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Abstract

Purpose Cognitive decline is one of the main side effects of breast cancer patients after relevant treatment, but there is a
lack of clear measures for prevention and management without definite mechanism. Moreover, postoperative patients also
have a need for limb rehabilitation. Whether the cognitive benefits of Baduanjin exercise can improve the overall well-being
of breast cancer patients remains unknown.

Methods This randomized controlled trial was conducted on 70 patients with breast cancer receiving chemotherapy who were
randomly assigned and allocated to (1:1) a supervised Baduanjin intervention group (5 times/week, 30 min each time) or a
control group for 3 months. The effects of Baduanjin exercise intervention were evaluated by outcome measures including
subjective cognitive function, symptoms (fatigue, depression, and anxiety), and health-related quality of life at pre-interven-
tion (TO), 4 weeks (T1), 8 weeks (T2), and 12 weeks (T3). The collected data were analyzed by using an intention-to-treat
principle and linear mixed-effects modeling.

Results Participants in the Baduanjin intervention group had a significantly greater improvement in terms of FACT-Cog
(F=14.511; p<0.001), PCI (F=15.789; p<0.001), PCA (F=6.261; p=0.015), and FACT-B scores (¥'=8.900; p =0.004)
compared with the control group over the time. The exercise-cognition relationship was significantly mediated through the
reduction of fatigue (indirect effect: f=0.132; 95% CI 0.046 to 0.237) and the improvement of anxiety (indirect effect:
p=—0.075;95% CI—0.165 to -0.004).

Conclusions This pilot study revealed the benefits of Baduanjin exercise for subjective cognition and health-related qual-
ity of life of Chinese breast cancer patients receiving chemotherapy and outlined the underlying mediating mechanism of
exercise-cognition. The findings provided insights into the development of public health initiatives to promote brain health
and improve quality of life among breast cancer patients.

Trial registration number ChiCTR 2,000,033,152.
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Introduction

Cognitive impairment in cancer patients, also known as can-
cer-related cognitive impairment (CRCI), is mostly attrib-
uted to cancer and treatment with chemotherapeutic agents,
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hormone therapy, and radiation therapy [1]. CRCI is pre-
dominately characterized by changes in memory, processing
speed, attention or concentration, and executive function [2,
3], which manifest during or after treatment with variable
degrees, onset, and duration. Up to 75% of cancer patients
experience mild to severe cognitive complaints, which can
persist for months or even a few years after the completion
of treatment [4]. Cognitive complaints are the most frequent
complication reported by breast cancer (BC) patients [5].
Namely, more than 50% of these patients experience cog-
nitive impairment following chemotherapy; however, only
15-25% of these cancer patients show poor performance in
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objective cognition [6]. These BC patients may experience
difficulties in daily functioning, decision-making, multitask-
ing, word retrieval, as well as treatment adherence; therefore,
CRCT has become one of the prevalent factors that compro-
mise the quality of life (QoL) and decrease survival [7].

As the exact underlying mechanism and etiology of
CRCT are still unclear, recent preclinical and clinical studies
have proposed several candidates, including inflammation.
Affected cancer patients show increased levels of proinflam-
matory markers, such as C-reactive protein (CRP), tumor
necrosis factor alpha (TNF-a), and interleukin-6 (IL-6)
[8—11]; meanwhile, they show decreased serum levels of
anti-inflammatory cytokines, such as interleukin-1 recep-
tor antagonist (IL-1RA) and interleukin-10 (IL-10) [11].
Other underlying mechanisms contributing to CRCI include
chemotherapy-induced neurotoxicity, blood—brain barrier
(BBB) disruption, decreased hippocampal neurogenesis,
white matter abnormalities, secondary neuroinflammatory
response, and increased oxidative stress [12]. In addition,
pervasive fatigue and negative emotions may contribute to
the increased susceptibility to cognitive impairment. There
is a moderate positive correlation between subjective cogni-
tive impairment and fatigue in postmenopausal BC patients
[13]. A previous study found that BC patients undergoing
systemic treatment had higher levels of fatigue symptoms
and more subjective cognitive problems along with the
decline of executive function [14]. Previous results [15]
showed that the subjective cognitive function of BC patients
after 6 months of chemotherapy was significantly lower than
that before chemotherapy, and the cognitive impairment cor-
related with anxiety and depression. However, another study
reported the lack of association between cognitive impair-
ment and depression [16].

