivity (QUICKI > 0.357), use of medications affecting 

carbohydrate metabolism, and/or any serious chronic conditions. Additional details 

regarding inclusion and exclusion criteria are described elsewhere.18"20 

Three separate cohorts were enrolled and participated in the two clinical trials 

(DAYS and WHYS) over a 15-month time period. The current study involved a portion 

of yoga intervention participants (n = 13) from the first two cohorts of the DAYS and 

WHYS, those who consented to future contact and completed 15-month post-intervention 

follow-up questionnaires (n = 63). Based on participant submission of questionnaire data 

and availability, interviews occurred between 16 and 20 months after study completion. 

Sampling Methods for the Current Study 

Participants who had agreed to future contact on their signed consent forms were 

mailed questionnaires at 3, 6, and 15 months post-intervention. Those who responded to 

the 15-month post-intervention assessment were potentially eligible for inclusion in the 

current study. To elicit in-depth information about the maintenance of yoga practice, the 

investigator used purposeful or purposive sampling. Purposive sampling is a core 

qualitative strategy denoting the selection of "information-rich cases" that can shed light 

on matters of fundamental importance to the purpose of the study.23(p230) Accordingly, 

the investigator did not include control participants in the sampling frame, because their 

exposure to yoga differed significantly from that of the yoga intervention participants. 

Although the control participants were offered coupons for 6 free yoga sessions, very few 

redeemed all of their coupons; moreover, having 6 sessions of yoga contrasts sharply 
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with the 8-week, 16-session, in-depth, tailored instruction that the yoga intervention 

participants received. 

A total of 36 yoga intervention participants (88% of 41) returned the 15-month 

post-intervention questionnaires. Stratification of the sampling frame by the reported 

duration of post-intervention yoga practice narrowed the selection of interviewees even 

further. Individuals who reported practicing yoga at 15 months post-intervention (n = 5) 

were classified as having long-term yoga practice, and those who had practiced yoga for 

at least 3 months but fewer than 15 months post-intervention were classifed as having 

mid-term yoga practice (n = 14). Individuals who reported stopping yoga practice prior to 

the 3 month post-intervention follow-up assessment were classified as having short-term 

yoga practice (n = 17). See Figure 1 for a stratification flow diagram. 

Requests for interviews began with participants who reported long-term yoga 

practice. Of these 5 individuals, 3 agreed to participate (one of whom preferred to answer 

questions via e-mail), 1 declined (because of health problems), and 1 did not respond. 

Following that, 13 of the 14 individuals who reported mid-term yoga practice (one 

individual had health problems interfering with completion of the yoga intervention) 

were contacted. Of these 13 individuals, 7 agreed to participate, 4 declined (because of 

time constraints or health problems), and 2 did not respond. 

After having interviewed 10 participants, the investigator realized that the 

definition of yoga practice varied widely among participants. Estimating that data 

saturation had not yet occurred, the investigator decided to request interviews from 

individuals who reported short-term yoga practice. A table of random numbers was used 
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to determine the order of contact, because there were no predetermined criteria by which 

to select individuals who had not maintained yoga. Interviews were requested from 6 of 

these individuals; 3 agreed, 2 did not respond, and 1 was unable to participate (because of 

distance). No additional participants were asked to interview, because the variability of 

participant responses had notably diminished—saturation of the data had occurred. 

Data Collection 

Data collection consisted of face-to-face, semi-structured interviews. The 

Interaction Model of Client Behavior (IMCHB)24 provided a foundation for development 

of the interview guide. Designed specifically with the intent of putting theory into 

practice, the IMCHB is often used in nursing research of phenomena affecting health 

promotion and health behavior.24 Core elements of the model include the multifaceted 

individuality of the person (termed "client singularity"), interaction between the client 

and the health care professional, and health outcomes.24 The element of client singularity 

represents a multidisciplinary, clinician-driven synthesis of health behavior theories, 

including the seminal Health Belief Model with its emphasis on constructs such as 

individual readiness (a function of the analysis of benefits and barriers) and cues to 

action.25 Client singularity also entails social environmental constructs, broadly identified 

as social influence and environmental resources. Additionally, the psychological 

constructs of motivation, cognitive appraisal, and affective response to environmental 

stimuli contribute to the conceptualization of client singularity, as do demographic 

characteristics and previous health care experience.24 
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The interview guide focused on the elements of client singularity and the health 

outcome of yoga practice. The interview began with an assessment of the participant's 

current yoga practice, followed by an inquiry regarding primary reasons for continuing or 

stopping yoga. Additional questions prompted participants to describe the elements of a 

consistent yoga practice, the characteristics of a typical group yoga session, and the usual 

routine (if any) of yoga practice at home or work, based on current or past experience. 

Broad-based questions elicited beliefs on perceived benefits and barriers associated with 

yoga practice and potential cues to action that may trigger a return to yoga in the future. 

Each interview lasted approximately 30 to 45 minutes and was held at the 

participant's chosen location. The interviews were audiotaped with the permission of the 

participants and transcribed verbatim into separate word processing documents 

containing only study ID numbers and no personal identifiers. One participant preferred 

to communicate via e-mail; textual data were saved in a word processing document with 

no personal identifiers. 

Data Analysis 

The investigator used SPSS version 16.0 (2009) to calculate descriptive statistics 

from the DAYS and WHYS dataset, focusing on demographics and data on yoga practice 

collected at post-intervention months 3, 6, and 15. Demographic differences between 

interviewees and non-interviewees were assessed using independent t-tests and % 

analyses. Assumptions of normality and homogeneity of variance were met prior to these 

analyses. 
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Each interview transcript was reviewed while listening to the corresponding audio 

file to confirm accurate transcription. When this preliminary validation process was 

complete, all of the documents were imported into NVivo 7, a software package designed 

to manage documents and facilitate qualitative data analysis.26 

The textual data were read, re-read, and organized into categories by the 
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investigator, in accordance with Burnard's staged thematic content analysis. Key words 

or phrases in each interview transcript were categorized by content, a process that 

generated many units of meaning, or codes.28 As the investigator continued textual 

analysis and coding of the transcripts, the inter-relatedness of specific codes became 
97 

clear, giving rise to the emergence of grand categories by which to organize the codes. 

The iterative process of reading, analyzing, and coding revealed underlying meanings 

that cut across grand categories; these more in-depth meanings are also known as latent 
98 

content, or themes. In addition, the investigator used the constant comparison method of 

analysis, a relatively simple process of querying data, in this case with the aid of NVivo 

software, to identify patterns of similar participant expressions. The constant comparison 

method increases the validity of findings.29 

Debate continues regarding the legitimacy of validation techniques in qualitative 

studies.29"31 Experts in qualitative inquiry describe validity in terms of trustworthiness, or 

the credibility of the study's findings, which enhances confidence in the truth of the data 

and the analyst's interpretation.31"32 Common threats to trustworthiness include 

respondent bias and researcher bias.33 One form of respondent bias is social desirability, 

in which participants express opinions that are considered more acceptable or desirable to 
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the interviewer or conform to societal norms. In the current study, this threat was 

minimized by these interview approaches: use of friendly reminders to participants that 

there were no right or wrong answers, integration of broad-based questions, and 

assurance of confidentiality—all strategies intended to reduce the influence of social 

desirability bias.33 

Researcher bias stems from the background and worldview of the investigator and 

is best managed by reflexivity, in which the investigator expresses preconceived ideas 

and personal opinions that may influence interpretation and analysis. In the current 

study, the worldview of the investigator is shaped by a strong interest in social justice and 

advocacy and a recognition of the need for active lifestyle counseling in diabetes 

education and management. Preconceived ideas included the sincere hope that 

participants would address the role of social environmental factors that may affect the 

maintenance of yoga practice over time. The investigator sought to minimize the 

influence of researcher bias by implementing two key strategies: (1) consultation with an 

experienced qualitative researcher to discuss decisions in analysis and interpretation, and 

(2) input from the interviewed participants during and after data analysis. 

Using a process known as participant validation,29 the investigator asked the 

participants to review emergent themes and provide additional thoughts or criticisms 

regarding the extent to which the themes represented their experiences with yoga. 

Increasing reader access to primary data30 is another strategy that was adopted in the 

current study to increase the validity or trustworthiness of the findings. Primary data, or 
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participant quotes, were included together with interpretative findings, allowing a full and 

accurate account of participant expressions. 

RESULTS 

Sample Characteristics 

Demographic characteristics of the 13 individuals who participated in this 

descriptive study are presented in Table 1. The average age of participants was 56, and 

the majority of interviewees were female. Although there was some diversity, most 

participants were Caucasian, married, and had completed 4 or more years of college. The 

interview sample (n = 13) was younger (p = .001) than the entire sample of 15-month 

post-intervention respondents (n = 63), but there were no other significant demographic 

differences between the interviewees and non-interviewees (See Table 2). 

Primary Themes 

Three themes cut across the categories by which interview data were organized. 

The following themes emerged from the processes of staged thematic content analysis: 

readiness for yoga, environmental support for yoga, and integrating yoga. Hereinafter, the 

phrase "personal yoga practice" will denote yoga practiced outside of a group setting. In 

parentheses after each quote is the reported duration of post-intervention yoga practice 

(short-term, < 3 months; mid-term, at least 3 months, and long-term, 15 months or more). 

Theme One: Readiness for Yoga 

When asked to express primary reasons for continuing or stopping yoga, 

participants spoke about their attitude toward personal yoga practice and the lack of 
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continued instruction, their motivation for practicing yoga, and specific barriers to yoga 

practice. 

Attitude toward Personal Yoga Practice and Lack of Continued Instruction 

Many participants enjoyed the group yoga experience and found personal yoga 

practice less satisfying. One participant commented that "without the reinforcement of 

the class, I stopped doing it at home," indicating the need for social support and structure 

to continue yoga (mid-term). Another participant echoed this sentiment, saying that 

"going [to yoga class] reinforced being able to do it at home" (mid-term). Others 

expressed similar feelings, admitting that attempts to foster a personal yoga practice 

failed because of less accountability when practicing alone than when practicing yoga 

with others at a designated time. One participant said, "I need discipline. I'm awful. I will 

admit that... I'm just not good at it. I'll do good for a while and then, okay, I got other 

things I can be doing besides this" (mid-term). 

One participant bluntly shared her thoughts on personal yoga practice without 

instructional feedback by saying, "Boring.. .once [the study] was over.. .you were doin' it 

by yourself.. .You don't have anyone to say, 'Well your posture is incorrect, you're gonna 

hurt something else because you're not leaning or standin' up straight...'" (short-term). 

Another participant eagerly continued yoga practice at home after the study was 

over; however, as time passed, he was ready to expand his repertoire of yoga skills and 

grew frustrated by the lack of hands-on instruction: 

I got to a place where I wanted to do something else and then I bought this other 
CD and some of the poses were familiar and then others weren't and then some 
just seemed harder and maybe I didn't have the instruction, I guess, on how to do 
them correctly; and maybe that's where I got, okay I don't want to do this.. .You 
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can't get feedback when you're doin' it by yourself.. .1 got kinda bored with doin' 
the stuff I knew how to do and didn't know how to do new stuff... I felt like I 
was doing a lot of it wrong because it didn't feel good; it didn't feel right, (mid
term) 

Some participants gained skills and confidence in yoga throughout the duration of 

the study, developing the independence necessary to continue yoga on their own after the 

study ended. Conversely, other participants were becoming comfortable with the basics 

of yoga just as the study ended and needed further guidance regarding the development of 

a personal yoga practice. 

Motivation for Yoga Practice 

Motivation for yoga differed among the study participants. Some were initially 

motivated by an obligation to complete the study, a sentiment that clearly affected the 

continuation of yoga practice over time. One participant commented that "in terms of the 

private practice of yoga.. .1 found I did that out of obligation, not out of any particular 

desire to really do it or anything like that..." (short-term). 

Another participant revealed that her motivation for yoga was dependent on the 

instructor. Although she reported maintaining a long-term yoga practice, she indicated 

that her practice had declined and that she needed the guidance of a mentor. During the 

interview, she mentioned that as a young adult, she learned yoga from a charismatic guru, 

alongside other followers. As she discussed her early experiences with yoga and reflected 

on her current challenges, she resolutely stated that she "just never found anyone like that 

guru," indicating a dependence on extrinsic motivation (long-term). 

In contrast, several participants who had realized profound physical or mental 

benefits from yoga described intrinsic motivation to continue practicing yoga. One 
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participant claimed that when she practiced yoga, "my back feels so much better, I feel so 

much more relaxed. My muscles feel stronger. It really helped the fibromyalgia.. .1 found 

myself not taking the five or six Aleve a day" (long-term). Mental health benefits 

stemming from yoga practice were also evident; one participant claimed, "I think [yoga] 

helped with my mood; I think it lifted my spirits.. .it helps with relaxation.. .1 felt more 

upbeat and optimistic, and it was easier to cope with stress" (mid-term). 

Another participant was effusive about the benefits associated with yoga, and the 

desire to retain those effects provided significant motivation: 

The way [yoga] makes me feel is so dramatic that when I don't do it, I feel how 
bad I feel.. .But when I do it, I sleep better, I move better, I can get out of bed 
faster in the morning.. .1 mean, it really, really makes you feel good. You feel like 
you breathe better, you stretch better, you walk taller, you sleep better, you know. 
Everything, even air smells different. It's fresh, you know what I mean? (long-
term) 

During the course of the interview, some individuals who reported stopping yoga 

actually expressed a longing for the benefits that they had experienced while maintaining 

a personal yoga practice. One such participant stated, "I feel so much healthier and have 

so much more energy as a result of [yoga]. And during the yoga program.. .1 felt 

energized when I left... I could move mountains" (short-term). 

