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ABSTRACT
Introduction Fatigue is one of the most common 
symptoms in patients with cancer and is responsible for a 
reduced quality of life. There is a strong evidence base for 
mind–body interventions (MBIs) to manage cancer- related 
fatigue (CRF). However, the efficacy of Tai Chi and other 
MBIs in the treatment of CRF remains controversial.
Methods and analysis We will perform a systematic 
review and network meta- analyses (NMAs) that aim to 
assess the effects of Tai Chi and other MBIs in patients 
with CRF. The following databases will be searched from 
their inception to 1 August 2021: PubMed, EMBASE, 
Scopus, OVID, Web of Science, Cochrane Central Register 
of Controlled Trials, the China National Knowledge 
Infrastructure, China Science and Technology Journal 
Database, Chinese Biomedical Database and Wan Fang 
Digital Journals. We will include randomised controlled 
trials that compare MBIs with no treatment, placebo and 
usual care in the treatment of CRF. The primary outcome 
will be changes in the fatigue state as evaluated by 
validated scales. We will perform a Bayesian NMA to 
analyse all the evidence for each outcome. The surface 
under the cumulative ranking curve and the mean ranks 
will be used to rank the various treatments. We will assess 
the quality of evidence contributing to network estimates 
of outcomes using the Grading of Recommendations 
Assessment, Development and Evaluation system 
framework.
Ethics and dissemination This NMAs will be 
disseminated through publication in a peer- reviewed 
journal. Since no individual patient data will be involved in 
the review, ethics approval and concerns about privacy are 
not needed.
PROSPERO registration number CRD42021244999.

INTRODUCTION
Cancer- related fatigue (CRF) 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 which interferes with 
usual functioning’ by the National Compre-
hensive Cancer Network (NCCN).1 CRF is 

one of the most prevalent and distressing 
symptoms of cancer, and it might persist for 
years after treatment completion in survi-
vors.2 3 CRF estimates range from 14.03% to 
100% depending on the latest research.4 5 
Furthermore, CRF has a significant effect on 
physical functioning during treatment, and 
it is uncertain whether patients regain full 
functioning after completion of treatment. 
Persistent CRF causes disruption in all aspects 
of quality of life (QoL) during and after treat-
ment.6 7 Furthermore, CRF can cause difficul-
ties in end- of- life care and it might be a risk 
factor for reduced survival.1

The pathophysiology of CRF remains 
unknown. The proposed underlying CRF 
mechanisms include mitochondrial dysfunc-
tion, peripheral immune activation, inflam-
mation dysfunction and central mechanisms 
(neuropeptide, neurotransmitter, hypo-
thalamic–pituitary–adrenal axis dysfunc-
tion).8 9 To the best of our knowledge, there 
is no gold standard for the management of 
CRF. Based on the NCCN for CRF, some non- 
pharmacologic interventions have shown 
a strong evidence base for treating CRF.1 

Strengths and limitations of this study

 ► This study will include the latest randomised con-
trolled trials to update the evidence base and obtain 
a comprehensive ranking of all included treatments.

 ► The revised Cochrane risk of bias tool will be used to 
assess the risk of bias in eligible studies.

 ► Grading of Recommendations Assessment, 
Development and Evaluation system will be used to 
assess the quality of evidence.

 ► Different types of mind–body interventions (MBIs) 
may cause considerable heterogeneity in this review.

 ► Some MBIs, such as acupuncture and massage, will 
not be included in this review; this may affect the 
results.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1211-3814
http://dx.doi.org/10.1136/bmjopen-2021-052137
http://dx.doi.org/10.1136/bmjopen-2021-052137
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-052137&domain=pdf&date_stamp=2022-01-06
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Interestingly, there is an increasing interest in mind–
body interventions (MBIs), such as Tai Chi, in oncology 
settings, which may provide a new and effective treatment 
for CRF.10

The National Center for Complementary and Inte-
grative Health defined MBIs as ‘techniques designed to 
enhance the mind’s capacity to affect bodily function and 
symptoms’.11 MBIs have been shown to be effective in 
decreasing the expression of inflammation- related genes 
and in reducing common cancer- related side effects, 
especially in alleviating fatigue symptoms.12–14 Tai Chi 
is rooted in traditional Chinese medicine and has been 
practiced for several millennia. This complex, multi-
component MBI merges physical, spiritual, psychosocial 
and behavioural elements to promote human health.15 
Randomised controlled trials (RCTs) have indicated that 
Tai Chi significantly alleviates fatigue in patients with lung 
cancer and breast cancer over time.16 17

However, the effect of Tai Chi on CRF is still controver-
sial based on evidence from several systematic reviews and 
meta- analyses.18–20 The inconsistent results may be due 
to differences in search strategies, inclusion criteria and 
comparators in these reviews. Furthermore, published 
meta- analyses only reviewed trials before 2016. Recently, 
new RCTs have been conducted and published.21–23 To 
provide comprehensive evidence for the treatment of 
CRF, it is necessary to re- evaluate the effectiveness of Tai 
Chi and other MBIs for CRF based on the latest resources 
available.

