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Abstract

Background: Stroke is the leading cause of death worldwide. China faces a similar risk of stroke as developed
countries because of considerable changes in lifestyle, such as overeating and smoking. Tai Chi is a traditional form
of mind-body exercise that has been widely practiced in China for thousands of years. However, there are few
studies on the effect of Tai Chi on the cardiopulmonary function of stroke patients in the recovery phase. Therefore,
it is necessary to observe the effect of Tai Chi on the cardiorespiratory fitness of patients after stroke.

Methods: This is a parallel-design, two-arm, analyst assessor-blinded, randomized controlled trial. A total of 226
stroke patients in the recovery phase will be recruited and assigned randomly to a control group or Tai Chi group
at a 1:1 ratio. The patients in the Tai Chi group will perform the Tai Chi exercise. The patients in the control group
will perform walking exercises. Patients in both groups will receive conventional treatments and healthy education.
The primary outcomes will be VO,peak and scores on the MOS item short form health survey (SF-36) scale.
Secondary outcomes will include vital capacity (VC), ejection fractions (EF), and cardiac output (CO). The
assessments of the tests will be performed at three time points (before exercise, at the end of exercise, and 6 weeks
after exercise). Adverse events will be recorded faithfully during the study.

Discussion: If the results are positive, this study will contribute to the establishment of further guided Tai Chi
rehabilitation programs.

Trial registration: Chinese Clinical Trial Registry ChiCTR2000034719. Registered on 16 July 2020.
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Introduction

Background and rationale {6a}

Stroke is the leading cause of death worldwide [1].
Accordingly, stroke has become the top cause of death
and disability in China [2], reducing the quality of life
and increasing the economic burden on families and
society.

After the occurrence of stroke, prolonged muscle
weakness and dystonia [3] promote deformities of bones,
joints, and ligaments [4], thereby causing balance and
motor disorders. In addition, 44% to 74% of patients [5]
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still have varying degrees of cognitive impairment after a
stroke, and 25% to 74% of patients suffered from
psychological disorders such as depression [6]. Balance
ability [7], motor ability, cognition [8], and mood [9] are
positively correlated with cardiopulmonary fitness (CRF),
which influences the survival rate after stroke [10].
Moreover, the time period after a stroke ranges from 10
days to 8years, suggesting that the decline in
cardiorespiratory fitness may persist for years after the
stroke. CRF reflects [11] the ability of the circulatory
and respiratory systems to supply oxygen to skeletal
muscles during sustained, moderate-to-intense exercise
physical activity. Poor cardiopulmonary fitness, due to
low exercise for 1-3years [12] after stroke, may be a
secondary factor limiting rehabilitation [13]. Conversely,
cardiopulmonary training and consequent improvements
in cardiopulmonary fitness increase motor function, the
frontal gray [14] (which is associated with emotion [15])
and hippocampal volumes [16] (which influence cogni-
tion [17]).

Traditionally, stroke rehabilitation has focused on
primary neurological impairments, including muscle
weakness and loss of coordination. The intensity of
physical or occupational therapy activities is not
sufficient to cause cardiopulmonary training effects [18].
Tai Chi is a traditional form of mind-body exercise that
has been widely practiced in China for thousands of
years. The fitness of this exercise is believed to facilitate
the flow of qi through the body, thereby producing
health benefits. There are various styles of Tai Chi, in-
cluding Yang-style (24-form) and Sun-style (21-form)
styles. Strong evidence has shown that Tai Chi improves
or maintains balance ability in patients with Parkinson's
disease [19]. In addition, Tai Chi has been shown to play
a positive role in CRF. A study showed that Tai Chi sig-
nificantly [20] reduced elderly obese people’s vital cap-
acity and maximal oxygen uptake. Tai Chi improves [21]
cardiopulmonary fitness parameters, including forced
expiratory volume in 1s (FEV1) and the 6-minute walk
test (6MWT), in patients with chronic obstructive pul-
monary disease (COPD). Moreover, Tai Chi has been
widely practiced for stroke rehabilitation. Specifically,
prior studies show that Tai Chi training may constitute a
viable intervention not only to improve balance [22] and
quality of life [23] in stroke survivors but also to support
stroke prevention [24].

However, the effects of Tai Chi on specific stimulation
actions for cardiopulmonary fitness have rarely been
studied. Because 24-form Tai Chi requires higher
strength, balance, and coordination of the upper and
lower limbs, it is challenging for patients in the stroke
recovery period to achieve psychosomatic exercise train-
ing effects. Therefore, six suitable movements were se-
lected from the 24 forms of Tai Chi prepared by the
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General Administration of Sport of China in 1956. The
“Six Forms of Tai Chi” are Commencing Form, Wave
Hands Like Clouds, Repulse Monkey, Part the Wild
Horse's Mane on Both Side, Hold the Lute, and Closing
Form. We adapted six movements according to the the-
ories of normal human anatomy, traditional Chinese
medicine (TCM) meridians and collaterals, TCM Qi-
gong, etc., to produce specific effects on cardiopulmo-
nary fitness. To date, no studies have clarified the effect
of “Six Forms of Tai Chi” training on the cardiopulmo-
nary fitness of patients after stroke.

