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ABSTRACT 
YOGA THERAPY FOR CHRONIC PAIN IN SICKLE CELL DISEASE 

 
 

PALLAVI DEV 
The University of Texas Southwestern Medical Center, 2021 

Supervising Professor: Siayareh Rambally, M.D. 
 

 
Background: Patients with sickle cell disease suffer from both acute and chronic pain that 
severely affects their quality of life. Acute pain secondary to vaso-occlusive pain crises are a 
frequent cause of hospitalization and missed days from school and work. Many adult patients 
also suffer from chronic pain, which can lead to feelings of anxiety, hopelessness and 
depression. There is very little evidence-based data on how to manage pain in sickle cell 
disease. This lack of data is evident in the most recent American Society of Hematology 
Guidelines on Management of Pain in Sickle Cell Disease, which was published in June 2020.  
In the United States, acute and chronic pain is largely managed with opioids, but these 
medications have significant side effects including dependence and potential for 
opioid-induced hyperalgesia. There is an expert recommendation to avoid chronic opioid 
therapy if possible, but unfortunately this leaves clinicians with few treatment options, mostly 
extrapolated from evidence in other diseases such as fibromyalgia and osteoarthritis. 
Therefore, efforts to provide other strategies for pain management are warranted. Yoga is a 
physical, mental, and spiritual practice that aims to promote health and positive thinking. It 
has proven therapeutic benefits in chronic pain syndrome by altering perception of and 
attitude towards pain. Additionally, it can be beneficial in alleviating anxiety and depression, 
which are highly prevalent in the sickle cell population. 
 
Objective: The purpose of this study is to implement a 6 month-long intervention with weekly 
group yoga therapy sessions conducted virtually via videoconferencing software, 
incorporating aspects of meditation and breathing exercises. 
 
Methods: Twenty patients with sickle cell disease have been recruited for this study. There 
will be a total of 24 group yoga therapy sessions held weekly for 6 months. The 1 hour-long 
virtual sessions are taught by a certified yoga therapist, focusing on meditation and low 
impact movements synchronized with breathing exercises. Video recordings are made 
available for those who cannot attend the live virtual sessions. Weekly questionnaires are 
administered to participants. The variables measured in surveys include: the pain 
catastrophizing scale, levels of anxiety and depression, quality of sleep, use of opioids and 
other pain medications, number of hospitalizations and emergency room visits, and yoga 
session attendance. The primary outcome of this study is feasibility and acceptability of the 
yoga intervention. Secondary outcomes include changes in pain catastrophizing, depression 
and anxiety scores, frequency of emergency room and hospital admissions, and quantity of 
opioid medications utilized. 
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Results: The beginning of survey questionnaire results revealed that the participants had 
high amounts of ED visits, hospitalizations, pain, anxiety, and depression. The participants 
had a median of 3 (IQR 1.25-4) ER visits and 2 (IQR 0-2) hospitalizations in the past 6 
months for SCD-related pain. The median score on the Pain Catastrophizing Scale was 40.5 
(IQR 27.25-52.5), which was at the 93rd percentile of a standardized population. The median 
PHQ-9 score was 17 (IQR 13.25-22.5). Five (36%) participants had moderate depression, 3 
(21%) moderately severe, and 6 (43%) severe. The median GAD-7 score was 18.5 (IQR 
10.25-21.5). Three (21%) patients had mild anxiety, 2 (14%) moderate, and 9 (64%) severe. 
Live virtual attendance was 2 participants (11%) for the first session and 6 participants 
(32%) for the second session. Participation with viewing recorded sessions and weekly 
questionnaire data remain to be assessed, as the study is ongoing. 
 
Conclusion: As this study is among the first of its kind to examine therapeutic yoga for pain 
in adults with sickle cell disease, it has broad implications for chronic pain management in 
this field. Barriers that impact feasibility of the study, mostly centering on technological 
difficulties, were identified and strategies to address them are being developed and 
implemented in real-time as the study continues. The study population was found to have high 
levels of pain, anxiety, and depression in initial data collection, which further demonstrates 
the importance of the development of nonpharmaceutical strategies for improvement in pain 
and quality of life for these patients. 
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CHAPTER 1 
 

Sickle cell disease (SCD) is a group of inherited disorders caused by a point mutation in 

the 6th position of the beta globin gene that results in substitution of hydrophilic glutamic acid 

for hydrophobic valine. The abnormal hemoglobin is prone to hemolysis, resulting in chronic 

anemia. The normal flexible structure of the red blood cell is lost as deoxygenated Hb S 

polymerizes, and the abnormal sickle cells lodge in small vessels, resulting in painful 

vaso-occlusive crises and organ damage (Piel et al., 2017). 

Patients suffer from episodic and chronic pain that requires use of analgesics and 

frequent hospitalizations. In a study of 3,999 patients with SCD from a Medicaid database 

from 2009 to 2013, during a 1-year period, 67% of patients had ≥1 SCD-related ER visit and 

64% of patients had ≥1 SCD-related hospitalization. The average length of stay for 

SCD-related hospitalization was 13.35 days. The mean annual SCD-related costs per patient 

were $27,779, most of which were inpatient costs ($20,128) (N. Shah et al., 2019). 

Current treatment for SCD includes hydroxyurea, which has been FDA approved for 

sickle cell disease since 1998. Hydroxyurea’s main mechanism of action is to increase 

production of fetal hemoglobin, which actively interferes with polymerization of hemoglobin 

S. In a randomized controlled trial, hydroxyurea was shown to decrease the frequency of pain 

crises, reduce hospitalizations, reduce the incidence of acute chest syndrome (which is 

potentially fatal), and improve anemia (Charache et al., 1995). In long-term observational 

studies, hydroxyurea has also been shown to help patients live longer (de Araujo et al., 2015; 

Steinberg et al., 2003). In 2017, L-glutamine was approved for use in sickle cell disease after 
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a randomized controlled trial showed a decrease in the frequency of vaso-occlusive pain 

crises, decrease in hospitalizations, and fewer episodes of acute chest syndrome in the 

treatment group (Niihara et al, 2018). In 2019, 2 novel therapies were approved for use in 

sickle cell disease: crizanlizumab, a p-selectin inhibitor, and voxelotor, an anti-sickling agent. 