Specific Barriers to Yoga Practice 

For the majority of participants, however, the perceived benefits did not outweigh 

the perceived barriers. For many participants, time was a scarce resource; as the 

memories of the study faded, so did their desire to commit time for personal yoga 

practice. One participant, describing the lack of time and energy for personal yoga 

practice, said: 
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And I wanna go back to it, I really do. Time is, for one thing. And the fact too that 
I'm just tired all the time. I am exhausted. Once I stop, literally, stop, I'm out, I'm 
gone, just like that... [Work] doesn't stop.. .When you go home, there's your next 
job. (mid-term) 

Several participants indicated that their personal yoga practice had grown stale 

and in need of revitalization through the inspiration of others, particularly a skilled 

instructor. However, several participants stated that the cost associated with formal group 

yoga sessions or private yoga instruction was prohibitive. Two participants stated that 

"expense was an issue" (both were mid-term), and another commented, "if I could have 

found somewhere to go that was within my budget, I'd probably be doin' it now. But, 

it's not in my budget" (mid-term). For one participant, making time for a group yoga 

class was not an issue, but the "problem was 30 dollars a session. So, I mean, if they 

could reduce the price.. .[but] the instructor wants to be paid, and you have to pay for the 

building or rent or whatever. So it is kind of expensive" (short-term). 

In the course of the interview, some participants claimed that perceived barriers 

were merely an excuse for inaction. One individual admitted that "you make that kinda 

stuff up. I could've made time to do that.. .1 don't know what the difficulty is; it seems so 

foolish to talk about it.. .I've got to get past the thinking that I don't have time to do 

[yoga]" (mid-term). Another participant initially said that time was an issue, because she 

worked late hours and weekends. However, toward the end of the interview, she claimed 

that "it's just a matter of finding a time slot and sticking to it" (mid-term). 

After expressing frustration over a recent job transition and persistent scheduling 

conflicts that interfered with personal yoga practice, one participant proceeded to decry 
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budget constraints that limited her options for yoga instruction. When reflecting on cues 

to action, she summed up her attitude toward continuing yoga by saying, 

I know a lot of times, when I go to the doctor, she'll say, "well, when everything 
settles down in your life," and I'm thinking, I just don't know that that ever is 
gonna happen. I mean it would be lovely, but I don't think you can wait for 
that.. .Life is now. And that is the same thing with [yoga]. You know, you can 
wait for your life to settle down, but life is now and you've gotta figure out how 
to deal with it. (mid-term) 

Theme Two: Environmental Support for Yoga 

Environmental issues were commonly mentioned by participants as they 

considered factors that facilitated or interfered with yoga. Aspects of the physical and 

social environment played a role in maintaining personal yoga practice. 

Physical Environment 

The physical environment reportedly influenced the relative ease and pleasure of 

practicing yoga and often provided cues to action. For some participants, the physical 

environment of their home was not conducive to yoga practice. One participant said that 

she managed to fit in daily yoga stretches but complained, "I live in a house where it's 

very crowded and there isn't much floor space where you get on the floor and really be 

able to have room to stretch. You're bumpin' into furniture here and bumpin' in 

there.. .there's paintings and furniture and there's no place really to do [yoga]" (long-

term). 

Although most participants practiced in rooms that had another function, such as 

an office, guest bedroom, or living room, one participant actually dedicated space 

specifically for yoga practice, referring to it as a "special room in my home for yoga and 



95 

meditation." (long-term). Others complained of limited space but managed to minimize 

distractions and create space, facilitating relaxation and the ability to focus on yoga. 

Well, the best place in my house is in my living room because I have a small, 
small house. And I have dogs. So I have to go where they aren't. Because you get 
on the floor and you are going to get a nose in the ear or the eye or get licked or 
chewed on. So I go into the living room just because I can cut out any of the other 
distractions.. .1 have a couple of smaller chairs and a table in the middle, and I can 
move those to the side enough to get what I need for wall space. But it's not a big 
space. It's not as much room as I personally had on the wall at the studio. But it's 
enough to get by. (mid-term) 

Some individuals minimized the influence of physical barriers altogether by 

modifying their outlook from one of multiple limitations to one of endless possibilities. 

It was more important to us [self and spouse] to feel comfortable with the reality 
of doing [yoga] as opposed to, "oh holy cow! We can't do it because there's a 
picture on the wall. Now we can't do yoga, 'cause there's a picture on the wall." 
Well, we're gonna do all the things that doesn't [sic] require removing the picture 
and still feel good about what we're doing, (long-term) 

Another participant, who lamented that she had gotten out of the habit of 

practicing yoga regularly at home, emphasized the freedom of yoga by saying, "yoga, 

you can do anywhere. You know, there's no equipment involved. You don't have to have 

someone to do it with. You can do it alone if you need to be doing it alone" (mid-term). 

Social Environment 

The social environment played an influential role in the practice of yoga over 

time, based on the volume of text describing the social dimensions of yoga. Many 

participants expressed the value of social support in the group yoga sessions. For some, 

the emotional support of the group was particularly meaningful because of the solidarity 

they sensed with others. One individual expressed this sentiment vividly: 
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You know, it's funny, the last day many of us cried. I mean, I made several 
friends in there.. .It was just that personal. And I never anticipated that. I thought 
it would be, you go in there and everybody in your own place, your little outfit 
on.. .1 never expected that we'd come away having made good friends and 
concern for each other and have such a lovely, warm, caring person as our 
teacher. That just wasn't in my thoughts.. .1 really did enjoy this a lot. And it's 
over.. .can I do it again? Can I volunteer? (long-term) 

For another participant, the solidarity with group members was an essential source 

of the pleasure derived from yoga, so much so that personal yoga practice at home was 

unsatisfying, because it could not replicate the experience of group yoga. 

.. .there was some type of commonality, spirit maybe, between the people who 
were in that session. It was safe, it was okay to be here. It was okay to be me. And 
it was a place where other people were doing the same thing. And I try to do it in 
the guest bedroom where it's quiet, but still just knowing you're in an 
environment by yourself.. .1 couldn't replicate that same ambience, being with 
other people who were focused there for a purpose, the same purpose.. .And I 
guess that's why I really haven't continued it at home, (mid-term) 

Other participants focused on instrumental support more than emotional support. 

For these individuals, group yoga was intrinsically valuable, because they had someone 

to evaluate the accuracy of their positioning. 

You got the support and you got somebody else looking at you doing [yoga] 
and.. .if you're in a pose where it's not benefitting you doing it, then they could 
probably see it and they could tell [you] your hips are supposed to be level, but 
your hips are not level, (mid-term) 

Another social environmental factor that became evident during the course of 

interviewing was the influence of social pressure that resulted from comparing one's 

yoga ability to others. Revealing sensitivity to the social norms of the group, as well as a 

competitive spirit, one participant expressed that her drive to practice yoga at home 

hinged on her desire to keep up with peers in the class. 
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And it was quite interesting to see the way the participants interacted; it became 
somewhat a social gathering.. .1 looked forward to going to the sessions because 
I've always felt a challenge. I want to do it as well as I possibly can. Compare 
myself to the little lady next to me who could hardly move, this type of thing. And 
so I got some intrinsic satisfaction from the fact, "I can do this." (short-term) 

Another participant expressed her observation that her peers were "gung 

ho.. .[which] kind of rubs off on you. And when you go to class, you don't wanna be the 

only one who can't touch your toes.. .you're motivated by the others there just to stay 

active" (short-term). 

Only one participant mentioned the social support of family members in 

maintaining yoga practice. In this case, the participant's spouse practiced with her on a 

regular basis. 

I mean, if one of us really doesn't feel like doing it, we will either both not do it 
or one will do it and the other one just won't. There's no guilt, in other 
words.. .He would say, "Come on. Even if we just do five poses, just do a little 
bit.".. .he encourages me but at the same time it allows him to do it. So we're very 
much a team in this, (long-term) 

Notwithstanding the positive experiences of group yoga shared by the majority of 

participants, one participant expressed disdain for groups in general. When asked to 

clarify, the participant said, "Oh, I thought [yoga class] was fine. I am not saying I'd do it 

again, not in a group. In fact, I know I would never do another group again. I have a very 

good memory of it, but I wouldn't do it again, not with a group, [emphatically] I would 

never do a group again, ever] I would notl" (mid-term). This individual went on to 

explain that in general she is not a group person and preferred to avoid groups when 

possible. 
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Theme Three: Integrating Yoga 

Participants who maintained yoga practice over time were able to establish a 

personal yoga practice and adapt it to meet their needs, desires, and lifestyle. These 

individuals were able to make yoga less of a deep mystery and more of a familiar reality. 

Some participants reported enjoying yoga in everyday life, but others reported that yoga 

was an "all-or-nothing" experience. As participants described typical yoga-based activity, 

it was evident that an array of definitions for yoga shaped personal yoga practice. 

Enjoying Yoga 

One participant who had trouble with the Indian names of yoga poses shared, "I 

could never remember any of those, 'so-and-so-asana'.. .we always came up with new 

names, but we knew what we were doing.. .it became like a little inside joke.. .instead of 

being oh so serious.. .Because part of it has to be fun" (long-term). 

Descriptions of yoga revealed the manner in which participants had integrated the 

experience of yoga. One participant described the typical end of a yoga session as a 

"coming into home kind of feeling" and summarized yoga as "just smooth and calm and 

graceful. And so it's just a marvelous addition to my life" (long-term). 

The extent to which participants had integrated aspects of yoga into everyday life, 

whether stretching poses, meditation, or breathing, seemed to be a marker for 

maintenance. One participant specifically identified poses that were enjoyable and 

relaxing and avoided poses that she perceived as burdensome: 

But we [spouse and self] honestly are doing it more, I would say, in a more 
relaxed way, where it doesn't become a burden. We do a lot of the poses, but the 
ones where you have to put your feet up the wall, I don't do that. But most of the 
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other ones we can do, and I still do many of the floor positions, the bending 
positions, stretching positions, (long-term) 

Another participant similarly focused on preferred poses that she practiced on a 

daily basis. She decided to relieve herself of the pressure of perfecting poses that she 

believed were too difficult and instead developed a routine that reinforced the pleasure of 

maintaining her yoga practice. 

I am doing mostly the exercises that [yoga instructor] taught us. I gave up the 
ones that were difficult for me and only occasionally go back to my materials to 
look for something new. I feel the ones I have are enough, as I do this more for 
relaxation than fitness.. .[I] pretty much do what my body wants to do.. .1 end 
with either the legs up the wall pose or the other back pose...Both are so very 
relaxing. In addition, I just think yoga while at home... meaning I watch how I 
stand, sit, and move most of the time. It feels very useful, (long-term) 

All or Nothing 

Some participants articulated a strict definition of consistent yoga practice, one 

that seemed inflexible and perhaps led to decreased sustainability over time. One 

individual stated, "[yoga] has to be at least 30 minutes, and you have to keep practicing 

and practicing those poses until you get them perfect. That takes time.. .So I will go back 

and keep working and working until they are perfected" (mid-term). 

Other participants explained that yoga practice is essentially "all or nothing" 

(mid-term) or "it's kinda like an all or none" (mid-term). A conflict was apparent for the 

"all-or-nothing" participants, because they admitted that such an austere definition of 

yoga contradicted the yoga instruction they received during the study. For example, one 

participant, when asked to describe a consistent yoga practice, replied, 

I would consider at least five or six times a week.. .1 can see how it becomes part 
of your life.. .One thing I like about yoga is there's not this, "you've gotta do it 
for an hour." I remember [yoga instructor] would say, "Just do this," or "wake up 
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and just do this pose for 5 minutes, 30 seconds, whatever, and don't beat yourself 
up that you haven't done a 30-minute thing." So I could see how it could be 
incorporated.. .[but] I still have that "if you don't do it perfectly, then you're not 
[doing it]." (mid-term) 

Defining Yoga 

Participants varied in their definition of consistent yoga practice, but most focused 

on the time commitment, specifying that it would require more time than they usually set 

aside. Comments ranged from "it should be done every day" (mid-term) to "at least two 

or three times a week" (the most common response from participants). Most participants 

agreed that more practice would incur more benefit, with two individuals expressing the 

difficulty of maintaining poses if more than a day or two passed without practicing. One 

admitted, ".. .when I'm trying to do some of the downward poses, I don't have it.. .you 

might have to bend your knees now to do it. You just.. .lose some of your muscles. Your 

muscles have to get accustomed to doing it" (mid-term). 

Two participants believed that routine yoga practice was a function of frequency, 

duration, and variability of yoga positions. For one, consistency in yoga "would be going 

through several of the poses in a more focused attempt, to move from one to the other and 

also dedicate some regularity to it in terms of number of days of the week I did it and 

amount of time" (short-term). Minimal criteria included "about a half hour.. .practicing 

on four positions at least and your meditation, calming down." (short-term). 

The majority of participants were hesitant to say that they practiced yoga unless 

they carved out time explicitly for a focused yoga session that mimicked the flow of the 

group sessions to which they had grown accustomed during the study. Although having 

reported stopping yoga shortly after the study ended, one participant clarified, 
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"I don't do the official named positions. I do a modified version for me.. .1 have 
my music [gets up and turns on the stereo].. .just turn it on and will for about five 
minutes do this and do it three or four times a day [while at work].. .1 have all 
kinds of yoga books. But because I'm not consistent, I don't consider myself as 
practicing" (short-term). 

Another participant reported stopping yoga after the study was over, but while 

reflecting on the benefits of stress reduction she learned from the class, she said, 

Oh, I think I definitely lost some of it, but I know that.. .1 can erase things from 
my mind for a while.. .1 find the breathing exercises particularly beneficial.. .Long 
term it has been the breathing exercises and the ability to erase stress when I feel 
like, "hey, this is too much going on here, too much pressure.".. .and creating an 
awareness for keeping the body active. And that, "hey, it's not just walking; 
you've got muscles throughout that need to be taken care of." (short-term) 

Other participants revealed patterns of yoga integration when discussing daily 

yoga "stretches" or describing favorite yoga poses ("mountain" pose, "dead man's" pose, 

and "legs up the wall" pose were commonly stated favorites). Others said that they chose 

to spend their time on aerobic exercise instead, appreciating the benefits of yoga but 

substituting another activity in its place. 

Three participants referred to the distinct form of yoga practiced in the class, 

Iyengar yoga. It was evident that two of them enjoyed it very much, with one saying that 

she "liked the low impact we were doing," as well as the "structure" and the "opportunity 

to sit and discuss how it was affecting us and what was going on, what we were 

doing.. .And I appreciated that very much" (short-term). The other said, "with the 

Iyengar, the precision of the form, the movement enabled you to get specific benefits 

...and implementing the different props, so you could maintain the pose" (mid-term). 

