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Research Article

Introduction

The majority of cancer patients, up to 99%, experience can-
cer-related fatigue (CRF) during primary treatments, and 
approximately a third of these patients will continue to 
experience moderate to severe CRF as survivors for months 

and years after treatment.1-9 CRF is characterized by unusual 
decreased physical and mental energy and increased need 
for rest; however, it is not directly correlated to recent phys-
ical exertion and cannot be alleviated by simply sleeping or 
resting.10-15 CRF reduces survivors’ physical ability and 
motivation for performing essential daily activities such as 

855134 ICTXXX10.1177/1534735419855134Integrative Cancer TherapiesLin et al
research-article20192019

Influence of Yoga on Cancer-Related 
Fatigue and on Mediational Relationships 
Between Changes in Sleep and Cancer-
Related Fatigue: A Nationwide, Multicenter 
Randomized Controlled Trial of Yoga in 
Cancer Survivors

Po-Ju Lin, PhD, MPH1 , Ian R. Kleckner, PhD, MPH1, Kah Poh Loh, MD1 ,  
Julia E. Inglis, PhD1, Luke J. Peppone, PhD, MPH1, Michelle C. Janelsins, PhD, MPH1, 
Charles S. Kamen, PhD, MPH1, Charles E. Heckler, PhD, MS1, Eva Culakova, PhD1, 
Wilfred R. Pigeon, PhD1, Pavan S. Reddy, MD2, Michael J. Messino, MD3,  
Rakesh Gaur, MD, MPH4, and Karen M. Mustian, PhD, MPH1

Abstract
Background: Cancer-related fatigue (CRF) often co-occurs with sleep disturbance and is one of the most pervasive 
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Methods: Four hundred ten cancer survivors were recruited to a nationwide multicenter phase III RCT comparing the 
effect of YOCAS to standard survivorship care on CRF and examining the mediating effects of changes in sleep, stemming 
from yoga, on changes in CRF. CRF was assessed by the Multidimensional Fatigue Symptom Inventory. Sleep was assessed 
via the Pittsburgh Sleep Quality Index. Between- and within-group intervention effects on CRF were assessed by analysis 
of covariance and 2-tailed t test, respectively. Path analysis was used to evaluate mediation. Results: YOCAS participants 
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cleaning the house, walking, climbing stairs, and engaging 
in social activities.6,16 Importantly, due to the lack of physi-
cal and mental energy, CRF prevents some survivors from 
completing post-primary medical treatments (eg, hormonal 
and biologic therapies, medical follow-ups). These noxious 
CRF effects negatively affect survivors’ recovery by impair-
ing physical and mental function, interfering with recovery 
and resumption of normal life activities, and reducing over-
all survival.6,16-18

Cancer-related sleep disturbance is also commonly expe-
rienced by survivors. Fifty-one percent to 90% of cancer 
survivors experience some form of sleep disturbance such 
as having difficulty falling asleep and staying asleep, early 
and frequent awakenings, and excessive daytime sleepiness 
that leads to excessive daytime dysfunction such as exces-
sive napping.19-22 Sleep disturbance in cancer survivors 
negatively influences cancer biology, daily physical and 
mental function, recovery and resumption of daily activi-
ties, and overall quality of life.23-25

CRF and sleep disturbance are highly correlated and co-
occur.3,4,9,22,26-31 Because these 2 toxicities often co-occur, it 
is hypothesized that the sleep disturbance stemming from 
cancer and its treatments contributes to the CRF experi-
enced by patients. Practitioners and patients often believe 
that improvements in sleep will automatically lead to 
improvements in CRF. While this may be true in part, it is 
plausible that CRF is influenced via multiple mechanistic 
pathways and this is why it is not possible to simply sleep or 
rest CRF away.