Crizanlizumab has been shown to decrease the frequency of vaso-occlusive pain crises in a 

randomized controlled trial, while voxelotor has proven efficacy for ameliorating anemia and 

reducing hemolysis (Ataga et al., 2017; Vichinsky et al., 2019). Hematopoietic stem cell 

transplantation and gene therapy are potential curative options that are currently being 

investigated in clinical trials (Ashorobi & Bhatt, 2020).  

Despite advancement in treatment for SCD, health-related quality of life is overall low in 

SCD patients. One cross-sectional study of 308 patients found health-related quality of life 

was significantly worse in patients with SCD compared to the general population. In fact, 

patients with SCD had lower quality of life scores than cystic fibrosis patients and cancer 

patients on treatment. In general, the scores of patients with SCD were most similar to those 

of patients undergoing hemodialysis (McClish et al., 2005). Psychosocial variables that have 

been found to further contribute to worse outcomes include poor mental health (anxiety 

and/or depression), stress, negative coping behaviors, inadequate social support, poor 

functional status, low socioeconomic status, and limited access to care. 

Patients with SCD have high levels of depression and anxiety. In one study of 308 adults 

with SCD, 27.6% had depression and 6.5% had an anxiety disorder. Patients with depression 

or anxiety had higher pain scores and reported that pain caused more distress and interference 
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with daily living compared to subjects without depression. Patients with depression or 

anxiety reported poorer physical and mental well-being, even after controlling for 

demographics, hemoglobin type, and pain (Smith et al., 2005). In another study of adults with 

sickle cell disease, depression was found in 42 out of 142 patients (35.2%). Depression was 

significantly associated with poorer health-related quality of life scores as well as higher 

inpatient and total health care costs (Adam et al., 2017).  

Stress has also been linked with poor prognosis in sickle cell disease. One study has 

suggested that mental stress can precipitate vaso-occlusive crisis by causing neural-mediated 

vasoconstriction. In this study, 20 patients with SCD were asked to perform mentally stressful 

tasks, which included tests of memory, conflict, and pain anticipation. Blood flow, autonomic 

reactivity, and perceived stress were measured. The stress tasks induced vasoconstriction in 

all patients, with pain anticipation causing the highest degree (P. Shah et al., 2020). In a study 

that examined 15 adults with SCD using a daily diary design, it was found that higher stress 

levels were significantly associated with increased pain, even when days on which the 

reported stressor was related to SCD were excluded (Porter et al., 2000). 

Negative coping strategies have been linked with a compromised ability to adapt to 

sickle cell pain. In one study of 52 adolescents with SCD, it was found that negative thinking 

mediated the association of pain intensity with depression and pain interference with daily 

activities with anxiety (Barakat et al., 2007). Another study found that avoidant coping styles 

in patients with sickle cell disease is associated with increased distress and training in 

positive coping skills reduces negative thinking and pain ratings (Gil et al., 1997). 
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Many patients with SCD have poor health literacy, low levels of employment, and 

limited access to care. One cross-sectional study of 100 patients with SCD found that 99% 

read below a 6th grade level and only 16% were employed (Master et al., 2016). Patients 

entering adulthood may lose follow up with longitudinal medical care due to difficulties in 

care coordination or loss of insurance. Additionally, many patients in low-income and rural 

communities have a lack of comprehensive and specialized care (Kanter et al., 2020).  

Further contributing to poor outcomes are racial disparities in socioeconomic status and 

access to healthcare by African Americans, the predominant population in SCD (“African 

American Health Disparities Compared to Non-Hispanic Whites,” 2019; Williams et al., 

2016). Per the US Census Bureau, in 2014 African American households had 6 cents for 

every dollar of wealth owned by a white American household (Data Profiles, 2014). African 

Americans are almost twice as likely to be uninsured compared to white Americans. Twelve 

percent of African Americans under age 65 reported having no health insurance coverage in 

2017. The African American population also has poorer self-reported health status and higher 

mortality rates. The age-adjusted death rate for the African American population has been 1.2 

times greater than the non-Hispanic white population since 2008 (FastStats, 2021). 

The goal of yoga is to promote wellbeing on physical, mental, emotional, and spiritual 

levels. It involves a system of postures and breathing techniques to improve physical strength 

and flexibility, stress relief, and mental clarity. Yoga can result in improved metabolism, 

decreased respiratory and heart rates, decreased muscle tension, and slower brain wave 

patterns associated with a more relaxed state (Vallath, 2010). Examples of chronic pain 
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conditions that yoga has been found effective for are arthritis, fibromyalgia, migraine 

headaches, and low back pain.  

One randomized controlled trial of a biweekly yoga intervention for patients with chronic 

pain found a significant improvement in pain management and physical functioning scores at 

8 weeks in patients who underwent the yoga intervention (n=28) compared to controls (n=39) 

(Schmid et al., 2019). A meta-analysis of eight randomized controlled trials studying yoga for 

chronic back pain concluded that yoga resulted in a medium to large decrease in functional 

disability and pain as measured by validated scales. The treatment groups included daily, 

biweekly, or weekly yoga classes for durations ranging from one week to 24 weeks 

(Holtzman & Beggs, 2013). A systematic review of studies on yoga for arthritis demonstrated 

consistent findings for significant improvement in joint tenderness (three out of three studies), 

pain (six out of eight studies), disability (three out of four studies), self-efficacy (two out of 

two studies), and mental health and energy (two out of three studies). No adverse events were 

reported in any studies and attrition was comparable or better than typical for standard 

exercise interventions (Haaz & Bartlett, 2011). 