Objectives {7}

Based on previous literature and training experience, our
hypothesis is that “Six Forms of Tai Chi” training safely
improves the cardiopulmonary fitness of stroke patients
in the recovery phase.

Trial design {8}

This study will be a multicenter, single blind (assessor
and statistician), 19-week, randomized parallel control
group trial. Patients will be allocated in a 1:1 ratio into
the control group or Tai Chi group.

Methods: Participants, interventions, and
outcomes

Study setting {9}

The patients will be recruited from the Xi Yuan
Hospital, Beijing Da Xing District of Integrated
Traditional Chinese and Western Medicine, Hebei Cang
Zhou Hospital of Integrated Traditional Chinese and
Western Medicine, Fujian University of Chinese
Medicine, Henan Provincial People’s Hospital, The
Third People’s Hospital of Zhengzhou, and Henan
Provincial Hospital of TCM. Patients will be considered
for inclusion if they meet the criteria defined below. The
flow chart is shown in Fig. 1.

Eligibility criteria {10}

Inclusion criteria (at the outpatient clinic or inpatient)
Patients must meet the following criteria to be eligible

for the study:

1. Key Points for the Diagnosis of Various Major
Cerebrovascular Diseases in China 2019.

2 weeks to 6 months after onset of stroke.
Between 18 and 75 years of age.

Berg balance ability scale > 40 points.

Patients or their guardians must sign an informed
consent form.

AR

Exclusion criteria (at the outpatient clinic or inpatient)

1. Subarachnoid hemorrhage.
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2. Severe dysfunction or complications of liver and
kidney.

3. Peripheral facial paralysis, visual impairment,
aphasia, and mental disorders that prevent the
patient from completing the study.

4. Recent acute coronary syndrome, including
myocardial infarction or unstable angina (within 4
weeks).

5. Patients with chronic obstructive pulmonary
disease.

6. Systolic blood pressure > 180 mmHg, diastolic
blood pressure > 100 mmHg, and resting heart rate
> 120 beats/min.

7. Patients who participated in Tai Chi training within
3 months.

8. MOCA scale <26 points.

9. The 6-minute walking test was completed with a
BORG score of less than 3 or greater than 7.

Who will take informed consent? {26a}

Stroke patients in the recovery phase will be screened
for eligibility to participate in this study based on the
abovementioned criteria. After the patient has been
assessed as eligible by the lead physician, he/she will
receive initial study information. After at least 2 weeks of
reflection, stroke patients in the recovery phase will be
invited to meet with the research physician to discuss
any remaining questions and sign the informed consent
form.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}

A total of 226 stroke patients will be asked to supply 10
ml of blood. These blood samples of patients will be
drawn at baseline and at 13 and 19 months. Regardless
of treatment allocation, patients will be made aware this
part of the trial on the informed consent form.

Interventions

Explanation for the choice of comparators {6b}

According to the Physical Activity and Exercise
Recommendations for Stroke Survivors, the control
group will receive walking training with standard care
and health education interventions.

Intervention description {11a}

The participants in the Tai Chi group will undergo “Six
Forms of Tai Chi” training in the garden of the hospital
or campus gymnasium, with 60-minute sessions occur-
ring five times a week for 3 months. Before formal train-
ing, Tai Chi teaching will be held for 1 week, including
lessons on the knowledge of Tai Chi and the six move-
ment standards of Tai Chi. Formal training will be con-
ducted after all participants have similar assessment
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scores. According to the Physical Activity and Exercise
Recommendations for Stroke Survivors, each session will
include 40 min of Tai Chi training plus 10 minutes of
warm-up and cool down, and the intensity will be 55—
80% heart rate (HR) max. The six Tai Chi movements
will be adapted by an expert panel from the Yang Short-
form style that is based on the General Administration
of Sport of China. The six movement main points are as
shown in Table 1.

The six movements will be combined with abdominal
breathing and will focus on cardiopulmonary fitness in
stroke patients in the recovery phase. At the end of each

training, the participants will be required to complete a
“Tai Chi training log” to evaluate the training quality
and compliance. Tai Chi training will be provided by Tai
Chi coaches who achieved similar results in the
qualification examination. All participants in the Tai Chi
group will receive regular medical treatment and health
education.

According to the Physical Activity and Exercise
Recommendations for Stroke Survivors, the participants
will conduct walking training. Before walking training,
walking teaching will be held for 1week. The training
time, frequency and intensity were consistent with those
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Table 1 Chart of six movement main points
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Number Name Main point Breathing
Form 1 Commencing form Raise palm Inhale
Down push both palms Exhale
Form 2 Wave hands like clouds Back pull on shoulders and elbows Inhale
Palm down Exhale
Form 3 Repulse monkey Turn and hold palm up Inhale
Return to palm and look forward Exhale
Form 4 Part the wild horse’s mane on both side Push palm in bow step Inhale
Exhale and settle palms Exhale
Form 5 Hold the lute Suction drives the shoulder up Inhale
The exhale pulls the shoulders back down Exhale
Form 6 Closing form Raised both arms Inhale
Down push both palms Exhale

of the Tai Chi group. Each session will include 40 min of
walking exercise plus 10 min of warm-up and cool down.
All participants in the control group will also receive
regular medical treatment and health education as the
Tai Chi group.