In a phase III randomized control trial (RCT), we dem-
onstrated that cancer survivors who participated in the 
4-week standardized Yoga for Cancer Survivors (YOCAS) 
program significantly improved overall and subjective 
sleep quality and reduced daytime dysfunction (eg, exces-
sive napping) and sleep medication use compared with 
standard survivorship care alone.32 A number of small phase 
I/II studies suggest that yoga is an effective treatment for 
CRF.33-41 To our knowledge, no nationwide, multicenter, 
phase III RCT has tested whether yoga is an effective treat-
ment for CRF or whether improvements in sleep resulting 
from yoga are responsible for all or part of yoga-induced 
improvements in CRF among cancer survivors. Therefore, 
the purpose of this study is to report 2 secondary outcomes 
from our phase III RCT: (1) the effect of YOCAS on CRF 
and (2) whether YOCAS-induced changes in sleep medi-
ated changes in CRF.

Methods

Study Design

We conducted a nationwide, multicenter, phase III RCT via 
the University of Rochester Cancer Center (URCC) National 
Cancer Institute (NCI) Community Oncology Research 
Program (NCORP) Research Base. Participants were 
recruited from 12 NCORP community oncology practices 
through direct contact by study coordinators at clinic visits 
across the United States. This study received approval from 
the institutional review boards at the University of Rochester 
and each of the participating NCORP community oncology 
practices. Study coordinators recruited participants in cohorts 
of 20 to 30 and obtained written informed consent. Study par-
ticipants were registered and randomly assigned to 1 of 2 
interventions: (1) standard survivorship care plus the 4-week 
YOCAS intervention or (2) standard survivorship care alone. 
Randomization was stratified by gender and pre-intervention 
sleep disturbance (≤5 or >5 on an 11-point Symptom 
Inventory scale, with 0 = no sleep disturbance and 10 = worst 
possible sleep disturbance). A computer-generated random 
numbers table (blocks of 2, allocation ratio of 1:1) was used 
to determine intervention assignment. After study coordina-
tors completed participant registration, they received an 
email containing the random allocation generated by the 
website. For the analyses performed in the current study, the 
principal investigator was blinded to the allocation.

Participants

Inclusion criteria included the following: (1) diagnosis of any 
type of cancer; (2) completion of primary treatment 2 to 24 
months prior to enrollment; (3) persistent sleep disturbance 
(≥3 on 11-point Symptom Inventory scale, with 0 = no sleep 
disturbance and 10 = worst possible sleep disturbance); (4) 
age ≥21 years; and (5) ability to read and understand English. 
Participants were excluded if they (1) regularly practiced 
yoga within 3 months before enrollment; (2) were diagnosed 
with sleep apnea or metastatic cancer; and (3) were currently 
receiving primary cancer treatments such as surgery, chemo-
therapy, or radiation therapy.

Yoga Intervention

The standardized YOCAS program, designed by research-
ers at the University of Rochester Medical Center, was used 
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for the yoga therapy intervention. Each YOCAS session 
consisted of breathing exercises, physical alignment pos-
tures, and mindfulness exercises. The breathing exercises 
included slow, controlled, diaphragmatic breaths, and 
breathing coordinated with movement. The physical align-
ment postures included 16 Gentle Hatha and Restorative 
yoga poses, including seated, standing, transitional, and 
supine poses. The mindfulness exercises included medita-
tion, visualization, and affirmation.32 The intensity of 
YOCAS was low to moderate.42

Each YOCAS session lasted 75 minutes and was deliv-
ered twice per week for 4 weeks. YOCAS sessions were 
conducted in a group setting of 10 to 15 participants, deliv-
ered by Yoga Alliance–registered instructors in community-
based sites (eg, community centers, cancer centers, yoga 
studios). To ensure the standardization, quality, and fidelity 
of the yoga intervention, all instructors were required to 
take a 2-hour standardized training session provided by the 
URCC research team. A detailed YOCAS manual and DVD 
were also provided to instructors for delivering standard-
ized yoga classes. The study coordinator at each NCORP 
community oncology practice performed a random, inde-
pendent observation of YOCAS sessions in order to verify 
the content was delivered as planned.