A randomized controlled trial of yoga for women undergoing treatment for breast cancer 

found a statistically significant benefit in fatigue, emotional function, and pain compared to 

conventional exercise (Nair et al., 2017). Another randomized controlled trial of a 12-week 

yoga intervention found that in breast patients (not undergoing chemotherapy) there were 

significant improvements in overall quality of life, emotional well-being, social well-being, 

spiritual well-being, and distressed mood in the intervention group (Moadel et al., 2007). A 
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meta-analysis of 13 randomized controlled trials of yoga for lymphoma and breast cancer 

patients found large improvements in distress, anxiety, and depression, moderate 

improvements in fatigue, quality of life, emotional function, and social function, and a small 

improvement in functional well-being (Buffart et al., 2012). 

Very few studies have investigated the benefits of yoga in the sickle cell disease 

population. One randomized trial of yoga therapy included 73 children hospitalized with an 

acute vaso-occlusive pain crisis. The intervention included mindfulness exercises, gentle 

stretches, breathing techniques, and guided meditation. The treatment group had reduced pain 

scores (-0.6 change in pain scale from 1 to 10), faster time to hospital discharge, and positive 

reception from the patients (Moody et al., 2017). Emory University is currently conducting an 

ongoing study of yoga therapy for chronic pain in adolescents with sickle cell disease ages 

12-21 years old (Bakshi, 2020). The recently published American Society of Hematology 

Guidelines on Pain Management in Sickle Cell Disease made “no recommendation” on yoga 

therapy as a means to manage chronic pain due to lack of data, and identified this as a 

research need (Brandow et al., 2020). 

Mindfulness is defined as “the awareness that arises from paying attention, on purpose, 

in the present moment and non-judgmentally” (Kabat‐Zinn, 2003). Mindfulness-based 

therapies have been demonstrated to have positive effects on psychological well-being in 

numerous studies. In a systematic review and meta-analysis of 49 studies with a total of 4,733 

participants, mindfulness-based programs significantly reduced symptoms of 

rumination/worry, stress/psychological distress, depression, and anxiety, and significantly 
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improved quality-of-life/well-being. The studies were conducted with nonclinical samples, i.e. 

individuals whose symptoms had not reached the threshold for formal mental health 

diagnosis or treatment. Interventions were delivered in groups face-to-face or via 

teleconferencing, or via self-help books (Querstret et al., 2020). 

Mindfulness-based therapies have also been proven effective for clinical depression, with 

one meta-analysis of 1,258 patients demonstrating a reduced risk of depressive relapse (HR 

0.69) in patients who received mindfulness-based cognitive therapy compared to controls 

(Kuyken et al., 2016). Another meta-analysis of 12,005 patients with psychiatric disorders 

concluded there was consistent evidence for the effectiveness of mindfulness-based 

interventions for depression and pain conditions. Mindfulness-based interventions were 

overall superior to no treatment conditions (effect size d = 0.50) and did not differ from 

evidence-based treatments (d = 0.09) (Goldberg et al., 2018). Meditation interventions alone 

have also demonstrated success in improving mental health. A meta-analysis including 1,295 

participants found that Transcendental Meditation, a technique of silent mantra recitation, 

significantly reduced anxiety (effect size d = -0.62, compared to controls receiving standard 

treatment), especially in individuals with high levels of anxiety (Orme-Johnson & Barnes, 

2014). 

Slow breathing techniques are often incorporated into yoga and mindfulness-based 

therapies. Breath control has been linked to body relaxation responses, as demonstrated in a 

randomized controlled trial of healthy participants who underwent an eight-week 

diaphragmatic breathing intervention. Participants in the intervention group had significant 
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improvements in attention, affect, and cortisol levels after training compared to the control 

group (Ma et al., 2017). Slow breathing techniques cause activity changes in cortical and 

subcortical structures on fMRI that relate to increased comfort and relaxation and decreased 

arousal, anxiety, depression, anger, and confusion. Guided breath control also induces 

changes in parasympathetic and CNS activities associated with emotional control and 

well-being in healthy subjects (Zaccaro et al., 2018). 

Opioids are frequently used for pain management in SCD patients, but evidence 

regarding their efficacy and safety is lacking. Over the past 2 decades, the risk of death from 

opioid overdose has more than quadrupled (Calcaterra et al., 2013). Long-term use of opioids 

inevitably leads to tolerance and dependence. Data suggests that patients on chronic opioid 

therapy have difficulty concentrating, socializing, and functioning at work (Ballantyne, 

2018).  

There have been no randomized published reports to date assessing outcomes in sickle 

cell patients on chronic opioid therapy, but there is increasing evidence that it may not be the 

appropriate method for the physiologic type of chronic pain that these patients experience. 

Patients with chronic pain syndromes have a component of “centralized” pain (that originates 

in the central nervous system) as opposed to “nociceptive” pain (that is well-localized and 

directly mediated by inflammation or tissue damage). Patients with high levels of 

“centralized” pain respond poorly to opioid analgesics (Ballantyne, 2018; Brummett et al., 

2015). In a descriptive study of 83 adult patients with SCD, disease severity and pain 

symptoms were compared between patients who were prescribed chronic opioid therapy and 
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those who were not. Patients on chronic opioid therapy exhibited increased central 

sensitization, pain duration and severity, pain-related interference, fatigue, depression, and 

healthcare utilization. Disease severity measures did not differ between the two groups 

(Carroll et al., 2016). 

Chronic use of opioids can result in opioid-induced hyperalgesia, a state in which some 

patients paradoxically become more sensitive to painful stimuli. This is hypothesized to be 

due to neuronal changes that increase excitability of pronociceptive pathways in the 

peripheral and central nervous systems (Lee et al., 2011). There is evidence that these 

neuronal changes can result in long-term alterations in pain sensitization that may last even 

after cessation of opioid administration (Ballantyne, 2018).  

The recently published ASH guidelines “suggest against the initiation of chronic opioid 

therapy unless pain is refractory to multiple other treatment modalities” (Brandow et al., 

2020). Unfortunately, there is very little data to guide providers on how to best manage these 

patients. There is an urgent need to investigate new strategies for coping with chronic pain in 

the sickle cell population. 
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CHAPTER 2 

Twenty patients with sickle cell disease were recruited for this study from the Parkland 

and UT Southwestern hematology clinics. In order to be included in the study, patients had to 

have sickle cell disease (any genotype) with chronic pain (defined as pain on at least 15 days 

per month for the last 6 months), be at least 18 years of age or older at the time of enrollment, 

speak English, and have Internet access via a mobile device, tablet, or computer. Exclusion 

criteria were inability to follow simple instructions or function in a group setting due to 

cognitive impairment, baseline hemoglobin < 5 g/dl, chronic hypoxia requiring supplemental 

oxygen, pregnancy, advanced heart failure, or severe physical impairment that prohibits safe 

and independent transitioning from the standing, sitting, and lying positions. 

