Downloaded on 05-19-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

The Effectiveness of Yoga
on Cancer-Related Fatigue:
A Systematic Review and
Meta-Analysis

Jihong Song, MA, Tao Wang, MA, Yujie Wang, MA, Rong Li, MA, Sitian Niu, BSN,
Litao Zhuo, BSN, Qian Guo, MA, and Xiaomei Li, PhD

PROBLEM IDENTIFICATION: The aim of this

article is to evaluate the effectiveness of yoga on
cancer-related fatigue (CRF) in patients undergoing
chemotherapy and/or radiation therapy.

LITERATURE SEARCH: Relevant English and Chinese
articles were retrieved from medical databases

and included in this analysis. Standardized critical
appraisal instruments from the Joanna Briggs
Institute were adopted for the quality assessment.

DATA EVALUATION: 16 randomized controlled trials
met the inclusion criteria.

SYNTHESIS: Yoga interventions had a positive
effectin reducing CRF among patients undergoing
chemotherapy and/or radiation therapy, but the
adherence to yoga was low. Mixed types of yoga, in
addition to supervised and self-practicing strategies,
were associated with increased patient adherence
and improved CRF.

IMPLICATIONS FOR PRACTICE: Yoga appears to be
a safe and effective exercise for the management of

CRF during chemotherapy and/or radiation therapy;

however, additional high-quality studies are needed

to define an optimal yoga intervention strategy.
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ancer is the second leading cause of

death in the world, with an estimat-

ed 9.6 million deaths occurring in

2018 (World Health Organization,

2018). According to a cancer prog-
ress report released by the American Association for
Cancer Research (2018), the number of new cancer
cases worldwide could increase to 24 million annually
by 2035. With advancements in cancer prevention, di-
agnosis, and treatment, survival rates are continually
increasing; however, the physical and psychological
disorders associated with the occurrence, progres-
sion, and treatment of cancer, including nausea, poor
appetite, fatigue, decreased immunity, anxiety, and
depression, significantly affect the quality of life of
cancer survivors.

Cancer-related fatigue (CRF) is one of the most
common symptoms associated with cancer and is
defined as “a distressing, persistent, subjective sense
of physical, emotional, and/or cognitive tiredness or
exhaustion related to cancer or cancer treatment that
is not proportional to recent activity and interferes
with the usual function” (National Comprehensive
Cancer Network, 2018, p. MS-3). Research has shown
that 60% to 99% of patients undergoing chemotherapy
and/or radiation therapy have reported CRF (Wu et
al,, 2017). Exercise has been examined as one way to
reduce CRF. The American College of Sports Medicine
has recommended that an overall volume of weekly
activity consisting of moderate-intensity exercise for
150 minutes, vigorous-intensity exercise for 75 minutes,
or an equivalent combination is appropriate for cancer
survivors (Schmitz et al., 2010). However, for patients
undergoing chemotherapy and/or radiation therapy,
several reviews have reported that shorter exercise
sessions or lower targeted exercise volume were asso-
ciated with greater improvements in CRF (Carayol et
al., 2015; Kessels et al., 2018; Tian et al., 2016).
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Yoga has been identified as one such low-intensity
exercise. Yoga has its roots in ancient Indian philoso-
phy and, differing from general aerobic exercise, yoga
requires that the practitioner focuses on the integra-
tion, unity, and harmony of inner awareness, breathing,
and body (Carayol et al., 2013; Cramer et al.,, 2017).
There are various styles of yoga related to different
yoga schools. Therapeutic yoga for patients with cancer
commonly involves one or more physical postures,
breathing techniques, and meditation. Research has
demonstrated that yoga can modulate hypothalamic-
pituitary-adrenal dysregulation and improve mental
and physical health (Streeter et al., 2012). However, to
date, insufficient evidence exists to substantiate the
effectiveness of yoga on CRF in patients undergoing
chemotherapy and/or radiation therapy.

A Cochrane review by Cramer et al. (2017) of 24
randomized controlled trials (RCTs), with a total

FIGURE 1. PRISMA Flow Diagram of Literature
Search

Articles identified Duplicates removed
(N=709) (n=121)
m Database search
(n=700)
m Othersources (n=9)

Articles screened Articles excluded
(n=588) (n=526)

Full-text articles Full-text articles
assessed for eligibility excluded (N = 46)
(n=62) m Lessthan 50% treat-
ed with chemotherapy
and/or radiation
therapy (n = 13)
m No CRF assessment
(n=9)
m Full text not available
(n=17)
m Single-arm design
(n=6)
m Articles not in English
Articles included or Chinese (n =5)
(N=16) m Other (n=6)

CRF—cancer-related fatigue; PRISMA—Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
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of 2,166 women undergoing active treatment for
breast cancer, found that yoga reduced CRF when
compared to no therapy or psychoeducation only.
However, the review only included patients with
breast cancer and subgroup analysis could not be
performed. In contrast, a meta-analysis by Pan
et al. (2015) of nine RCTs revealed no significant
relief of fatigue from yoga; however, data con-
cerning CRF during treatment were not extracted
independently.

The effectiveness of a yoga intervention as well
as the amount of yoga to be performed by patients
with CRF remains in question. Several reviews have
attempted to examine this topic, but most have not
been able to perform a meta-analysis, mostly related
to small sample sizes and limited database searching
(Danhauer, Addington, et al., 2015; Danhauer et al.,
2019; Felbel et al., 2014; Harder et al., 2012; Pan et al.,
2015; Sadja & Mills, 2013; Smith & Pukall, 2009; Tolia
et al., 2018; Zuo et al., 2016); several have focused only
on one cancer, particularly breast cancer (Felbel et
al., 2014; Harder et al., 2012; Pan et al., 2015; Zuo et
al., 2016); and some have not extracted and analyzed
information about CRF in patients during chemo-
therapy and/or radiation therapy (Buffart et al., 2012;
Carayol et al., 2015; Pan et al., 2015; Tomlinson et al.,
2014). Therefore, additional large-scale data exam-
inations are needed to determine the effectiveness of
yoga on CRF in patients undergoing chemotherapy
and/or radiation therapy.

Several clinical trials have been conducted to
investigate the effectiveness of yoga on CRF among
cohorts of patients treated for different cancers (Ben-
Josef et al., 2017; Cramer et al., 2016; Lotzke et al.,
2016). The aim of the current review was to assess
the effectiveness and appropriate amount of yoga as
an intervention for adults experiencing CRF while
undergoing chemotherapy and/or radiation therapy,
compared with no therapy or psychoeducation. In
addition, the optimal yoga intervention strategy and
style for reducing CRF, as well as patient adherence
and factors affecting patient adherence, were inves-
tigated. The safety and adverse events of a yoga
intervention during chemotherapy and/or radiation
therapy were also examined.

Methods

The systematic review was performed accord-
ing to an established protocol (PROSPERO No.
CRD42020156435) and presented using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (Moher et al., 2015).
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TABLE 1. Characteristics of Included Studies (N = 16)

Study and Location

Ben-Josefetal., 2017
(United States)

Chakrabarty etal., 2015
(India)

Chandwanietal., 2010
(United States)

Chandwanietal., 2014
(United States)

Chaoul etal., 2018
(United States)

Cohen etal., 2004
(United States)

Danhauer, Griffin, et al.,
2015
(United States)

Dhruva etal., 2012
(United States)

Jinetal.,, 2017
(China)

Jongetal., 2018
(Netherlands)

ONF.ONS.ORG

Sample

Male patients with prostate cancer undergo-
ing radiation therapy; 35 were enrolled in an
intervention group and 33 in a control group.

Female patients with breast cancer undergo-
ing radiation therapy; 80 were enrolled in an
intervention group and 80 in a control group.

Female patients with stage O-IIl breast
cancer undergoing radiation therapy; 30
were enrolled in the intervention group (27
completed), and 31 were enrolled in the
control group (29 completed).

Female patients with stage O-IIl breast
cancer undergoing radiation therapy; 53
were enrolled in a yoga intervention (49
completed), and 56 were enrolled in a
stretching intervention (52 completed).
54 were enrolled in a control group (48
completed).

Female patients with breast cancer under-
going chemotherapy; 74 were enrolled in a
yoga intervention (64 completed), and 68
were enrolled in a stretching intervention
(59 completed). 85 were enrolled in a
control group (79 completed).

Female patients with lymphoma undergo-
ing chemotherapy; 19 were enrolled in an
intervention group, and 19 were enrolled in
a control group.

Female patients with stage I-1ll breast
cancer undergoing chemotherapy; 22 were
enrolled in an intervention group and 18 in
a control group.