The third individual was disappointed with Iyengar yoga, because it was very 

different from the intense yoga training she had experienced years ago: 



102 

I feel like [Iyengar yoga] was "little ole ladies' yoga".. .but the yoga I had back in 
the '70s was real yoga.. .You didn't waste a lot of time with blankets and these 
belty things.. .if it's uncomfortable, "well, suck it up; you're trying to get 
something done for yourself!" So I had real yoga, and this was kind of soft-
pedaling it to me.. .It's just not enough variation.. .Yes, you're gonna be 
uncomfortable if it's gonna do somethin' for you.. .You just can't go along nicey, 
nicey, nicey to yourself and expect to get anywhere... (long-term) 

In contrast to this intense depiction of yoga, a few participants referred to the 

manifold effects of yoga that they had experienced in all aspects of life, a phenomenon 

that one participant described as "being yoga" (mid-term). 

When I get out of bed more quickly, I thank my yoga for making that possible. If 
I get down on the floor.. .and I can get up and I'm not creeping and crawling 
across the room trying to grab onto something to get up, I can thank yoga for 
making that possible.. .yoga has a direct impact on many of the things in my 
life.. .1 see so many other women way younger than me.. .and I see them unable to 
do the things that I do. And I know in large part it's because of yoga, (long-term) 

Another participant embraced a similarly profound appreciation for yoga, 

expressing how the practice of yoga affected her outlook and overall wellness. Yoga 

practice clearly transformed her life: 

Yoga permeates all areas...it makes you think about what you are eating, how you 
are sitting, whether you are balanced inside and out. Being aware helps you make 
adjustments that will indeed improve every aspect of your life...the reward of 
being mindful, the feeling of being balanced, the feeling of calm acceptance, and 
the glorious feeling of being connected to something bigger than me and the 
consequential peace that comes from that connection.. .If yoga prevails, it 
permeates what you eat and drink and breathe and view and hear and say and do, 
all of which leave you feeling healthier physically and mentally, (long-term) 

STUDY LIMITATIONS 

The current qualitative study findings were based upon 13 participants, which is a 

small sample with limited generalizability. However, as described earlier, qualitative 
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research is more concerned with trustworthiness than generalizability to other 

populations.31'32 

Stratified purposeful sampling based on reported duration of post-intervention 

yoga practice was intended to separate yoga maintainers from non-maintainers, a difficult 

task because many individuals had integrated aspects of yoga into their lives, although 

they reported having stopped yoga months earlier. The measurement of yoga practice 

may have contributed to this problem; a dichotomous yes/no response limited participant 

options for description. Moreover, there was no clear distinction between personal yoga 

practice and group yoga practice on the follow-up questionnaire, although the difference 

between the two became obvious in the course of interviewing. 

DISCUSSION 

Based on the findings from this qualitative study, it is clear that yoga practice is 

an appealing and beneficial form of stress reduction and physical activity for individuals 

with or at risk for type 2 diabetes. For the majority of participants, personal yoga practice 

was maintained well when reinforced by group yoga sessions; however, when the 

instructor's guidance and the social support of fellow group members were removed after 

the study ended, most of the participants tapered down their practice and eventually 

stopped. Almost all of the participants shared a desire to begin yoga again, but common 

barriers were the lack of time (for either a personal yoga practice or a group class) and 

budget constraints (for group classes, which the majority of participants preferred). These 

findings are similar to those of a recent qualitative study, in which barriers to yoga, 

including time and financial constraints, outweighed the many perceived benefits.34 
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Although only three participants identified themselves as practicing yoga at 15 

months post-intervention, most participants reported the integration of yoga elements into 

their everyday life up to 20 months post-intervention, adapting particularly meaningful 

aspects of yoga to fit their needs and lifestyles. What remains unclear is the attainable 

benefit resulting from the integration of yoga elements as opposed to consistent yoga 

practice, whether privately or in a group. 

Implications for Research 

Findings from this study underscore the need for further research to clarify the 

existence of a dose-response relationship between yoga practice and the physical and 

psychosocial benefits attributed to yoga. Improvements in measurement are necessary as 

well, beginning with attempts to standardize the assessment of personal yoga practice. 

The DAYS and WHYS yoga intervention was designed using a group format; therefore, 

it is possible that the participants' preference for group yoga may have been an artifact of 

the group design. Additional possibilities for future research include feasibility studies 

using various approaches to individual or self-paced yoga instruction. 

The findings from this study also point to the importance of future research 

designed to enhance the long-term maintenance of yoga practice for optimal promotion of 

health and prevention of disease. While evidence supporting the efficacy of yoga for 

diabetes prevention and control will likely continue to expand, the other cornerstones of 

research necessary for translation to practice—namely, the reach, adoption, and 

maintenance of a given intervention—are relatively scarce in the health literature . ' 



The design of future studies could include sampling among naturally occurring 

groups, such as church congregations or neighborhoods. Likewise, a select number of 

participants could receive additional training and resources to become peer leaders who 

could coordinate the continuation of group yoga, thereby promoting maintenance of yoga 

practice over time. To advance the evidence base for clinical practice, researchers can 

implement and evaluate resourceful protocols such as the re-randomization of study 

participants to specific maintenance programs upon completion of the intervention, an 

approach used in the Mediterranean Lifestyle Program, a randomized, controlled trial, 

among women with type 2 diabetes.37 

Implications for Practice 

As described previously, the IMCHB24 is a nursing model that uniquely focuses 

on the interaction between clinicians and patients, providing a practical framework for 

outlining the study's implications for practice. Study findings pertinent to each of the 

elements of the client-professional interaction are described with reference to the 

following element abbreviations: affective support (AS), decisional control (DC), health 

information (HI), and professional competencies (PC). 

Findings from the current study corroborate conventional recommendations for 

partnership or mutuality with patients in diabetes care, education, and prevention (DC). 

Interviewees expressed clear benefits and barriers to yoga practice, some of which were 

related to unique life circumstances and others that were common to many individuals.34 

Strategizing, together with patients, how to overcome barriers and maintain yoga practice 

over time is an important aspect of educational assessment and goal setting for health 
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behavior and promotion (DC, HI, PC). Likewise, assessing environmental factors that 

may affect maintenance is critical when counseling patients who are motivated to begin 

or restart yoga (HI, PC). 

In the current study, the affective response toward personal yoga practice was, for 

many participants, markedly different than that toward group yoga. Based on participant 

responses, it seemed as though negative affect toward practicing yoga by oneself resulted 

from a lack of social support coupled with inadequate confidence to incorporate new 

poses or modify one's routine to make it more satisfying. For activities that require 

concerted effort or are considered difficult, maintaining a positive affect is especially 

vital.38 Personal yoga practice may fall in such a category, particularly for individuals 

who hold an "all or nothing" attitude. Therefore, it is equally important for clinicians to 

assess affective response to yoga and to be equipped with resources to assist individuals 

who may need to increase confidence or renew positive affect (AS, HI, PC). Two 

practical ideas to improve affective response explored in a recent pilot study include 

booster sessions of yoga or practice with a significant other. 



Figure 1. Stratification Flow Diagram 

107 

Yoga intervention participants who 
responded to 

15-month 
post-intervention follow-up 

(n = 36) 

Stratification based on reported yoga practice 
at 15 months post-intervention 

Currently practicing yoga No longer practicing yoga 
(« = 31) 

Maintained yoga practice 
for at least 3 months 

post-intervention 
(n = 14) 

Participated 
in a follow-
up interview 

(» = 3) 

Stopped yoga practice 
less than 3 months 
post-intervention 

("=17) 

Participated 
in a follow-
up interview 

(n = 3) 



Table 1. Sample Characteristics 
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N 
Age 

M(SD) 
Range 

Gender 
Female 
Male 

Marital Status 
Not currently married 
Currently married 

Race/Ethnicity 
Caucasian 
African American 

Education 
Fewer than 4 years of 
college 
4 years of college or 
More 

Employment 
Not currently working 
Currently working 

All 

13 

56(4) 
50-63 

11 
2 

7 
6 

11 
2 

3 

10 

5 
8 

Long-Term* 
Yoga 

3 

59(3) 
56-62 

3 
0 

2 
1 

3 
0 

1 

2 

1 
2 

Mid-Term* 
Yoga 

7 

53.4 (2.8) 
50-59 

5 
2 

3 
4 

6 
1 

1 

6 

2 
5 

Short-
Term* 

Yoga 

3 

59 (3.6) 
56-63 

3 
0 

2 
1 

2 
1 

1 

2 

2 
1 

* Long-term yoga = 15 or more months of yoga practice after completion of the study 
Mid-term yoga = at least 3 months but less than 15 months of yoga practice after 

completion of the study 
Short-term yoga = <3 months of yoga practice after completion of the study 



Table 2. Comparison of Interviewees to Non-interviewees 

N 
Age 

M(SD) 
Gender 

Female 
Male 

Marital Status 
Not currently married 
Currently married 

Race/Ethnicity 
Caucasian 
African American or other 
ethnic minority 

Education 
Fewer than 4 years of 
college 
4 years of college or more 

Employment 
Not currently working 
Currently working 

Interviewee 

13 

56.0 (4.0) 

11(84.6%) 
2(15.4%) 

7 (53.8%) 
6 (46.2%) 

11(84.6%) 
2 (15.4%) 

3 (23.1%) 

10 (76.9%) 

5 (38.5%) 
8(61.5%) 

Non-
interviewee 

50 

61.7(7.3) 

44 (88.0%) 
6 (12.0%) 

20 (40.0%) 
30 (60.0%) 

41 (82.0%) 
9(18.0%) 

11 (22.0%) 

39 (78.0%) 

19 (38.0%) 
31 (62.0%) 

Group 
Difference 
(p value) 

.001 

.744 

.369 

.825 

.934 

.976 
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Abstract 

Background: The long-term benefits of physical activity for individuals with diabetes 

mellitus include improved physical function, reduced health care expenditures, and 

decreased premature mortality. Less is known about the long-term benefits of yoga 

practice, but evidence suggests that yoga practice is beneficial in promoting physical 

fitness and may increase the capacity for physical activity over time. The purpose of this 

study was to describe patterns of yoga practice and examine differences in physical 

activity over time between individuals with or at risk for type 2 diabetes who completed 

an 8-week yoga-based intervention compared to controls. 

Methods: A longitudinal comparative design measured the effect of a yoga intervention 

on yoga practice and physical activity, using data from assessments at baseline and post-

intervention months 3, 6, and 15. 

Results: Descriptive analyses of yoga practice revealed a declining pattern among yoga 

intervention participants and a slight increase among controls over time, but the 

subjective definition of yoga practice warrants cautious interpretation of these data. 

Repeated measures analysis of variance indicated no statistically significant between-

group differences [F (3, 147) = 0.598, p = .617] in physical activity over time, with a low 

effect size for treatment group by time (rjp
2 = 0.012). 

Conclusions: Findings indicate that an 8-week yoga intervention had little effect on 

physical activity over time. Further research is necessary to explore the influence of yoga 

on other behavioral health outcomes among individuals with or at risk for type 2 diabetes. 

Key words: diabetes mellitus, yoga practice, physical activity 
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Introduction 

Global increases in the incidence and prevalence of type 2 diabetes mellitus 

confirm the growing concern that diabetes has reached epidemic proportions and is an 

urgent priority for health care professionals in the United States and around the world 

[1, 2]. Rates of obesity continue to climb, likely because of contemporary realities: longer 

work hours in sedentary job positions, fast-food conveniences, labor-saving devices, and 

inactive forms of recreation [3]. Recent reports estimate that 65 percent of adults living in 

the United States are either overweight or obese [4], 

Research findings have consistently pointed to the link between obesity and 

untoward health outcomes, particularly type 2 diabetes [5-10]. The rationale for public 

health intervention is compelling; what remains uncertain, however, is the strategy that 

will be most effective for any given segment of the population. In spite of the programs 

that have proliferated in various forms, the epidemic does not appear to be abating. In 

2007, 1.6 million new cases of diabetes were diagnosed among adults aged 20 years and 

older [11]. 

Findings from a recent integrative literature review [12] indicate that the practice 

of yoga is a promising adjuvant approach for health promotion in diabetes management. 

The proposed physiologic mechanisms by which yoga practice benefits the body include: 

(1) reduction of sympathetic nervous system reactivity, with an associated decrease in the 

inflammatory effects of accumulated stress, and (2) activation of the parasympathetic 

response through vagal nerve stimulation, with an associated elevation of mood states 

and diminution of negative neuroendocrine and inflammatory responses [13]. Specific 
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diabetes-related physiologic effects include significant improvements in fasting and 

postprandial blood glucose, hemoglobin Ale, total cholesterol and low-density 

lipoprotein, triglycerides, coronary stenosis, oxidative stress, blood pressure, body 

weight, waist/hip ratio, heart rate, catecholamine levels, nerve conduction velocity, and 

need for medication relative to baseline [13-21]. 

Yoga practice has a profound influence on psychosocial markers as well, because 

of its emphasis on relaxation techniques, enhanced self-awareness, and mindfulness. 

Specific mental health benefits include improvements in anxiety, depression, and certain 

personality disorders [22]. Additional psychosocial benefits of yoga include significant 

improvement in quality of life, depression, stress, anxiety, mood states, quality of sleep, 

self-esteem, overall psychological well-being, and substance abuse treatment [23-30]. 

The long-term effects of yoga on individuals with type 2 diabetes remain unclear, 

which is a reflection of the lack of longitudinal research with data points beyond one year 

post-intervention. However, it is plausible that those who practice yoga over a longer 

period of time experience the cumulative effects of improved health status and health-

related quality of life [28]. Yoga is reputed to affect all areas of life, whether practiced on 

a regular basis for health promotion or embraced as a way of life [15, 31, 32]. Yoga 

practice has demonstrated a positive effect on flexibility, musculoskeletal stability, range 

of motion, and pain associated with musculoskeletal disorders [31-34]. A recent study 

among older adults living in Taiwan indicated that a yoga-based program had a positive 

effect on physical fitness [35]. 
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Although documentation of the long-term effects of yoga practice is scarce, 

reports of long-term effects of physical activity on those with diabetes are available. In 

fact, the personal benefits of long-term physical activity over time, including enhanced 

physical functioning, increased quality of life, and overall better health status, are 

augmented by the societal benefits, including reduced health care costs and mortality 

rates [36-38]. For older adults with diabetes, physical activity is especially important 

because these individuals are predisposed to impaired physical functioning, 

cardiovascular disease, and premature mortality—the risks of which can be minimized 

with consistent physical activity over time [36, 37]. 