 A consent form with objectives, methods, benefits, and risks of the study was reviewed 

in detail with each participant at an in-person appointment with a member of the study team. 

Participants were given the option to enroll for the study immediately by signing the consent 

form or take the form home to review and sign electronically at a later time. One participant 

decided not to proceed with the study after enrollment, bringing the total number at the first 

yoga session to 19 participants. 

This study was initially planned to have 24 in-person group yoga sessions held weekly 

for 6 months. The location of the study would have been a conference room cleared to create 

open space for exercise as well as an outside patio if weather was permitting. After the 1-hour 

session, there would be time allotted for participants to complete the weekly survey and 

socialize to help foster a sense of community.  
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The yoga therapist employed for this study was recruited from the International 

Association of Yoga Therapists (IAYT) database of certified yoga therapists in the Dallas area. 

Certification by the IAYT requires completion of an 800-hour training program. The selection 

process for the yoga therapist involved interviews conducted by the study team. The chosen 

yoga therapist for this study has 10 years of experience teaching yoga and has been a physical 

therapist at Parkland Hospital for the past 20 years. 

Prior to the COVID-19 pandemic and implementation of social distancing protocols, a 

pilot yoga session was held at the Parkland hematology clinic with the study team, yoga 

therapist, and one patient with SCD. This was a 1-hour session for the study team to become 

familiar with the yoga therapist’s teaching method and receive early feedback from a patient 

perspective before implementing the intervention. 

Due to the COVID-19 pandemic, in order to ensure the safety of participants, the study 

was transitioned to a virtual format. A modification was submitted and approved by the UT 

Southwestern and Parkland Institutional Review Board (IRB). This change was 

communicated to participants via email and telephone call. Participants were given 

instructions on how to access Microsoft Teams on their computer or mobile device. Before 

the first session, participants were given the opportunity to attend a “technology check” with 

members of the study team. In this brief Teams meeting, participants were able to log on and 

confirm that their audio and video were functional. They were also given tips for setup of 

their device to record at an optimal distance and angle for the yoga instructor to view each 

participant.  



 

 12

Prior to the first session, participants were contacted about the option to pick up a yoga 

mat and bolster from the UT Southwestern hematology clinic. This was provided at no cost to 

the participants. During this time, participants were also polled for their availability to attend 

the sessions via telephone. The weekly session timing was decided based on the date and time 

that was reported to be feasible for the highest number of participants. Before each session, 

they are provided with an invitation link via email to join the session. Additionally, reminders 

about the session time are given via text message and phone call in the days leading up to the 

session. 

The following information security safeguards for videoconferencing are in place. Only 

Information Resource (IR) managed licenses are used to ensure the configuration settings 

were secure. Meeting IDs are randomized. Meetings are set to Private by using the Waiting 

Room feature to moderate attendance. It is emphasized to participants that they are not to 

share meeting invitation links or Meeting IDs through social media. 

During each session, participants are able to see and hear the yoga therapist giving 

instructions and guidance for the practice, provided they have internet access. If internet 

access is not stable in a participant’s home, they are given the option to also call in via 

telephone and follow along via audio from the yoga therapist. Participants are highly 

encouraged to have their video on to foster a sense of community and facilitate interaction. 

However, participation via video is not required if a participant does not wish to or is not able. 

The 1 hour-long sessions focus on guided meditation and low impact movements 

synchronized with breathing exercises. The practice is open to modification based on the 
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energy level, ability, and comfort of the participants. See Supplementary Table 1 for sample 

yoga practice transcript. 

The yoga therapist leads the sessions from a UT Southwestern conference room with a 

Smart Screen available. This large television screen is able to display participants’ videos 

from Microsoft Teams, so that the yoga instructor can easily view them and offer 

modifications and guidance as necessary. Videos arere recorded from a separate camera and 

uploaded to OneDrive for the participants to view at their convenience if they are unable to 

attend. Only the yoga therapist is included in the recording. 

Participants were asked to complete a survey at the beginning of the study. Surveys were 

administered through REDCap, a secure HIPAA-compliant web-based survey tool. The 

variables measured in the surveys included: the pain catastrophizing scale, levels of anxiety 

and depression, quality of sleep, use of opioids and other pain medications, and number of 

hospitalizations and emergency room visits. See Supplementary Document 2 for Beginning 

of Study Questionnaire. The participants are asked to complete the PEG pain scale weekly, 

which assesses their numerical level of pain on a scale of 1-10 and how this affects their 

quality of life. See Supplementary Table 3 for Weekly Questionnaire. The survey at the end of 

the study is planned to assess participation and acceptance of the intervention. See 

Supplementary Table 4 for End of Study Questionnaire. If the survey is not completed within 

3 days of the session, participants receive a call from the study team as a reminder. 
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Supplementary Table 1 
 

Yoga Therapy Transcript 

 
WEEK 1: 2/3/2021 

 

Introduction- My name is Beth Belk: 

 Licensed PT with over 20 years work experience at Parkland Hospital working with a variety 
of patients of all ages with various diagnoses 

 Certified Yoga Therapist x 10 years – working with individuals and groups including breast 

cancer survivors, patients with chronic pain, seniors and athletes. 

 

Thank you! 

I am grateful to Dr’s Rambally and Bavli, and future physician, Pallavi Dev, for inviting me to be a 

part of this important research study. Many, many thanks to Ms. Monica for overseeing the virtual 

delivery of our sessions together. And especially, thank you to YOU, the participants, for joining us on 

this journey as we seek to determine the effectiveness of yoga therapy with chronic pain management 

in patients with sickle cell anemia. 