Female patients with breast cancer under-
going chemotherapy; 9 were enrolled in an
intervention group and 9 in a control group.

Female patients with breast cancer under-
going chemotherapy; 50 were enrolled in an
intervention group and 50 in a control group.

Female patients with stage I-1ll breast
cancer undergoing chemotherapy and/or
radiation therapy; 47 were enrolled in an
intervention group (39 completed) and 36
in a control group (29 completed).

Intervention

Eischens yoga (mixed);
supervised

Pranayama
(mind-breathing);
supervised

Patanjali yoga tradition;
mixed plus CD

Asanas plus pranayama
yoga; mixed plus CD

Tibetan yoga
(mind-breathing); mixed
plus CD

Tibetan yoga
(mind-breathing); mixed
plus CD

Integral yoga; mixed
plus CD

Pranayama breathing-
based; mixed

Self-design; mixed plus
ch

Dru yoga; mixed plus CD
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Duration

75 minutes per day,
2 days per week

18 minutes twice per
day, 5 days per week

60 minutes per day,
3 days per week

60 minutes per day,
3 days per week

75-90 minutes per ses-
sion, 4 sessions total

1 day per week;
1 self-practice session
per day (no details)

75 minutes per week,
with 45 minutes per
day twice per week of
self-practice

60 minutes per week
supervised; 20-30 min-
utes per day, 6 days per
week, of self-practice

60 minutes per day,
3 days per week

75 minutes per week;
5 minutes per day for
7 days of self-practice

Endpoint
6-9 weeks

6 weeks

6 weeks

6 weeks

7 weeks

10 weeks

16 weeks

12 weeks

Continued on the next page
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TABLE 1. Characteristics of Included Studies (N = 16) (Continued)

Study and Location

Moadel et al., 2007
(United States)

Sohl etal., 2016
(United States)

Tasoetal., 2014

(Taiwan)

Vadiraja et al., 2009

(India)

Wangetal., 2013

(China)

Xiangetal., 2017

(China)

Sample

Female patients with breast cancer under-

going chemotherapy or antiestrogen therapy
or radiation therapy; 108 were enrolled in an
intervention group and 56 in a control group.

9 male and 6 female patients with col-
orectal cancer undergoing chemotherapy;
8 were enrolled in an intervention group
(6 completed) and 7 in a control group (5
completed).

Female patients with breast cancer
receiving adjuvant chemotherapy; 30 were
enrolled in an intervention group and 30 in
a control group.

Female patients with stage II-IIl breast
cancer undergoing adjuvant radiation
therapy; 44 were enrolled in an intervention
group (42 completed) and 44 in a control
group (33 completed).

Female patients with breast cancer under-
going chemotherapy; 50 were enrolled in an
intervention group (40 completed) and 50
in a control group (42 completed).

Female patients with breast cancer under-
going chemotherapy; 24 were enrolled in a
yoga intervention group, 21 were enrolled in
a yoga plus music intervention group, and
23 were enrolled in a control group.

Intervention Duration
Hatha yoga; mixed plus 60 minutes per week
ch with daily self-practice

(no detail)
Self-design; home-base 15 minutes per day,
audio recording 4 days per week
Asanas yoga plus 60 minutes per day,
self-design; supervised 2 days per week
Asanas plus pranayama 60 minutes per week,
yoga; mixed plus CD 3 days per week
Self-design; mixed plus 50 minutes per day,
ch 4 days per week
Self-design; mixed plus 40 minutes 7 times, with

Cch self-practice (no detail)

Inclusion and Exclusion Criteria

The following criteria were required for study

inclusion:

m Participants had to be older than age 18 years and
undergoing chemotherapy and/or radiation ther-
apy (regardless of type of drug or dose) for cancer
(regardless of cancer type or stage).

m Study interventions must include yoga, regardless
of the style, intensity, and duration, and be focused
on yoga, including one or more sessions of posture
yoga, meditation, and pranayama.

m The study must contain a routine care com-
parison group (e.g., standard nursing and/or
psychoeducation).

m The primary outcome was CRF, measured through
a standardized, validated, and reliable psycho-
metric instrument, and the endpoint was during
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or just after the conclusion of the yoga interven-
tion. Secondary outcomes included adherence and
adverse events.

m Experimental and quasiexperimental study designs,
including RCTs and non-RCTs, were included.
Studies were excluded if less than 50% of the total

participant population were those who received chemo-

therapy and/or radiation therapy and the data for which
were not extracted independently; the yoga interven-
tion was combined with other therapy, such as massage,

acupuncture, drug, and nutrition; and the study had a

single-arm design with no comparison group.

Search Strategy

Eight English and Chinese databases, including
PubMed®, Cochrane Library, OVID, EBSCOhost,
ProQuest, CNKI, SINOMED, and Wanfang, were

ONF.ONS.ORG

12 weeks

8 weeks

4 weeks, 8
weeks

6 weeks

16 weeks

4 weeks
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searched for relevant studies from inception to
July 2019. An initial limited search on PubMed and
Cochrane Library was undertaken to identify articles
on the topic. Medical Subject Heading (MeSH) words
and text phrases were used to develop a full search
strategy for the PubMed database. The search strategy,
including MeSH words, text phrases, title, abstract,
keywords, and index terms, were adapted for each
included information source. The languages were lim-
ited to English and Chinese. The reference lists of all
studies selected for critical appraisal were screened for
additional relevant studies.

Study Selection

Following the search, all identified citations were col-
lected and uploaded into EndNote®, version 19.2, and
duplicates were removed. Titles, abstracts, and the
full text were assessed by two independent reviewers
against the inclusion criteria. Any disagreements that
arose between the reviewers at each stage of the study
selection process were resolved through discussion or
with a third reviewer.

Assessment of Methodologic Quality

Eligible studies were critically appraised for method-
ologic quality by two independent reviewers at the
study level using the standardized critical appraisal
instruments from the Joanna Briggs Institute
for experimental and quasiexperimental studies.
The risks of bias were assessed on the following
domains: random sequence generation, allocation
concealment, blinding of participants, intervention
and outcomes assessors, intention-to-treat (ITT)
analysis, selective reporting, and attrition bias. Any
disagreements were resolved through discussion or
with a third reviewer.

Data Extraction

Data were extracted by two independent reviewers
using a standardized data extraction tool. The data
extracted included specific details about the study
characteristics (author, year, and country where the
study was conducted), participant characteristics
(age, gender, and type of cancer), study methods,
treatment, intervention characteristics (the style of
yoga and intensity [minutes per session, sessions
per day, days per week, and total weeks]), and out-
come characteristics (sample size, mean scores and
effect size of CRF, the assessment tool, numbers of
adherence, and adverse events). Authors of respective
articles were contacted to request missing or addi-
tional data or for clarification where required.

ONF.ONS.ORG

Statistical Analyses

Data from studies were pooled for statistical
meta-analysis using RevMan, version 5.3. The main
outcome index was CRF, which was a continuous
variable. However, there were various measuring
instruments. Effect sizes of CRF were expressed as
weighted mean difference for the same measuring
instruments, while standardized mean difference
(SMD) was used to express effect sizes for different
measuring instruments. The 95% confidence inter-
val (CI) was calculated for analysis and modified as
appropriate. Relevant adverse events (sprain, fall,
dizziness) and adherence (defined as patient partic-
ipation in 70% or more of intervention) were binary
outcomes, which were summarized using odds ratio
(OR).

Heterogeneity was assessed statistically using
the standard chi-square and I* tests. Subgroup anal-
yses were performed regardless of the presence or
absence of statistically significant heterogeneity for
the following: (a) types of cancer; (b) types of yoga,
categorized into no postures (pure meditation and/
or breathing without physical exercises), postures
(physical exercises without meditation or breath-
ing), and mixed types (physical exercises with one or
more of meditation and breathing); (¢) intervention
duration, categorized into less than eight weeks and
eight weeks or greater; (d) frequency and intensity
of intervention, including less than 150 minutes per
week or 150 minutes or greater per week; (e) cancer
type, including breast, colorectal, and lung; and (f)
intervention strategies, categorized into supervised
intervention, self-practicing, or mixed. Statistical
analyses were performed using the random-effects
model due to factors that could affect the outcomes;
(e.g., different assessment instruments, yoga styles,
and intervention strategies in studies) (Tufanaru
et al., 2015). Sensitivity analyses were conducted to
exclude studies with high heterogeneity of research
methodology in subgroups, such as yoga style and
variability in the ratio of random distribution.
Publication bias was visually inspected using funnel
plots and formally assessed using statistical tests. For
all statistical analyses, p < 0.05 indicated statistical
significance.