The specific benefits of physical activity for individuals with or at risk for type 2 

diabetes include improvements in physiologic and clinical markers such as insulin 

resistance, glycemic control, hypertension, atherogenic dyslipidemia, fibrinolytic and 

endothelial function, oxidative stress, renal function in terms of microalbuminuria and 

enzymuria, regulation of body weight, body fat percentage, and waist/hip ratio [39-48]. 

Psychosocial benefits of physical activity among individuals with or at risk for type 2 

diabetes include improvements in mental health outcomes such as anxiety, depressive 

symptoms, mood states, stress, self-esteem, self-efficacy, and quality of life [49-53]. 

The benefits of yoga for health promotion are promising, but findings from a 

recent investigation of the metabolic costs of hatha yoga indicate that typical beginner-

level yoga practice is not of sufficient intensity to meet current physical activity 

recommendations for health and cardiovascular fitness [54]. Nonetheless, given the many 

musculoskeletal benefits afforded by regular yoga practice, it is plausible that yoga may 



increase the capacity for physical activity, although no studies to date have tested this 

hypothesis. The National Center for Complementary and Alternative Medicine recently 

published a report highlighting the need for research that both examines the health 

behaviors of individuals who practice complementary and alternative therapies and 

explores avenues by which to foster health promotion in this distinct population [55]. 

Despite the proliferation of yoga-based studies in recent years, few have 

examined the maintenance of yoga over time. Therefore, the extent to which study 

participants continue to practice yoga or fluctuate in yoga practice over time is largely 

unknown. Moreover, studies that investigate the effects of yoga practice on diabetes-

related outcomes have not reported data beyond one-year post-intervention, which limits 

understanding of the long-term benefits of yoga practice for diabetes care. 

The two-fold purpose of this longitudinal study was to describe patterns of yoga 

practice and to examine differences in physical activity over time between individuals 

with or at risk for type 2 diabetes mellitus who completed an 8-week yoga-based 

intervention compared to those who did not receive the yoga intervention. Specific time 

points ranged from baseline to 15 months post-intervention. 

Materials and Methods 

Study Design 

The current study, consisting of a longitudinal comparative design, is an extension 

of two larger "parent" studies, from which some data for this current study are drawn. 

The parent studies were two randomized, controlled trials, one for individuals with type 2 

diabetes (Diabetes and Yoga Study [DAYS]) and the other for healthy women at risk for 
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diabetes and cardiovascular disease (Women's Health and Yoga Study [WHYS]) [56-58]. 

Although the target population for each of these trials was different, the trials had 

concurrent study enrollment and followed the same yoga intervention protocol. 

Human Subjects Protection 

The University of Virginia Institutional Review Board for Health Sciences 

Research (IRB-HSR) approved the original study protocol, recruitment plans, and 

guidelines for ensuring the privacy and confidentiality of all participants. All protocol 

modifications for the current study received IRB-HSR approval as well. Written informed 

consent with approval for future contact was obtained from participants prior to study 

enrollment. 

Sampling Methods 

Participants for the DAYS and WHYS were recruited through advertisements 

posted in community newspapers, university buildings, community venues, and medical 

offices. These advertisements sought individuals who were interested in participating in a 

free yoga-based study. Potential participants were screened over the phone and then 

scheduled for study enrollment. 

Inclusion criteria for the two clinical trials were similar with some notable 

differences. Individuals were eligible to participate in the WHYS if they were 45 to 80 

years of age, postmenopausal, had no yoga experience within the past 12 months, and 

were able to complete an 8-week gentle yoga program. Additional inclusion criteria for 

the WHYS were an inactive lifestyle (exercising less than 3 times per week) and having 

either overweight status (BMI >= 25), visceral adiposity (waist circumference >= 88 cm) 
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or a first-degree relative with diabetes or essential hypertension. Individuals were 

excluded from participation in the WHYS if lab values indicated insulin sensitivity 

(QUICKI > 0.357) or if they took medications affecting carbohydrate metabolism, had 

any serious chronic conditions, and/or had any major orthopedic or neurologic diagnoses. 

Additional exclusion criteria were active joint or musculoskeletal pain, sleep apnea, 

and/or regular use of an assistive device. 

Individuals were eligible to participate in the DAYS if they were 45 to 80 years of 

age, postmenopausal (for the women), had an established medical diagnosis of type 2 

diabetes for at least 6 months, had no yoga experience within the past 12 months, and 

were able to complete an 8-week gentle yoga program. Individuals were excluded from 

participation in the DAYS if they took insulin, had any serious chronic comorbid 

conditions, experienced any acute coronary symptoms within the past 6 months, had an 

artificial pacemaker, and/or had any major orthopedic or neurologic diagnoses. 

Additional exclusion criteria were active joint or musculoskeletal pain, sleep apnea, 

and/or regular use of an assistive device. 

Over a 15-month time period, three separate cohorts were enrolled and 

participated in the parent studies. The current study was composed of a subgroup of 

participants from the first two cohorts of DAYS and WHYS, those who consented to 

future contact and completed follow-up assessments at 3, 6, and 15 months post-

intervention. 
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Yoga Intervention: the Parent Studies 

The DAYS and WHYS intervention protocol included two sessions of supervised 

yoga instruction per week, in addition to expected home practice, over an 8-week period. 

The yoga instructor had over 20 years of experience in Iyengar yoga, had previously been 

involved in the design of clinical trials testing the efficacy of yoga on health outcomes, 

and was a role model for participants because she began her study of yoga late in life. She 

was instrumental in designing the homework assignments and developing the home-

based resources, including a practice notebook and video. 

Iyengar yoga has been tested among individuals with spinal cord injury, 

osteoarthritis, back pain, and persons with or at risk for gait problems [59-62]. Iyengar 

yoga is known for its gentle approach, focusing on body alignment, postures and 

breathing exercises that are easily tailored for beginners and modified for those with or at 

risk for chronic illnesses[59, 60]. In addition, Iyengar yoga includes the use of props such 

as blocks, belts, blankets, and chairs, all of which offer additional support for yoga 

positions to prevent strain or overstretching [32]. 

The control groups for each trial followed separate study protocols. The WHYS 

protocol specified an attention control group, in which participants met together twice a 

week at the same time as the yoga intervention group. These individuals viewed a series 

of educational videos, each followed by a brief facilitated discussion, throughout the 

duration of the study period [63]. In addition, the research team requested that the WHYS 

control participants refrain from making purposeful lifestyle changes throughout the 

duration of the intervention. The DAYS protocol specified a usual care group, in which 



participants completed a weekly postprandial blood glucose monitoring log and otherwise 

maintained their normal plan of care during the study period. Upon study completion, 

control participants were offered coupons for free yoga sessions at a local Iyengar yoga 

studio. 

Data Collection 

Following on-site consent and enrollment at the University of Virginia, 

participants eligible for the parent studies completed demographic forms, multiple 

surveys, and physiologic measurements. Participants were randomized, and the studies 

commenced. At the end of the 8-week intervention period, participants in the parent 

studies completed the same evaluations that they had done at baseline. Participants who 

had agreed to future contact on their signed consent forms were mailed follow-up 

questionnaires at 3, 6, and 15 months post-intervention. See Figure 1 for a flow diagram. 

The first two cohorts of the DAYS and WHYS consisted of 94 participants, but 

only 80 individuals completed the parent studies and were willing to be contacted 

afterward. Reasons for attrition included schedule conflicts/competing obligations 

{n = 3), health problems (n = 4), abnormal lab values (n = 2), distance (n = 1), or 

unknown reasons (« = 4). All 80 participants were mailed follow-up assessments at 3 and 

6 months post-intervention. At 15 months post-intervention, 78 of 80 participants (one 

did not speak/write English and another was lost to follow-up at the time) were mailed 

follow-up assessments. 
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Measures 

Demographics 

Each participant completed basic demographic forms, containing data such as age, 

gender, marital status, race/ethnicity, education, and employment. Additional background 

and health history data, as well as multiple physiological and psychological measures, 

were collected and reported elsewhere [56-58]. 

Yoga Practice 

Yoga practice was measured using a brief follow-up questionnaire designed by 

the research team. This questionnaire includes both closed- and open-ended questions 

regarding current and past yoga practice. Dichotomous responses (yes/no) were elicited 

regarding current yoga practice. Participants in the yoga intervention group were asked if 

they had joined a yoga class and if they had continued to practice yoga positions learned 

during the study, while participants in the control group were asked if they had used the 

yoga coupons they received, whether they practiced yoga at home, and if they had joined 

a yoga class. 

Physical Activity 

Physical activity was measured using the Physical Activity Scale for the Elderly 

(PASE) [64]. This scale consists of 10 primary questions, subdivided into additional 

questions, for a maximum of 26 questions [64]. PASE questions were designed to assess 

the physical activity patterns of older adults in particular, with a broad focus on three 

broad types of activity: leisure time (recreational) activity, household activity, and work-

related activity. 
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PASE questionnaires were administered at baseline, and again at 3, 6, and 15 

months following the completion of the study. The composite PASE score was calculated 

according to the algorithm for weighting and summation as described in the scoring 

manual [65]. The investigator consulted with instrument developers to determine 

appropriate scoring procedures for missing items on cases that were otherwise complete. 

The recommended procedure for scoring missing items was to record the response 

measure of central tendency in the sample in place of the missing item. 

Data Analysis 

Data entry and analysis were conducted using the Statistical Package for the 

Social Sciences (SPSS) data analysis program, version 16.0 [66]. Validation of data entry 

at baseline and for each follow-up was completed by two individuals, following a 

procedure in which one person read the data from the questionnaires aloud, while the 

other person confirmed the accuracy of these data in the SPSS dataset. In addition, basic 

data screening and cleaning procedures were done to minimize errors in data entry. 

Missing values analyses were performed to identify any patterns. 

Descriptive statistics were calculated on demographic variables, physical activity, 

and yoga practice. Because of the relative homogeneity in some of the demographic 

variables of the sample, race/ethnicity, marital status, education, and employment were 

recoded for these analyses as Caucasian (non-minority) = 0, minority = 1; not currently 

married = 0, currently married = 1; fewer than 4 years of college = 0,4 years of college or 

more = 1; and currently not working = 0, currently working = 1. Based on the literature, 

these demographic variables were considered potential covariates. The relationships 



between demographic variables and physical activity at each time point were evaluated 

using the Pearson product-moment correlation coefficient for continuous variables; for 

categorical variables, Kendall's tau-b coefficient was used. The detection of statistically 

significant associations of moderate or greater strength (r >= .3) determined whether 

covariates were included in statistical analysis. 

Baseline differences in demographics and physical activity levels between the 

intervention and control groups were assessed using independent t-tests for continuous 

variables (age and physical activity) and Chi square tests for categorical variables (gender 

and dichotomized marital status, race/ethnicity, education, and employment). Prior to 

evaluating baseline differences, the assumptions of univariate normality and homogeneity 

of variance were met, using Fisher's test of skewness and Levene's test, respectively. 

Statistically significant differences in any of these variables between the yoga 

intervention and control groups necessitated the inclusion of covariates in statistical 

analysis. 

Repeated measures analysis of variance (ANOVA) and repeated measures 

analysis of covariance (ANCOVA) were used to examine differences in physical activity 

over time between the yoga intervention and control groups. All of the assumptions 

necessary for repeated measures ANOVA, including multivariate normality, 

homoscedasticity, linearity between PASE scores at each time point, homogeneity of 

covariance, and compound symmetry, were met, as were the two additional repeated 

measures ANCOVA assumptions of linearity between covariates and PASE scores at 

each time point and homogeneity of regression. Because of the nature of this pilot study, 
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the level of significance was set at a = 0.05, andp values up to 0.07 were examined. The 

effect size (partial Eta squared, r|p
2, which is effect + error), observed power, and 

estimated marginal means were assessed to evaluate the clinical importance of the 

findings. 

Results 

Sample Demographics 

At 3 months post-intervention, 59 of 80 participants completed questionnaires, for 

a response rate of 74%. At 6 months post-intervention, 60 of 80 participants completed 

questionnaires, for a response rate of 75%. At 15 months post-intervention, 63 of 78 

completed questionnaires, for a response rate of 81%. 

Differences in respondents and non-respondents were assessed, based on 

participant response to the final follow-up assessment at 15 months post-intervention 

(See Table 1). Between the 63 respondents and the 15 non-respondents, there were 

statistically significant differences in age [t (92) = 2.514,/? = .014] and education 

(recoded as fewer than 4 years of college = 0, 4 years of college or more = 1) 

[%2(1)= 12.851,p<.001] with non-respondents being younger and having fewer years of 

formal education than respondents. However, there were no statistically significant 

differences in baseline physical activity scores between respondents and non-respondents. 

Of the 63 participants who completed the final follow-up assessment, a total of 51 

individuals completed all 4 follow-up assessments. There were 12 participants who 

completed assessments at baseline and 15 months post-intervention but did not respond to 

follow-up assessments at 3 and/or 6 months post-intervention. Participants with 
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incomplete cases (n = 12) were similar to individuals with complete cases (n = 51), 

except for race/ethnicity (recoded as Caucasian/non-minority = 0, minority =1) 

[X2 (1) = 6.027, p = .014]. The incomplete cases had a larger percentage of individuals 

from an ethnic minority background than did the complete cases. 

Demographic characteristics of the DAYS and WHYS participants with complete 

data for the current study (n = 51) are presented in Table 2, organized by treatment group. 