 

Overview: 

During our time together, I will be educating and empowering you on a variety of yoga tools which 

have been found to be effective in relieving pain, improving sleep, decreasing stress and anxiety, and 

overall, improving quality of life. These tools will include the following: 

 Breathing techniques 

 Gentle physical postures/movement 

 Mindfulness 

 Stress management education 

 Meditation 

 Mudras (hand gestures) 

 Journaling 

 

The goal is to help you develop and become proficient with these comprehensive self-management 

tools so that when you experience a flare-up/sickle cell crises, your mind and body will have the 

resilience to manage pain in an overall, healthier and holistic manner. 

 

Equipment: 

 Distraction-free environment w/o phones, kids/pets 

 Sturdy chair 

 Pillow as needed 

 Yoga mat 

 Belt or towel 

 Comfortable clothes 
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What is yoga? 

Yoga is a mind-body practice using mindfulness (mind centered focus or awareness), breathing 

techniques, and postures (“asanas”) to improve and balance physical, mental and spiritual well-being. 

The benefit of being in a group setting allows for social connection, which is especially important 

right now, and helps give us a sense of community since all the participants in this class experience 

chronic pain due to sickle cell disease. 

 

Postural education and awareness: 

 Allows energy to flow freely up/down the spine 

 Allows improved and more efficient breathing 

 Protects spinal and shoulder joints allowing them to be in a biomechanically correct position 

 Promotes muscle balance 

 Proper sitting posture- describe and tune in, then practice breathing technique 

 Repeat with standing posture- tune in, practice breathing 

 

Breathing practice (a key component of yoga): 

1. Sit up tall, relax shoulders down, pull head back, place feet flat on the ground with equal weight 

through hips. If you’re tall, you can sit on a pillow to raise your hips up. If you’re short and your 

feet don’t reach the ground, you can place a book or pillow under your feet. 

2. Close your eyes and tune in to how you’re breathing. 

- Are you breathing through your nose or mouth or both? 

- Are your shoulders lifting up?  

- Are your breaths short and shallow or long and deep? 

3. Now, open your eyes. Check your sitting posture. Make adjustments as needed. 

 

Diaphragmatic breathing: When sitting and standing upright with a lengthening spine, the body is in 

an optimal position to breathe deeply, using the diaphragm to control the breath. The diaphragm is a 

large muscle that sits under the rib cage. With inhalation, the diaphragm contracts and drops down, 

expanding the rib cage and abdomen in order to allow a deep breath of air to come into the lungs. 

With exhalation, the diaphragm relaxes and rises, contracting the abdomen and rib cage so that air is 

expelled out. 

4.  Put one hand on your chest and the other hand on your stomach. 

5. Breathe in though your nose and feel your stomach and rib cage move outward. 

6. Breathe out through your nose and feel your stomach and rib cage move inward. 

7. Repeat 9 more deep breaths. 

8. Release your hands onto your lap. Tune in and observe how you feel. 

 

Asana practice (gentle stretches with mindfulness and breathing):  

SEATED- 

1. Cat/cow x 5 (inhale with extension, exhale with flexion) 

2. Side flexion x 3 each side holding 3 deep breaths 

3. Rotation x 3 each side holding 3 deep breaths 

4. Neck rotation R and L x 3 deep breaths 

5. Horizontal arm expansion x 5 (inhale as arms reach back, exhale as palms come towards each 
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other) 

6. Ankles/toes x 5 (inhale with heel lifts, exhale with toe lifts) 

7. Knee extension x 5 R and L (inhale with extension, exhale as you release) 

 

STANDING-  

1. Sit <> stand drills x 5 focusing on eccentric control 

2. Mountain pose x 5 deep breaths 

3. Weight shifts to focus on grounding/rooting down into earth and stability x 3 each side 

4. Hold onto chair as needed: heel and toe raises x 5 (inhale with heel lifts, exhale with toe lifts) 

5. Tandem stance – shifting forward and backward x 5 each side 

6. Mini lunge – heelcord/hip flexor stretch x 5 deep breaths R and L 

 

RETURN TO SITTING-  

1. Hamstring/heelcord stretch x 5 deep breaths R and L 

 

Seated meditation/relaxation with mudra: 

MUDRA= hand gesture used in meditation that promote physical health, psychological balance and 

spiritual awakening.  

 

Today, we will perform a MUDRA For Cultivating Steady and Comfortable Posture 

1. Reset with proper sitting posture 

2. Interlace the fingers with R thumb crossed over the left and the palms pressed lightly together 

3. Extend pinkie fingers straight out and gently press them together 

4. Rest the hands below the navel or on your lap.  

5. Relax the shoulders down and back, with the elbows slightly away from the body and the 

spine lengthened.  

6. While remaining in this position, close your eyes and bring awareness to your breath. 

7. Go inward and tune into any feelings and sensations that are occurring. 

8. Notice your breath is gently directed downward toward the base of your spine, invoking a 

sense of steadiness and grounding. 

9. As you breathe out, lengthen the exhale and notice your breath becoming slow and serene, 

cultivating comfort and ease in this seated position.  

10. Notice the balance of steadiness and ease within the base of your spine, legs and feet, sensing 

these areas deeply rooted to the earth, and yet feeling comfortably relaxed. 

11. Now, as you continue to breathe, notice the steadiness and ease moving up your spine into 

your low back, then into your mid torso, ribs, chest and upper back, and neck.  

12. Continue to breathe as you tune into your lengthened spine, feeling a balance between 

steadiness and ease.  

13. With your torso and spine balanced, notice your shoulders, arms and hands naturally 

reflecting a sense of harmony, resting with both stability and ease.  

14. Continuing with your calm, even breaths, mindfully draw your head back allowing your head 

to rest evenly over your body. 

15. Take a moment to tune in and notice the perfect balance of steadiness and ease in your 

physical body is naturally reflected in your steady and easeful breathing. 
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16. With body and breath in perfect harmony, the balance of steadiness and ease naturally 

permeate your thoughts and feelings, allowing you to be completely focused and, at the same 

time, relaxed completely. 

