
Feasibility study of online yoga for symptom 
management in patients with myeloproliferative 
neoplasms  

Myeloproliferative neoplasms (MPNs) including poly-
cythemia vera (PV), essential thrombocythemia (ET), and
myelofibrosis (MF) are clonal, progressive, hematological
malignancies resulting in the risk of vascular events,
splenomegaly, and significant symptom burden, with a
high prevalence of fatigue.1,2 These neoplasms are prima-
rily treated with pharmacologic interventions and,
despite therapeutic advances in the pharmacologic treat-
ment of MPNs,3 there remains a significant symptom bur-
den, particularly with regard to residual fatigue and con-
stitutional symptoms, even in JAK-inhibitor responders.4,5

There is a need to explore non-pharmacologic
approaches (e.g., yoga, diet, meditation) for managing
MPN symptom burden. Yoga has proved an effective
method to improve a variety of physical and psychosocial
outcomes (e.g., fatigue, anxiety and sleep disruption) in
those diagnosed with other cancer types.6,7 However,
there have been no studies conducted to date which
explore the use of yoga in MPN patients. Our prior
research indicates that 40% of MPN patients have
attempted yoga in order to alleviate fatigue with 63%
reporting success at reducing fatigue.8 Yoga, particularly
online yoga, may be a feasible approach for MPN cancer
patients as it eliminates or addresses many of the com-
monly-reported barriers to participating in in-person
interventions, including fatigue, pain, transportation and
scheduling difficulties.9 Therefore, the purpose of this
study was to: 1) examine the feasibility (i.e., acceptability,
demand, practicality) of a 12-week, home-based, online
yoga intervention among MPN patients,  2) to explore
the preliminary effects of yoga on symptom burden
among MPN patients and, if successful, 3) to generate an
effect size to power an efficacy randomized control trial
(RCT). 
MPN patients (targeted enrollment of 55) were recruit-

ed using internet-based strategies (e.g., social media,
forums). Inclusion/exclusion criteria are presented in
Table 1. Patients participated in a 12-week, home-based,
online yoga intervention. They were asked to complete
60 minutes of yoga each week from a prescription (deliv-
ered via Udaya.com [Sofia, Bulgaria]) of progressively
mild to moderate intensity (and limited use of prone posi-
tions to avoid pressure on enlarged spleen or liver).
Participants selected options rated as either “beginner” or
“intermediate” (some developed especially for this study)

based on preference and capacity.
Study participants were asked to complete online sur-

veys (via Qualtrics [Provo, UT, USA]) at four time points:
baseline (week 1), mid-point (week 7), post-intervention
(week 12), and follow-up (week 16). Feasibility (i.e.,
acceptability, demand, and practicality) was measured
following guidelines from Bowen and colleagues.10 We
defined feasibility of recruitment as achieving 100%
(N=55) of enrollment within 6 months. Acceptability was
measured with a satisfaction survey (>70% satisfied with
the intervention), intent to continue participating in yoga
(>70% with intent to continue), and self-reported per-
ceived appropriateness for the MPN patient. Demand
was measured using adherence to the intervention (≥60
minutes/week of yoga participation throughout the 12-
week study). Participants were asked to complete a daily
log specifying the number of minutes of yoga which they
participated in. Objective online yoga minutes were col-
lected through Clicky.com (Portland, OR, USA), an
online web analytic software. Practicality was measured
with an objective analysis of study participants’ ability to
complete study-related activities (>70% completing daily
logs and online surveys). 
Symptom burden was measured through the

