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Abstract
Background: Cancer-related cognitive impairments (CRCI) are frequently reported by cancer patients
before and after medical treatment. However, there are no effective interventions to or manage cognitive
problem for women with breast cancer. This pilot study was designed to evaluate the protective effect of
Baduanjin exercise on cognitive function and cancer-related symptoms in women with early-stage breast
cancerundergoing chemotherapy.

Method/design: A single-blinded, randomized controlled trial was designed. The trail will recruit 70
patients with early-stage breast cancer scheduled to receive chemotherapy from Shanghai in China. All
participants will be randomized(1:1) to receive either supervised Baduanjin exercise intervention (at least
5 times/week and 30min for each time) plus usual care or usual care alone for three months. The effect
of Baduanjin exercise intervention will be evaluated by outcome measures such as subjective and
objective cognitive function, symptoms (fatigue, depressive symptoms, anxiety) and health-related
quality of life at baseline(T0), 8 weeks(T1) and 12 weeks(T3). Primary cognitive outcomes will be
reported descriptively while effect sizes and 95% con�dence intervals (CIs) will be calculated for cognitive
measures. The collected data will be analysed using an intention-to-treat principle.

Discussion: This study is the �rst-known randomized clinical trial to investigate whether Baduanjin
exercise plus usual care superior to usual care alone on cognitive function in women with breast cancer
receiving chemotherapy. If possible, Baduanjin exercise will be a potential non-pharmacological
intervention to manage cognitive function and promote survivorship care among breast cancer survivors.

Trial registration: Chinese Clinical Trial Registry(ChiCTR), ID: ChiCTR 2000033152. Registered on 22 May
2020.

Background
Cognitive dysfunction is a frequently reported side-effect that cancer patients experienced resulting from
cancer and initial medical treatment(eg, surgical resection, chemotherapy regimen, and local radiation
therapy, endocrine therapy), showing cognitive decline in the �eld of memory, processing speed, attention,
and executive functions [1–4]. More than 50% of breast cancer patients have self-reported cognitive
problems, and 15–25% of objective cognitive dysfunction [5, 6]. Cognitive impairment may persist for
years beyond the completion of treatment in some patients [7]. Although the Cancer-related cognitive
impairment (CRCI) is mild and/or moderate, it has negative impacts on the physiological condition,
activities of daily life, professional achievement[8], treatment adherence[9], even overall quality of life of
cancer survivors in the context of long-term cancer care[10, 11].

Currently, the critical biological mechanisms of CRCI are not identi�ed, but there are several have been
proposed based on animal and clinical studies by researchers. The mechanisms include: (1) Increase on
levels of chemotherapy-induced pro-in�ammatory cytokines [12, 13] (e.g. IL-6, TNF-α). (2) Effects of
chemotherapy-induced neurotoxicity on brain structure and function (e.g. white matter damage[14],
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inhibition of neurogenesis[15], and changes in neurotransmitter[16]). (3) Changes in central nervous
system blood vessels and blood �ow[17]. (4) Direct and oxidative DNA damages[18]. In addition,
pervasive fatigue and negative emotions may contribute to the susceptibility of decreased cognitive
function [19], so it is unclear whether this is the result of a single mechanism or multiple effects.

However, effective interventions are relatively inadequate to alleviate or reduce the risk of cognitive
impairment. Various forms of physical activity have been studied to improve cognitive function in healthy
older adults and people with mild cognitive impairment (MCI) [20, 21]. Emerging preliminary results
demonstrate that physical activities are potential intervention to improve cognitive function, but
con�icting results are accumulated. Two pilot studies [22, 23] showed the aerobic exercise improved
objective cognition of patients with breast cancer after primary treatment. Hartman et al[22] found
processing speed has been improved among breast cancer survivors diagnosed within the past two years
after a 12-week exercise intervention, but there was not signi�cant improvement in self-reported cognitive
function. Another 24-week supervised and home-based aerobic exercise programme demonstrated
similar results in postmenopausal women with early-stage breast cancer [23]. Nevertheless, Galvao et
al[24] showed aerobic exercise plus resistance training improved subjective cognitive functioning from a
subscale of health-related quality of life scales(EORTC-QLQ-C30) and decreased C-reactive protein(CRP).
The con�icting results of previous studies are likely owing to the insu�cient samples, heterogeneity of
types and timing of exercise interventions delivered. Moreover, most of the studies used self-report and
lacked objective multidimensional measures of cognitive function are needed. More rigorous and
replicable clinical trials are warranted to prove potential bene�ts of physical exercise in patients with
breast cancer with cognitive problems.