Criteria for discontinuing or modifying allocated
interventions {11b}

If the study meets any of the following criteria, the
interventions will prematurely end. Patients can leave
the study at any time for any reason if they wish to do
so and will not face any consequences. Patient
participation in this study can be ended by the
investigator if the patient is uncooperative and/or does
not attend study visits. During the study, patients with
low adherence can affect the authenticity of the results.
Interventions will be discontinued if there are abundant
adverse events (AEs) or serious adverse events (SAEs).

Strategies to improve adherence to interventions {11c}

To improve training compliance, the coach will
constantly emphasize the significance and benefits of
training for participants. After each training session,
participants will complete the self-feeling scale to report
their feelings in a timely manner. The coach will regu-
larly conduct out WeChat, telephone return visits, and
time training.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Conventional drug treatment (antihyperglycemic,
antihypertensive, etc.) will be allowed. Patients’
medication status will be recorded continuously. The
control group will not be allowed to take Tai Chi
training until the end of the 6-week follow-up.

Provisions for post-trial care {30}

This study will not include any ancillary or posttrial
care. There is no compensation budget item for this
study.

Outcomes {12}
Primary outcomes

(1) VOqpear: Peak oxygen uptake (VOqpeq) is a highly
reproducible objective indicator of cardiopulmonary
fitness by the cardiopulmonary exercise test
(CPET), which reflects the maximum oxygen
uptake achieved by the participant through
maximum effort. Studies have shown that VO,peax
is positively correlated with regional cerebral blood
flow [25]. Measurement of VOype, by CPET is
generally recognized as the gold standard of
cardiopulmonary capacity [26].

(2) SE-36: The SE-36 is a general health status param-
eter designed for population surveys or health as-
sessments. It contains both physical health content
(physical fitness, role-physical, body pain, general
health) and mental health content (vitality, social
fitness, role emotional, mental health). In this study,
the SF-36 scale will be used to assess the effects of
Tai Chi on the physical and mental health of stroke
patients.

Secondary Outcomes

(1) Cardiopulmonary fitness-related indicators: vital
capacity (VC), oxygen saturation (SPO5), heart rate
variability (HRV), cardiac output (CO), ejection
fractions (EF), maximal voluntary ventilation
(MVV), etc.

(2) Safety Assessment: Adverse events (AEs) will be
observed during the study period, and the degree of
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correlation with the study measures will be assessed
according to a 5-level standard: @ absolutely re-
lated, @ probably related, ® may be related, @
may be not related, and ® absolutely unrelated. Re-
gardless of whether adverse events were associated
with the study, researchers recorded details on the
case report form (CRF), including time, symptoms,
adverse reactions and seizure frequency, continuous
termination time, laboratory examination indexes,
treatment methods, and results.

The researchers will be required to report any serious
adverse event (SAE) to the research group within 24 hor
no later than the second working day. Researchers will
sign and date the report and recorded the source when,
how, and to whom serious adverse events were reported.

The formula is as follows: Incidence of adverse events
= (O+@+®)/Total actual case.

Other outcomes

(1) Molecular mechanism: Surfactant protein D (SP-D)
and N-terminal pro-brain natriuretic peptide (NT-
proBNP). Serum SP-D levels are considered to be a dis-
ease marker value for human lung diseases, including
interstitial lung diseases (ILDs), COPD, and asthma [27].
Serum BNP levels may [28] help identify right heart fail-
ure or pump thrombosis/malfunction. Many clinical tri-
als have shown that Tai Chi training effectively reduces
the level of brain natriuretic peptide in patients with
chronic heart failure [29] and myocardial infarction.

(2) Berg balance scale: Disturbance of balance is the most
common cause of disability in stroke patients. The Berg
balance scale has been widely used to evaluate poststroke
patients’ abilities [30]. The scale consists of 14 items, each
of which is divided into 5 grades from 0 to 4, with a full
score of 56. Higher scores indicate better balance.

Participant timeline {13}
The participant timeline is shown in Table 2.

Sample size {14}

Sample size estimation in this trial is based on the expected
improvement of VO,pe, in 12 weeks of Tai Chi training in
patients with heart failure [31]. After 12weeks of
intervention, the VOypcy Of the aerobic exercise group and
Tai Chi group was respectively 13.0 + 4 ml/kg/min and
15.2+6 ml/kg/min. We set « = 0.05, 5 = 0.10. The sample
size will be estimated according to the estimation formula:

2
ny=ny =2 |:4(t2a -f(;\tz/s) S]

It is estimated that a sample size of 94 participants per
group will be required. Considering a 20% dropout and
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exit rate, we will recruit 226 participants, with 113
participants in each group.

Recruitment {15}

The patients will be recruited from the Xi Yuan
Hospital, Beijing Da Xing District of Integrated
Traditional Chinese and Western Medicine, Hebei Cang
Zhou Hospital of Integrated Traditional Chinese and
Western Medicine, Fujian University of Chinese
Medicine, Henan Provincial People’s Hospital, The
Third People’s Hospital of Zhengzhou, and Henan
Provincial Hospital of TCM.

Assignment of interventions: allocation

Sequence generation {16a}

Participants will be randomly assigned to the control
group or Tai Chi group (1:1) via block randomization at
baseline using a central stochastic system.

Concealment mechanism {16b}
Allocation is not concealed and will be revealed to both
the participants and the researcher upon randomization.