Standard Survivorship Care Intervention

Participants in the standard survivorship care intervention 
continued with follow-up care from their oncologists and 
primary care providers. They received the same amount of 
time and attention from study staff during the assessments, 
minus the contact time associated with yoga attendance. 
Participants in the standard survivorship care intervention 
were offered the opportunity to participate in the YOCAS 
program after completing the study.

Measures

Race and ethnicity information was collected using the NCI 
Cancer Therapy Reporting Program criteria for clinical tri-
als. Participants identified themselves as 1 of 3 racial cate-
gories: white, African American, or Other. Additional 
demographic and clinical information was collected using 
study-specific forms and participants’ medical records to 
confirm eligibility as well as for descriptive reporting pur-
poses. Participants were instructed to continue their routine 
activities and not engage in any new yoga or exercise dur-
ing the study in order to prevent yoga and exercise contami-
nation. Adherence and compliance were monitored by daily 
diaries and yoga session attendance records. Adverse events 
were monitored using NCI Common Terminology Criteria 
for Adverse Events and reported to the URCC Data Safety 
Monitoring Committee.

Cancer-Related Fatigue

CRF was measured using the short form of the 
Multidimensional Fatigue Symptom Inventory (MFSI)43,44 
at pre- and post-intervention. MFSI is a 30-item self-report 
and validated fatigue instrument. Each item is rated on a 
5-point scale from 0 = not at all to 4 = extremely. MFSI has 
a total CRF score and 5 subdomain scores: general, physical, 
emotional, mental, and vigor subdomains of CRF.

Sleep

Sleep quality was evaluated using the Pittsburgh Sleep 
Quality Index (PSQI) at pre- and post-intervention. PSQI 
includes an overall sleep quality score and subdomain 
scores calculated from 7 sleep components including sub-
jective sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbance, sleep medication use, 
and daytime dysfunction (eg, excessive napping).45

Statistical Analyses

Of the 410 participants, 328 provided fully evaluable pre- 
and post-intervention CRF data. The sample size of 328 par-
ticipants (YOCAS, n = 168; standard survivorship care, n = 
160) provided 90% power to detect the effect size of 0.31 in 
between-group differences in Total MFSI scores assuming a 
correlation coefficient of 0.5 between pre- and post-interven-
tion assessments at a significance level of 5% with a 2-sided 
F test using analysis of covariance (ANCOVA).

Between-group differences for demographic and pre-
intervention clinical data were examined with a 2-tailed t 
test for continuous variables and a χ2 test for categorical 
variables. ANCOVA, with intervention condition as the 
group factor and pre-intervention CRF as the covariate, 
was used to examine the between-group intervention 
effect on CRF at post-intervention. An effect size was cal-
culated using between-group ANCOVA estimates in MFSI 
scores divided by the standard deviation of pre-interven-
tion MFSI scores. The within-group intervention effect on 
CRF was assessed by a 2-tailed paired t test. ANCOVA 
and t tests were performed with SAS 9.4 (SAS Institute 
Inc, Cary, NC).

The mediation analyses were conducted only among 
participants who provided complete sleep and CRF data at 
pre- and post-intervention for the PSQI overall score and all 
subdomain scores (all N = 321). Because our mediation 
analyses included 4 to 7 fewer participants on the PSQI sub-
domains of subjective sleep quality, sleep medication use, 
and daytime dysfunction compared with the number of par-
ticipants included in our original published analyses,32 we 
reevaluated between-group intervention effects on subjec-
tive sleep quality, sleep medication use, and daytime dys-
function in the current study.
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The mediational relationships were evaluated using path 
analysis on change scores in overall PSQI, subjective sleep 
quality, sleep medication use, and daytime dysfunction with 
Total MFSI as the dependent variable to derive path coeffi-
cients. Each mediation model included 3 paths: (1) a direct 
path between the intervention condition (YOCAS vs stan-
dard survivorship care) and CRF; (2) a path between the 
intervention condition and 1 of the 4 sleep outcomes; and 
(3) a path between the sleep outcome and CRF.46-48 
Mediation analysis (using R 3.5.1) was assessed using non-
parametric bootstrap 95% confidence intervals (CIs) for the 
indirect path coefficient from the intervention condition to 
CRF on each sleep outcome. Because both sleep quality and 
CRF were assessed at the same time, we conducted χ2 
goodness of fit tests to determine whether sleep quality 
mediated CRF or vice versa, using MPlus, version 7.4 
(Muthén & Muthén, Los Angeles, CA). Statistical signifi-
cance was determined for P ≤ .05.