17. For the next few breaths, repeat the following “mantra” (saying) to yourself: “The balance of 

steadiness and ease allow me to rest in complete harmony.” 

18. Slowly release your hands into your lap, taking a few breaths to rest in perfect balance. 

19. Make a mental note of how you feel. 

20. When you are ready, open your eyes, returning slowly and gently, integrating the balance of 

steadiness and ease into all your daily activities. 

 

Mindfulness challenge: 

Start becoming more aware of your posture in sitting and standing. Once you notice any slouching, 

make the necessary adjustments for a more upright, lengthened spine. Also, practice the breathing 

exercises that you learning today, especially, when you are feeling tension or pain, anxious, worried or 

frazzled. Remember that you can always return to your breath as a useful tool to help you reset any 

imbalanced feelings/emotions/sensations, allowing you to return to a more relaxed state with 

decreased pain. 

 

Quote: 

“Enjoy the little things, for one day you may look back and realize they were the big things.” – Robert 

Brault  

 

Optional journal suggestion: 

Studies show that journaling (whether writing or drawing) can be a useful form of stress and pain 

management because it releases stressful energy and redirects your thoughts away from pain. This is a 

simple technique that can make a big difference in the way you feel.  

 

Gratitude journal- write down 3 things you are grateful for every day. Staying focused on the positive 

and being grateful for all that you are grateful for helps to rewire your brain, creating new neural 

pathways. Gratitude journaling fosters gratitude, positivity and joy in your life. 

 

NAMASTE 

“The divine in me bows to the divine in you.” 

 
 
 
 
 
 
 
 
 
 
 



 

 18

Supplementary Table 2 
 

Beginning of Study Questionnaire 

 
1) Over the last 6 months, how many times have you gone to the emergency room for 

sickle cell related pain? 
 
 

2) Over the last 6 months, how many times have you been hospitalized for sickle cell 
related pain? 

 
 

3) Please list your pain medications below: 
 

Medication name Dosage or strength (mg) How many pills do you usually 

take per day? 

 

 

  

 

 

  

 

 

  

 

 

  

 

 

  

 

PATIENT HEALTH QUESTIONNAIRE (PHQ-9) 

Over the last 2 weeks, how often have you been bothered by any of the following problems? 

 Not at all Several 
days 

More than 
half the days 

Nearly 
every day 

1. Little interest or pleasure in 
doing things 

0 1 2 3 

2. Feeling down, depressed, or 
hopeless 

0 1 2 3 

3. Trouble falling or staying 
asleep, or sleeping too much 

0 1 2 3 
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4. Feeling tired or having little 
energy 

0 1 2 3 

5. Poor appetite or overeating 0 1 2 3 

6. Feeling bad about yourself 
or that you are a failure or have 
let yourself or your family 
down 

0 1 2 3 

7. Trouble concentrating on 
things, such as reading the 
newspaper or watching 
television 

0 1 2 3 

8. Moving or speaking so 
slowly that other people could 
have noticed. Or the opposite 
being so fidgety or restless that 
you have been moving around 
a lot more than usual 

0 1 2 3 

9. Thoughts that you would be 
better off dead, or of hurting 
yourself 

0 1 2 3 

 

Scoring: add up all checked boxes on PHQ-9 
For every Not at all = 0; Several days = 1; More than half the days = 2; Nearly every day = 3 
 
Interpretation of Total Score 
1-4: Minimal depression 
5-9: Mild depression 
10-14: Moderate depression 
15-19: Moderately severe depression 
20-27: Severe depression  
 

10. If you checked off any problems,         Not difficult at all 
how difficult have these problems made        Somewhat difficult 
it for you to do your work, take care of        Very difficult 
things at home, or get along with other        Extremely difficult 
people? 
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GENERAL ANXIETY DISORDER (GAD-7) 

Over the last 2 weeks, how often have you been bothered by any of the following problems? 

 Not at all Several 
days 

More than 
half the days 

Nearly 
every day 

1. Feeling nervous, anxious, or 
on edge 

0 1 2 3 

2. Not being able to stop or 
control worrying 

0 1 2 3 

3. Worrying too much about 
different things 

0 1 2 3 

4. Trouble relaxing 0 1 2 3 

5. Being so restless that it is 
hard to sit still 

0 1 2 3 

6. Becoming easily annoyed or 
irritable 

0 1 2 3 

7. Feeling afraid, as if 
something awful might happen 

0 1 2 3 

 
Scoring: add up all checked boxes on GAD-7 
For every Not at all = 0; Several days = 1; More than half the days = 2; Nearly every day = 3 
 
Interpretation of Total Score 
0–4: Minimal anxiety 
5–9: Mild anxiety 
10–14: Moderate anxiety 
15–21: Severe anxiety 
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Supplementary Table 3 
 

Weekly Questionnaire 

 
1) How many virtual sessions did you attend this week? 

 

 
2) If you were unable to attend a session, did you view the recording at a later time? 

 
 

3) How many times did you perform the home exercises this week? 
 

PEG Scale Assessing Pain Intensity and Interference  
(Pain, Enjoyment, General Activity) 

 
 
Using the PEG Score. 
The score is best used to track an individual’s changes over time. The initiation of therapy 
should result in the individual’s score decreasing over time. 
 
Source. 
Krebs, E. E., Lorenz, K. A., Bair, M. J., Damush, T. M., Wu, J., Sutherland, J. M., Asch S, 
Kroenke, K. (2009). Development and Initial Validation of the PEG, a Three-item Scale 
Assessing Pain Intensity and Interference. Journal of General Internal Medicine, 24(6), 
733–738. http://doi.org/10.1007/s11606-009-0981-1 
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Supplementary Table 4 
 

End of Study Questionnaire 

 
1) Over the last 3 months, how many times have you gone to the emergency room for 

sickle cell related pain? 
 

 
2) Over the last 3 months, how many times have you been hospitalized for sickle cell 

related pain? 
 

 
3) Please list your pain medications below: 

 

Medication name Dosage or strength (mg) How many pills do you usually 

take per day? 