There were statistically significant differences in age [t (49) = -2.783,/? = .008] and 

race/ethnicity (recoded as Caucasian/non-minority = 0, minority = 1) [%2 (1) = 4.387, 

p = .036] with the yoga intervention participants being younger and more racially diverse 

than the controls. However, there was no statistically significant difference in baseline 

physical activity based on treatment group. 

Yoga Practice 

The frequency and percentage of participants who reported yoga practice at each 

follow-up assessment are presented in Table 3, organized by treatment group. Analysis of 

the reported post-intervention yoga practice between groups over time revealed a widely 

disparate pattern. At 3 months post-intervention, more than half of the yoga intervention 

respondents (18 of 33) reported continued yoga practice, while only 14% of the controls 

(3 of 22) reported having begun yoga practice after the 8-week intervention period had 

ended. At 6 months post-intervention, the percentage of yoga intervention respondents 

who were practicing yoga had diminished to 34% (11 of 32). However, the controls who 

had begun to practice yoga at 3 months post-intervention did not show a similar decrease, 

with 13%) of control respondents (3 of 23) continuing to practice yoga at 6 months. At 15 



months post-intervention, only 14% of yoga intervention respondents (5 of 36) reported 

continued yoga practice, while a surprisingly high 22% of control respondents (6 of 27) 

reported yoga practice, increased from 3 or 6 months. 

Physical Activity 

None of the demographic variables were significantly related with PASE scores at 

any time point (for age, r ranged from 0.059 to 0.184; for gender, Kendall's tau-b ranged 

from -0.022 to -0.118; for marital status, Kendall's tau-b ranged from 0.032 to 0.206; for 

race/ethnicity, Kendall's tau-b ranged from -0.015 to 0.091; for education, Kendall's tau-

b ranged from 0.049 to -0.162; and for employment, Kendall's tau-b ranged from .031 to 

.199). Therefore, none of the demographic variables were included as covariates in the 

initial analysis of physical activity over time. 

A repeated measures ANOVA was calculated to examine the effects of treatment 

group (yoga intervention and control) and time (baseline and at 3, 6, and 15 months 

following study completion) on the physical activity of study participants. The within-

subjects effect of time was statistically significant [F (3, 147) = 5.945, p = .001], 

indicating that physical activity patterns changed significantly over time, regardless of 

group membership. The effect size of time was small (r|p
2 = 0.108) with an observed 

power of 95.2%), indicating that time by itself accounted for only 10.8% of the overall 

(effect + error) variance in physical activity but was sufficiently powered to detect 

statistically significant differences in physical activity (ignoring treatment group). 

However, the within-subjects effect of treatment group by time was not 

statistically significant [F (3, 147) = 0.598,p = .617]; therefore, physical activity patterns 
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did not differ by treatment group over time. Likewise, the between-subjects effect of 

treatment group (ignoring time) was not statistically significant [F (1, 49) = 0.100, 

p = 0.753], indicating that participants' treatment group had little influence on physical 

activity. The effect size of treatment group by time was small (r\p
2 = 0.012) with an 

observed power of 17.2%, and the effect size of treatment group was even smaller 

(r|p = 0.002) with an observed power of 6.1%. These low effect sizes further demonstrate 

that the within-subjects effect of treatment group by time and the between-subjects effect 

of treatment group accounted for very little of the overall variance in physical activity. 

The low observed power of these indicates the limited ability of the model to detect 

statistically significant differences in physical activity over time. 

A graphic depiction (Figure 2) of the means of physical activity plotted over time 

illustrates that the yoga intervention and control participants reported similar patterns of 

physical activity until 15 months post-intervention. At baseline, control participants were 

more physically active than the yoga intervention participants, but this 10-point mean 

difference was not statistically significant and represented marginal clinical importance, 

given that the PASE score is a composite sum of weighted items, with total scores 

ranging from 0 to over 400 [65]. At 3 months post-intervention, participants in both 

groups reported much greater physical activity, with a nearly identical mean difference 

from baseline. At 6 months post-intervention, participants in both groups reported a 

decrease in physical activity from the 3 month follow-up assessment. Although the yoga 

intervention participants were more physically active than the control participants at 6 

months post-intervention, this difference was not significant from a statistical or clinical 
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standpoint. At 15 months post-intervention, an unexpected shift occurred—the control 

participants reported an increase in physical activity over the 6 month follow-up 

assessment, with a 14-point mean difference that was neither statistically significant nor 

clinically important. The yoga intervention participants reported a slight decrease in 

physical activity over the same time period. 

Repeated measures ANCOVA models were also used to examine between-group 

differences in physical activity over time, given the statistically significant differences in 

age and race/ethnicity between yoga intervention participants and controls with complete 

data (n = 51). The repeated measures ANCOVA results were the same as those of 

repeated measures ANOVA: no statistically significant between-group differences in 

physical activity over time. The addition of age and dichotomous race/ethnicity as 

covariates in the model was not beneficial; neither of these variables were statistically 

significant, nor did they reduce model error. 

The parallel findings of increased yoga practice and increased physical activity 

among control participants at 15 months post-intervention prompted further analysis to 

assess the actual effect of those controls who reported practicing yoga at that point in 

time. Control participants who reported yoga practice at 15 months post-intervention 

(n = 6) were removed from the dataset, and a repeated measures ANOVA was performed 

once more. The results remained the same, indicating that the yoga-practicing controls 

did not account for the unanticipated increase in physical activity at 15 months post-

intervention. 



A repeated measures ANOVA was conducted separately on the WHYS data and 

on the DAYS data to evaluate whether the differing control group protocols may have 

influenced the observed pattern of physical activity over time. The WHYS protocol 

involved an attention control group, in which participants viewed educational videos 

followed by a brief, facilitated group discussion, whereas the DAYS protocol involved a 

usual care control group. The overall findings from these separate repeated measures 

ANOVA models replicated those of the primary analysis: no statistically significant 

within-subject differences in physical activity over time by group. 

Discussion 

Yoga practice decreased significantly over time in the yoga intervention group, 

falling from 54% of respondents to 14% of respondents over the span of one year (from 3 

to 15 months post-intervention). It is possible that without the reinforcement and social 

support of the group yoga format, participants gradually lost interest and motivation to 

continue a personal yoga practice, a finding that emerged from interviews with 

intervention participants [Alexander, unpublished data]. 

A phenomenon of interest occurred in the control group—yoga practice over time 

slightly increased, rising from 14% of respondents to 22% of respondents over the same 

year period. This outcome is surprising, given that the intervention participants engaged 

in an intensive yoga program (16 class sessions tailored to the needs of an older 

population with or at risk for type 2 diabetes), compared to the concurrent experience of 

control participants (educational videos or usual care, with coupons for 6 free sessions at 

a local yoga studio issued upon study completion). 



One potential explanation for these unexpected results is the crude measurement 

of yoga practice used in the analysis. The dichotomous response limited the validity of 

the findings, because there was too much room for interpretation on the part of 

respondents. Control respondents may have been inclined to report practicing yoga in 

qualitatively different manner than the yoga intervention participants, because controls 

were not exposed to yoga during the study and only received coupons for 6 free yoga 

sessions after the study ended. In fact, the definition of yoga practice varied widely 

among participants, a finding that emerged from analysis of interviews with yoga 

intervention participants [Alexander, unpublished data]. When asked during these 

interviews to describe their experience with yoga more than a year after completing the 

study, participants in the yoga group were hesitant to say that they maintained a yoga 

practice, although they described integrating elements of yoga practice into their daily 

lives [Alexander, unpublished data]. 

Results from statistical analysis revealed that physical activity patterns over time 

were not influenced by treatment group. Moreover, the effect size of treatment group was 

low, as was the observed power to detect group differences in physical activity. Given the 

limitations of measurement in the current study, further research is necessary to 

determine the long-term effects of yoga practice on physical activity among individuals 

with or at risk for type 2 diabetes. 

Although treatment group did not have a statistically significant effect on physical 

activity over time, understanding the influence of the WHYS control group protocol 

(educational videos followed by brief, facilitated discussion) is of high clinical 
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importance, particularly given the protocol feasibility and acceptability to participants 

[63]. The research team requested that the WHYS control participants refrain from 

making lifestyle changes for the duration of the study. However, these participants were 

highly motivated to change, and the substance of the educational videos was interesting 

and provided extensive information on women's health and positive lifestyle change [63]. 

It is plausible that the WHYS controls made changes in physical activity over time, based 

on health information presented in the videos. 

Study Limitations 

The limitations of measurement must be considered in discussions of study 

methods and findings. The complexity of the response set for the PASE questionnaire 

may have led to participant error in the estimation of recent physical activity. In addition, 

the prompts for each item describe representative activities, none of which included yoga, 

which may have contributed to under-reporting of yoga and by extension, physical 

activity by participants at each assessment period. However, critics of physical activity 

questionnaires indicate that they often encourage over-reporting and are not as accurate 

as more objective measures, such as pedometers [67, 68]. 

A team of researchers developed and validated the PASE in an older sample 

(mean age of 73) that was less active (mean PASE score of 102.9 with a standard 

deviation of 64.1) than the sample in this study (mean age of 60, mean PASE score at 

baseline of 134.3 with a standard deviation of 71.4) [64]. However, the developers later 

investigated the construct validity of the PASE using a sample more similar to that of the 

current study (mean age of 66, mean PASE score of 131.3 with a standard deviation of 



70.4) [69]. In the latter study, the developers indicated that PASE may not perform as 

well in adults younger than 65 years of age, because of the relatively higher levels of 

physical activity and employment found in younger samples [69]. 

Because of the omission of yoga as a representative physical activity on the 

PASE, participants freely interpreted how best to record their practice of yoga. Some 

participants classified yoga as a moderate sport and recreational activity, but most 

categorized it as an exercise to increase muscle strength and endurance. Because all 

PASE items are weighted prior to scoring, and these two PASE items have a considerable 

weight difference, such subjectivity may have affected the accuracy of physical activity 

scores. 

Another limitation of the current study design is the potential influence of self-

report bias, given that follow-up assessments consisted exclusively of questionnaire data, 

which are highly subject to individual memory and interpretation and therefore may not 

be an accurate reflection of reality. Social desirability bias may also play an important 

role, particularly since the study questionnaires elicited information about health behavior 

related to physical activity levels from highly educated individuals who had participated 

in a study designed to promote their health. 

Selection bias is an additional threat to the generalizability of the study, because 

convenience sampling resulted in a sample of volunteer participants who were probably 

different from the general population—they may in fact be more concerned about their 

health, more motivated to make lifestyle changes, and more compliant than non-

participants. Nonrespondent bias is another limitation of this longitudinal study; the 



response rates at each follow-up assessment were high, ranging from 74% to 81%, but 

statistically significant demographic differences in age and education were detected 

between those who completed all follow-up assessments and those who did not. These 

differences underscore the need for thorough follow-up procedures at each assessment to 

foster optimal follow-up response and to ensure that data are not missing, thereby 

protecting against bias and assuring adequate variability of the sample throughout the 

course of the study. 

Conclusions 

There was no evidence in the current study that yoga intervention participants 

were practicing yoga more than the controls. In addition, there were no statistically 

significant differences in physical activity over time between the yoga intervention and 

control groups, and the effect size and observed power of study variables were low. 

Future research is necessary to clarify the influence of yoga on physical activity among 

individuals with or at risk for type 2 diabetes. As suggested by others, the PASE may not 

be appropriate for adults younger than 65 years of age [69]. Objective measures of 

physical activity may be preferred in future studies, particularly studies with a primary 

outcome of physical activity. 

Given the national imperatives for preventing and managing chronic diseases such 

as type 2 diabetes, scientists with a health promotion program of research must integrate 

strategies for maintenance of the intervention over time to optimize the translation of 

study findings to practice and thereby improve the public's health [70]. To date, few 

yoga-based studies among individuals with diabetes have examined participants beyond 
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one year post-intervention. The current longitudinal study investigated continued yoga 

practice at 3, 6, and 15 months post-intervention, thereby addressing the maintenance 

phase of a comprehensive framework proposed for studying the translation of research 

into practice [71]. 
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ure 1. Flow of the first two cohorts through the DAYS & WHYS 

Randomized (n 

Allocated to yoga 
intervention 
(n = 46) 

Received allocated 
intervention (n = 41) 

Did not receive allocated 
intervention (n = 5) 
[health problems (n = 2) or 
unknown (w = 3)] 

Lost to follow up 
(« = 5) 
[no consent for future 
contact (n = 1), did not 
speak/read English 
(n =1), or no current 
address (n = 3)] 

Analyzed (n = 36) 

Allocated to control 
(n = 48) 

Received allocated 
intervention (n = 40) 

Did not receive allocated 
intervention (n = 8) 
[schedule (n = 3), 
distance (n = 1), health 
(« = 1), abnormal lab 
values (n = 2), or 
unknown (n = 1)] 

Lost to follow up 
0 = 1 3 ) 
[did not return 
questionnaires (n = 7) 
or no current address 
(n = 6)] 

Analyzed (n = 27) 



Table 1. Comparison of Sample Characteristics for Respondents and 
Non-respondents 

Respondents Non- Group 
respondents Difference 

(p value) 

N 63 15 
Age 

M(SD) 60.5(7.1) 55.3(5.2) .010 
Gender 

Female 55(87.3%) 14(93.3%) .511 
Male 8(12.7%) 1 (6.7%) 

Marital Status 
Not currently married 27(42.9%) 7(46.7%) .789 
Currently married 36(57.1%) 8(53.3%) 

Race/Ethnicity 
Caucasian (non-minority) 52(82.5%) 10(66.7%) .171 
Minority 11(17.5%) 5(33.3%) 

Education 
Fewer than 4 years of 14(22.2%) 11(73.3%) <.001 
College 
4 years of college or more 49 (77.8%) 4 (26.7%) 

Employment 
Not currently working 24(38.1%) 2(13.3%) .067 
Currently working 39(61.9%) 13(86.7%) 

Baseline Physical Activity 
M(SD) 134.3(71.4) 168.5(114.8) .285 
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Table 2. Sample Characteristics of Complete Cases, n = 51 

N 
Age 

M(SD) 
Gender 

Female 
Male 

Marital Status 
Not currently married 
Currently married 

Race/Ethnicity 
Caucasian (non-minority) 
Minority 

Education 
Fewer than 4 years of 
College 
4 years of college or more 

Employment 
Not currently working 
Currently working 

Baseline Physical Activity 
M(SD) 

Yoga 

31 

58.6 (6.4) 

28 (90.3%) 
3 (9.7%) 

12 (38.7%) 
19(61.3%) 

25 (80.6%) 
6 (19.4%) 

7 (22.6%) 

24 (77.4%) 

12 (38.7%) 
19(61.3%) 

134.0 (74.9) 

Control 

20 

63.8 (6.5) 

17 (85.0%) 
3 (15.0%) 

9 (45.0%) 
11 (55.0%) 

20 (100%) 
0 

5 (25.0%) 

15 (75.0%) 

8 (40.0%) 
12 (60.0%) 

142.3 (71.0) 

Group 
Difference 
(p value) 

.008 

.565 

.656 

.036 

.842 

.927 

.695 
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Table 3. Self-Reported Yoga Practice over Time 

Study Onset 3 months post- 6 months post- 15 months post-
intervention* intervention** intervention*** 

Intervention, n (%) 36(100%) 18(54%) 11(34%) 5(14%) 

Control, 7i (%) 0 3(14%) 3(13%) 6(22%) 

* 33 yoga intervention respondents, 22 control respondents 
* 32 yoga intervention respondents, 23 control respondents 
* 36 yoga intervention respondents, 27 control respondents 



Figure 2. Change in Physical Activity over Time 
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ABSTRACT 

Objectives: The purpose of this study was to explore the differences in social support and 

social discrimination between individuals with or at risk for type 2 diabetes, based on 

reported yoga practice at 15 months following completion of an 8-week yoga-based 

study. 