Myeloproliferative Neoplasm Symptom Assessment
Form Total Symptom Score (MPN-SAF TSS). Patient-
reported outcomes included pain intensity, anxiety,
depression, sleep disturbance, and sexual function meas-
ured using the National Institutes of Health (NIH) Patient
Reported Outcomes Measurement Information System
(PROMIS). 
Patient-reported PROMIS outcomes were scored using

the NIH PROMIS Scoring tools. Raw scores for each
measure were converted to standardized t-scores for
analysis. Changes in symptom data were assessed using
paired t-tests and effect sizes (ES).
We enrolled 55 MPN patients within 2 weeks, of

whom 38 (69%) completed the 12-week intervention.
There were no significant differences in baseline demo-
graphics between those that completed the intervention
(n=38) and those that dropped out (n=17). Figure 1
describes study participant enrollment and Table 2
describes participant demographics at baseline. More
than half of those ineligible (n=103) for our study were
categorized as such because they reported that they had
major depressive disorder, anxiety disorder, and/or post-
traumatic stress disorder (n=58). 
Yoga was well accepted among MPN patients: 68%

(n=21/28) of responding participants felt either satisfied
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Table 1. Inclusion/Exclusion Criteria.
Inclusion Criteria Exclusion Criteria

Have a diagnosis of essential thrombocytosis, polycythemia vera, Currently perform Tai Chi, Qi Gong, or Yoga at least 60 min or
or myelofibrosis identified by treating physician more weekly
Answer “no” to all items on the Physical Activity Readiness Questionnaire (PAR-Q), Have a history of syncope in last 2 months
or be willing to obtain a signed medical release from their physician Have a history of recurrent falls (≥2 in 2 months)
Have access to a desktop or laptop on a regular basis Self-report concurrent major depressive disorder
Have access to reliable internet or anxiety disorder (DSMIV diagnosis)
Read and understand English Have an ECOG 3 greater than three
Age 18 years or older
Own a yoga mat or are willing to purchase
ECOG: Eastern Cooperative Oncology Group; DSMIV: Diagnostic and Statistical Manual of Mental Disorders.



or very satisfied with online yoga and 75% (n=23/31) felt
that it was helpful for coping with MPN-related symp-
toms. While only 43% (n=13/31) of MPN patients report-
ed that they were likely to continue their online yoga
practice (i.e., demand), 82% (n=25/31) of patients would
recommend participating in online yoga to other MPN
patients. Additionally, 75% of participants (n=23/31) also
reported that they felt safe while participating in online
yoga. Although there was 1 adverse event reported (i.e.,

irritated enlarged spleen), modifications for this partici-
pant were provided (altered poses) which alleviated the
problem. This information suggests that online yoga may
be safe for MPN patients.  
Weekly yoga participation averaged ~50 minutes, with

37% of participants adhering to the prescribed interven-
tion of ≥60 min/week (i.e., demand). There were no sig-
nificant weekly differences between self-reported yoga
minutes and objective yoga minutes measured using
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Table 2. Baseline Demographics and Changes in Myeloproliferative Neoplasm (MPN) Outcomes. 
Completers (n=38) Dropouts (n=17) P

Baseline demographics (n=38) N (%) N (%)

Age, years (M±SD) 55.0 (9.5) 60.6 (11.9)
Sex 0.4114
Male 4 (10.5) 3 (18.8)
Female 34 (89.5) 13 (81.3)
Missing 0 1

Race 0.5125
Caucasian 37 (97.4) 16 (100.0)
Other 1 (2.6) 0 (0.0)
Missing 0 1

Diagnosis 0.6345
Polycythemia Vera (PV) 16 (42.1) 5 (31.3)
Essential Thrombocythemia (ET) 16 (42.1) 9 (56.3)
Myelofibrosis (MF) 6 (15.8) 2 (12.5)
Missing 0 1

Time Since Diagnosis 0.9283
< 1 year ago 3 (7.9) 1 (6.2)
1-3 years ago 11 (28.9) 4 (25.0)
> 3 years ago 24 (63.2) 11 (68.8)
Missing 0 1

Presence of Enlarged Spleen 0.2346
Yes 16 (42.1) 4 (25.0)
No 22 (57.9) 12 (75.0)
Missing 0 1

History of Anemia 0.8076
Yes 18 (47.4) 7 (43.8)
No 20 (52.6) 9 (56.2)
Missing 0 1

Ruxolitinib/Other JAK-Inhibitor Treatment 0.8331
Yes 4 (10.5%) 2 (12.5)
No 34 (89.5%) 14 (87.5)
Missing 0 1