Reported results were based on complete case analyses 
because analyses revealed that missing data were missing 
completely at random,49 and no substantive differences 
were shown between analyses with complete cases versus 
estimated data with multiple imputations (using fully condi-
tional specification method SAS PROC MI:FCS).50 
Analyses followed the intent-to-treat principle51,52 by keep-
ing participants in the arm they were randomized to for 
complete case analyses regardless of whether they partici-
pated in yoga or not and by utilizing data from all partici-
pants (N = 410) for multiple imputations.50

Results

Four hundred thirteen cancer survivors were consented 
from 12 NCORP affiliate sites. Three survivors were found 
ineligible after consent. A total of 410 eligible participants 
were randomly assigned to YOCAS (n = 206) or the stan-
dard survivorship care (n = 204) intervention. Among the 
410 participants, 358 participants provided complete pre-
intervention CRF data, 328 participants provided complete 
pre- and post-intervention CRF data, and 321 participants 
provided complete pre- and post-intervention CRF and 
sleep data. Thirty-eight participants (18%) from the YOCAS 
intervention dropped out due to medical (n = 9), personal (n 
= 19), or unknown reasons (n = 9), and 1 participant started 
an additional yoga program. Fifty-one participants (25%) 
from the standard survivorship care intervention dropped 
out due to medical (n = 4), personal (n = 28), or unknown 
reasons (n = 18), and 1 participant started their own yoga 
practice. The proportion of dropout was not significantly 
different between YOCAS and standard survivorship care 
interventions (P = .12). Figure 1 shows the CONSORT 
diagram.

Demographics and Characteristics of Study 
Participants

Table 1 shows the baseline characteristics of the 358 partici-
pants (YOCAS, n = 177; standard survivorship care, n = 
181) who provided complete pre-intervention CRF data. 

Figure 1. CONSORT diagram.
Abbreviations: YOCAS, Yoga for Cancer Survivors; MFSI, Multidimensional Fatigue Symptom Inventory; PSQI, Pittsburgh Sleep Quality Index.
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The majority of study participants were female (96%), 
white (93%), married or in a committed relationship (73%), 
having some college or higher education (82%), employed 
(82%), and breast cancer (77%) survivors. On average, par-
ticipants were 54.3 ± 10.2 years old and had completed their 
surgery, chemotherapy, and radiation therapy 15.6 ± 8.2 
months prior to enrolling in this study. There were no sig-
nificant group differences with regard to participants’ 
demographics and characteristics. There were no study-
related adverse events.32

Adherence and Compliance
Participants in YOCAS intervention attended an average of 
6.5 of the 8 prescribed sessions and completed 1 additional 
session of yoga per week on their own. All yoga sessions 
were of moderate intensity with an average perceived exer-
tion rating of 3.4 on a 0 to 10 scale (0 = Nothing at all to 10 
= Very, very strong). Participants in the YOCAS arm aver-
aged practicing yoga 182 minutes each week for a total 
average of 728 minutes of yoga over the 4-week interven-
tion period—128 minutes more than the prescribed 600 

Table 1. Demographics and Characteristics of Study Participants.