In addition to aerobic exercise, researches based on mind-body therapy have also achieved preliminary
results in improving cognitive function for cancer patients[25–27]. Myers et al[25] noted that
mindfulness-based exercise might be superior to gentle exercise alone or survivorship support for
improving self-reported cognitive function and distress after completion of treatment in survivors with
breast cancer. Oh et al[26] demonstrated that a 10-week medical Qigong signi�cantly improved subjective
cognition with medium effect size and decreased levels of CRP compared to control group, but the
obvious association between CRP levels with self-reported cognition was not observed.

Baduanjin, a traditional Chinese �tness exercise combining meditation and movement with low-intensity,
can be tailored to less strenuous formats, more repetitive and easier to study[28, 29], which is considered
to be an effective exercise in promoting health[28]. Recently, a review [30] supported that Baduanjin
exercise may be effective as an adjunctive rehabilitation method for improving cognitive functions, but
the effect of baduanjin exercise on CRCI are needed to further explore.

Therefore, the purpose of this article is to describe the protocol of a randomized controlled trial to
examine whether Baduanjin exercise programme is a protective measure to improve cognitive function in
chemotherapy-exposed patients with early-stage breast cancer.

The main aims of the trial are as follows:
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1. Whether 3-month exercise intervention better improves cognitive function during chemotherapy of
breast cancer patients in a domain speci�c fashion such as attention, executive and memory
functions.

2. Whether 3-month exercise intervention better improves symptoms and health-related quality of life
such as fatigue, depressive symptoms, and anxiety.

3. Whether the association between cognitive complaint or cognitive function and symptoms and
health-related quality of life exist.

Methods/design

Study design
This is a single blinded randomized controlled trial (RCT) with two study arms, including a supervised 3-
month Baduanjin intervention group and a wait-list control group. There will be no follow-up assessments
of these participants. Assessors of treatment outcome will be blinded. An overview of the study is
displayed in Fig. 1. The overall development of the study protocol followed the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) guidelines[31]. The protection of human subject was
approved by the Ethics Committee of Seventh People's Hospital of Shanghai University of Traditional
Chinese Medicine.

Study setting
Participants are recruited from the three A�liated Hospitals of Shanghai University of Traditional Chinese
Medicine, including Seventh People's Hospital, Longhua Hospital, and Yueyang Hospital of Integrated
Traditional Chinese and Western Medicine respectively. A battery of neuropsychological test and each
session are conducted in a private conference room at breast department.

Recruitment
Recruitment for breast cancer patients started in 1 June 2020. We developed plans and methods to
contact patients, and provided the information brochure and study lea�et to help them understand the
purpose and program of the trial. Meanwhile, the possible bene�ts of the exercise programme and the
relevant safety during the trial will be explained to them. In addition, we will post recruitment posters in
the hospital or via social media such as WeChat, an online APP. According to the inclusion/exclusion
criteria, the research team will preliminarily judge potential eligible candidates, and the patients'
questionnaire and neuropsychological testing will be assessed and collected, such as measured height
and weight to calculate body mass index (BMI) after they have signed the written informed consent.

Inclusion criteria
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Seventy patients with early-stage breast cancer will be recruited. Inclusion criteria meeting this study are:

1. Female patients newly diagnosed stage to III breast cancer

2. Schedule to receive adjuvant chemotherapy

3. Aged 40 to 75 years

4. Su�cient �uency of the Chinese language

5. Willing to participate in the study and be randomly assigned.

Exclusion criteria
The patient will be excluded for meeting any of the following criteria.