Objectives
We aimed to collect RCTs comparing Tai Chi and other 
MBIs with placebo or other non- MBIs among patients 
with CRF, and to conduct network meta- analyses (NMAs) 
to assess the comparative effects of Tai Chi and other 
MBIs on CRF.

METHODS AND ANALYSIS
The study will be conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) for systematic review protocols24 (http://www. 
prisma-statement.org/Extensions/Protocols.aspx) and 
NMA checklist25 (http://www.prisma-statement.org/ 
Extensions/NetworkMetaAnalysis.aspx). This review 
protocol has been registered in PROSPERO.

Criteria for consideration of studies in this review
Types of studies
RCTs on Tai Chi and other MBIs for CRF with fatigue 
outcomes will be included in this review. No limits will be 
applied to the language, publication status and publica-
tion date of these studies.

Types of participants
Patients aged 18 years or older, of both sexes, with a diag-
nosis of CRF will be considered. No restrictions will be set 

for cancer type, cancer grade, during treatment or after 
end of treatment in patients.

Types of interventions
We focus here on four types of MBIs that have received 
considerable research attention and are widely available 
to clinical and community populations: Tai Chi (such as 
Yang- style Tai Chi, Chen- style Tai Chi, Wu- style Tai Chi, 
Sun- style Tai Chi, 24 simplified Tai Chi or movements of 
Tai Chi), Qi gong (including Baduanjin, Yijinjing and 
Wuqinxi), yoga and meditation. In this study, all different 
types of Tai Chi and Qi gong will first be reviewed as the 
same intervention and compared with other control 
measures. Then, different types of Tai Chi and Qi gong 
will be analysed again as different interventions.

Types of comparators
To determine whether the effects of Tai Chi and Qi gong 
are primarily due to physical activity and whether the 
effects of yoga are primarily due to stretching, exercise 
and stretching will be included as a control group.

We included and classified the comparators in studies 
as follows:
1. Tai Chi and other MBIs versus exercise/stretching/

placebo therapies.
2. Tai Chi and other MBIs versus waiting list/no treat-

ment/usual care.
3. MBIs versus MBIs.

Types of outcome measures
Primary outcome
We will extract the effect sizes at the first time point after 
the end of the interventions and the subsequent follow- up 
time points. Only RCTs that include the following primary 
outcomes, namely, assessments of CRF using effective and 
validated scales such as Brief Fatigue Inventory, Multidi-
mensional Fatigue Symptom Inventory- Short Form, Func-
tional Assessment of Chronic Illness Therapy- Fatigue 
Survey and Functional Assessment of Cancer Therapy- 
Fatigue, will be included in this review.

Secondary outcomes
The secondary outcomes will include QoL and adverse 
events. Questionnaires will be used to assess QoL. Ques-
tionnaires will be used for assessment of QoL, such as 
the Functional Assessment of Cancer Therapy, European 
Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire Core 30, Quality of Life 
Questionnaire Breast Cancer Module 23, 36- Item Short 
Form Health Survey, Quality of Life in Adult Cancer 
Survivors and WHO Quality of Life Questionnaire.

Search methods
Published RCTs will be searched in the following elec-
tronic databases: PubMed, EMBASE, Scopus, OVID, Web 
of Science, Cochrane Central Register of Controlled 
Trials, the China National Knowledge Infrastructure, 
China Science and Technology Journal Database, Chinese 
Biomedical Databases and Wan Fang Digital Journals 

http://www.prisma-statement.org/Extensions/Protocols.aspx
http://www.prisma-statement.org/Extensions/Protocols.aspx
http://www.prisma-statement.org/Extensions/NetworkMetaAnalysis.aspx
http://www.prisma-statement.org/Extensions/NetworkMetaAnalysis.aspx
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from the date of their inception to 1 August 2021 with 
no restrictions on language. Unpublished trials will be 
retrieved from the following clinical trial registries: the 
NIH clinical registry ( ClinicalTrials. gov), Australian New 
Zealand Clinical Trials Registry and Chinese Clinical 
Registry. In addition, the reference lists of all relevant arti-
cles will be checked to identify additional studies.