Results

Study Selection

Seven hundred records were identified from searches
of nine databases, and nine additional studies were
identified from other review articles. After dupli-
cates were removed, the titles and abstracts of 588
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articles were screened against eligibility criteria and
526 were excluded, leaving 62 full-text articles. Of
the 62 articles, 46 were excluded for the following
reasons: post-treatment or less than 50% of the total
participants received chemotherapy and/or radiation
therapy (n = 13); no CRF assessment (n = 9); full text
not available (n = 7); single-arm design (n = 6); articles
not in English or Chinese (n = 5); related to the same
process and outcome (n = 3); and no routine care
comparison (n = 3). Sixteen RCTs comprised of 20
intervention groups were included in the final study
(see Figure 1). No quasiexperimental studies met the
inclusion criteria.

Characteristics of Included Studies

The included 16 studies comprised a total of 1,453
patients, of whom 105 were men and 1,348 were
women. The sample size of each study ranged from
15 to 164 patients. Nine studies were conducted in

the United States, three in mainland China, two in
India, one in the Netherlands, and one in Taiwan.
The types of cancer in the studies were breast cancer
(n = 13), prostate cancer (n = 1), lymphoma (n = 1),
and colorectal cancer (n = 1). Patients were receiving
chemotherapy only (n = 9), radiation therapy only
(n = 5), and chemotherapy and/or radiation therapy
(n = 2). Interventions were conducted and compared
with routine care in three studies, and one study mea-
sured CRF at two endpoints (during and after the
intervention). Standard nursing was the comparator
in 14 studies; in two other studies, psychoeducation
was the comparator (see Table 1).

Regarding types of yoga as an intervention in
the studies, 13 were mixed yoga, 2 were no pos-
ture (mind-breathing), and 2 were only posture
(stretching practice). The styles of yoga were vari-
able as well. The duration of the yoga interventions
ranged from 4 to 16 weeks, the frequency of yoga

TABLE 2. Effectiveness of Yoga Intervention on Cancer-Related Fatigue

Yoga Control

Study and Subgroup X SD Total X SD Total Weight (%) SMD 95% CI
Chandwani et al., 2010 1.9 0.7 30 2.5 0.8 31 6.6 -0.79  [-1.31,-0.26]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 6.8 -1.97 [-2.43,-1.51]
Chandwani et al., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 7.1 -0.84  [-1.24,-0.45]
Chaoul et al., 2018 (stretching) 3.7 2.3 68 315 2.5 85 7.3 -0.84 [-0.24, -0.4]
Chaoul et al., 2018 (yoga) 3.2 2.4 74 35 2.5 85 7.3 -0.12 [-0.43,0.19]
Cohen et al., 2004 3.1 1.5 19 3.1 1.5 19 6.1 0.00  [-0.64,0.64]
Dhruva etal., 2012 5.6 21 9 4.8 2.5 9 4.9 0.33 [-0.6, 1.26]
Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 6.9 0.09 [-0.34,0.52]
Moadel etal., 2007 3437  11.26 108 3382 1297 56 7.3 0.05 [-0.28,0.37]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 6.7 0.33 [-0.18,0.84]
Taso etal., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 6.4 -1.56  [-2.14,-0.97]
Vadiraja etal., 2009 3326 238 44 50.52 223 44 6.9 0.74  [-1.17,-0.31]
Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 7 -1.19 [-1.61,-0.76]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 6.4 -0.57  [-1.15,0.02]
Xiang et al., 2017 (yoga plus music) 21.17 5.53 22 25.65 5.79 23 6.3 -0.78 [-1.39,-0.17]

Total (95% CI)? = = 664

- - 629 100 -0.52  [-0.86,-0.18]

2Heterogeneity: tau® = 0.39, X*> = 119.61, df = 14 (p <0.00001), I> = 88%; test for overall effect: Z= 2.97 (p = 0.003)

Cl—confidence interval; SMD—standard mean difference
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interventions ranged from one to seven days per
week, and the total duration of sessions ranged from
60 to 200 minutes per week. In most studies (n =
12), yoga was instituted as a combined supervised
and self-practicing intervention; three studies con-
ducted yoga intervention by supervision, and one
study adopted a home-based strategy. The assess-
ment tools for CRF included the Brief Fatigue
Inventory (BFI) (n = 6), the Cancer Fatigue Scale
(CFS) (n = 4), the Functional Assessment of Cancer
Therapy-Fatigue subscale (n = 2), the Functional
Assessment of Chronic Illness Therapy-Fatigue sub-
scale (n = 1), the revised Piper Fatigue Scale (n =
1), the Multidimensional Fatigue Inventory (n = 1),
and the European Organisation for the Research and

Treatment of Cancer Quality-of-Life Questionnaire—
Core3o (n=1).

Quality Assessment and Risk of Bias

Randomization was used for the assignment of partic-
ipants to different groups in all studies, but detailed
information regarding random sequence generation
was not described in three studies. Only one study
performed cluster randomization, using one clus-
ter for yoga and one for comparison. Apart from
one study that performed a random assignment in
a 2:1 ratio, all others were performed in a 1:1 ratio.
Concealed allocation was reported in seven studies,
of which two did not provide detailed information.
All studies compared baseline data between the yoga

TABLE 3. Subgroup 1: Effectiveness of Yoga on Cancer-Related Fatigue by Instrument

Yoga Control

Study and Subgroup X SD Total X SD Total  Weight(%) SMD 95% Cl

Chandwani etal., 2010 1.9 0.7 30 2.5 0.8 31 16.2 -0.6 [-0.98,-0.22]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 17.9 -0.7 [-0.83,-0.57]
Chandwani etal., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 17.9 -0.3 [-0.43,-0.17]
Chaoul etal., 2018 (stretching) 3.7 23 68 915 2.5 85 12.1 0.2 [-0.56, 0.96]
Chaoul et al., 2018 (yoga) 3.2 2.4 74 3.5 2.5 85 12.1 -0.3 [-1.06, 0.46]
Cohen et al., 2004 3.1 1.5 19 3.1 1.5 19 10.2 0.00 [-0.95, 0.95]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 2.2 1.9 [-0.97,4.77]
Taso etal., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 2 -9.5 [-12.55, -6.45]
Subtotal (95% CI)? - - 360 - - 388 90.5 -0.46  [-0.86,-0.06]

Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 6.2 -1.19  [-1.61,-0.76]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 1.5 -3.57  [-7.11,-0.03]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5.53 22 25.65 5.79 23 1.7 -4.48  [-7.79,-1.17]
Subtotal (95% CI)° - - 96 - - 96 9.5 -4.41  [-5.68,-3.14]

Total (95% CI)® - - 664 - - 629 100 -0.52  [-0.86,-0.18]

2Heterogeneity: tau® = 0.18, X% =58.31, df = 7 (p < 0.00001), I> = 88%; test for overall effect: Z=2.27 (p = 0.02)
°Heterogeneity: tau? = 0.00, X% = 0.25, df = 2 (p < 0.88), I = 0%; test for overall effect: Z= 6.82 (p = 0.00001)
°Heterogeneity: tau? = 0.3, x> = 94.98, df = 10 (p < 0.00001), I> = 89%; test for overall effect: Z= 3.64 (p = 0.0003)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x? = 33.98, df = 1 (p <0.00001), I>’=97.1%
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and control groups. Of all included studies, only one
reported no blinding to outcomes assessors. Two
studies did not report reasons for patient attrition,
and four did not describe details about the patients’
adherence to the intervention. In two studies, patient
attrition and reasons for attrition were significantly
different between the groups. ITT analysis was
performed in nine studies. None of the studies pro-
vided the registered protocol, so the risk of selective
reporting was unclear. Only one study described the
training of outcome assessors, whereas no studies
provided the number of raters and intra-rater reli-
ability. Pseudorandomization was performed in one
study, whereas another study had assessed CRF using
ameasurement scale of unclear validity. These factors

might have affected the quality of trial design and
resulted in biases.