Characteristics Total (N = 358) YOCAS (n = 177)
Standard Survivorship 

Care (n = 181)

Age, years, mean ± SD 54.3 ± 10.2 55.0 ± 11.1 53.7 ± 9.3
Gender, n (%)  
 Female 344 (96) 169 (95) 175 (97)
 Male 14 (4) 8 (5) 6 (3)
Race/ethnicity, n (%)  
 White 334 (93) 170 (96) 164 (91)
 African American 21 (6) 6 (3) 15 (8)
 Other 3 (1) 1 (1) 2 (1)
Marital status, n (%)  
 Married or committed relationship 261 (73) 126 (71) 137 (75)
 Separated/divorced 52 (15) 25 (14) 27 (15)
 Widowed 15 (4) 11 (6) 4 (2)
 Single 30 (8) 15 (9) 15 (8)
Education, n (%)  
 Some college or higher 292 (82) 147 (83) 145 (80)
 High school graduate 63 (18) 28 (16) 35 (19)
 Less than a high school education 3 (1) 2 (1) 1 (1)
Currently employed, n (%) 292 (82) 150 (85) 142 (79)
Cancer type, n (%)  
 Breast 275 (77) 133 (75) 142 (79)
 Hematologic 25 (7) 13 (7) 12 (7)
 Alimentary 21 (6) 7 (4) 14 (8)
 Gynecologic 16 (5) 10 (6) 6 (3)
 Other 21 (6) 14 (8) 7 (4)
Cancer stage, n (%)  
 Stage 0 17 (5) 9 (5) 8 (4)
 Stage I 127 (36) 56 (32) 71 (39)
 Stage II 122 (34) 62 (35) 60 (33)
 Stage III 57 (16) 28 (16) 29 (16)
 Stage IV 10 (3) 7 (4) 3 (2)
 Unknown 25 (7) 15 (9) 10 (6)
Previous treatment, n (%)  
 Surgery 324 (91) 160 (90) 164 (91)
 Chemotherapy 255 (71) 129 (73) 126 (70)
 Radiation therapy 239 (67) 119 (67) 120 (66)
 Hormonal therapy 26 (7) 12 (7) 14 (8)
Current hormonal therapy, n (%) 185 (52) 84 (48) 101 (56)
Time since the completion of treatment, months, mean ± SD 15.6 ± 8.2 14.9 ± 6.8 16.4 ± 9.4

Abbreviation: YOCAS, Yoga for Cancer Survivors.
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minutes of yoga (75 minutes/session × 8 sessions). Yoga 
contamination in the standard survivorship care arm was 
insignificant; 7 participants reported an average of 20 min-
utes of yoga practice weekly during the intervention.

Cancer-Related Fatigue

CRF: Total MFSI. ANCOVA results, controlling for pre-
intervention CRF, showed that participants in the YOCAS 
intervention, compared with those receiving standard survi-
vorship care, had significantly greater improvements in 
CRF (−6.8 ± 1.4, P < .01) at post-intervention (Table 2 and 
Figure 2). Follow-up t tests revealed that YOCAS partici-
pants demonstrated significant improvements in CRF from 
pre- to post-intervention (−9.5 ± 1.2, P < .01), but standard 
survivorship care participants did not (Table 2).

CRF: General, Physical, Emotional, Mental, and Vigor Subdo-
mains. ANCOVA results, controlling for pre-intervention 
levels, showed that participants in the YOCAS intervention, 
compared with those receiving standard survivorship care, 
demonstrated significantly greater improvements in general 
(−2.1 ± 0.5, P < .01), physical (−1.6 ± 0.4, P < .01), emo-
tional (−1.0 ± 0.4, P < .01), and mental (−0.9 ± 0.3, P < .01) 
fatigue, and had significantly higher vigor (1.3 ± 0.4, P < 
.01) at post-intervention (Table 2 and Figure 2). Follow-up 
t tests revealed that YOCAS participants demonstrated sig-
nificant improvements in general (−2.7 ± 0.4, P < .01), 
physical (−2.3 ± 0.3, P < .01), emotional (−1.5 ± 0.3, P < 
.01), mental (−1.7 ± 0.3, P < .01), and vigor (1.5 ± 0.3, P < 
.01) subdomains from pre- to post-intervention, but stan-
dard survivorship care participants did not (Table 2).