1. Disease recurrence or metastasis

2. Known conditions and/or diseases that impact cognition (eg, Alzheimer's disease, dementia, or other
psychological diagnoses)

3. Disorders that might preclude exercise participation (eg, fracture, arthritis)

4. Current/planned participation in mindfulness-based exercise programs (eg, TaiChi or Qigong).

Randomization and blinding
Participants were randomly assigned to 1 of 2 groups—an intervention group or a control group—in a 1:1
ratio using SPSS 24.0 software. The allocation of the result will be put into sealed, opaque envelopes by
a study administrator not involved in the study and the group numbers will be subsequently disclosed.
Because baduanjin exercise is a well-known exercise for the Chinese people, blinding is conducted to
assessors only, not physicians and patients. Apart from this, all participants will be asked not to discuss
with one another their practice in the trial to minimize biases as much as possible. The assessor will be
also instructed not to acquire participant's exercise information. Participants are allowed to withdraw
without giving a reason at any time but the withdrawal of patient need to be determined by physician and
the patient in the process.

Interventions
Upon completion of baseline testing and randomization, participants are noti�ed of group assignment by
the unblined project director. At that time, a participant's group assignment, exercise or usual care, is
scheduled to begin within 2 weeks of beginning chemotherapy.

Baduanjin group
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Baduanjin exercise intervention is conducted according to the standards promulgated by the General
Administration of Sport in China in 2003, which consists of 10 postures (including the beginning and
ending posture). The professionally trained Qigong personnel will teach Baduanjin exercises to subject
researchers, and then the researchers conduct on-site instruction, guide patients, and correct their
movements. The relevant video will be distributed to the patients. Exercise methods include group
training and home-based exercise. The patients will be trained by researchers in the recreation for patient
during the �rst chemotherapy for one week in the hospital, then practice at home followed the video.
Recommended training time was �ve weekly 30-min each time for 12 weeks, and it is advisable not to
feel tired. During the process of exercise, the exercise will start after stretching the joints and inhalation
and exhalation for 2 minutes respectively, and practice Baduanjin twice for 12 minutes each time, then
eventually followed by muscle relaxation exercises for 2 min. Sessions may be held in small groups in the
�rst week. Patients' log will be recorded including any obstacles during exercise at home. When the
patients go to the hospital to receive chemotherapy, the feedback of family exercise log will be collected.
At the same time, the researchers will track and record the training situation through established online
WeChat group.

Wait-list group
Patients randomized to the control group are provided oral and brochures to maintain their usual healthy
lifestyle according to the guideline and standard for the diagnosis and treatment of breast cancer by the
Chinese Anti-Cancer Association (2019 edition). Disease-related questions raised by the subjects will be
directly communicated or answered on WeChat online. The patient's limb affected can perform
abduction, forward �exion, backward extension, internal rotation, and wall climbing according to the
recommendation of the therapist, the patients are not asked to conduct other aerobic activities. The
supervised Baduanjin exercise for patients will be offered if they want after the completion of study.

Study assessments
At pre-intervention (T0), week 8(T1) and week 12(T2) during intervention, participants complete all
outcome assessment by professional researchers. General characteristics information needs to be
collected at baseline, including patients' age, level of education and economic status via interview and
retrieved disease information from medical records by two trained study coordinators (M-YW, J-TJ). The
schedule of study outcome assessments is outlined in Fig. 2.

Cognitive ability
The International Cognition and Cancer Task Force (ICCTF)[1] proposed and considered that objective
neuropsychological test battery is the gold standard for evaluating cognitive function of CRCI. The
Hopkins Verbal Learning Test-Revised (HVLT-R)[32] used is a test to assess verbal learning and memory.
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The HVLT Chinese version consists of a 12-word list, and the researcher will read them aloud. The patient
needs to recall as many words as possible for three consecutive learning trials (total recall). After 20 min,
the patient is asked again to recall (delayed recall). Lastly, a list of 24 words is read by the researcher and
the patient is asked to declare and answer whether the concerned word was mentioned in previous list
(recognition). At the next follow-up, a parallel version of HVLT (the 12-word list with different words) is
applied to replace the original version. In addition, executive function and attention are tested by Trail-
Making Test (TMT)[33] and Digit Symbol Substitution Test (DSST), respectively (see Table 1).