Methods: This cross-sectional study involved a convenience sample of 63 individuals 

with or at risk for type 2 diabetes. 

Results: After controlling for baseline social support, there was no statistically significant 

difference in social support based on 15-month post-intervention yoga practice 

[F(l, 51) = 0.023,p = .879]. Likewise, after controlling for age, there was no statistically 

significant difference in social discrimination based on 15-month post-intervention yoga 

practice [F(l, 58) = 0.657,/? = .421]. 

Conclusions: Findings indicate that there is no difference in social support or social 

discrimination, based on yoga practice at 15 months post-intervention. Future studies 

may benefit from a comprehensive measure of social environmental support. The 

theoretical relationship between social discrimination and health behaviors such as yoga 

practice is in need of further testing and analysis. 

Key Words: diabetes mellitus, yoga practice, social support, social discrimination 



BACKGROUND 

Yoga has been described as an ancient mind-body practice that promotes overall 

health and wellness through postures {asanas), breathing techniques (pranayama), 

meditation, cleansing, nutrition, attitudinal and behavioral modification, and mental 

discipline.1"4 Rising in popularity in the United States, yoga is considered a therapeutic 

form of physical activity and stress management. ' 

Mind-body medicine is a domain of complementary and alternative medicine 

(CAM) that focuses on the dynamic interaction between the mind and the body, exploring 

the organic capacity of emotional, mental, social, and spiritual phenomena to influence 

behavior, symptoms, and overall health.6 Findings from research studies around the world 

have indicated that the mind-body practice of yoga is a promising adjuvant for primary 

and secondary prevention of diabetes, given the multiple health benefits arising from 

consistent practice.2'3' 7"n The proposed physiologic mechanisms by which yoga practice 

benefits the body include: (1) a reduction of sympathetic nervous system reactivity, 

leading to a decrease in the inflammatory effects of accumulated stress, and (2) an 

activation of the parasympathetic response through vagal nerve stimulation, leading to 

o 

enhanced mood states and diminished inflammatory responses. 

The literature is unclear regarding the most beneficial forms of yoga, the 

possibility of a dose-response relationship in diabetes control or prevention, and the most 

labor-efficient, cost-effective, and time-appropriate manner in which to train patients. To 

date, no studies have identified factors contributing to the maintenance of yoga practice. 

For this reason, an integrative review of the literature, focused on the social determinants 
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of physical activity maintenance, was recently undertaken in an attempt to identify 

factors that may also affect the practice of yoga over time.12 

The focus of the extant literature on the maintenance of physical activity over 

time is largely upon individual factors such as demographics or self-efficacy.13"21 

However, a growing body of research has recognized the contribution of environmental 

factors to maintenance of physical activity as well. ' 6 '18 '20 '22 Both physical and social 

aspects of the environment may affect physical activity maintenance, but social 

environmental factors constitute the focus of the current study. 

Social Support 

Social support is a social environmental factor of primary importance in the health 

literature.23 For individuals with diabetes, the encouragement or assistance received from 

family members and friends can influence efforts toward lifestyle change, including 

physical activity.17'23~25 Family members of those with diabetes provide instrumental 

support by motivating active self-management through exercise, judicious grocery 

shopping, meal preparation, and foot care—activities that facilitate improved glycemic 

control over time.26"28 In this sense, social support for physical activity shapes social 

norms by promoting exercise, providing practical ideas, and supplying material resources 

to overcome perceived and actual barriers to physical activity over time.17,29 

According to a recent review of controlled trials examining the effects of social 

support interventions, the role of social support in diabetes management remains 

unclear.30 Varying definitions and divergent measurement, as well as contradictory 

findings in the literature, limit the evidence base of social support mechanisms for health 
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promotion, including increased physical activity. Further research is necessary to explore 

the manner in which social support affects the maintenance of physical activity, including 

yoga practice. 

Social Discrimination 

Another important social environmental factor is social discrimination, defined as 

any form of prejudice or stigma based on physical traits such as race, weight, and age. 

Findings from the health literature suggest that perceived social discrimination affects a 

variety of health outcomes. In fact, a recent review of community-based studies 

documented positive associations between perceived racial discrimination and poor 

mental and physical health outcomes.31 Likewise, study findings have revealed the 

negative influence of perceived racial discrimination on stress, depression, blood 

pressure, substance abuse, and satisfaction with medical care. " Research documenting 

the effect of racial discrimination on health behaviors is limited; the only behaviors 

having a documented association with racial discrimination are alcohol and tobacco use.31 

The effects of weight-based discrimination represent a rising public health 

concern, given the strong association between obesity and diabetes.37"39 Documented 

correlates of perceived discrimination based on weight include healthcare avoidance, 

depression, and low self-esteem.40"45 

Another form of social discrimination with documented effects on health behavior 

is ageism. Reports indicate that physicians are less likely to recommend physical activity 

for older adults, that sedentary behavior is reinforced by sociocultural prejudice toward 
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aging, and that negative stereotypes of aging affect physiologic functions essential to 

physical activity throughout the lifespan. 

Furthermore, research findings suggest that the internalization of negative 

stereotypes and experiences of social discrimination are significantly related to glucose 

intolerance, abdominal obesity, elevated blood pressure, and physical inactivity.33' 

Given these findings, it is plausible that perceived social discrimination may affect the 

maintenance of physical activity; however, this relationship has not been adequately 

examined.51 In fact, no studies of this nature were retrieved in a recent review of the 

literature regarding the social environment and physical activity. 

Social support and social discrimination are aspects of the social environment that 

may affect physical activity and likewise influence the maintenance of yoga practice over 

time. The purpose of this study was to explore the differences in social support and social 

discrimination between individuals with or at risk for type 2 diabetes, based on reported 

yoga practice at 15 months following completion of an 8-week yoga-based study. 

METHODS 

Study Design 

The current cross-sectional study is an extension of two larger "parent" studies, 

from which some of the data for the current study are drawn. The parent studies consisted 

of two randomized, controlled trials, one for individuals with type 2 diabetes (Diabetes 

and Yoga Study, [DAYS]) and the other for healthy women at risk for diabetes and 

cardiovascular disease (Women's Health and Yoga Study, [WHYS]).52"54 Although the 
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target population for each of these trials was different, the trials had concurrent study 

enrollment and followed the same yoga intervention protocol. 

Human Subjects Protection 

The University of Virginia Institutional Review Board for Health Sciences 

Research (IRB-HSR) approved the original study protocol, recruitment plans, and 

guidelines for ensuring the privacy and confidentiality of all participants. All protocol 

modifications for the current study received IRB-HSR approval as well. Written informed 

consent with approval for future contact was obtained from participants prior to study 

enrollment. 

Sampling Methods 

Participants for the DAYS and WHYS were recruited through advertisements 

posted in community newspapers, university buildings, community venues, and medical 

offices. These advertisements sought individuals interested in participating in a free yoga-

based study. Potential participants were screened over the phone and then scheduled for 

study enrollment. 

Individuals were eligible to participate in the DAYS if they were 45 to 80 years of 

age, postmenopausal (for the women), had an established medical diagnosis of type 2 

diabetes for at least 6 months, had no yoga experience within the past 12 months, and 

were able to complete an 8-week gentle yoga program. Individuals were excluded from 

participation in the DAYS if they took insulin, had any serious chronic comorbid 

conditions, experienced any acute coronary symptoms within the past 6 months, had an 

artificial pacemaker, and/or had any major orthopedic or neurologic diagnoses. 



Additional exclusion criteria for the DAYS were active joint or musculoskeletal pam, 

sleep apnea, and/or regular use of an assistive device. 

Eligibility criteria for the WHYS included the same age range, postmenopausal 

status, and no yoga experience within the past year. Inclusion criteria specific to the 

WHYS were an inactive lifestyle (exercising less than 3 times per week) and having 

either overweight status (BMI >= 25), visceral adiposity (waist circumference >= 88 cm) 

or a first-degree relative with diabetes or essential hypertension. Individuals were 

excluded from participation in the WHYS if they had insulin sensitivity (QUICKI > 

0.357), took medications affecting carbohydrate metabolism, had any serious chronic 

conditions, and/or had any major orthopedic or neurologic diagnoses. Additional 

exclusion criteria for the WHYS were active joint or musculoskeletal pain, sleep apnea, 

and/or regular use of an assistive device. Additional details regarding inclusion and 

exclusion criteria are described elsewhere.52"54 

Over a 15-month time period, three separate cohorts were enrolled and 

participated in the trials. The current cross-sectional study represents a subgroup of 

participants from the first two cohorts of DAYS and WHYS in the parent studies, those 

who consented to future contact and responded to the 15-month post-intervention follow-

up assessment. 

Yoga Intervention: the Parent Studies 

The DAYS and WHYS intervention protocol included two group sessions of 

supervised yoga instruction per week, in addition to expected home practice, over an 8-

week period. The specific style of yoga used in the current study is Iyengar yoga, known 
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for its gentle approach, focusing on postures and breathing exercises that are easily 

tailored for beginners and those with or at risk for chronic illnesses.55'56 In addition, 

Iyengar yoga includes the use of props such as blocks, belts, blankets, and chairs, all of 

which offer additional support for yoga positions to prevent strain or overstretching. 

The yoga instructor had over 20 years of experience in Iyengar yoga and was a 

role model for participants because she began her study of yoga late in life. She played an 

active role in the development of homework assignments and the design of home-based 

resources, including a practice notebook and video in which she was featured. 

Each group session began in the late afternoon or early evening and lasted for 90 

minutes. Typically, the session began with brief discussion, during which participants 

shared any concerns with home practice. The instructor transitioned into the yoga session 

by leading participants in standard yoga relaxation and centering poses {asanas), 

followed by active yoga exercises designed for beginners. Focused yoga breathing 

exercises (pranayama) were incorporated throughout the session, particularly when 

participants were in seated or supine postures. Participants were supervised closely, with 

modifications of yoga postures recommended as necessary to minimize discomfort or 

prevent strain. The instructor encouraged the use of props to support positions that were 

difficult or uncomfortable for them. Toward the end of each session, the instructor led 

participants through a cool-down period, consisting of relaxation poses. 

The control groups for each trial followed separate study protocols. The WHYS 

protocol specified an attention control group, in which participants met together twice a 

week at the same time as the yoga intervention group. These individuals viewed a series 
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of educational videos, each followed by a brief facilitated discussion, throughout the 

duration of the study period. In addition, the research team requested that the WHYS 

control participants refrain from making purposeful lifestyle changes throughout the 

duration of the intervention. The DAYS protocol specified a usual care group, in which 

participants completed a weekly postprandial blood glucose monitoring log and otherwise 

maintained their normal plan of care during the study period. Upon study completion, 

control participants were offered coupons for free yoga sessions at a local Iyengar yoga 

studio. 

Data Collection 

Following on-site consent and enrollment at the University of Virginia, eligible 

participants completed demographic forms, multiple surveys, and physiologic 

measurements. Participants were randomized, and the study commenced. Details 

regarding the intervention and control group study protocols are reported elsewhere.52"54 

At the end of the 8-week intervention period, participants completed the same evaluations 

that they had done at baseline. 

A total of 94 individuals were enrolled as part of the first two cohorts of the 

DAYS and WHYS, but only 80 participants completed the study and were willing to be 

contacted afterward. Reasons for attrition included schedule conflicts/competing 

obligations (n = 3), health problems (n = 4), abnormal lab values (n = 2), distance (n = 1), 

or unknown reasons (n = 4). At 15 months post-intervention, 78 of 80 participants (one 

did not speak/write English and another was lost to follow-up at the time) were mailed 

follow-up assessments for the current study. 
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Measures 

Demographics 

Each participant completed basic demographic forms, containing data such as age, 

gender, marital status, race/ethnicity, education, and employment. Additional background 

and health history data, as well as multiple physiologic and psychological measures, were 

collected and reported elsewhere.52"54 

Social Support 

Social support was measured using a short form of the Duke Social Support Index 

(DSSI).58'59 This abbreviated DSSI consisting of 11 items: a 4-item "social interaction" 

subscale and a 7-item "subjective support" subscale.59 In a study of 3,000 adults, the 

internal consistency of the subjective support subscale was reported at 0.71 for older 

adults with two or more chronic illnesses, and 0.75 for older adults with no chronic 

illness.58'59 

All of the items in the abbreviated instrument fell along a single factor, based on 

analysis of data from the older adults with chronic illness in the sample. However, 

others investigating the psychometric properties of the short form of the DSSI reported 

that the instrument fell along two factors in subsequent analyses and clearly measured 

two dimensions of social support, referred to as social interaction (social network) and 

satisfaction (subjective support).60 A recent study documented that the social network and 

subjective support subscales were responsive to change in a sample of older women but 

acknowledged that the entire DSSI may capture the complexity of social support more 
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thoroughly.61 For this reason, only the total social support score was used in the current 

study. 