Pooled Effectiveness of a Yoga Intervention on CRF

All 16 studies reported outcomes on CRF. However,
two studies presented the data by median and quar-
tile, one study used only graphical representation,
one study did not calculate the total scores of CRF,
and one study compared the difference in the value
of CRF between the two groups before and after the
intervention. Therefore, 11 studies involving 15 results
were pooled into the meta-analysis. When compar-
ing the total effect on CRF of yoga intervention with
routine care, the pooled SMD was -0.52 (95% CI
[-0.86, —0.18]), indicating that yoga was favorable

TABLE 4. Subgroup 1: Effectiveness of Yoga on Cancer-Related Fatigue by Instrument (Sensitivity Analysis)

Yoga

Control

Study and Subgroup X SD Total

X SD Total  Weight(%) SMD 95% CI

Chandwani etal., 2010 1.9 0.7 30 2.5 0.8 31 21.4 -0.6 [-0.98, -0.22]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 - -0.7 [-0.83,-0.57]
Chandwani etal., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 22.7 -0.3 [-0.43,-0.17]
Chaoul etal., 2018 (stretching) 3.7 2.3 68 15 2.5 85 - 0.2 [-0.56,0.96]
Chaoul et al., 2018 (yoga) 3.2 24 74 3.5 25 85 17.8 -0.3 [-1.06,0.46]
Cohen et al., 2004 3.1 1.5 19 3.1 1.5 19 15.8 0.00 [-0.95,0.95]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 4.5 1.9 [-0.97,4.77]
Taso etal., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 - -9.5 [-12.55, -6.45]
Subtotal (95% CI)? - - 206 - - 219 82.3 -0.34  [-0.56,-0.13]

Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 10.9 -4.55  [-6.04,-3.06]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 3.2 -3.57  [-7.11,-0.03]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5.53 22 25.65 5.79 23 3.6 -4.48  [-7.79,-1.17]
Subtotal (95% CI)° - - 96 - - 96 17.7 -4.41  [-5.68, -3.14]

Total (95% CI)® - - 302 - - 315 100 -0.93  [-1.62,-0.25]

2Heterogeneity: tau® = 0.01 x2 = 4.94, df = 4 (p < 0.29), I> = 19%; test for overall effect: Z=3.15 (p = 0.002)
°Heterogeneity: tau? = 0.00, X% = 0.25, df = 2 (p < 0.88), I = 0%; test for overall effect: Z= 6.82 (p = 0.00001)
°Heterogeneity: tau? = 0.53, x? = 44.72, df = 7 (p < 0.00001), I = 84%; test for overall effect: Z= 2.69 (p = 0.007)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x? = 38.41, df = 1 (p <0.00001), I>=97.4%
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and statistically significant in reducing CRF during Subgroup 1: Effectiveness on CRF with different
chemotherapy/radiation thearpy with a large het- assessment instruments: Of the 11 studies included
erogeneity (I*= 88%, p < 0.00001). The funnel plot for meta-analysis, 6 (n = 748 patients) assessed CRF
appeared symmetrical, suggesting a low risk of publi-  using the BFI, which showed the pooled effect of
cation bias (see Table 2). -0.46 (95% CI [-0.86, —0.06]) and high heterogeneity

TABLE 5. Subgroup 2: Effectiveness of Yoga on Cancer-Related Fatigue by Yoga Type
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Yoga Control

Study and Subgroup X SD Total X SD Total  Weight(%) SMD 95% CI

Chandwani etal., 2010 1.9 0.7 30 2.5 0.8 31 6.6 -0.79  [-1.31,-0.26]
Chandwani et al., 2014 (yoga) 2.9 0.3 58 3.2 0.4 54 7.1 -0.84  [-1.24,-0.45]
Cohen et al., 2004 3.1 15 19 3.1 1.5 19 6.1 0.00 [-0.64,0.64]
Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 6.9 0.09 [-0.34,0.52]
Moadel et al., 2007 3437 1126 108 33.82 1297 56 7.3 0.05 [-0.28,0.37]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 6.7 0.33 [-0.18,0.84]
Taso etal., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 6.4 -1.56  [-2.14,-0.97]
Vadiraja et al., 2009 33.26 238 44 50.52 223 44 6.9 -0.74  [-1.17,-0.31]
Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 7 -1.19  [-1.61,-0.76]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 6.4 -0.57 [-1.15,0.02]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5.53 22 25.65 5.79 23 6.3 -0.78  [-1.39,-0.17]
Subtotal (95% CI)? - - 457 - - 396 73.6 -0.54  [-0.89,-0.19]

Chaoul et al., 2018 (yoga) 3.2 2.4 74 3.5 2.5 85 7.3 -0.12 [-0.43,0.19]
Dhruva etal., 2012 5.6 2.1 9 4.8 2.5 9 4.9 0.33 [-0.6, 1.26]
Subtotal (95% CI)° - - 83 - - 94 12.3 -0.08 [-0.37,0.22]

Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 6.8 -1.97 [-2.43,-1.51]
Chaoul et al., 2018 (stretching) 3.7 2.3 68 313 2.5 85 7.3 0.08 [-0.24,0.4]
Subtotal (95% Cl) - - 124 - - 139 14.2 -0.94 [-2.95, 1.08]

Total (95% CI)* - - 664 - - 629 100 -0.52  [-0.86,-0.18]

Heterogeneity: tau® = 0.28, x? = 59.33, df = 10 (p < 0.00001), I> = 83%; test for overall effect: Z=3.03 (p = 0.002)
®Heterogeneity: tau? = 0.00, X* = 0.81, df = 1 (p < 0.37), I> = 0%; test for overall effect: Z= 0.5 (p = 0.61)
°Heterogeneity: tau® = 2.07, x?=51.95, df = 1 (p < 0.00001), I> = 98%; test for overall effect: Z= 0.91 (p = 0.36)
dHeterogeneity: tau? = 0.39, x> = 119.61, df = 14 (p < 0.00001), I = 88%; test for overall effect: Z=2.97 (p = 0.003)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x?=4.35,df=2 (p<0.11), I>=54%
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(1> = 88%, p < 0.00001). Two studies (n =192 patients)
measured CRF using the CFS, which demonstrated
the pooled effect of —4.41 (95% CI [-5.68, 3.14]) and
low heterogeneity (I* = 0%, p = 0.88) (see Table 3).
The other four studies measured CRF using a differ-
ent instrument; therefore, the measured data from
these studies were not merged in the analysis. The
difference between subgroups was statistically sig-
nificant (I*= 97.1%, p < 0.00001), indicating that the

assessment instrument was an important factor con-
tributing to heterogeneity. A sensitivity analysis was
performed for the BFI subgroup, which showed that
the heterogeneity was reduced (I* = 19%, p = 0.29)
following the omission of three interventions, and
the outcome appeared stable (SMD = -0.34, 95% CI
[-0.56, -0.13]) (see Table 4).

Subgroup 2: Effectiveness on CRF by yoga type:
Of the included studies, 11 interventions (n = 853
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TABLE 6. Subgroup 3: Effectiveness of Yoga on Cancer-Related Fatigue by Intervention Strategies

Yoga Control
Study and Subgroup X SD Total X SD Total  Weight(%) SMD 95% CI
swevsed
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 6.7 0.33 [-0.18,0.84]
Taso et al., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 6.4 -1.56  [-2.14,-0.97]
Subtotal (95% CI)* - - 60 - - 60 13 -0.61 [-2.46,1.24]
SwewssdpussabpEcics
Chandwani et al., 2010 1.9 0.7 30 2.5 0.8 31 6.6 -0.79  [-1.31,-0.26]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 6.8 -1.97  [-2.43,-1.51]
Chandwani et al., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 7.1 -0.84  [-1.24,-0.45]
Chaoul et al., 2018 (stretching) 3.7 2.3 68 3.5 2.5 85 7.3 0.08 [-0.24,0.4]
Chaoul etal., 2018 (yoga) 3.2 2.4 74 3.5 2.5 85 7.3 -0.12 [-0.43,0.19]
Cohen etal., 2004 3.1 1.5 19 3.1 1.5 19 6.1 0.00  [-0.64,0.64]
Dhruva etal., 2012 5.6 2.1 9 4.8 2.5 9 4.9 0.33 [-0.6, 1.26]
Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 6.9 0.09 [-0.34,0.52]
Moadel et al., 2007 3437 11.26 108 33.82 1297 56 7.3 0.05 [-0.28,0.37]
Vadiraja et al., 2009 3326 238 44 50.52 223 44 6.9 -0.74  [-1.17,-0.31]
Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 7 -1.19 [-1.61,-0.76]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 6.4 -0.57 [-1.15,0.02]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5.53 22 25.65 5.79 23 6.3 -0.78 [-1.39,-0.17]
Subtotal (95% CI)° - - 604 - - 569 87 -0.51 [-0.86,-0.16]
oesl
Total (95% Cl)® - - 664 - - 629 100 -0.52  [-0.86,-0.18]

2Heterogeneity: tau® = 1.7, x? = 22.84, df = 1 (p < 0.00001), I = 96%; test for overall effect: Z= 0.64 (p = 0.52)
®Heterogeneity: tau? = 0.35, X% =96.73, df = 12 (p < 0.00001), I> = 88%; test for overall effect: Z=2.85 (p = 0.004)
°Heterogeneity: tau® = 0.39, x? = 119.61, df = 14 (p < 0.00001), 1> = 88%; test for overall effect: Z=2.97 (p = 0.003)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x?>=0.01, df= 1 (p <0.92), I> = 0%
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patients) used mixed yoga types; the pooled effect
on CRF was -0.54 (95% CI [-0.89, —0.19]) with sub-
stantial heterogeneity (I* = 83%, p < 0.00001). Two
interventions implemented posture-based or no
posture (mind-breathing) yoga, and the pooled
effects were -0.94 (95% CI [-2.95, 1.08], I* = 98%, p <
0.00001) and -0.08 (95% CI [-0.37, 0.22], I* = 0%, p =
0.37), respectively (see Table 5).