Implementation {16c¢}

Each hospital is equipped with a random staff. The
account and password of the random staff are given to
enter the random system (http://121.229.17.89:9080/
IWRS/). Patients will receive a unique random number
from random staff.

Assignment of interventions: blinding

Who will be blinded {17a}

In this study, it will be impossible to blind the
participants and Tai Chi coaches. To minimize bias,
study personnel, such as researchers who perform
relevant tests and outcome evaluators, will not have
permission of a central stochastic system. Group A will
be used to identify the control group, and group B will
be used to identify the Tai Chi group, thus blinding the
statisticians and outcome evaluators.

Procedure for unblinding if needed {17b}

When statisticians complete the work of data
management and data analysis, the random allocation
will be uncovered.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Baseline characteristic data will be collected from
electronic personal medical records and recorded with
an electronic case report form (eCRF) using Xi Yuan
Hospital EDC. All serum samples will be subjected to
laboratory tests. All data acquired during the study will
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Table 2 Example template of recommended content for the schedule of enrollment, interventions, and assessments
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STUDY PERIOD

Period
Enroliment | Allocation Format intervention Follow-up
of training
TIMEPOINT** -t1 0 Weeks 1 Weeks 2-12 | Weeks 13 | Weeks 14-18 | Weeks 19
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
[Walking training]
[Tai Chi training]
ASSESSMENTS:
Baseline
X
characteristics
VO2peak X X X
SF-36 X X X
Vital capacity
(VC) X X X
Oxygen saturation
(SPO2) X X X
Maximal voluntary
ventilation (MVV) X X X
Ejection fractions
(EF) X X X
Heart rate
X X X
variability (HRV)
Cardiac output
(CO) X X X
Safety Assessment X X X
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be anonymized and saved in a study folder on our
protected research server.

Plans to promote participant retention and complete
follow-up {18b}

The importance of completion of all trials will be
informed. The participants will be able to stop at any
time by themselves without giving a reason. At each
point in the trial, all patients will be prompted to
complete the assessments by telephone or WeChat.

Data management {19}

The evaluators will record the data on the paper case
report form, and the complete test report will be
attached. The data entry personnel of each hospital will
be input into the eCRF once a week and managed by
independent organization.

Confidentiality {27}

To protect information confidentiality, participants will
be identified only by acronyms, and their real names will
not appear on any reports during the study. Each
hospital has an exclusive data administrator who will be
the only person with access to the eCRF.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}

At baseline, week 12 and week 19, 10 ml blood from
participants will be collected, and blood will be isolated
at 3000 r/min for 10 min. After the serum entered the
frozen pipe, it was stored in a refrigerator at — 80 °C.
Independent organization will test serum biochemicals
uniformly.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Statistical analysis will be performed by statisticians who
come from the third term using SPSS 20.0 software for
Windows. Categorical variables will be expressed in
terms of frequency or percentage, and continuous
variables will be expressed in terms of mean and
standard deviation. Primary and secondary outcome data
collected after 13 weeks and 19 weeks will be compared
with baseline data, respectively. For normally distributed
variables, a ¢ test will be used for statistical comparisons
between groups. If it is nonnormal, then a
nonparametric test is used. P values less than 0.05 will
be considered statistically significant. To verify that the
results are consistent, the primary outcome (change in
VOspeak between baseline and 19 weeks) will be
compared between the two groups using intention-to-
treat (ITT) and per-protocol subject analysis (PPS). The
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Pearson correlation or Spearman correlation measures
the correlation between two variables.

Interim analyses {21b}
There are no interim analyses planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

For the primary and secondary outcomes, we will
perform subgroup analyses according to age.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Missing data patterns will be analyzed by means of
missing value analyses.

Plans to give access to the full protocol, participant-level
data, and statistical code {31¢}
There are no plans to give access to these data or codes.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

This is a single-center study performed and coordinated
at the Beijing University of Chinese Medicine. Day to
day support for the trial will be provided by:

(1) Principle investigator: supervise the trial and
medical responsibility of the patients.

(2) Study coordinator: trial registration, coordinate
study visits.

(3) Head coach of Tai Chi: Establish the “Six Forms of
Tai Chi” criteria and train the coach of each center.

The study team will meet every 3 weeks. There will
not be a trial steering committee or stakeholder or
public involvement group.

Composition of the data monitoring committee, its role
and reporting structure {21a}

Not applicable. A data monitoring committee is not
needed, as risks are expected to be minimal.

Adverse event reporting and harms {22}

During the entire study, minor or moderate adverse
events will be recorded faithfully in CRF. The
coordinating center will conduct a comprehensive
analysis and assessment of the occurrence of adverse
reactions. Serious adverse events occurring during the
study period, regardless of whether they are related to
the study-related examination and treatment, will be re-
ported to the central research group within 24 h. Study
personnel will complete the registration form of serious
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adverse events, give symptomatic treatment and actively
address the event.