 

 

  

 

 

  

 

 

  

 

 

  

 

 

  

4)  
 

4) How satisfied are you with the yoga sessions? (circle one) 

Very 
Unsatisfied 

Unsatisfied Neutral Satisfied Very 
Satisfied 

 
 
 

4) Would you be willing to participate in yoga sessions in the future?  

Yes 

No 
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5) Please provide any suggestions or comments regarding your experience in the yoga 

therapy study.  
 

PATIENT HEALTH QUESTIONNAIRE (PHQ-9) (See Supplementary Table 3) 

GENERAL ANXIETY DISORDER (GAD-7) (See Supplementary Table 3) 
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CHAPTER 3 

 Twenty-two patients were approached about this study, and out of these patients, twenty 

were initially enrolled in the study. One patient dropped out prior to the first study session. 

Out of the 19 remaining participants, 13 were female and 6 were male. Thirteen participants 

were from the Parkland clinic and 6 patients were from the UT Southwestern clinic. Fifteen 

patients were genotype Hgb SS, 3 were Hgb SC, and 1 was Hgb O Arab. 

The beginning of survey questionnaire had a completion rate of 74% (14 out of 19 

participants). The median number of ER visits in the past 6 months for SCD-related pain was 

3 (IQR 1.25-4), with a range of 0 to 6. The median number of hospitalizations in the past 6 

months for SCD-related pain was 2 (IQR 0-2), with a range of 0 to 5. The median score on 

the Pain Catastrophizing Scale was 40.5 (IQR 27.25-52.5). Compared to a standardized 

population of 851 injured workers with reported pain, this total score fell in the 93rd 

percentile. For the “rumination” sub-category, the median score was in the 91st percentile at 

13.5 (IQR 10.25-18). For “magnification” the median was 8 (IQR 6.25-11, 90%tile), and for 

“helplessness” the median was 15.5 (IQR 11-22.75, 87%tile). 

The median PHQ-9 score was 17 (IQR 13.25-22.5). All participants in this sample had a 

PHQ-9 score greater than or equal to 10, which has a sensitivity of 88% and a specificity of 

88% for major depression (Kroenke et al., 2001). Five (36%) patients had moderate 

depression, 3 (21%) moderately severe, and 6 (43%) severe. The median GAD-7 score was 

18.5 (IQR 10.25-21.5). Three (21%) patients had mild anxiety, 2 (14%) moderate, and 9 

(64%) severe. 

Live virtual attendance was 2 participants (11%) for the first session and 6 participants 
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(32%) for the second session. Participation with viewing recorded sessions and weekly 

questionnaire data remain to be assessed, as the study is ongoing. 

 

Table 1. General Anxiety Disorder (GAD-7) Component Scores 
  Average Score 

1. Feeling nervous, anxious, or on edge 2.4 

2. Not being able to stop or control worrying 2.1 

3. Worrying too much about different things 2.8 

4. Trouble relaxing 2.5 

5. Being so restless that it is hard to sit still 2.1 

6. Becoming easily annoyed or irritable 2.9 

7. Feeling afraid, as if something awful might happen 1.9 

 
Table 2. Anxiety Severity 
 
 

None Mild Moderate Severe 

Participants  
No. (%) 

0 (0%) 3 (21%) 2 (14%) 9 (64%) 

 
Table 3. Patient Health Questionnaire (PHQ-9) Component Scores 
  Average Score 

1. Little interest or pleasure in doing 
things 

2.4 

2. Feeling down, depressed, or hopeless 2.1 

3. Trouble falling or staying asleep, or 
sleeping too much 

3 

4. Feeling tired or having little energy 2.9 

5. Poor appetite or overeating 2.7 

6. Feeling bad about yourself or that 
you are a failure or have let yourself or 
your family down 

1.8 
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7. Trouble concentrating on things, 
such as reading the newspaper or 
watching television 

2.2 

8. Moving or speaking so slowly that 
other people could have noticed. Or the 
opposite, being so fidgety or restless 
that you have been moving around a 
lot more than usual 

2.0 

9. Thoughts that you would be better 
off dead, or of hurting yourself 

1.3 

 
Table 4. Depression Severity 
 None Mild Moderate Moderately 

Severe 
Severe 

Participants  
No. (%) 

0 (0%) 0 (0%) 5 (36%) 3 (21%) 6 (43%) 

 
Table 5. Interference with Daily Activities  

Not 
difficult at 
all  

Somewhat 
difficult  

Very 
difficult  
 

Extremely 
difficult  

No 
answer 

If you checked off 
any problems, how 
difficult have these 
problems made it 
for you to do your 
work, take care of 
things at home, or 
get along with other 
people? 

0 (0%) 8 (57%) 4 (29%) 1 (7%) 1 (7%) 

 
Table 6. Medication Use 
  

Pain Medication   30-day 
Avg 
Morphine 
Equivalent 

Overdose 
Risk 
Score 
(0-999) 

Disease 
Modifying 
Therapy 

Patient 1  Hydrocodone-acetaminophen 
10-325 mg 3-4 times daily 

42.47 370 Hydroxyurea 8 
mg/kg/day 

Patient 2  Hydrocodone-acetaminophen 
10-325 4 times daily as needed 

5.3 340 Hydroxyurea 
25 mg/kg/day 
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Ibuprofen 800 mg every 8 hours 
as needed 

Patient 3  Hydrocodone-acetaminophen 
10-325 mg 4 times daily as 
needed 

17.5 240 Hydroxyurea 
21 mg/kg/day 
Voxelotor 

Patient 4  Hydrocodone-acetaminophen 
10-325 mg 3 times daily 
Ibuprofen 3-4 times a week 

20 540 Hydroxyurea 
25 mg/kg/day 

Patient 5  Duloxetine 30 mg daily 
Hydrocodone-acetaminophen 
10-325 mg 4 times daily as 
needed 

19 440 Hydroxyurea 
18 mg/kg/day 

Patient 6  Hydrocodone-acetaminophen 
10-325 mg 4 times daily as 
needed 
Hydromorphone 2 mg 4 times 
daily as needed 