Body Mass Index (BMI; M±SD) 24.9 (+/-4.2) 25.6 (+/-4.6) 0.6908
Education 0.1378
<High school 0 (0.0) 0 (0.0)
High school diploma 1 (2.6) 2 (12.5)
Some college 4 (10.5) 4 (25.0)
Associates/2-year degree 8 (21.1) 0 (0.0)
Bachelor’s degree 12 (31.6) 5 (31.3)
Graduate school or above 13 (34.2) 5 (31.3)
Missing 0 1

Marital status, n (%) 0.7159
Single 2 (5.3) 2 (12.5)
Partnered/in a relationship 2 (5.3) 0 (0.0)
Married 30 (78.9) 13 (81.3)
Separated 1 (2.6) 0 (0.0)
Divorced 3 (7.9) 1 (6.3)
Missing 0 1 table continues on next page



Clicky, except during week 11 of the intervention
(P=0.049). Although slightly less than 40% of partici-
pants completed ≥60 minutes/week of yoga, the average
participation was just marginally lower (i.e., 10 minutes)
than what we prescribed. The completion of ~50 min-
utes/week (self-report) is promising, especially consider-
ing the high levels of fatigue reported in this population.11 

Of those that completed the 12-week intervention,
82% (n=31/38) completed the mid-point questionnaire,
79% (n=30/38) completed the post-intervention ques-
tionnaire, 74% (n=28/38) completed the follow-up ques-
tionnaire and 78% (n=356/456) of the daily logs were
completed (i.e., practicality). Other studies in cancer
patients utilizing daily reporting have described mixed
compliance rates from 41% (daily reporting of sleep)  to
88% (daily reporting of quality of life [QoL]).12,13 The rel-
atively high compliance of MPN patients in completing
their daily logs demonstrates the practicality of online
yoga for these patients.
Table 2 describes pre-post changes in symptom burden

and patient-reported outcomes. There were significant

improvements in total symptom burden, anxiety, depres-
sive symptoms, sleep disturbance and fatigue after the
12-week intervention as well as significant improve-
ments in outcomes at follow up (i.e., week 16), except for
fatigue. Additionally, there were no significant differ-
ences in outcomes between those who averaged less
than the 60 min/week prescribed weekly yoga duration
and those who averaged more. These findings are prom-
ising and provide the justification to explore the effective-
ness of using yoga to improve symptom burden in MPN
patients in a randomized controlled trial.
There are limitations to note, including: 1) the poten-

tial for selection bias due to the study being advertised as
an online yoga study, 2) the lack of a control group for
determining effectiveness, 3) the potential bias in exclud-
ing those diagnosed with major depressive disorder, anx-
iety disorder, and/or posttraumatic stress disorder (which
was done to reduce risk in our remote delivery interven-
tion), 4) the self-reported nature of many outcome vari-
ables (i.e., questionnaires, daily logs, etc.), which has
inherent limitations (e.g., participant recall and social
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Symptom Burden/Patient-Reported Outcomes Mean (SD) d P