Subgroup 3: Effectiveness on CRF by interven-
tion strategies: Ten studies (n = 1,173 patients) had
implemented yoga with combined supervision and

self-practicing strategy. The pooled effect on CRF was
-0.51 (95% CI [-0.86, —0.16]) with substantial hetero-
geneity (I* = 88%, p < 0.00001) (see Table 6). Only
one study instituted yoga intervention by supervised
strategy.

Subgroup 4: Effectiveness on CRF with a variable
weekly duration of yoga intervention: The weekly
total durations of yoga interventions were less than
150 minutes per week in six studies (n = 802 patients)
and 150 minutes or greater per week in four studies
(n = 423 patients). The pooled effect showed that yoga

TABLE 7. Subgroup 4: Effectiveness of Yoga on Cancer-Related Fatigue by Duration of Intervention
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Yoga Control

x|

Study and Subgroup SD Total X SD Total  Weight(%) SMD 95% Cl

Chandwani etal., 2010 1.9 0.7 30 2.5 0.8 31 7 -0.79  [-1.31,-0.26]
Chaoul et al., 2018 (stretching) 3.7 2.3 68 & 2.5 85 7.8 0.08 [-0.24,0.4]

Chaoul et al., 2018 (yoga) 3.2 24 74 3.5 25 85 7.8 -0.12 [-0.43,0.19]
Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 7.4 0.09 [-0.34,0.52]
Moadel et al., 2007 3437 11.26 108 33.82 1297 56 7.8 0.05 [-0.28,0.37]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 7.1 0.33 [-0.18,0.84]
Taso et al., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 6.8 -1.56  [-2.14,-0.97]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 6.8 -0.57 [-1.15,0.02]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5.53 22 25.65 5.79 23 6.7 -0.78  [-1.39,-0.17]
Subtotal (95% CI)? - - 433 - - 399 65.1 -0.32 [-0.65,0.01]

Chandwani et al., 2014 (stretching) 25 0.3 56 3.2 0.4 54 7.3 -1.97  [-2.43,-1.51]
Chandwani et al., 2014 (yoga) 2.9 0.3 59 3.2 0.4 54 7.5 -0.84  [-1.24,-0.45]
Dhruva etal., 2012 5.6 2.1 9 4.8 25 9 5.3 0.33 [-0.6, 1.26]

Vadiraja et al., 2009 3326 238 44 50.52 223 44 7.4 -0.74  [-1.17,-0.31]
Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 7.4 -1.19  [-1.61,-0.76]
Subtotal (95% CI)° - - 212 - - 211 34.9 -0.96 [-1.52,-0.4]

Total (95% CI)® - - 645 - - 610 100 -0.55 [-0.91,-0.19]

2Heterogeneity: tau® = 0.2, x> =41.99, df = 8 (p < 0.00001), I? = 81%; test for overall effect: Z= 1.9 (p = 0.06)
°Heterogeneity: tau? = 0.34, x*>=27.3, df = 4 (p < 0.00001), I> = 85%; test for overall effect: Z = 3.33 (p = 0.0009)
°Heterogeneity: tau® = 0.4, x> = 117.65, df = 13 (p < 0.00001), I> = 89%; test for overall effect: Z = 3.03 (p = 0.002)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x? = 3.64, df = 1 (p < 0.06), 1> = 72.5%
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intervention of 150 minutes or greater per week sig-
nificantly reduced CRF (-0.96, 95% CI [-1.52, —0.4],
I* = 85%, p < 0.0001) compared to routine care. When
the yoga intervention was less than 150 minutes per
week, CRF was only reduced slightly and not signifi-
cantly different compared to routine care (-0.32, 95%
CI [-0.65, 0.01], I* = 81%, p < 0.00001) (see Table 7).
Subgroup 5: Effectiveness on CRF with different

in seven studies (n = 868 patients) was less than
eight weeks, and five studies (n = 425 patients) had
an intervention of eight weeks or greater. The pooled
effect showed that yoga intervention of less than
eight weeks reduced the CRF during chemotherapy,
and the difference between the groups was statis-
tically significant (-0.54, 95% CI [-0.95, —0.12], I* =
88%, p < 0.00001). However, when comparing yoga

intervention durations: The duration of intervention intervention and routine care in relieving CRF for

TABLE 8. Subgroup 5: Effectiveness of Yoga on Cancer-Related Fatigue by Total Duration of Intervention

Yoga Control

Study and Subgroup X SD Total X SD Total  Weight(%) SMD 95% CI

Chandwani etal., 2010 1.9 0.7 30 2.5 0.8 31 6.6 -0.79  [-1.31,-0.26]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 6.8 -1.97  [-2.43,-1.51]
Chandwani etal., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 7.1 -0.84  [-1.24,-0.45]
Chaoul etal., 2018 (stretching) 3.7 23 68 915 2.5 85 7.3 0.08 [-0.24,0.4]

Chaoul et al., 2018 (yoga) 3.2 2.4 74 3.5 2.5 85 7.3 -0.12 [-0.43,0.19]
Cohen etal., 2004 3.1 1.5 19 3.1 1.5 19 6.1 0.00 [-0.64,0.64]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 6.7 0.33 [-0.18,0.84]
Vadiraja et al., 2009 33.26 238 44 50.52 223 44 6.9 -0.74  [-1.17,-0.31]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 6.4 -0.57 [-1.15,0.02]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5158 22 25.65 5.79 23 6.3 -0.78  [-1.39,-0.17]
Subtotal (95% CI)? - - 420 - - 448 67.5 -0.54  [-0.95,-0.12]

Dhruva etal., 2012 5.6 2.1 9 4.8 2.5 9 4.9 0.33 [-0.6, 1.26]

Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 6.9 0.09 [-0.34,0.52]
Moadel et al., 2007 34.37 11.26 108 33.82 12.97 56 7.3 0.05 [-0.28,0.37]
Taso et al., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 6.4 -1.56  [-2.14,-0.97]
Wangetal., 2013 20.12 3.78 50 24.67 3.83 50 7 -1.19  [-1.61,-0.76]
Subtotal (95% CI)° - - 244 - - 181 32.5 -0.47 [-1.18,0.23]

Total (95% CI)® - - 664 - - 629 100 -0.52  [-0.86,-0.18]

2Heterogeneity: tau® = 0.39, X% = 76.49, df = 9 (p < 0.00001), I> = 88%; test for overall effect: Z=2.55 (p = 0.01)
®Heterogeneity: tau? = 0.56, X% = 42.81, df = 4 (p < 0.00001), I* = 91%; test for overall effect: Z= 1.32 (p = 0.19)
°Heterogeneity: tau? = 0.39, x* = 119.61, df = 14 (p < 0.00001), I> = 88%; test for overall effect: Z=2.97 (p = 0.003)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: x?=0.02, df= 1 (p <0.88), I> = 0%
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the duration of eight weeks or greater, there was no
statistically significant difference in the pooled effect
(-0.47, 95% CI [-1.18, 0.23], I = 91%, p < 0.00001)
(see Table 8).

Subgroup 6: Effectiveness on CRF by cancer type:
Ten studies examined the effectiveness of yoga on
CRF in patients with breast cancer, which showed the
pooled effect of -0.46 (95% CI [-0.58, —0.35]) with
high heterogeneity (I* = 89%, p < 0.00001) (see Table 9).