20.41 510 Hydroxyurea 
20 mg/kg/day 
L-glutamine 
Crizanlizumab 

Patient 7 Duloxetine 30 mg daily 
Hydrocodone-acetaminophen 
5-325 mg 4 times daily as 
needed 

0 160 Hydroxyurea 5 
mg/kg/day  

Patient 8 
 

Hydrocodone-acetaminophen 
10-325 mg  

10 290 Hydroxyurea 
20 mg/kg/day 
L-glutamine 
Crizanlizumab 

Patient 9  Hydrocodone-acetaminophen 
10-325 mg 3 times daily 
Duloxetine 60 mg daily 

31 260 None 

Patient 
10  

Recently changed from 
Hydrocodone-acetaminophen 
10-325 mg + intermittent 
hydromorphone 2 mg q6 hours to 
Suboxone 

24 420 Hydroxyurea 
13 mg/kg/day 
Crizanlizumab 

Patient 11  Hydrocodone-acetaminophen 
5-325 mg 
Pregabalin 300 mg 2 times daily 
Venlafaxine 37.5 mg 1 time daily 

12 550 Hydroxyurea 

Patient 
12  

Hydrocodone-acetaminophen 
10-325 mg  
Ibuprofen 600 mg 3 times daily 

27 450 None 

Patient 
13  

Acetaminophen with codeine 10 400 None 

Patient 
14  

Hydrocodone-acetaminophen 
10-325 mg 4 times daily as 

<10 230 Hydroxyurea 
16 mg/kg/day 
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needed 
Ibuprofen 800 mg twice daily 

Voxelotor 

Patient 
15  

Methadone 10 mg every 12 
hours 

36 260 Hydroxyurea 
25 mg/kg/day 

Patient 
16  

Oxycodone 10 mg every 6 hours 
Ibuprofen 200 mg every 8 hours 

12.86 360 None 

Patient 
17  

Hydrocodone-acetaminophen 
10-325 mg once daily 

18.57 160 None 

Patient 
18  

Gabapentin 600 mg every 8 
hours 
Acetaminophen with codeine 
300-30 mg 
Lidocaine 5% patch 
Oxycodone 10 mg every 6 hours 

48.5 340 Voxelotor 

Patient 
19  

Ibuprofen 600 mg every 8 hours 
as needed 
Robaxin 
Hydrocodone-acetaminophen 
10-325 mg 4 times daily as 
needed 
Lidocaine 5% patch 

36 430 Hydroxyurea 
15 mg/kg/day 
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CHAPTER 4 

 As this pilot study is among the first of its kind to investigate the role of yoga therapy for 

adult patients with SCD, the primary outcome was determined to be feasibility. The goal of 

the study was to answer the questions of whether a yoga intervention can be done (in this 

case virtually due to the COVID-19 pandemic), whether the intervention could be continued 

on a larger scale, and if so, how.  

 In implementing this virtual yoga intervention, challenges arose due to barriers for 

patient participation. Although the participants were polled for the day of the week and time 

that was most convenient for them, the time that was selected could only accommodate the 

majority, but not all, of the participants. Some participants experienced technological 

difficulties with attending the online video meetings, despite availability of the study team to 

assist them. Contributing factors included poor internet connection at a participant’s home 

and limited familiarity with videoconferencing and the Microsoft Teams platform. If this 

prevented the participant from being able to turn their video on, this resulted in limited ability 

for engagement with the yoga instructor. Additionally, distractions in the participants’ home 

environment, such as other family members or background noise, could detract from the 

intended relaxing effect of yoga therapy. 

 If a participant was unable to attend the live meeting due to technological difficulties or 

unavailability, they were given the opportunity to watch the video recording later at their 

convenience. Adherence with either attending a live session or watching a recording is 

assessed in the weekly surveys. Longitudinal data on the weekly surveys is currently being 
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collected as the study proceeds. 

 It is anticipated that this study will evolve as the weekly sessions continue. One example 

of a change made based on participant feedback is the addition of a second weekly live 

virtual session to provide another date and time option for participants. Other future 

directions include modifying the study protocol to seek detailed feedback via in-depth phone 

interviews to learn more about the participants’ receptiveness to the intervention and how the 

program can be better adapted to their needs. The current end-of-survey questionnaire asks 

for participant feedback; however, a standardized interview will likely provide deeper insight 

into the participants’ view of the intervention. 

 Another change of the study in development is to incorporate more phone 

communication with participants to promote participation in the live or recorded sessions and 

completion of surveys. Additional study team members have been recruited to contact 

participants weekly to provide reminders, administer surveys, and answer any questions that 

arise.  

 The patient population in this study demonstrated levels of depression, anxiety, and stress 

much higher than those of the general population. One hundred percent of patients had some 

degree of depression and anxiety, as recorded on their beginning of survey questionnaire. All 

patients with high PHQ-9 scores were contacted by the sickle cell social worker and offered 

mental health resources. They also reported requiring significant levels of opioid medication 

for chronic pain relief. The preliminary data emphasizes the importance of this type of 

intervention for this specific patient population, in addition to the standard level of medical 
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care and mental health services available to them. 

 When considering expanding this intervention in the future to be available to more SCD 

patients, the benefits and challenges of virtual vs. in-person sessions will be analyzed at the 

completion of this pilot study. Virtual sessions are beneficial in that they can be offered at 

more flexible times of day and accessed at the ease of the participants’ homes, which is more 

accessible for those who have difficulties with transportation or live far from the UT 

Southwestern and Parkland clinics. However, most of the barriers to participation stemmed 

from difficulties with technology. As this study continues, efforts will be made to optimize 

participant access to the live sessions when possible via ongoing one-on-one communication 

and troubleshooting. In-person sessions would allow for a less distracting environment as 

well as an enhanced ability for connection with the yoga instructor and between the 

participants themselves. 

 This study involves the first known implementation of a virtual yoga curriculum for SCD 

patients with chronic pain, a population with decreased quality of life and increased mental 

health comorbidities compared to the general population. As the study continues, more 

insights will be revealed on the feasibility and effectiveness of this novel intervention. 

Preliminary data from the first few sessions of this 6-month intervention have revealed 

avenues for continued development. 
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