Frequency and plans for auditing trial conduct {23}

The auditing trial will be conducted online for 2 weeks.
The audit includes data (completeness, accuracy, clarity)
and quality of intervention (attendance, exercise
intensity, side effect of exercise). These contents will be
sent to the research group in the form of pictures,
videos, and forms, and the research group will give
feedback timely. The site audit will be conducted per 8-
10 weeks to ensure a more realistic auditing of the trial
details.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}

Any modifications (the principal investigator, clinical
research protocol, informed consent, recruitment
materials, etc.) will be submitted to the Ethics
Committee of Beijing University of Traditional Chinese
Medicine for review and approval of amendments.

Dissemination plans {31a}

The results of this study will be published entirely in
international peer-reviewed journals. Both positive and
negative results will be reported. If participants choose
to receive study-level results, they will receive a nonpro-
fessional summary of the results.

Discussion

Modern medicine believes that cardiopulmonary fitness
has a close relationship with blood perfusion and stroke
rehabilitation. Because stroke often leads to a sedentary
lifestyle [32], stroke patients [33] have shown a 50%
reduction in CRF compared to their peers, and the
VOoypeac  value was 8-22ml/kg/min, which was
equivalent to 26—87% of the VOypea value of matched
healthy individuals [34]. Marked reduced
cardiopulmonary fitness [35] is often accompanied by
weakness of the breathing muscles, including the
diaphragm, intercostal muscles, and abdominal muscles.
These breathing muscles contribute to balance ability,
which is a major cause of impairment for patients with
stroke via diaphragmatic contraction and by increasing
intra-abdominal pressure. VOqpc,\, as a gold indicator of
cardiopulmonary fitness [7], is associated with an in-
creased volume of gray matter in the anterior cingulate
inferior frontal gyrus [36]. Cardiopulmonary fitness may
be a basis for functional recovery after stroke.

“Heart dominating blood and vessels” and “Lung
dominating breath” are from the Traditional Chinese
Medical. With moderate exercise [37], qi and blood will
be mobilized when practicing Tai Chi. The coordination
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of the heart and lung promotes the movement of qi and
blood. Some studies show that regular Tai Chi training
is proven to affect heart rate in cardiovascular risk
factors in elderly individuals [38] or community-dwelling
older individuals [39]. Various biomarkers, such as
endothelin, brain natriuretic peptide, and tumor necrosis
factor, are modulated according to Tai Chi mechanistic
studies. Although there is a lack of Tai Chi on cardiopul-
monary fitness in stroke patients in the recovery phase,
it can be inferred from the literature that Tai Chi has
the potential to improve the cardiopulmonary fitness of
stroke patients. However, emerging evidence has focused
on the effects of Tai Chi on balance, motor function,
and depression in poststroke patients. Few researchers
have been conducted on the effects of Tai Chi on cardio-
pulmonary fitness during stroke recovery. Therefore, it
is necessary to further study the effect of Tai Chi on the
cardiorespiratory fitness of patients after stroke. CEPT is
a noninvasive way to obtain information about a pa-
tient’s cardiorespiratory fitness. CEPT integrates circula-
tory, respiratory, and metabolic systems, thus allowing
researchers to observe the function of the cardiovascular
and respiratory systems simultaneously. Hence, CEPT is
selected for this study.

In this innovative study, we are conducting the first
randomized control trial of the “Six Forms of Tai Chi”
versus walking training, which has documented
guidelines for cardiopulmonary training in a large
poststroke population. If the results are positive, this
study will contribute to the establishment of further
guided Tai Chi rehabilitation programs.

Trial status
This protocol is the first version 1, which was approved
on 16 July 2020.

The trial was started on 1 September 2020. We hope
to achieve our research objectives by December 2021.

Abbreviations

CRF: Cardiopulmonary fitness; FEV1: Forced expiratory volume in 1s;
6MWD: 6-minute walk test; COPD: Chronic obstructive pulmonary disease;
TCM: Traditional Chinese medicine; HR: Heart rate; AE: Adverse events;
SAE: Serious adverse events; VO,peay: Peak oxygen uptake;

CPET: Cardiopulmonary exercise test; VC: Vital capacity; SPO,: Oxygen
saturation; HRV: Heart rate variability; CO: Cardiac output; EF: Ejection
fractions; MVWV: Maximal voluntary ventilation; NT-proBNP: N-terminal pro-
brain natriuretic peptide; ILD: Interstitial lung diseases; SP-D: Surfactant
protein D; eCRF: Electronic case report form

Acknowledgements
The authors thank all patients who supported this study and American
Journal Experts for language editing service

Authors’ contributions {31b}

LYW conceived the idea of this protocol and “Six Forms of Tai Chi". LYW,
YYM, and RNB coordinate the study. TYT drafted the manuscript. XYL
contributed to Taijiquan action guidance. CCW, JXL, YK, ML, and CYZ were
responsible for reviewing and revising the manuscript. All authors read and

approved the final version of the manuscript.


http://www.aje.com/go/bmc/
http://www.aje.com/go/bmc/

Tan et al. Trials (2021) 22:614

Funding {4}

This trial was funded by the National Key Research and Development Plan of
China (2019YFC1710303). The funding body will play no role in the design of
the study and collection, analysis, and interpretation of data and in writing
the manuscript.

Availability of data and materials {4}

To protect the privacy of participants, the data sets generated or analyzed in
this study have not been made public, but can be obtained from the
corresponding author if reasonably requested

Declarations

Ethics approval and consent to participate {24}

This protocol follows the principles of the Helsinki Declaration and has been
approved by the Ethics Committee of Beijing University of Traditional
Chinese Medicine (approval number 2020BZYLL0302). Before participating, all
participants will be fully informed of the trial and sign an informed consent
form. And participants have the right to request withdrawal from the study
at any time.