Pooled Effects of Adherence to Yoga Intervention

Fourteen studies reported the adherence rate to inter-
vention, which ranged from 7% to 100%. One study
reported 100% adherence; however, this was not esti-
mated in the pooled result. The adherence rates of
13 studies were pooled into the meta-analysis (see
Table 10), which showed a pooled OR of 0.55 (95%
CI [0.4, 0.74]) with medium heterogeneity (I* = 66%,
p = 0.0002). The funnel plot appeared asymmetrical,

TABLE 9. Subgroup 6: Effectiveness of Yoga on Cancer-Related Fatigue by Cancer Type

Yoga Control
Study and Subgroup X SD Total X SD Total  Weight(%) SMD 95% CI
e
Chandwani et al., 2010 1.9 0.7 30 2.5 0.8 31 4.8 -0.79  [-1.31,-0.26]
Chandwani et al., 2014 (stretching) 2.5 0.3 56 3.2 0.4 54 6.2 -1.97 [-2.43,-1.51]
Chandwani et al., 2014 (yoga) 2.9 0.3 53 3.2 0.4 54 8.3 -0.84  [-1.24,-0.45]
Chaoul etal., 2018 (stretching) 3.7 2.3 68 3.5 2.5 85 12.8 0.08 [-0.24,0.4]
Chaoul et al., 2018 (yoga) 3.2 2.4 74 3.5 2.5 85 13.4 -0.12 [-0.43,0.19]
Dhruva etal., 2012 5.6 2.1 9 4.8 2.5 9 1.5 0.33 [-0.6, 1.26]
Jongetal., 2018 14.6 4.5 47 14.2 4.2 36 6.9 0.09 [-0.34,0.52]
Moadel etal., 2007 3437 11.26 108 33.82 1297 56 12.5 0.05  [-0.28,0.37]
Taso etal., 2014 (4 weeks) 16.8 6.7 30 14.9 4.4 30 5 0.33 [-0.18,0.84]
Taso etal., 2014 (8 weeks) 10.9 6.9 30 20.4 5 30 3.8 -1.56  [-2.14,-0.97]
Vadiraja etal., 2009 3326 238 44 50.52 223 44 7 -0.74  [-1.17,-0.31]
Wang et al., 2013 20.12 3.78 50 24.67 3.83 50 7.2 -1.19 [-1.61,-0.76]
Xiang etal., 2017 (yoga) 22.08 6.57 24 25.65 5.79 23 3.8 -0.57  [-1.15,0.02]
Xiang etal., 2017 (yoga plus music) ~ 21.17 5158 22 25.65 5.79 23 3.5 -0.78 [-1.39,-0.17]
Subtotal (95% CI)* - - 645 - - 610 96.8 -0.46  [-0.58,-0.35]
meeems
Cohen etal., 2004 3.1 1.5 19 3.1 1.5 19 3.2 0.00  [-0.64,0.64]
Subtotal (95% CI)° - - 19 - - 19 3.2 0.00 [-0.64,0.64]
oesl
Total (95% Cl)® - - 664 - - 629 100 -0.45 [-0.56,-0.33]

2Heterogeneity: X% = 117.65, df = 13 (p < 0.00001); I> = 89%; test for overall effect: Z=7.81 (p = 0.00001)
®Heterogeneity: Not applicable; test for overall effect: Z=0.00 (p = 1.00)

°Heterogeneity: x*> = 119.61, df = 14 (p < 0.00001); I> = 88%; test for overall effect: Z= 7.68 (p = 0.00001)
Cl—confidence interval; SMD—standard mean difference

Note. Test for subgroup differences: X% = 1.97, df = 1 (p = 0.16), I = 49.2%
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indicating a potential risk of publication bias. Sensitivity
analysis showed that there was significant heterogeneity
in two studies; when removed, the pooled OR of adher-
ence between the groups was 0.65 (95% CI [0.46, 0.94])
with low heterogeneity (I* = 8%, p = 0.37) (see Table 11).
Additional subgroup analyses were performed.
Subgroup 1: Impact on adherence with a differ-
ent intervention strategy: Two studies involving
128 patients who had performed a yoga intervention
via supervised-based strategy were examined. The
pooled OR of adherence was 0.18 (95% CI [0.06,
0.52]) with low heterogeneity (I* = 0%, p = 0.81),
indicating that yoga interventions with supervision
contributed to a statistically significant difference in
the odds of adherence between the groups of patients
undergoing chemotherapy and/or radiation therapy.
Ten interventions involving 884 patients who had
performed yoga by supervised-based strategy in addi-
tion to self-practicing strategy were examined. The

pooled OR of adherence was 0.8 (95% CI [0.54, 1.19])
with low heterogeneity (I* = 0%, p = 0.79) (see Table
12).

Subgroup 2: Impact on adherence with different
weekly duration of yoga intervention: Five interven-
tions involving 375 patients who had performed yoga
interventions 150 minutes or greater per week were
examined, as were seven interventions involving 599
patients who had performed less than 150 minutes
per week. One study did not report a detailed weekly
duration of intervention. The pooled OR of adherence
on intervention of 150 minutes or greater per week
and less than 150 minutes per week was 1.09 (95% CI
[0.6, 1.96] with low heterogeneity (I* = 0%, p = 0.89)
and 0.46 (95% CI [0.28, 0.76] with low heterogeneity
(I* = 24%, p = 0.25), respectively (see Table 13).

Subgroup 3: Impact on adherence with different
cancer types: Ten interventions involving 891 patients
with breast cancer had a pooled OR of 0.77 (95% CI

TABLE 10. Effectiveness of Yoga Intervention on Adherence

Yoga Standard Control

Study and Subgroup Events Total [Events Total Weight (%) OR 95% Cl
Ben-Josefetal., 2017 18 35 28 33 12.2 0.19 [0.06, 0.6]
Chandwani et al., 2010 27 30 31 31 3 0.12 [0.01,2.52]
Chandwani et al., 2014 (stretching) 52 56 48 54 3 1.63 [0.43,6.11]
Chandwani et al., 2014 (yoga) 49 53 48 54 3.1 1.53 [0.41,5.77]
Chaoul et al., 2018 (stretching) 59 68 79 85 8.1 0.5 [0.17, 1.48]
Chaoul et al., 2018 (yoga) 64 74 79 85 8.6 0.49 [0.17, 1.41]
Cohen etal., 2004 12 19 14 19 4.5 0.61 [0.15,2.44]
Danhauer, Griffin, et al., 2015 12 22 10 18 4.3 0.96 [0.27, 3.36]
Dhruva etal., 2012 8 9 8 9 0.8 1 [0.05, 18.91]
Jongetal., 2018 40 47 29 36 4.2 1.38 [0.44, 4.36]
Moadel etal., 2007 32 108 44 56 354 1.38 [0.44, 4.36]
Sohl etal., 2016 6 8 5 7 1.2 1.2 [0.12,11.87]
Taso etal., 2014 (8 weeks) 27 30 30 30 3 0.13 [0.01,2.61]
Vadiraja etal., 2009 42 44 33 44 1.3 7 [1.45,33.79]
Wangetal., 2013 40 50 42 50 7.3 0.76 [0.27,2.12]
Total (95% Cl)° 488 653 528 611 100 0.55 [0.4,0.74]

2Heterogeneity: X% = 40.59, df = 14 (p = 0.0002), I> = 66%; test for overall effect: Z = 3.93 (p < 0.0001)

Cl—confidence interval; OR—odds ratio
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[0.51,1.16]) with high heterogeneity (I* = 0%, p = 0.59).
Three studies involving 121 patients with prostate
cancer, lymphoma, and colorectal cancer had a pooled
OR of 0.36 (95% CI [0.16, 0.81]), with medium hetero-
geneity (I* = 29%, p = 0.25) (see Table 14). The validity
of this result was low because of the small sample size.

The results of other subgroup analyses showed
no significant difference among different yoga styles
and intervention durations on patient adherence.
Only four of the included studies reported no adverse
events associated with yoga.

Discussion

This systematic review and meta-analysis included
a reasonably adequate number of studies and total
numbers of patients (n = 16, 1,453 patients), which
provided evidence on the effectiveness of yoga on
CRF in patients undergoing chemotherapy and/or
radiation therapy. Compared with routine care, the

current analysis has demonstrated that yoga could
reduce CRF, which is consistent with findings from
Cramer et al. (2017), but contrary to that of Hilfiker
et al. (2018) and Pan et al. (2015). Small sample sizes
and high heterogeneity between included studies
may have contributed to inaccuracy, inconsistency,
and variability among several systematic reviews.
Also, in previous reviews, additional subgroup analy-
ses were not performed.