Sleep: Overall PSQI Score and Subdomain Scores (Subjective Sleep 
Quality, Sleep Medication Use, and Daytime Dysfunc-
tion). ANCOVA results, controlling for pre-intervention lev-
els, showed that participants in the YOCAS intervention, 
compared with those receiving standard survivorship care, 
demonstrated significantly greater improvements in overall 
sleep quality (−0.8 ± 0.3, P < .01), subjective sleep quality 
(−0.1 ± 0.1, P = .05), and daytime dysfunction (−0.2 ± 0.1, P 
< .01) at post-intervention. YOCAS participants also demon-
strated a statistical trend for greater reductions in sleep medi-
cation use compared with control participants (−0.2 ± 0.1, P 
= .09) at post-intervention (Table 3). These results mirror the 
primary results we previously published.32

Mediation Effect of Yoga-Induced Changes in 
Sleep on CRF

Chi-square goodness of fit tests suggest changes in sleep-
mediated changes in CRF (P = .90, better fit) but not vice 
versa (P = .03, lack of fit). Path results suggest that the addi-
tional improvements in CRF from combining YOCAS with 

standard survivorship care versus standard survivorship 
care alone were mediated by changes in sleep (P < .01). 
Results suggest that the total effect of YOCAS plus stan-
dard survivorship care on CRF (−6.5) included a mediating 
effect whereby 22% (95% CI = 7% to 54%) of the improve-
ments in CRF were attributed to improvements in overall 
sleep quality (−1.4, P < .01; Figure 3). Results also suggest 
that the total effect of YOCAS plus standard survivorship 
care on CRF included a mediating effect whereby 37% 
(95% CI = 23% to 81%) of the improvements in CRF were 
attributed to improvements in daytime dysfunction, a sub-
domain of the overall sleep quality score (−2.4, P < .01; 
Figure 4). Results suggest that no other sleep subdomains 
contributed to the mediation effects of changes in sleep on 
changes in CRF (all P > .05).

Discussion

To our knowledge, this is the first nationwide, phase III, 
multicenter, RCT demonstrating that a standardized, 
4-week, yoga intervention (YOCAS) significantly improves 
CRF and all subdomains of CRF including general, physi-
cal, emotional, and mental fatigue, and vigor in cancer sur-
vivors and that improvements in overall sleep quality and 
daytime dysfunction partially mediate the effect of YOCAS 
on CRF. Our findings suggest that gentle Hatha and 
Restorative-based yoga therapy performed 2 to 3 times per 
week at a moderate intensity over 4 weeks (728 minutes 
total) is effective for treating CRF in cancer survivors. 
Results also suggest that 22% of the YOCAS effects on 
CRF were attributed by improving overall sleep quality. 
More specifically, we found that 37% of the YOCAS effect 
on CRF was due to reducing daytime dysfunction (eg, less 
daytime napping and sleepiness, more daytime activity and 
energy).53,54 This mediation effect of reductions in daytime 
dysfunction on improvements in CRF was also supported 
by the fact that participants reported more vigor (or felt 
more energized) after participating in YOCAS compared 
with receiving standard survivorship care alone. Since no 
other sleep subdomains was found contributing to the medi-
ation effects of changes in sleep on changes in CRF, 
improvements in daytime dysfunction stemming from 
YOCAS contributed the most effect to the mediational rela-
tionship of overall sleep quality and CRF.

These results suggest that yoga may improve overall 
sleep quality, mainly by improving daytime dysfunction, 
and, ultimately, CRF not by simply increasing the amount 
of time a cancer survivor sleeps, but rather by helping can-
cer survivors nap less, feel less sleepy, feel more energized, 
and be more active during the day. In turn, these improve-
ments in daytime dysfunction may reduce sleep inertia and 
create a priming effect for nighttime sleep so that survivors 
sleep better at night leading to improved sleep quality and 
less CRF. One of the distinguishing characteristics of CRF 
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is that it cannot be mitigated by simply resting or sleeping 
more. Existing CRF treatment guidelines suggest that can-
cer survivors limit daytime sleeping and increase daytime 
physical activity.10,11,13,14,55,56 Our results suggest that 
behavioral interventions, like YOCAS, are effective at 
treating impaired sleep and CRF among cancer survivors 
precisely because they reduce daytime napping and 

sleepiness and improve daytime energy and activity, not 
because they lead to increased total sleep time.