Social Discrimination 

Social discrimination was measured using the Williams' Everyday Discrimination 

Scale (WDS), a 10-item instrument designed to measure perceived social discrimination 

or unfair treatment.3 Each item described one day-to-day instance of discrimination (e.g., 

being treated with less courtesy or less respect than others, having others act as if they are 

afraid of you or think you are dishonest), and participants responded to each item by 

indicating how often they had experienced that particular instance of discrimination. The 

four response options were: never, once, two or three times, or four or more times. After 

completing the ten items, participants completed one additional question designed to 

ascertain his or her perception regarding the primary reason for any discriminatory 

experiences they had reported. Response options for this question included: ancestry or 

national origins, gender, race, age, religion, height or weight, shade of skin color, sexual 

orientation, education or income level, physical disability, or other. ' 

The social discrimination score was calculated by summing the number of 

instances for which participants reported experiencing unfair treatment.36'62 This 

composite score was used for statistical testing in the current study. For descriptive 

purposes alone, the social discrimination score was categorized by perceived reason for 

the collective experiences of discrimination. ' 

The conceptual basis for the WDS was the growing body of literature 

documenting the effects of racism and other forms of social discrimination on health and 



health-related outcomes. ' The impetus for instrument design stemmed from mounting 

concern that assessments of discrimination were oversimplified or focused solely on 

major discrimination, as opposed to the conceptualization of discrimination as a day-to

day, structured part of life experiences, the stress of which accumulates over time. ' 

Yoga Practice 

Yoga practice was measured using a brief follow-up questionnaire designed by 

the research team. This questionnaire includes both closed- and open-ended questions 

regarding current and past yoga practice. Dichotomous responses (yes/no) were elicited 

regarding current yoga practice. Participants in the yoga intervention group were asked if 

they had joined a yoga class and if they had continued to practice yoga positions learned 

during the study, while participants in the control group were asked if they had used the 

yoga coupons they received, whether they practiced yoga at home, and if they had joined 

a yoga class. The dichotomous response regarding current yoga practice was used as the 

measure of reported yoga practice in the current study. 

Data Analysis 

Data entry and analysis were conducted using the Statistical Package for the 

Social Sciences (SPSS) software program, version 16.0.64 Validation of data entry at 

baseline and for each follow-up was completed by two individuals, following a procedure 

in which one person read the data from the questionnaires aloud, while the other person 

confirmed the accuracy of these data in the SPSS dataset. In addition, basic data 

screening and cleaning procedures were done to minimize errors in data entry. Missing 

values analyses were performed to identify any patterns. 
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Descriptive statistics were calculated on demographic variables, yoga practice, 

social support, and social discrimination. Because of the relative homogeneity in some of 

the demographic variables of the sample, race/ethnicity, marital status, education, and 

employment were recoded as Caucasian (non-minority) = 0, minority = 1; not currently 

married = 0, currently married = 1; fewer than 4 years of college = 0, 4 years of college or 

more = 1; and currently not working = 0, currently working = 1. Based on the literature, 

these demographic variables were considered potential covariates. The relationships 

between demographic variables and the study variables of social support and social 

discrimination were evaluated using the Pearson product-moment correlation coefficient 

for continuous variables; for categorical variables, Kendall's tau-b coefficient was used. 

Detection of statistically significant associations of moderate or greater strength (r >= .3) 

necessitated the inclusion of covariates in statistical analysis. 

Baseline differences in demographics and social support between those practicing 

yoga and those not practicing yoga were assessed using independent t-tests for 

continuous variables (age and baseline social support) and Chi square tests for categorical 

variables (gender and dichotomized marital status, race/ethnicity, education, and 

employment). Prior to evaluating baseline differences, the assumptions of univariate 

normality and homogeneity of variance were met, using Fisher's test of skewness and 

Levene's test, respectively. Statistically significant baseline differences in any of these 

variables necessitated the inclusion of covariates in statistical analysis. 

Analysis of covariance (ANCOVA) models were used to examine differences in 

social support (controlling for baseline social support) and social discrimination 



(controlling for age) between those practicing yoga and those not practicing yoga. All of 

the assumptions necessary for ANCOVA testing, including univariate normality, 

homogeneity of variance, multivariate normality, homoscedasticity, linearity between 

covariates and 15-month post-intervention measures, and homogeneity of regression, 

were met prior to analysis. Because of the nature of this pilot study, the level of 

significance was set at a = 0.05, andp values up to 0.07 were examined. The effect size 

(partial Eta squared, r\p
2, which is effect + error), observed power, and estimated 

marginal means were assessed to evaluate the clinical importance of the findings. 

RESULTS 

At 15 months post-intervention, 63 of 78 participants completed follow-up 

questionnaires, for a response rate of 81%. Between the 63 respondents and the 15 non-

respondents, there were statistically significant differences in age [t (92) = 2.514, 

p = .014] and education [%2 (1) = 12.851,/? < .001] with non-respondents being younger 

and having fewer years of formal education than respondents. However, there was no 

statistically significant difference in baseline social support between non-respondents and 

respondents (See Table 1). 

Demographic characteristics of the DAYS and WHYS participants who were 

included in the current study are presented in Table 2, grouped by reported 15-month 

post-intervention yoga practice. There were no significant differences in demographic 

variables based on yoga practice at 15 months post-intervention. As a whole, the average 

age of participants was 60, and the majority were female (87.3%). Although there was 



some diversity, a large number of the participants were Caucasian (82.5%), married 

(57.1%), and had completed 4 years of college or more (44.4%). 

None of the demographic variables were significantly related to 15-month post-

intervention social support (for age, r was 0.100; for gender, Kendall's tau-b was 0.031; 

for marital status, Kendall's tau-b was 0.102; for race/ethnicity, Kendall's tau-b was 

0.091; for education, Kendall's tau-b was -0.078; and for employment, Kendall's tau-b 

was -.010). Therefore, none of the demographic variables were included as covariates in 

the analysis of social support at 15 months post-intervention. 

With regard to social discrimination, age was the only demographic variable that 

demonstrated a statistically significant association of at least moderate strength 

(r = -0.346). Therefore, age was included as a covariate in the analysis of social 

discrimination at 15 months post-intervention. The other demographic variables were not 

significantly related to social discrimination (for gender, Kendall's tau-b was -0.159; for 

marital status, Kendall's tau-b was -0.136; for race/ethnicity, Kendall's tau-b was 0.130; 

and for education, Kendall's tau-b was 0.121; and for employment, Kendall's tau-b was 

.266). 

There was a statistically significant difference in baseline social support based on 

reported yoga practice at 15 months post-intervention (p = .041). Baseline social support 

was significantly less among individuals who were practicing yoga at 15 months post-

intervention than those who were not practicing yoga. Therefore, baseline social support 

was included as a covariate in the analysis of social support at 15 months post-

intervention. The addition of baseline social support as a covariate in the ANCOVA 



model was beneficial; baseline social support was statistically significant in the model 

[F(l, 51) = 59.267,p< .001] and reduced model error. However, after controlling for 

baseline social support, there was no statistically significant difference in social support 

based on reported yoga practice at 15 months post-intervention [F(l, 51) = 0.023, 

p = .879], indicating that social support did not differ significantly between those who 

practiced yoga at 15 months post-intervention and those who did not. The effect size of 

yoga practice was almost zero (r|p
2 < 0.001). Moreover, the observed power to detect 

differences in social support was very low at 5.3%. Examination of group means revealed 

a mean difference in social support of less than 1 point (the DSSI has an 11 - 33 point 

range) between individuals practicing yoga and those who were not, an inconsequential 

difference in terms of clinical importance (See Table 3). 

The addition of age as a covariate in the ANCOVA model was beneficial; age was 

statistically significant [F(l, 58) = 7.416,p = .009] and reduced the model error. 

However, after controlling for age, there was no statistically significant difference in 

social discrimination based on reported yoga practice at 15 months post-intervention 

[F(l, 58) = 0.657,/? = -421], indicating that social discrimination did not differ 

significantly between those who practiced yoga at 15 months post-intervention and those 

who did not. The effect size of yoga practice was small (r\p
2 = 0.011). After controlling 

for age, 15-month post-intervention yoga practice accounted for only 1.1% of the 

variance (effect + error) in social discrimination. Moreover, the observed power to detect 

differences in social discrimination was low at 12.5%. Examination of group means 

revealed a mean difference in social discrimination of 1.469 points (the WDS has a 
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10-40 point range) between individuals practicing yoga and those who were not, which 

is the rough equivalent of one instance of perceived discrimination—a difference that 

does not have strong clinical importance. 

The internal consistency of the DSSI and of the WDS was assessed using 

Cronbach's alpha reliability coefficient. The internal consistency of the DSSI was strong, 

indicating sufficient reliability of the measure (a = 0.801). Likewise, the internal 

consistency of the WDS was strong (a = 0.875). 

DISCUSSION 

Results from statistical analysis revealed that there were no statistically significant 

differences in social support or social discrimination based on 15-month post-intervention 

yoga practice. Specific concerns regarding the measurement of study variables emerged 

in the course of data analysis, a matter that warrants further discussion. Overall, study 

participants reported high levels of social support, a finding described in other studies of 

older adults.60 Although the DSSI has been used among older adults with chronic illness, 

it is strongly correlated with mental health outcomes and use of health services,59 neither 

of which were under investigation in the current study. Moreover, DSSI items focus 

solely on interpersonal forms of social support, but other levels of environmental support, 

such as health care professionals, the community, or the media are excluded from 

measurement. It is possible that a more distinct measure for social environmental support 

may have been more appropriate for a study of this nature. For example, comprehensive 

measures such as the Chronic Illness Resources Survey65' 66conceptualize social support 

from an ecological perspective with multiple levels of influence. 



The prevalence of discrimination in this sample was less than expected, based on 

a review of the literature. Findings from other studies have indicated that at least 70% of 

sampled adults reported day-to-day or lifetime exposure to racial discrimination, over 

20% of sampled adults reported mistreatment related to weight, and over 80% of sampled 

adults aged 50 or older reported experiencing some form of ageism.42'48'67 The most 

common type of discrimination reported in the current study was age-based (12 

individuals, 19% of the sample), but this percentage is much lower than estimates from 

other studies. Many participants in the current study reported no experiences of 

discrimination, and the mean WDS score was only 16.2, a low amount considering that 

the scale range is 10 to 40.36 '62 One potential cause of the low prevalence of perceived 

social discrimination in this sample may be homogeneity of life experience; the majority 

of study participants were Caucasian with access to resources for education, having 

completed 4 or more years of college. 

In addition, the low prevalence of social discrimination in the current sample may 

be a reflection of the measurement of the WDS, which assessed discrimination in terms 

of everyday exposure. While there are other instruments for assessing lifetime exposure 

to discrimination,62 the larger body of stress literature suggests that persistent, repeated 

experiences of discrimination have a greater influence on health outcomes than a time-

limited experience.36 Nonetheless, it remains plausible that the experience of social 

discrimination was not fully captured by use of this instrument in the current sample. 



STUDY LIMITATIONS 

The data in this study were cross-sectional and thus precluded determinations of 

temporality or causality. The influence of self-report bias represented another limitation 

of the current study design, given that measurement consisted exclusively of 

questionnaire data, which are highly subject to individual memory and interpretation and 

therefore may not be an accurate reflection of reality. The potential for bias may have 

been especially acute with the WDS, because the instrument items elicited information 

about personal social experiences that individuals may have desired to forget or simply 

preferred not to disclose. 

Selection bias was an additional threat to the validity of the study, because 

convenience sampling resulted in a sample of volunteer participants who were probably 

different from the general population; the lack of diversity in the sample may have 

intensified the effect of this bias. Nonrespondent bias may have affected the study 

findings, particularly given that nonrespondents were younger with less formal education 

than respondents and may have held different perceptions of the social environment as a 

result of these differences in life experience. 

CONCLUSIONS 

Based on the results of this study, interpersonal social support and perceived 

social discrimination appear to have no association with yoga practice. Future studies 

may benefit from a comprehensive measure of multi-level social support by which to 

operationalize the social environment. The theoretical relationship between social 

discrimination and health behaviors such as yoga practice or other forms of physical 



activity is in need of further testing and analysis. Further research is necessary to 

determine social environmental factors that support yoga practice among individuals with 

or at risk for type 2 diabetes. 