Subgroup analysis in the current study demon-
strated that yoga type, intervention strategy, weekly
and total duration, and assessment instrument were
significant factors that affected the reported effective-
ness of yoga on CRF. Most of the studies included in
the current review instituted mixed yoga, and the cur-
rent meta-analysis has confirmed the effectiveness of
mixed yoga compared to posture-only (stretching) or
mind-breathing yoga. Patients with cancer experience
significant fatigue, of which the root cause is often

TABLE 11. Effectiveness of Yoga Intervention on Adherence (Total, Sensitivity Analysis)

Yoga Standard Control

Study and Subgroup Events  Total Events Total  Weight (%) OR 95% CI
Ben-Josefetal., 2017 18 35 28 33 19.2 0.19 [0.06, 0.6]
Chandwani et al., 2010 27 30 31 31 4.8 0.12 [0.01,2.52]
Chandwani et al., 2014 (stretching) 52 56 48 54 4.8 1.63 [0.43,6.11]
Chandwani et al., 2014 (yoga) 49 58 48 54 4.9 1.53 [0.41,5.77]
Chaoul et al., 2018 (stretching) 59 68 79 85 12.7 0.5 [0.17,1.48]
Chaoul et al., 2018 (yoga) 64 74 79 85 13.6 0.49 [0.17,1.41]
Cohen etal., 2004 12 19 14 19 7.1 0.61 [0.15,2.44]
Danhauer, Griffin, et al., 2015 12 22 10 18 6.9 0.96 [0.27, 3.36]
Dhruva etal., 2012 8 9 8 9 1.2 1 [0.05, 18.91]
Jongetal., 2018 40 47 29 36 6.7 1.38 [0.44, 4.36]
Moadel etal., 2007 32 108 44 56 - 1.38 [0.44, 4.36]
Sohl etal., 2016 6 8 5 7 1.8 1.2 [0.12,11.87]
Taso etal., 2014 (8 weeks) 27 30 30 30 4.7 0.13 [0.01,2.61]
Vadiraja etal., 2009 42 44 33 44 - 7 [1.45,33.79]
Wangetal., 2013 40 50 42 50 11.5 0.76 [0.27,2.12]
Total (95% Cl)° 414 501 451 511 100 0.65 [0.46,0.94]

2Heterogeneity: X% = 13.04, df = 12 (p = 0.37), I? = 8%; test for overall effect: Z=2.29 (p < 0.02)

Cl—confidence interval; OR—odds ratio
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multidimensional, including physical, emotional, and/
or cognitive factors. Mixed yoga could improve the
physical function and mental state of patients under-
going cancer treatment.

Contrary to other reviews (Lipsett et al., 2017;
Meneses-Echavez et al., 2015; Velthuis et al., 2010), the
current meta-analysis revealed that supervision in addi-
tion to self-practicing strategy was more effective than
supervision alone. Such inconsistency of findings may

be related to the fact that the majority of the patients
in the included studies were outpatients or part-time
inpatients, who not only have been experiencing treat-
ment-induced fatigue but also other life events, which
may make them prefer to have flexible arrangements of
yoga schedule and location of intervention. However,
supervision of treatment at regular intervals would
appear to be more conducive to providing physical and
mental health support, which would improve patient

TABLE 12. Subgroup 1: Effectiveness of Yoga Intervention on Adherence

Yoga

Standard Control

Study and Subgroup Events  Total

Events Total  Weight (%) OR 95% CI

Ben-Josefetal., 2017 18 35
Taso etal., 2014 (8 weeks) 27 30
Subtotal (95% Cly* 45 65

28 33 19.2 0.19 [0.06, 0.6]
30 30 4.7 0.13 [0.01,2.61]
58 63 23.9 0.18 [0.06, 0.52]

Chandwanietal., 2010 27 30
Chandwani et al., 2014 (stretching) 52 56
Chandwani et al., 2014 (yoga) 49 53
Chaoul et al., 2018 (stretching) 59 68
Chaoul et al., 2018 (yoga) 64 74
Cohenetal., 2004 12 19
Danhauer, Griffin, etal., 2015 12 22
Dhruva etal., 2012 8 9
Jongetal., 2018 40 47
Moadel et al., 2007 32 108
Sohletal., 2016 6 8
Vadiraja et al., 2009 42 44
Wangetal., 2013 40 50
Subtotal (95% CI)° 369 436

31 31 48 012  [0.01,2.52]
48 54 48 1.63  [0.43,6.11]
48 54 49 153 [0.41,5.77]
79 85 12.7 0.5 [0.17,1.48]
79 85 13.6 049  [0.17,1.41]
14 19 7.1 061  [0.15,2.44]
10 18 6.9 096  [0.27,3.36]

8 9 1.2 1 [0.05, 18.91]
29 36 6.7 138 [0.44,4.36]
44 56 - NE NE

5 7 1.8 12 [0.12,11.87]
33 44 - NE NE
42 50 115 0.76  [0.27,2.12]

393 448 76.1 0.8 [0.54,1.19]

Total (95% CI)® 414 501

451 511 100 0.65 [0.46,0.94]

2Heterogeneity: X% = 0.06, df = 1 (p = 0.81), 1> = 0%; test for overall effect: Z= 3.13 (p < 0.002)
®Heterogeneity: X% = 6.29, df = 10 (p = 0.79), I> = 0%; test for overall effect: Z = 1.08 (p < 0.28)
°Heterogeneity: x? = 13.04, df = 12 (p = 0.37), I> = 8%; test for overall effect: Z= 2.29 (p < 0.02)

Cl—confidence interval; NE—not estimable; OR—odds ratio

Note. Test for subgroup differences: x?=6.63, df = 1 (p = 0.01), 1> = 84.9%
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adherence with treatment. Again, a small sample size in
the subgroup of supervised strategy may contribute to
the inconsistency of the results between meta-analyses.

Several previous reviews have concluded that
a high volume of exercise does not relieve CRF in
patients undergoing treatment for cancer (Carayol
et al., 2015; Kessels et al., 2018; Schwartz et al., 2001;
Velthuis et al., 2010), although the definition of
high-volume exercise has been inconsistent among
the studies. In the current analysis, yoga with a
weekly duration of 150 minutes or greater per week

and a total intervention duration of less than eight
weeks appeared to be the most effective in reducing
CRF.

In the reviewed studies, the adopted assessment
instrument consisted of six scales, in which the reli-
ability and validity have been verified in patients with
cancer (Gebremariam et al., 2018; Paramita et al.,
2016). The current authors did not merge the data
from four of the six scales in one study. The BFI was
the most commonly used assessment tool for CRF in
the included studies. The current meta-analysis has

TABLE 13. Subgroup 2: Effectiveness of Yoga Intervention on Adherence

Yoga

Standard Control

Study and Subgroup Events  Total

Events Total  Weight (%) OR 95% CI

Ben-Josefetal., 2017 18 35
Chandwani etal., 2010 27 30
Chaoul et al., 2018 (stretching) 59 68
Chaoul etal., 2018 (yoga) 64 74
Jongetal., 2018 40 47
Moadel etal., 2007 32 108
Sohletal., 2016 6 8
Taso etal., 2014 (8 weeks) 27 30
Subtotal (95% Cl)* 241 292

28 33 20.7 0.19 [0.06, 0.6]
31 31 5.2 0.12 [0.01,2.52]
79 85 13.7 0.5 [0.17,1.48]
79 85 14.7 0.49 [0.17,1.41]
29 36 7.2 1.38 [0.44,4.36]
44 56 = NE NE
5 7 2 1.2 [0.12,11.87]
30 30 5.1 0.13 [0.01,2.61]
281 307 68.5 0.46 [0.28,0.76]

Chandwani et al., 2014 (stretching) 52 56
Chandwani et al., 2014 (yoga) 49 58
Danhauer, Griffin, etal., 2015 12 22
Dhruva etal., 2012 8 9
Vadiraja et al., 2009 42 44
Wangetal., 2013 40 50
Subtotal (95% CI)° 161 190

48 54 5.2 1.63  [0.43,6.11]
48 54 53 153 [0.41,5.77]
10 18 7.4 096  [0.27,3.36]

8 9 1.3 1 [0.05, 18.91]
33 44 - NE NE
42 50 12.4 0.76  [0.27,2.12]
156 185 315 1.09  [0.6,1.96]

Total (95% CI)® 402 482

437 492 100 0.66 [0.45,0.96]

2Heterogeneity: X% = 7.87, df = 6 (p = 0.25), I = 24%; test for overall effect: Z= 3.03 (p = 0.002)
°Heterogeneity: x> = 1.11, df = 4 (p = 0.89), I = 0%; test for overall effect: Z= 0.28 (p < 0.78)
°Heterogeneity: x? = 13.02, df = 11 (p = 0.29), I> = 15%; test for overall effect: Z=2.19 (p = 0.03)

Cl—confidence interval; NE—not estimable; OR—odds ratio

Note. Test for subgroup differences: X% =4.77,df= 1 (p = 0.03), = 79.1%
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shown that the effectiveness of yoga intervention in
the subgroup analyzed with the BFI appeared lower
but more precise than interventions analyzed using
the CFS.