The medical search headings (MeSH) terms and their 
synonyms (free text) will be combined using the Boolean 
operators: ‘AND’ and ‘OR’. The following MeSH terms 
will be used: ‘cancer’, ‘tumor’, ‘carcinoma’, ‘neoplasm’, 
‘fatigue’, ‘Tai Chi’, ‘Qi gong’, ‘Yoga’, ‘meditation’ and 
‘randomized controlled trial’. The search strategies are 
shown in online supplemental file.

Data collection and analysis
Selection of studies
Two researchers (HF and HZ) will independently 
select studies using the bibliographic software EndNote 
(https://www.endnote.com/). Initially, duplicate studies 
will be filtered out. The researchers will then read the 
titles and abstracts to exclude studies that do not satisfy 
the eligibility criteria. After this selection, the full text of 
all remaining articles will be extracted to determine which 
articles can be included. In the case of duplicate studies, 
we will include only those trials with the most informa-
tive data. A third researcher (Q- WH) is responsible for 
reaching a consensus with the two authors on the inclu-
sion or exclusion of each study. Finally, we will provide 
a list of excluded studies and justify the exclusions. The 
selection procedure will be shown in a PRISMA flow chart 
(figure 1).

Data extraction
Two researchers (YT and DZ) will independently extract 
data using ADDIS (http://www.drugis.org/index) and 
Excel software with respect to five main domains: study 
information (eg, title, source of publication, year of publi-
cation, first author’s name and affiliation, and country), 
participant information (eg, gender, age, setting, cancer 
type, tumour grade and basic cancer treatment plan), 
intervention details (eg, intervention type, duration and 
frequency), methodology information (study design, 
random sequence generation, allocation concealment, 
blinding and other concerns about bias) and outcome 
measures. The two researchers will cross- check and ascer-
tain data accuracy. Disagreements will be resolved by a 
third researcher (S- YD).

Unit of analysis issues
This is not an individual participant data review, and all 
analyses will be based on aggregated outcome data from 
the included RCTs.

Dealing with missing data
We will send a request for missing data to the original 
investigators of the trial or the contact person recorded 
in the trial registry. In case of no reply, we will use the 
last observation carried forward imputation method and 
impute the missing data with replacement values (https:// 
training.cochrane.org/handbook/current/chapter-06). 
If means, SDs and numbers of patients in each arm are 
not reported, we will transform the recorded SEs, t statis-
tics or p values to SDs, according to the Cochrane Hand-
book.26 27 If possible, we will perform sensitivity analyses 
to assess how sensitive the results are to reasonable 
changes in the assumptions that are made. The potential 
impact of missing data on the findings of the review will 
be addressed in the Discussion section.

Quality assessment
Two independent researchers (YT and JL) will assess the 
risk of bias of the included RCTs in accordance with the 
revised Cochrane risk of bias tool.28–30 Each domain will 
be rated as low risk, some concern and high risk, based on 
the five distinct domains: the randomisation process, devi-
ations from the intended interventions, missing outcome 
data, measurement of the outcome and selection of the 
reported result. We will also make an overall risk of bias 
judgement according to the following criteria31: (1) low 
risk—all domains for this result; (2) some concerns—in at 
least one domain for this result but not at high risk of bias 
for any domain; (3) high risk—in at least one domain for 
this result, or the study is judged to have some concerns 
for multiple domains in a way that substantially lowers 
confidence in the results. If the researchers disagree, a 
third researcher (CW) will resolve the differences.

Data synthesis and analysis
The evidence-base and information flow in the network
We will systematically and comprehensively describe the 
characteristics of all eligible trials. A network diagram will 

Figure 1 Flow chart of the study. CBM, Chinese Biomedical; 
CENTRAL, Cochrane Central Register of Controlled Trials; 
CNKI, China National Knowledge Infrastructure; VIP, the 
Chongqing VIP Chinese Science and Technology Periodical 
DatabaseApprove.

https://dx.doi.org/10.1136/bmjopen-2021-052137
https://www.endnote.com/
http://www.drugis.org/index
https://training.cochrane.org/handbook/current/chapter-06
https://training.cochrane.org/handbook/current/chapter-06
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be used to present the available evidence.32 The size of 
the nodes will represent the sample size of the included 
trials. The thickness of the line will reflect the number 
of studies for each direct comparison, and the colour of 
each edge will imply the risk of bias. For NMAs, including 
many competing interventions and multi- arm studies, we 
will instead use a table to show the network structure.33 34 
To understand how much each of the direct comparisons 
contributes to the final summary data, the contribution 
matrix will be used to display the percentage information 
of the direct evidence contributing to each relative effect 
estimated for a study.35

Pairwise meta-analyses
We will use the DerSimonian- Laird random effects model 
for pairwise comparison. Standardised mean differences 
(SMD) for continuous outcomes or ORs for dichotomous 
outcomes, both with a 95% CI, will be calculated as effect 
measures. The Cochran’s Q χ² test and I2 statistic will be 
measured for heterogeneity as a measure to reflect the 
underlying differences between the RCTs that directly 
compare the same pair of interventions. A p value of 
up to 0.10, and I² value of above 50% will indicate high 
heterogeneity.29 We will perform sensitivity analysis of 
pairwise meta- analyses to validate the robustness of the 
results by omitting studies with unacceptable sources of 
heterogeneity.