Pain Intensity baseline (n=38)* 41.4 (8.8) -- --
Pain Intensity wk 12 (n=30)* -0.1 (8.9) -0.01 0.94
Pain Intensity wk 16 (n=28)* -1.5 (8.4) -0.18 0.34
Anxiety baseline (n=38)* 51.7 (7.3) -- --
Anxiety wk 12 (n=30)* -5.0 (8.0) -0.67 0.002
Anxiety wk 16 (n=28)* -3.9 (8.2) -0.54 0.02
Depression baseline (n=38)* 47.7 (7.7) -- --
Depression wk 12 (n=30)* -2.9 (7.7) -0.41 0.049
Depression wk 16 (n=28)* -4.6 (7.5) -0.62 0.004
Sleep Disturbance baseline (n=38)* 49.7 (6.8) -- --
Sleep disturbance wk 12 (n=30)* -3.8 (3.6) -0.58 <0.001
Sleep Disturbance wk 16 (n=28)* -3.9 (4.9) -0.61 <0.001
Erectile Function baseline (n=4)* 46.6 (2.7) --
Erectile function wk 12 (n=3)* -0.6 (1.1) -- --
Erectile Function wk 16 (n=3)* 0.6 (1.0) -- 0.42
Interest in Sexual Activity baseline (n=38)* 46.3 (7.0) -- --
Interest in Sexual Activity wk 12 (n=29)* 0.8 (3.9) 0.11 0.29
Interest in Sexual Activity wk 16 (n=25)* 0.1 (4.0) 0.01 0.91
Vaginal Discomfort baseline (n=28)* 47.0 (5.6) -- --
Vaginal Discomfort wk 12 (n=19)* -1.5 (3.7) -0.29 0.09
Vaginal Discomfort wk 16 (n=12)* -0.9 (4.4) -0.16 0.51
Sex Life Satisfaction baseline (n=32)* 51.2 (13.2) -- --
Sex Satisfaction wk 12 (n=24)* -0.5 (10.6) -0.04 0.81
Sex Satisfaction wk 16 (n=22)* -3.5 (11.6) -0.24 0.18
Total Symptom Score baseline (n=38)** 35.9 (15.3) -- --
Total Symptom Score wk 12 (n=30)** -4.8 (8.3) -0.36 0.004
Total Symptom Score wk 16 (n=28)** -7.9 (10.1) -0.53 <0.001
Fatigue baseline (n=38)*** 6.6 (2.6) -- --
Fatigue wk 12 (n=30)*** -0.8 (2.2) -0.33 0.04
Fatigue wk 16 (n=28)*** -0.9 (2.5) -0.34 0.06

*NIH PROMIS measure raw score was converted to a standardized t-score with a population mean of 50±10; higher t-scores represent more of that concept being measured.
**The Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score (MPN-SAF TSS) was scored on a possible scale of 0-100; a higher score represents a
greater total symptom burden.  ***Fatigue was a single question on the MPN-SAF TSS with a possible score of 0-10; a higher score represents greater fatigue. 
Note: Cohen's d was used for effect sizes. wk: week.



desirability bias), 5) the potential bias in our study sample
being primarily of a normal body mass index (BMI),
female, and well-educated, which is not representative of
the typical MPN patient population,14 and 6) the fact that
17 study participants dropped out of the study, although
there were no significant differences at baseline between
those that completed the intervention and those that
dropped out.
There is unique potential in using online yoga in MPN

treatment compared to other cancers due to the scarcity
of MPN-specific treatments, the wide dispersion of indi-
viduals with this diagnosis, and the chronic nature of the
disease. Many MPN patients are left traveling outside of
their home state in order to seek their respective treat-
ment. Online, home-based yoga could be an accessible
complementary treatment for patients who do not reside
in proximity to the center in which they are being treat-
ed. Limitations based on the exclusion of nearly a fourth
of those screened in our study was not surprising; depres-
sive symptoms have been reported in up to 63% of MPN
patients in other studies.8,11,13 Procedures for including a
broader range of emotional/mental health compromised
individuals will be developed for future studies, particu-
larly because these very symptoms of emotional distress
are known to be alleviated with mind-body practices
such as yoga.6,7

A 12-week, home-based, online yoga intervention is
feasible in MPN patients and shows preliminary promise
for improving symptom burden. Participants experienced
significant improvements in total symptom burden, anx-
iety, depression, sleep disturbance and fatigue, with no
differences in outcomes between those who completed
more or less than the prescribed 60 minutes of yoga each
week. This is the first study to explore a complementary
approach in MPN patients. Future studies should include
a larger, more diverse sample (e.g., MPN patients with
clinical levels of depression and anxiety, those with an
overweight/obese BMI, more males, and those with
lower education levels) in a randomized controlled trial

in order to confirm the effectiveness of online yoga.
Additionally, the minimum dose of yoga for improving
symptom burden in MPN patients should be explored.
Findings from this study will inform a randomized con-
trolled trial to determine the efficacy of using online yoga
to improve fatigue in MPN patients. 
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