  In addition, patients' subjective feelings are the most relevant measures of clinical signi�cance, and
cognitive complaint reported by patients is the main outcome indicator. The Functional Assessment of
Cancer Therapy-Cognitive Function (FACT-Cog) developed by Wagner et al[34] was to assess subjective
cognitive functioning, and revised Chinese version will be employ in this study[35]. Cronbach's α
coe�cient is from 0.87 to 0.96 with good internal consistency. The scale was divided into 4 dimensions
including 37 items: perceived cognitive impairment (PCI), perceived cognitive ability (PCA), evaluation of
others, and impact on quality of life (QoL). The higher score of the overall cognitive impairment indicated
the better the cognitive function. The FACT-Cog subscales in this study will be utilized including PCI, PCA,
QoL.

Patient-reported outcomes
Patients will complete several patient-reported outcomes (PRO) questionnaires on subjective fatigue,
anxiety, depression, and health-related quality of life (see Table 2).

Safety
Adverse events occurred in the study should be truthfully recorded in the adverse event record form,
including its symptoms, occurrence time, duration, treatment measures, etc. Adverse events were divided
into general adverse events, major adverse events and serious adverse events according to their severity.
A report form should be completed for a serious adverse event (SAE). Comprehensive factors, security
evaluation. Evaluation parameters: level 1 (safety, no adverse reactions); Level 2 (relatively safe, mild
adverse reactions, no need to do any treatment, can continue training); Level 3 (safety problems,
moderate adverse reactions, treatment can be continued training); Level 4 (study should be suspended
due to serious adverse reactions). According to the actual situation, after the end of the intervention, the
safety of the subjects during the experiment will be evaluated. An adverse event that meets the criteria for
SAE between study enrollment and hospital discharge will be reported to the local Institutional Review
Board.

Trial monitoring
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The trial is at a low risk without stopping rules, so Investigational Medicinal Products will not be used.
The independent Trial Oversight Committee (TOC) will review the protocol and the statistical analysis
plan, and review recruitment of patients, compliance with protocol, adverse events or effects, and the
collection of complete data. The research staff are independent experts specialising in clinical trials,
cancer nursing, or statistics. The Trial Management Committee will supervise trial procedures and
progress, and the outcomes will be reported regularly.

Protocol amendments
The sponsor is responsible for submitting materials to the local ethics committee.During this process, the
principal investigator may be trained in any programme modi�cation and, if necessary, any retraining
shall be provided.

Sample size
The sample size was estimated in this study by using perceptive cognitive impairment (PCI) as the main
effect indicator, which refers to the results of Oh et al[26]. Using G * power 3.1 software, 58 cases of the
total sample can be calcutated with a test power of 0.80. Considering the 20% dropout rate, the total
sample size required for this study is about 70 patients randomly randomized to the intervention group or
the usual care group.

Data Collection
All the data will be collected from these participants, including those who discontinue treatment. Most of
the outcome data will be collected via the provided paper-and-pencil measures (anonymised by
participant ID). If participants interest in electronic measures (anonymised by participant ID), these will be
provided.

The cognitive assessors will conduct a comprehensive training in scoring the measures. Interrater
reliability will be determined, and discrepancies will be resolved by consensus.

When the participants have been randomized, dropout and premature termination from two groups at any
point will be recorded along with revalant reason. Participants can choose to withdraw and will not be
affected at any time while declining to participate or withdrawing from the trial. A participant may be
withdrawn from the intervention in some cases. For example, they develop a condition which would
exclude them from the study based on the eligibility criteria. Participants who are withdrawn from the
intervention during the trial will not continue in follow-up but will not be replaced.

Data management
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The data are collected by the research staff and will be stored in a database. The identi�able information
(eg. real name) of the participants will not appear in the relevant reports of the trial to protect their
privacy. Only researchers directly involved in the analysis of the RCT will have access to the �nal trial
data set, which will only contain coded data. After data collection and before data storage, all obtained
outcomes are manually double-checked by the research staff (M-YW, J-TJ). The design, intervention
process, study integrity and safety aspects will be monitored at group meetings involved in this study.