Despite these novel and positive findings, our results 
need to be interpreted with limitations in mind. Limitations 
of the current secondary analyses include the following: (1) 
The majority of study participants were highly educated 
white female breast cancers survivors, thereby limiting the 

Figure 3. Mediational effect of overall sleep quality on cancer-related fatigue (data are presented as regression coefficient [standard 
error]; *P ≤ .05).
Abbreviations: CRF, cancer-related fatigue; MFSI, Multidimensional Fatigue Symptom Inventory; YOCAS, Yoga for Cancer Survivors.

Table 3. Between-Group Differences in Overall Sleep Quality, Subjective Sleep Quality, Sleep Medication Use, and Daytime 
Dysfunctiona.

PSQI (Mean ± SE)

YOCAS Versus Standard Survivorship Care

Between-Group Difference P Between-Group Effect Size (95% CI)

Subjective sleep quality −0.1 ± 0.1 .05 −0.19 (−0.39 to 0.00)
Sleep medication use −0.2 ± 0.1 .09 −0.13 (−0.30 to 0.02)
Daytime dysfunction −0.2 ± 0.1 <.01 −0.37 (−0.56 to −0.18)
Overall PSQI −0.8 ± 0.3 <.01 −0.24 (−0.41 to −0.06)

Abbreviations: YOCAS, Yoga for Cancer Survivors; PSQI, Pittsburgh Sleep Quality Index; SE, standard error; CI, confidence interval.
aEach PSQI subdomain score ranges from 0 to 3. The overall PSQI score ranges from 0 to 21. Higher scores indicate worse sleep quality.

Figure 2. Changes in cancer-related fatigue (*P ≤ .05).
Abbreviations: YOCAS, Yoga for Cancer Survivors; MFSI, Multidimensional Fatigue Symptom Inventory.
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generalizability of the results. (2) The study design did not 
compare yoga with an active behavioral placebo controlling 
for specific and nonspecific characteristics. Therefore, we 
cannot assess whether the improvements in daytime dys-
function were specific to yoga. (3) No biophysiological data 
were collected making it impossible to further understand 
the etiological and pathophysiological mechanisms of sleep 
or CRF. (4) The study design only included 2 assessment 
time points, therefore mediational relationships cannot be 
examined temporally. (5) The dose of YOCAS yoga might 
be challenging to some cancer patients with medical, physi-
cal, financial, or environmental difficulties. However, com-
pliance to our yoga intervention was good (81%), suggesting 
that YOCAS yoga is feasible for many cancer survivors. (6) 
No follow-up assessments were done to assess the sustain-
ability of the yoga effect on sleep or CRF.

Conclusions

Our findings suggest that 4 weeks of YOCAS can help alle-
viate CRF in cancer survivors and between 22% and 37% of 
the improvements in CRF resulting from yoga therapy are 
mediated by improvements in sleep, specifically less day-
time dysfunction (eg, less daytime napping and sleepiness, 
increased daytime energy and activity) and better overall 
sleep quality. Oncologists should consider prescribing yoga 
to cancer survivors for treating CRF, especially survivors 
who report both impaired sleep and CRF. Future phase II/III 
RCTs need to (1) test yoga therapy among diverse cancer 
patients and survivor populations and caregivers; (2) com-
pare yoga therapy to known effective treatments for CRF 
such as exercise, psychosocial interventions, and pharma-
ceuticals11; (3) collect and analyze biophysiological data to 
increase knowledge regarding the etiology and pathophysi-
ology of CRF; (4) add intermediate and follow-up assess-
ments to evaluate the mediational relationships and the 
sustainability of yoga effects on CRF; (5) study the dose-
response relationships that can help identify the minimal 
dose required to improve CRF and sleep disturbances; and 
(6) combine yoga with other potential dietary approaches 

such as high-fiber diet, functional foods, juices, and nutra-
ceuticals to elicit greater reductions in CRF.
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