Consent for publication {32}
Not applicable

Competing interests {28}
The authors declare that they have no competing interests

Author details
'Beijing University of Chinese Medicine, Beijing, China. *China Academy of
Chinese Medicine Sciences Xiyuan Hospital, Beijing, China.

Received: 7 March 2021 Accepted: 24 August 2021
Published online: 13 September 2021

References

1. Jia J, Cheng J, Ni J, Zhen X. Neuropharmacological actions of metformin in
stroke. Curr Neuropharmacol. 2015;13(3):389-94. https://doi.org/10.2174/1
570159X13666150205143555.

2. LiS,YinC Zhao W, Zhu H, Xu D, Xu Q, et al. Homeostasis model
assessment of insulin resistance in relation to the poor functional outcomes
in nondiabetic patients with ischemic stroke. Biosci Rep. 2018;38(3):
BSR20180330. https://doi.org/10.1042/BSR20180330.

3. Cheung VC, Turolla A, Agostini M, Silvoni S, Bennis C, Kasi P, et al. Muscle
synergy patterns as physiological markers of motor cortical damage. Proc
Natl Acad Sci U S A. 2012;109(36):14652-6. https://doi.org/10.1073/pna
s.1212056109.

4. Coscia M, Monaco V, Martelloni C, Rossi B, Chisari C, Micera S. Muscle
synergies and spinal maps are sensitive to the asymmetry induced by a
unilateral stroke. J Neuroeng Rehabil. 2015;12(1):39. https://doi.org/10.1186/
$12984-015-0031-7.

5. Sawa GM, Stephan BC. Epidemiological studies of the effect of stroke on
incident dementia: a systematic review. Stroke. 2010;41(1):e41-6. https://doi.
0rg/10.1161/STROKEAHA.109.559880.

6. Cheng C, Liu X, Fan W, Bai X, Liu Z. Comprehensive rehabilitation training
decreases cognitive impairment, anxiety, and depression in poststroke
patients: a randomized, controlled study. J Stroke Cerebrovasc Dis. 2018;
27(10):2613-22. https://doi.org/10.1016/jjstrokecerebrovasdis.2018.05.038.

7. Han EY, Im SH. Effects of a 6-week aquatic treadmill exercise program on
cardiorespiratory fitness and walking endurance in subacute stroke patients:
a pilot trial. J Cardiopulm Rehabil Prev. 2018;38(5):314-9. https://doi.org/10.1
097/HCR.0000000000000243.

8. Swardfager W, Herrmann N, Marzolini S, Saleem M, Kiss A, Shammi P, et al.
Cardiopulmonary fitness is associated with cognitive performance in
patients with coronary artery disease. J Am Geriatr Soc. 2010;58(8):1519-25.
https://doi.org/10.1111/j.1532-5415.2010.02966 x.

9. Mikkelsen N, Dall CH, Frederiksen M, Holdgaard A, Rasmusen H, Prescott E.
Depression, socioeconomic factors, and ethnicity as predictors of
cardiorespiratory fitness before and after cardiac rehabilitation. J Cardiopulm
Rehabil Prev. 2019;39(4):E1-6. https://doi.org/10.1097/HCR.00000000000003
67.

20.

22.

23.

24.

25.

26.

27.

28.

29.

Page 10 of 11

Prestgaard E, Mariampillai J, Engeseth K, Erikssen J, Bodegard J, Liestal K,

et al. Change in cardiorespiratory fitness and risk of stroke and death.
Stroke. 2018:Strokeaha118021798. https://doi.org/10.1161/strokeaha.118.021
798.

Qin F, Dong Y, Wang S, Xu M, Wang Z, Qu C, et al. Maximum oxygen
consumption and quantification of exercise intensity in untrained male
Wistar rats. Sci Rep. 2020;10(1):11520. https://doi.org/10.1038/541598-020-684
55-8.

Rejnd A, Nasic S, Bjalkefur K, Bertholds E, Jood K. Changes in functional
outcome over five years after stroke. Brain Behav. 2019;9:¢01300.

Kelly JO, Kilbreath SL, Davis GM, Zeman B, Raymond J. Cardiorespiratory
fitness and walking ability in subacute stroke patients. Arch Phys Med
Rehabil. 2003;84(12):1780-5. https://doi.org/10.1016/50003-9993(03)00376-9.
Voelcker-Rehage C, Godde B, Staudinger UM. Physical and motor fitness are
both related to cognition in old age. Eur J Neurosci. 2010;31(1):167-76.
https.//doi.org/10.1111/j.1460-9568.2009.07014.x.

Abe R, Okada S, Nakayama R, lkegaya Y, Sasaki T. Social defeat stress causes
selective attenuation of neuronal activity in the ventromedial prefrontal
cortex. Sci Rep. 2019,9(1):9447. https://doi.org/10.1038/541598-019-45833-5.
Ehlers DK, Daugherty AM, Burzynska AZ, Fanning J, Awick EA, Chaddock-
Heyman L, et al. Regional brain volumes moderate, but do not mediate, the
effects of group-based exercise training on reductions in loneliness in older
adults. Front Aging Neurosci. 2017,9:110. https.//doi.org/10.3389/fnagi.2017.
00110.