Data analysis
Demographics and other characteristics will be reported descriptively to summarize the distribution of all
variables via statistics software (SPSS 24.0). Means and SD will be calculated for continuous normally
distributed variables and medians and ranges for non-normally distributed variables. Categorical
variables will be presented by absolute numbers and percentages.

For the primary intention-to-treat (ITT) analysis, we will compare the number of patients showing post-
intervention improvement in the HVLT-R between the intervention group and control group using Fisher’s
exact tests. The treatment effect will be expressed as an estimate with 95% CIs, adjusted for key
prognostic factors (eg, age, level of education) and baseline HVLT-R, estimated from log-binomial
regression models. Analysis of covariance (ANCOVA) will be used to analyse the ITT effect on other
neuropsychological outcome measures. All cases for both baseline and follow-up measurements will be
analysed for the different outcomes. If missing values exceed 10%, we will impute missing values on
covariates by using multiple imputation.

Adherence to the Baduanjin exercise will be noted (the number of attended sessions divided by the
number of sessions offered). Linear regression analysis adjusted for baseline will be used to assess the
association between changes in serum levels of in�ammatory factors and changes in cognitive
functioning. The same analyses will be conducted for the association between changes in cognitive
functioning and changes in quality of life.

For the long-term effects, a liner mixed-effect model will be used to analyze the effects of the baseline
measurements and two follow-up measurements at 8 and 12 weeks simultaneously. In addition, reliable
change indices (RCIs) for all individual patients were calculated for changes in all neuropsychological
assessment raw scores. Individual change was de�ned by RCI values exceeding±1.645 (corresponding
with a 90% CI). The numbers of patients with reliably improved, declined, or non-changed performance
was compared between groups for each neuropsychological test variable. Two-sided signi�cance level
for all tests is 0.05.

Dissemination
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The �ndings of this study will be reported in a master's thesis by the main author, will be submitted to a
peer-reviewed journal for publication, and will be presented at relevant conferences on the subject of
matter.

Discussion
Currently, although cognitive decline is a well-known phenomenon, there are no pharmacological
interventions to prevent or alleviate cognitive problems in patients with various non-central nervous
system cancers. Physical exercise has been recommended as part of rehabilitation, which appears to a
feasible and promising non-drug intervention that improves cognitive abilities. Preclinical study[36] have
demonstrated that low-intensity exercise may assist in preventing cognitive dysfunction in chemotherapy-
exposed patients with breast cancer. Bduanjin exercise as a mind-body therapy has bene�cial effects on
fatigue, quality of life, negative mood among patients [30, 37, 38]. In addition, this training exercise is
easy to learn and widely used in the community with no restriction for the environment[39]. Some
evidences have demonstrated that improved the attention of the elderly or patients with MC[40, 41]. In
light of the previous state of the literature, we hypothesized that the exercise programme may have a
protective effect on the cognitive function of breast cancer patients. Given ethical reasons, patients
assigned into the control arm have the opportunity to carry out a 3-month exercise programme after the
study period, so as to decrease subsequently the risk of sample contamination. If Baduanjin exercise
seems to be effective, it can provide evidence-based interventions during cancer treatment to possibly
minimize or decrease cognitive problems, thereby improving their quality of life. Previous preclinical and
human studies have shown that a wider range of chemotherapy is associated with cognitive changes in
cancer patients, so we hope that the results of this study will also be applicable to patients with other
types of tumors and receiving chemotherapy. Therefore, the ultimate purpose of this study may have a
positive impact on the quality of life or physical and mental health of growing survivors with cancer.

Trial Status
Recruitment of patients started on 1 June 2020. The trial is currently underway and expected to be
completed by 1 June 2021. The protocol was 1.0 version. Date of edition was May 22, 2020.

Abbreviations
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Reliable Change Indices; TOC: Trial Oversight Committee; SAE: Serious Adverse Event
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Figure 1

Overview of the study
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Figure 2

Standard Protocal Items: Recommendations for Interventional Trials(SPIRIT) diagram of enrolment,
treatment, and assessments over intervention time
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