The heterogeneity was substantial in the current
meta-analysis, which could not be reduced by sub-
group analysis. However, in the BFI subgroup, three
dubious interventions have been identified in the
sensitivity analyses; when these were omitted, the

heterogeneity was reduced and the outcome became
steady. Causes of heterogeneity in the current analy-
sis would likely be multifactorial, including different
assessment instruments, yoga type (only stretching
intervention in two studies) (Chandwani et al., 2014;
Chaoul et al., 2018), and the outcome assessment
on CRF following yoga intervention being too early
(four weeks) (Taso et al., 2014), which were the major
sources of heterogeneity.

TABLE 14. Subgroup 3: Effectiveness of Yoga Intervention on Adherence

Yoga

Standard Control

Study and Subgroup Events  Total

Events Total  Weight (%) OR 95% CI

Chandwanietal., 2010 27 30
Chandwani et al., 2014 (stretching) 52 56
Chandwani et al., 2014 (yoga) 49 53
Chaoul et al., 2018 (stretching) 59 68
Chaoul et al., 2018 (yoga) 64 74
Danhaueretal., 2015 12 22
Dhruva etal., 2012 8 9
Jongetal., 2018 40 47
Moadel etal., 2007 32 108
Taso etal., 2014 (8 weeks) 27 30
Vadiraja et al., 2009 42 44
Wangetal., 2013 40 50
Subtotal (95% Cl)* 378 439

31 31 4.8 0.12 [0.01,2.52]
48 54 4.8 1.63 [0.43,6.11]
48 54 4.9 1.53 [0.41,5.77]
79 85 12.7 0.5 [0.17,1.48]
79 85 13.6 0.49 [0.17,1.41]
10 18 6.9 0.96 [0.27,3.36]
8 9 1.2 1 [0.05, 18.91]
29 36 6.7 1.38 [0.44, 4.36]
44 56 - NE NE
30 30 4.7 0.13 [0.01,2.61]
33 44 - NE NE
42 50 11.5 0.76 [0.27,2.12]
404 452 71.9 0.77 [0.51,1.16]

Ben-Josefetal., 2017 18 35
Cohenetal., 2004 12 19
Sohletal., 2016 6 8
Subtotal (95% CI)° 36 62

28 33 19.2 0.19 [0.06, 0.6]

14 19 7.1 0.61 [0.15,2.44]
5 7 1.8 1.2 [0.12,11.87]

47 59 28.1 0.36 [0.16,0.81]

Total (95% CI)® 414 501

451 511 100 0.65 [0.46,0.94]

Heterogeneity: X% = 7.49, df= 9 (p = 0.59), I = 0%; test for overall effect: Z= 1.25 (p = 0.21)
®Heterogeneity: X% =2.81, df =2 (p = 0.25), I> = 29%; test for overall effect: Z=2.49 (p = 0.01)
°Heterogeneity: x? = 13.04, df = 12 (p = 0.37), I> = 8%; test for overall effect: Z= 2.29 (p = 0.02)

Cl—confidence interval; NE—not estimable; OR—odds ratio

Note. Test for subgroup differences: x?>=2.71,df=1(p=0.1), = 63.1%
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Patient Adherence With Yoga Intervention
Patient adherence is one of the most important
factors when determining the effectiveness of an
intervention. To the authors’ knowledge, few reviews
have performed a narrative-only analysis of patient
adherence to an exercise intervention (Buffart et
al., 2012; Meneses-Echavez et al., 2015; Velthuis et
al., 2010). The current study represents the first
meta-analysis examining patient adherence to yoga
interventions while undergoing cancer treatment.
Factors for patient attrition included schedule con-
flicts, movement restrictions, transportation issues,
lack of time, difficulty in attending regularly, chang-
ing treatment regimens, and other health-related
problems. In the current study, several factors may
have affected patient adherence. Of note, the adher-
ence of patients involved in a supervised-based yoga
intervention less than 150 minutes per week was sig-
nificantly lower, in parallel with the effectiveness on
CRF. This suggests that a supervised-based format
in addition to self-practicing strategy might offer
more flexibility and improve adherence to outpa-
tient visits. An optimal intervention duration might
correspond to improved CRF, leading to increased
persistence and confidence in the practice of yoga.
When patient adherence was analyzed in the
current study, significant heterogeneity was noted
among three studies; one study performed random
assignment in a 2:1 ratio and the others performed in
a 1:1 random assignment. Patient adherence might be
increased when the yoga intervention is instituted in
an inpatient setting, as was the case in the study by
Vadiraja et al. (20009).

Quality of Evidence

The overall risk of bias of the included studies was
medium to low. Of the 16 studies, 12 provided detailed
information regarding random sequence generation,
of which allocation concealment and detailed infor-
mation were reported in five studies (Chakrabarty
et al., 2015; Cohen et al., 2004; Moadel et al., 2007;
Taso et al., 2014; Vadiraja et al., 2009). This resulted
in a moderate risk of selection bias. Blinding is an
important principle in the RCT setting but is difficult
to implement when the investigators need to know
the intervention and when CRF is a patient-reported
outcome. Therefore, none of the studies implemented
blinding. Although downgrading of the evidence
did not occur as a result of this, the risk of perfor-
mance and detection bias remained notable. Nine
studies were classified as low risk of attrition bias
because ITT analysis was performed and adequate

ONF.ONS.ORG
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m As a low-intensity exercise, yoga appears beneficial in alleviating
cancer-related fatigue in patients undergoing chemotherapy and/
or radiation therapy.

m Toincrease patient adherence with this intervention, a mixed yoga
with supervised practice in addition to a self-practicing strategy
is required.

m Compared to posture-only (stretching) or mind-breathing yoga,
mixed yoga is more effective for relieving fatigue in patients under-
going chemotherapy and or/radiation therapy.

information regarding reasons for patient attrition
were provided (Ben-Josef et al., 2017; Chakrabarty et
al., 2015; Chandwani et al., 2010, 2014; Chaoul et al.,
2018; Danhauer, Griffin, et al., 2015; Sohl et al., 2016;
Taso et al., 2014). None of the studies provided the
registered protocol; therefore, the risk of selective
reporting remains unclear.

Limitations

The current study had several limitations. First, there
were very small sample sizes (less than 30 partic-
ipants) in four of the included studies, which could
increase the risk of bias. Second, there was high het-
erogeneity in the analyses of pooled effects of yoga
on CRF, which could not be eliminated or reduced by
performing subgroup analysis. Third, various instru-
ments were used in the studies for the assessment of
CRF. Therefore, performing a pooled analysis of data
became difficult. Fourth, detailed information about
participants who completed the yoga intervention was
reported in only nine studies (Chandwani et al., 2010,
2014; Chaoul et al., 2018; Cohen et al., 2004; Danhauer,
Griffin, et al., 2015; Jong et al., 2018; Moadel et al., 2007;
Taso et al., 2014; Vadiraja et al., 2009), and data on
attrition had to be extracted to replace the actual par-
ticipation of other studies, which could influence the
ultimate results.

Implications for Practice and Research

Despite the methodologic limitations, the practice
of yoga, particularly mixed yoga that combines with
posture and either mind and/or breathing control
exercise, can be recommended as an additional strat-
egy in the management of CRF in patients undergoing
chemotherapy and/or radiation therapy. Supervised
yoga practice in addition to self-practicing strategy
using yoga manuals or DVDs might be beneficial
in increasing patient adherence and improving the
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effectiveness of yoga intervention. As a low-intensity
exercise, yoga practice of 150 minutes or greater per
week is safe and effective. Additional research con-
sisting of adequate sample sizes, variety of cancer
types other than breast cancer, a clear objective of
assessment and outcome, inclusivity of blinding
(at least the outcome assessors), and assessment of
patient adherence to yoga intervention is required.
Future studies should focus on strengthening the
supervision of yoga exercise as management for CRF
in the outpatient setting.

Conclusion

This study provides valuable evidence on the effect of
yoga interventions on CRF in patients undergoing che-
motherapy and/or radiation therapy. Yoga is a safe and
effective tool in this regard. Mixed yoga and supervised
in addition to self-practicing strategy might be more
beneficial in increasing patient adherence and reliev-
ing CRF. Additional rigorous studies are required to
explore an optimal strategy for yoga intervention.
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