Choi BY, Won SJ, Kim JH, Sohn M, Song HK, Chung TN, et al. EAACT gene
deletion reduces adult hippocampal neurogenesis after transient cerebral
ischemia. Sci Rep. 2018;8(1):6903. https;//doi.org/10.1038/541598-018-251
91-4.

MacKay-Lyons MJ, Makrides L. Cardiovascular stress during a contemporary
stroke rehabilitation program: is the intensity adequate to induce a training
effect? Arch Phys Med Rehabil. 2002,83(10):1378-83. https://doi.org/10.1
053/apmr.2002.35089.

Li F, Harmer P, Fitzgerald K, Eckstrom E, Stock R, Galver J, et al. Tai chi and
postural stability in patients with Parkinson's disease. N Engl J Med. 2012;
366(6):511-9. https.//doi.org/10.1056/NEJMoa1107911.

Sun L, Zhuang LP, Li XZ, Zheng J, Wu WF. Tai Chi can prevent
cardiovascular disease and improve cardiopulmonary function of adults
with obesity aged 50 years and older: a long-term follow-up study.
Medicine (Baltimore). 2019;98:217500.

Polkey MI, Qiu ZH, Zhou L, Zhu MD, Wu YX, Chen YY, et al. Tai Chi and
pulmonary rehabilitation compared for treatment-naive patients with COPD:
a randomized controlled trial. Chest. 2018;153(5):1116-24. https://doi.org/1
0.1016/j.chest.2018.01.053.

Huang S, Yu X, Lu Y, Qiao J, Wang H, Jiang LM, et al. Body weight support-
Tai Chi footwork for balance of stroke survivors with fear of falling: a pilot
randomized controlled trial. Complement Ther Clin Pract. 2019;37:140-7.
https://doi.org/10.1016/j.ctcp.2019.101061.

Taylor-Piliae RE, Hoke TM, Hepworth JT, Latt LD, Najafi B, Coull BM. Effect of
Tai Chi on physical function, fall rates and quality of life among older stroke
survivors. Arch Phys Med Rehabil. 2014;95(5):816-24. https://doi.org/10.1016/
j.apmr.2014.01.001.

Zheng G, Huang M, Liu F, Li S, Tao J, Chen L. Tai Chi chuan for the primary
prevention of stroke in middle-aged and elderly adults: a systematic review.
Evid Based Complement Alternat Med. 2015;2015:742152.

Macintosh BJ, Swardfager W, Crane DE, Ranepura N, Saleem M, Oh P|, et al.
Cardiopulmonary fitness correlates with regional cerebral grey matter
perfusion and density in men with coronary artery disease. PLoS One. 2014;
9(3):€91251. https://doi.org/10.1371/journal.pone.0091251.

van Veldhuisen DJ, Ponikowski P, van der Meer P, Metra M, Bohm M,
Doletsky A, et al. Effect of ferric carboxymaltose on exercise capacity
in patients with chronic heart failure and iron deficiency. Circulation.
2017;136(15):1374-83. https://doi.org/10.1161/CIRCULATIONAHA.117.02
7497,

Hartl D, Griese M. Surfactant protein D in human lung diseases. Eur J Clin
Invest. 2006;36(6):423-35. https://doi.org/10.1111/j.1365-2362.2006.01648.x.
Trinquero P, Pirotte A, Gallagher LP, Iwaki KM, Beach C, Wilcox JE. Left
ventricular assist device management in the emergency department. West J
Emerg Med. 2018;19(5):834-41. https://doi.org/10.5811/westjem.2018.5.3
7023.

Gu Q, Wu SJ, Zheng Y, Zhang Y, Liu C, Hou JC, et al. Tai Chi exercise for
patients with chronic heart failure: a meta-analysis of randomized controlled


https://doi.org/10.2174/1570159X13666150205143555
https://doi.org/10.2174/1570159X13666150205143555
https://doi.org/10.1042/BSR20180330
https://doi.org/10.1073/pnas.1212056109
https://doi.org/10.1073/pnas.1212056109
https://doi.org/10.1186/s12984-015-0031-7
https://doi.org/10.1186/s12984-015-0031-7
https://doi.org/10.1161/STROKEAHA.109.559880
https://doi.org/10.1161/STROKEAHA.109.559880
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.038
https://doi.org/10.1097/HCR.0000000000000243
https://doi.org/10.1097/HCR.0000000000000243
https://doi.org/10.1111/j.1532-5415.2010.02966.x
https://doi.org/10.1097/HCR.0000000000000367
https://doi.org/10.1097/HCR.0000000000000367
https://doi.org/10.1161/strokeaha.118.021798
https://doi.org/10.1161/strokeaha.118.021798
https://doi.org/10.1038/s41598-020-68455-8
https://doi.org/10.1038/s41598-020-68455-8
https://doi.org/10.1016/S0003-9993(03)00376-9
https://doi.org/10.1111/j.1460-9568.2009.07014.x
https://doi.org/10.1038/s41598-019-45833-5
https://doi.org/10.3389/fnagi.2017.00110
https://doi.org/10.3389/fnagi.2017.00110
https://doi.org/10.1038/s41598-018-25191-4
https://doi.org/10.1038/s41598-018-25191-4
https://doi.org/10.1053/apmr.2002.35089
https://doi.org/10.1053/apmr.2002.35089
https://doi.org/10.1056/NEJMoa1107911
https://doi.org/10.1016/j.chest.2018.01.053
https://doi.org/10.1016/j.chest.2018.01.053
https://doi.org/10.1016/j.ctcp.2019.101061
https://doi.org/10.1016/j.apmr.2014.01.001
https://doi.org/10.1016/j.apmr.2014.01.001
https://doi.org/10.1371/journal.pone.0091251
https://doi.org/10.1161/CIRCULATIONAHA.117.027497
https://doi.org/10.1161/CIRCULATIONAHA.117.027497
https://doi.org/10.1111/j.1365-2362.2006.01648.x
https://doi.org/10.5811/westjem.2018.5.37023
https://doi.org/10.5811/westjem.2018.5.37023