Examination of assumptions in NMAs (transitivity, inconsistency 
and heterogeneity)
Studies that compare different interventions may differ 
in a broad range of characteristics, which are some-
times associated with the effect of an intervention and 
are referred to as effect modifiers. We will evaluate the 
transitivity assumption underlying NMAs by comparing 
the distribution of clinical and methodological variables, 
which can act as effect modifiers across treatment compar-
isons.26 27 36 Consistency in NMA means that the different 
sources of evidence (direct and indirect) are consis-
tent with each other. We will employ the node splitting 
method and heatmap to investigate the inconsistency of 
the model by separating evidence on a particular compar-
ison into direct and indirect evidence.27 36 37 The loop- 
specific approach will be used to evaluate the presence 
of inconsistency locally in each closed loop.27 36 We will 
also calculate the I2 statistic to evaluate consistency and 
heterogeneity in the entire network.27 36 If there is incon-
sistency and considerable heterogeneity in the RCTs, 
NMAs will not be performed and a narrative systematic 
review will be provided instead.

Network meta-analyses
All analyses will be performed using the gemtc, netmeta 
and ggplot package of R V.3.5.0 and the network package 
in Stata V.15.1. If the included trials meet the above three 
assumptions, we will perform a random- effects NMA 
within a Bayesian framework. We will fit our model using 
WinBUGS (V.1.4, 3 Markov chains, 50 000 iterations, an 

initial burn- in of 10 000 and a thinning of 10) and use 
uninformative prior distributions for the treatment 
effects. The binomial likelihood will be used for dichoto-
mous outcomes and the normal likelihood for continuous 
outcomes.26 27 ORs or SMD for all pairwise comparisons 
with 95% CI will be summarised in a league table. We 
will use the surface under the cumulative ranking curve 
(SUCRA) and the mean ranks to rank the various inter-
ventions for all outcomes.38 A SUCRA equal to 1 means 
that the treatment is considered to be the best, while 0 
means that it is certain to be the worst.

Publication bias, subgroup analyses and meta-regression
We will perform a contribution plot to evaluate the 
contribution of each direct comparison to the assessment 
of each network meta- analytic summary effect. Addi-
tionally, we will use comparison- adjusted funnel plots 
to detect the potential publication bias in the results 
between imprecise and more precise trials.39 To assess 
whether the treatment effects for the primary outcome 
are impacted by effect modifiers, subgroup analyses and 
network meta- regression will be conducted according to 
the following characteristics: (1) cancer type, (2) patient 
status (ongoing or post cancer treatment or no treat-
ment), (3) randomisation and blinding and (4) sample 
size (fewer than 25 patients per intervention arm). The 
sensitivity analysis of NMA will be narrowed into head- to- 
head studies or trials with a low risk of bias.

Summary of evidence
Two experienced researchers (HZ and DZ) will inde-
pendently assess the certainty of evidence contributing to 
each network estimate of the primary outcome using the 
Grading of Recommendations Assessment, Development 
and Evaluation framework. Evidence quality will be rated 
as high, moderate, low or very low on the basis of the 
study limitations, imprecision, inconsistency, indirectness 
and publication bias.40 Discrepancies will be resolved by a 
third researcher (CW).

Patient and public involvement
This review will not recruit patients, and they will not 
directly be involved in the design and implementation of 
this study.

Ethics and dissemination
This NMAs will be disseminated through publication 
in a peer- reviewed journal. Since no individual patient 
data will be involved in the review, ethics approval and 
concerns about privacy are not needed.

DISCUSSION
Although the effect of Tai Chi on CRF is still controver-
sial, Tai Chi has the potential to be an effective comple-
mentary treatment option for CRF. In this review, we will 
perform the most comprehensive and up- to- date litera-
ture search, including 10 electronic databases and clin-
ical research registration websites. We will also extract 
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the effect sizes at the end of the intervention period 
and post- intervention follow- up to evaluate the short- 
term and long- term efficacy. Pairwise and NMAs will also 
be performed. We are confident that this research can 
update the evidence of Tai Chi and other MBIs in the 
treatment of CRF and provide evidence- based medicine 
for patients, clinicians and policy- makers.
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