Table 1. Comparison of Sample Characteristics for Respondents and 
Non-respondents 

Respondents Non- Group 
respondents Difference 

(p value) 

N 63 15 
Age 

M(SD) 60.5(7.1) 55.3(5.2) .010 
Gender 

Female 55(87.3%) 14(93.3%) .511 
Male 8(12.7%) 1 (6.7%) 

Marital Status 
Not currently married 27(42.9%) 7(46.7%) .789 
Currently married 36(57.1%) 8(53.3%) 

Race/Ethnicity 
Caucasian (non-minority) 52(82.5%) 10(66.7%) .171 
Minority 11(17.5%) 5(33.3%) 

Education 
Fewer than 4 years of 14(22.2%) 11(73.3%) <.001 
college 
4 years of college or more 49 (77.8%) 4 (26.7%) 

Employment 
Not currently working 24(38.1%) 2(13.3%) .067 
Currently working 39 (61.9%) 13 (86.7%) 

Baseline Social Support 
M(SD) 27.0(3.6) 27.1(3.3) .905 
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Table 2. Sample Characteristics 

N 
Age 

M(SD) 
Range 

Gender 
Female 
Male 

Marital Status 
Not currently married 
Currently married 

Race/Ethnicity 
Non-minority 
Minority 

Education 
Fewer than 4 years of 
college 
4 years of college or 
More 

Employment 
Not currently working 
Currently working 

Baseline social support 
Total score, M (SD) 

All 
Participants 

63 

60.5 (7.1) 
50-78 

55 (87.3%) 
8 (12.7%) 

27 (42.9%) 
36(57.1%) 

52 (82.5%) 
11(17.5%) 

14 (22.2%) 

49 (77.8%) 

24(38.1%) 
39(61.9%) 

27.0 (3.6) 

Practicing 
yoga at 15 

months post-
intervention 

11 

58.9 (6.6) 
51-73 

9(81.8%) 
2(18.2%) 

-
4 (36.4%) 
7 (63.6%) 

8 (72.7%) 
3 (27.3%) 

3 (27.3%) 

8 (72.7%) 

5 (45.5%) 
6 (54.5%) 

25.0 (4.4) 

Not practicing 
yoga at 15 

months post-
intervention 

52 

60.8 (7.2) 
50-78 

46 (88.5%) 
6(11.5%) 

23 (44.2%) 
29 (55.8%) 

44 (84.6%) 
8 (15.4%) 

11(21.2%) 

41 (78.8%) 

19 (36.5%) 
33(63.5%) 

27.5 (3.2) 

Group 
Difference 
(p value) 

.420 

.548 

.632 

.345 

.657 

.580 

.041 
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Table 3. Social Support and Social Discrimination by 15-Month Post-Intervention 
Yoga Practice 

All 
participants 

Practicing 
yoga at 15 

months post-
intervention 

Not practicing 
yoga at 15 

months post-
intervention 

F 
statistic 

P 
value 

N 63 
Social support 

Total score, M (SD) 27.5 (3.7) 
Social discrimination 

Total score, M (SD) 16.2(5.7) 
Race-based 6 (9.5%) 
Gender-based 4 (6.3%) 
Age-based 12 (19.0%) 
Weight/height-based 3 (4.8%) 
Education/income- 9 (14.3%) 

based 
t Adjusted for baseline social support 
ff Age-adjusted 
A x2 statistic 

11 

26.0 (3.8) 

17.8 (7.7) 
2(18.2%) 
0 
2 (18.2%) 
1 (9.1%) 
2 (18.2%) 

52 

27.8 (3.6) 

15.8 (5.2) 
4 (7.7%) 
4 (7.7%) 

10 (19.2%) 
2 (3.8%) 
7 (13.5%) 

.023| 

.657U 

.879 

.421 
.319A 
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CHAPTER FIVE: DISCUSSION 

This chapter describes the key findings from data analysis, organized by specific 

aim, then collectively examines the limitations of the study and concludes by exploring 

the implications of the findings for research and practice. 

Specific Aim 1: To describe the extent to which individuals with or at risk for type 2 

diabetes have continued or stopped their yoga practice following an 8-week yoga-based 

study and to examine their beliefs regarding factors that promote or interfere with 

maintenance of yoga practice. 

Based on the findings from qualitative analysis of the participant interviews, it is 

clear that yoga practice is an appealing and beneficial form of stress reduction and 

physical activity for individuals with or at risk for type 2 diabetes. Overall, participants 

with long-term yoga practice reflected very positively on their experiences with yoga and 

articulated personal motivation to practice yoga because of multiple perceived benefits, 

including reduced pain, improved sleep, and decreased stress. 

Overall, interviewees tended to prefer group yoga more than individual yoga, 

expressing the benefits of social support. In fact, the majority of participants were able to 

maintain yoga practice when reinforced by group yoga sessions; however, when the 

instructor's guidance and the social support of fellow group members were removed after 

the study ended, most of the participants tapered down their practice and eventually 

stopped. 

Almost all of the participants who had stopped yoga expressed the desire to begin 

again and to establish a personal yoga practice, but common barriers were the lack of 



188 

time (for either a personal yoga practice or a group class) and budget constraints (for 

group classes, which the majority of participants preferred). These findings are similar to 

those of a recent qualitative study, in which barriers to yoga, including time and financial 

constraints, outweighed the many perceived benefits (Atkinson & Permufh-Levine, 

2009). 

Although only three participants identified themselves as practicing yoga at 15 

months post-intervention, most participants reported the integration of yoga elements into 

their everyday life up to 20 months post-intervention, adapting elements of yoga to fit 

their needs, desires, and lifestyles. What remains unclear is the attainable benefit 

resulting from the integration of yoga elements as opposed to consistent yoga practice, 

whether privately or in a group. 

Specific Aim 2: To describe patterns of yoga practice and examine differences in 

physical activity over time (baseline, months 3, 6, and 15) between individuals with or at 

risk for type 2 diabetes who completed the 8-week yoga intervention compared to those 

who did not receive the yoga intervention. 

Hypothesis: Individuals with or at risk for type 2 diabetes who completed the 

yoga intervention report more physical activity over time (baseline, months 3, 6, and 15) 

than those who did not receive the yoga intervention. 

This hypothesis was not supported by the data. There was no evidence in the 

current study that yoga intervention participants were practicing yoga more than the 

controls. In addition, results from statistical analysis revealed that physical activity 
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patterns over time were not influenced by treatment group. The low effect size of the 

treatment group indicated minimal influence of the yoga intervention over time. 

Although treatment group did not have a statistically significant effect on physical 

activity over time, understanding the influence of the WHYS control group protocol 

(educational videos followed by brief, facilitated discussion) is of high clinical 

importance, particularly given the protocol feasibility and acceptability to participants 

(Innes, Selfe, Alexander, & Taylor, 2009). The research team requested that participants 

in the WHYS control group refrain from making lifestyle changes for the duration of the 

study; however, these participants were highly motivated to make lifestyle changes, and 

the substance of the educational videos was interesting and provided extensive 

information on women's health and positive lifestyle change (Innes, Selfe, Alexander, & 

Taylor, 2009). It is plausible that the WHYS control participants made changes in 

physical activity over time, based on health information presented in the videos. 

Specific Aims 3 & 4: To explore the difference in social support and social 

discrimination between individuals with or at risk for type 2 diabetes who practice yoga 

and those who do not practice yoga at 15 months following completion of an 8-week 

yoga-based study. 

Hypothesis: Individuals with or at risk for type 2 diabetes who practice yoga 

report greater social support and less social discrimination than those who do not practice 

yoga at 15 months following completion of an 8-week yoga-based study. 

This hypothesis was not supported by the data. Results from statistical analysis 

revealed that there was no difference in 15-month post-intervention social support (after 
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controlling for baseline social support) or social discrimination (after controlling for age) 

based on 15-month post-intervention yoga practice. The low effect size of yoga practice 

in each analysis confirm the minimal influence of yoga practice on social support and 

social discrimination at 15 months post-intervention. 

Study Limitations 

The limitations of measurement were apparent in this study. Each of the variables 

in the conceptual model, except for the demographics, were not well-captured by selected 

instruments. The crude measurement of yoga practice used in analysis (dichotomous 

response of yes/no to current yoga practice) limited the reliability of measurement, 

because of diverse individual interpretations regarding the definition of yoga practice. In 

fact, when asked during follow-up interviews to describe their experience with yoga more 

than a year after completing the study, participants in the yoga group were hesitant to say 

that they maintained a yoga practice, although they described integrating elements of 

yoga practice into their daily lives (Alexander, 2009, in preparation). 

The complexity of the response set for the Physical Activity Scale for the Elderly 

(PASE) questionnaire (Washburn, Smith, Jette, and Janney, 1993) may have led to 

participant error in the estimation of recent physical activity. Furthermore, because yoga 

did not appear as an example of physical activity in any of the instrument items, it is 

plausible that under-reporting of yoga and by extension, physical activity, may have 

occurred at each assessment period. For those who did report yoga, individual 

interpretation may have over- or under-estimated physical activity. Some participants 

classified yoga as a moderate sport and recreational activity, but most categorized yoga as 



an exercise to increase muscle strength and endurance. Because all PASE items are 

weighted prior to scoring, and these two PASE items have a considerable weight 

difference, such subjectivity may have affected the accuracy of physical activity scores. 

In addition, developers of the PASE have indicated that the instrument may not 

perform as well in adults younger than 65 years of age, because of the relatively higher 

levels of physical activity and employment found in younger samples (Washburn, 

McAuley, Katula, Mihalko, & Boileau, 1999). Objective measures of physical activity 

may be preferred in future studies, particularly studies with a primary outcome of 

physical activity. 

Using the Duke Social Support Inventory ([DSSI], Koenig et al., 1993; 

Landerman, George, Campbell, & Blazer, 1989) to measure social support in the current 

study may have been inappropriate, given the conceptualization of social support as a key 

variable of the social environment, as opposed to a variable of interpersonal relationship 

quality. The DSSI is comprehensive in assessing interpersonal forms of social support, 

but other levels of environmental support, including social support from health care 

professionals, the community, or the media are not assessed. It is possible that a measure 

designed to evaluate comprehensive social environmental support, such as the Chronic 

Illness Resources Survey ([CIRS], Glasgow, Strycker, Toobert, & Eakin, 2000; Glasgow, 

Toobert, Barrera, & Strycker, 2005), may have been more appropriate for this study. 

In addition, the low prevalence of social discrimination in the current sample may 

be a reflection of the measurement of the Williams' Everyday Discrimination Scale 

(WDS), which assessed discrimination in terms of everyday exposure, not lifetime 
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exposure (Williams, Yan, Jackson, & Anderson, 1997). While there are other instruments 

for assessing lifetime exposure to discrimination (Krieger et al., 2005), the larger body of 

stress literature suggests that persistent, repeated experiences of discrimination have a 

greater influence on health outcomes than a time-limited experience (Williams et al., 

1997). Nonetheless, further testing and development of the WDS may be necessary. 

Another limitation of the current study design is the influence of self-report bias, 

given that follow-up assessments consisted exclusively of questionnaire data based on 

individual perception and subject to interpretation. Social desirability bias may also play 

an important role, particularly since the study questionnaires elicited information about 

health behavior related to physical activity levels, social support, and social 

discrimination from highly educated individuals who had participated in a study designed 

to promote their health. 

Selection bias is an additional threat to the validity of the study, because 

convenience sampling resulted in a sample of volunteer participants who were probably 

different from the general population—they may in fact be more concerned about their 

health, more motivated to make lifestyle changes, and more compliant than non-

participants. Nonrespondent bias is another limitation of this longitudinal study; the 

response rates at each follow-up assessment were high, ranging from 74% to 81%, but 

significant demographic differences were detected between those who completed follow-

ups and those who did not. 
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Implications for Research 

Findings from this study underscore the need for further research to examine and 

clarify the existence of a dose-response relationship between yoga practice and the 

physical and psychosocial benefits attributed to yoga. Improvements in measurement are 

necessary as well, beginning with attempts to standardize the assessment of personal 

yoga practice. 

The.findings also point to the importance of future clinical studies designed to 

enhance the long-term maintenance of yoga practice for optimal promotion of health and 

prevention of disease. To advance the evidence base for clinical practice, research 

scientists must implement and evaluate resourceful protocols such as the re-

randomization of study participants to specific maintenance programs upon completion of 

the intervention, an approach used in the Mediterranean Lifestyle Program, a randomized 

controlled trial among women with type 2 diabetes (Barrera, Strycker, MacKinnon, & 

Toobert, 2008). 

Given the national imperatives for preventing and managing chronic diseases such 

as type 2 diabetes, scientists with a health promotion program of research must integrate 

strategies for maintenance of the intervention over time to optimize the translation of 

study findings to practice and thereby improve the public's health (Glasgow, 

Lichtenstein, & Marcus, 2003). Although yoga-based studies have demonstrated short-

term efficacy among individuals with type 2 diabetes, few have examined participants 

beyond one year after the intervention period. 



Further research is necessary to determine the long-term benefits of yoga practice 

on health and health behaviors (including physical activity), so that clinicians will have 

accurate health information to share with patients and thereby assist in decisional control. 

Moreover, it is vital to advance the knowledge base regarding the factors that promote 

long-term yoga practice among individuals with or at risk for type 2 diabetes, so that 

affective support strategies can be offered in a tailored manner that supports the 

sustainability of behavioral lifestyle changes (IMCHB, Cox, 1982). 

The theoretical relationship between social discrimination and health behaviors 

such as yoga practice or other forms of physical activity is in need of further testing and 

analysis. Deep philosophical and historical underpinnings of prejudice and stigma related 

to the social constructs of race, weight, and age make the processes of operationalization 

and measurement exceedingly difficult. 

The influence of the social environment on health and health behaviors, including 

yoga practice, is poorly understood. Health disparities in diabetes and multiple other 

conditions are of paramount concern, and to date no clear solutions have emerged. 

Further research is necessary to inform policy, to advocate for underserved and 

marginalized populations, and to educate clinicians regarding social determinants of 

health. 

Implications for Practice 

Findings from the current study corroborate conventional recommendations for 

health care professionals in diabetes care and education, including the importance of 

assessing the benefits of and barriers to health behaviors such as yoga practice. Likewise, 
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the assessment of environmental factors that may influence maintenance is critical when 

counseling patients who are motivated to begin or restart yoga. 

In the current study, the affective response toward personal yoga practice was, for 

many participants, markedly different than that toward group yoga. Based on participant 

responses, it seemed as though negative affect toward practicing yoga by oneself resulted 

from a lack of social support coupled with inadequate confidence to incorporate new 

poses or modify one's routine to make it more pleasurable. It seems that without the 

reinforcement and social support of the group yoga format, participants gradually lost 

interest and motivation to continue a personal yoga practice, a finding that emerged from 

interviews with intervention participants (Alexander, 2009, in preparation). Therefore, it 

is equally important for clinicians to assess affective response to yoga and to be equipped 

with resources to assist individuals who may need to increase confidence or renew 

positive affect by attending a booster session of yoga or beginning to practice with a 

significant other, two practical ideas explored in a recent pilot study (Lundgren, Dahl, 

Yardi, & Melin, 2008). 

Clinicians who are aware of the health benefits of yoga practice for diabetes 

control and prevention can provide accurate health information and affective support to 

individuals who are ready to make lifestyle changes. Developing strategies for 

maintenance of yoga practice is critical; otherwise, the known short-term benefits of yoga 

may have little value. Moreover, encouraging individuals to identify facilitators and 

barriers in the social environment may enhance maintenance of yoga practice over time. 
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