Tan et al. Trials (2021) 22:614 Page 11 of 11

trials. Am J Phys Med Rehabil. 2017,96(10):706-16. https://doi.org/10.1097/
PHM.0000000000000723.

30. Hart J, Kanner H, Gilboa-Mayo R, Haroeh-Peer O, Rozenthul-Sorokin N, Eldar
R. Tai Chi Chuan practice in community-dwelling persons after stroke. Int J
Rehabil Res. 2004;27(4):303-4. https://doi.org/10.1097/00004356-2004 12000~
00008.

31, Yeh GY, Wood MJ, Wayne PM, Quilty MT, Stevenson LW, Davis RB, et al. Tai
Chi'in patients with heart failure with preserved ejection fraction. Congest
Heart Fail. 2013;19(2):77-84. https.//doi.org/10.1111/chf.12005.

32. Brogardh C, Lexell J. Effects of cardiorespiratory fitness and muscle-
resistance training after stroke. PM R. 2012;4(11):901-7; quiz 907. https://doi.
0rg/10.1016/j,pmrj2012.09.1157.

33. Macko RF, Katzel LI, Yataco A, Tretter LD, DeSouza CA, Dengel DR, et al.
Low-velocity graded treadmill stress testing in hemiparetic stroke patients.
Stroke. 1997;28(5):988-92. https://doi.org/10.1161/01.5TR.28.5.988.

34, Smith AC, Saunders DH, Mead G. Cardiorespiratory fitness after stroke: a
systematic review. Int J Stroke. 2012;7(6):499-510. https;//doi.org/10.1111/j.1
747-4949.2012.00791 x.

35, Ellapen TJ, Hammill HV, Swanepoel M, Strydom GL. The health benefits and
constraints of exercise therapy for wheelchair users: a clinical commentary.
Afr J Disabil. 2017,6:337.

36. Colcombe SJ, Erickson KI, Scalf PE, Kim JS, Prakash R, McAuley E, et al.
Aerobic exercise training increases brain volume in aging humans. J
Gerontol A Biol Sci Med Sci. 2006;61(11):1166-70. https://doi.org/10.1093/
gerona/61.11.1166.

37. Hawkes TD, Manselle W, Woollacott MH. Cross-sectional comparison of
executive attention function in normally aging long-term T'ai Chi,
meditation, and aerobic fitness practitioners versus sedentary adults. J
Altern Complement Med. 2014;20(3):178-84. https://doi.org/10.1089/acm.2
013.0266.

38. Thomas GN, Hong AW, Tomlinson B, Lau E, Lam CW, Sanderson JE, et al.
Effects of Tai Chi and resistance training on cardiovascular risk factors in
elderly Chinese subjects: a 12-month longitudinal, randomized, controlled
intervention study. Clin Endocrinol (Oxf). 2005;63:663-9.

39. Nguyen MH, Kruse A. The effects of Tai Chi training on physical fitness,
perceived health, and blood pressure in elderly Vietnamese. Open Access J
Sports Med. 2012;3:7-16. https://doi.org/10.2147/OAJSM.527329.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1097/PHM.0000000000000723
https://doi.org/10.1097/PHM.0000000000000723
https://doi.org/10.1097/00004356-200412000-00008
https://doi.org/10.1097/00004356-200412000-00008
https://doi.org/10.1111/chf.12005
https://doi.org/10.1016/j.pmrj.2012.09.1157
https://doi.org/10.1016/j.pmrj.2012.09.1157
https://doi.org/10.1161/01.STR.28.5.988
https://doi.org/10.1111/j.1747-4949.2012.00791.x
https://doi.org/10.1111/j.1747-4949.2012.00791.x
https://doi.org/10.1093/gerona/61.11.1166
https://doi.org/10.1093/gerona/61.11.1166
https://doi.org/10.1089/acm.2013.0266
https://doi.org/10.1089/acm.2013.0266
https://doi.org/10.2147/OAJSM.S27329

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: Participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Primary outcomes
	Secondary Outcomes
	Other outcomes

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trial/future use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions {31b}
	Funding {4}
	Availability of data and materials {4}
	Declarations
	Ethics approval and consent to participate {24}
	Consent for publication {32}
	Competing interests {28}
	Author details
	References
	Publisher’s Note