There is currently a great need for therapeutic interven-
tions that can reduce these cognitive complaints after cancer
treatment. To date, intervention studies to alleviate CRCI
mainly have focused on physical activity, cognitive train-
ing, and pharmacological intervention [17]. Exercise is an
established safe and effective therapy for managing numer-
ous adverse effects of cancer treatment, including fatigue,
psychological distress, functional decline, and detrimental
body composition changes [18-20]. The American College
of Sports Medicine (ACSM) has shown that regular physical
activity could promote brain health, thereby having substan-
tial social and economic impacts. Accumulating evidence
for the exercise-related improvement in cognitive func-
tion of healthy older adults and those with mild cognitive
impairment or more severe neurocognitive impairment (i.e.,
Alzheimer’s disease (AD), stroke) has sparked significant
interest in the potential use of exercise as an effective man-
agement strategy for CRCI [21, 22]. Numerous studies have
shown that moderate-to-vigorous physical activity (MVPA)
can mitigate and ameliorate cognitive impairment in BC
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patients, especially in terms of processing speed, executive
function, and working memory [23-25]. Two pilot studies
have shown that aerobic exercise improves objective cogni-
tion in patients with BC after primary treatment. One study
[24] reported that a 12-week exercise intervention improved
the processing speed in patients diagnosed with BC in the
preceding 2 years, but there was no significant improvement
in self-reported cognitive function. Another study showed
that a 24-week supervised and home-based aerobic exercise
program demonstrated similar results in postmenopausal
women with early-stage BC [26]. Nevertheless, another
study [27] showed that aerobic exercise plus resistance train-
ing programs improved subjective cognitive function from
a subscale of health-related quality of life scale (EORTC-
QLQ-C30) and decreased the level of CRP. Unfortunately,
due to limited preclinical studies, testing of the antitumor
activity of exercise is restricted and evidence-based recom-
mendations are insufficient; therefore, more rigorous studies
are warranted.

Baduanjin, one of the most common forms of Qigong
exercise [28], is a low-moderate intensity aerobic exercise
[29], which is beneficial for fatigue, QoL, and negative mood
among patients [19, 20]. It promotes the health of the brain
and nervous system mainly through internal movement,
static movement, and the combination of the two. Regular
Baduanjin exercise can improve the cognitive function of
older individuals or patients with mild cognitive impairment
after stroke. Studies are also present on medical Qigong to
improve the cognitive function of BC patients. For example,
one study [30] showed that self-cognition function, execu-
tive function, and language fluency improved in the Qigong
group after 8 weeks of intervention. In light of the high
withdrawal rate and poor adherence in that study, the effect
of exercise on cognitive functioning in BC patients needs
further exploration.

Therefore, the primary purpose of this study was to
explore the effects of the Baduanjin exercise program on
cognitive function and health-related QoL in chemotherapy-
exposed patients with early-stage BC. Moreover, this study
aimed to examine whether or not cancer-related symptoms
(fatigue, depression, and anxiety) mediate the effect of exer-
cise training on cognition.

Methods
Study design and setting

This was a single-blinded randomized controlled trial with
two study arms, including a supervised Baduanjin interven-
tion group and a control group. Participants were recruited
from the three affiliated hospitals of Shanghai University
of Traditional Chinese Medicine: Yueyang Hospital of
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Integrated Traditional Chinese and Western Medicine, Sev-
enth People’s Hospital, and Longhua Hospital. The outcome
measures were evaluated in a quiet room in the hospital to
avoid interference.

Participants

The participants were randomly assigned to a Baduanjin
intervention group or a control group in a 1:1 ratio using
SPSS 24.0 software. Researchers screened BC patients sat-
isfying the inclusion and exclusion criteria through elec-
tronic medical records and provided relevant information
brochures of the study, as well as possible benefits of the
exercise and the safety. In addition, recruitment posters were
posted in the hospitals and via social media such as WeChat,
an online communication app. After obtaining consent, the
research team examined the candidates using the patients’
questionnaire. Other parameters such as height and weight
to calculate body mass index (BMI) were recorded. The
inclusion criteria were as follows: (1) female patients newly
diagnosed with stage I to III BC; (2) those scheduled to
receive chemotherapy; (3) those aged 40 to 75 years; (4)
those who used WeChat; (5) those who had sufficient fluency
in the Chinese language; and (6) those who were willing
to participate in the study and be randomly assigned. The
exclusion criteria were as follows: (1) patients with disease
recurrence or metastasis; (2) those with known conditions
and/or diseases that impact cognition (e.g., AD, dementia,
or other psychological diagnoses); (3) those with conditions
in which exercise training is contraindicated according to the
ACSM [31]; and (4) those with current/planned participa-
tion in mindfulness-based exercise programs (e.g., TaiChi or
Qigong). Due to the nature of exercise studies, only evalua-
tors of the results were blinded. More details were presented
in the previous protocol of the study [32].

Sample size estimation

The sample size was estimated by using perceptive cogni-
tive impairment as the main effect indicator, referring to the
results of a previous study [33]. Using the G¥*Power 3.1 soft-
ware, a total of 58 cases were required to ensure the power
of 0.80. Considering a 20% dropout rate, the total sample
size for this study was about 70 patients randomized to the
intervention group or the control group.

Study interventions
Baduanjin intervention

Baduanjin exercise was conducted in accordance with the
standards promulgated by the General Administration of

Sport in China in 2003. It consists of 10 postures (includ-
ing the beginning and the ending posture). A professionally
trained Qigong specialist uniformly trained the researchers
to learn the exercise training. The researchers then con-
ducted on-site instruction to guide the participants and cor-
rect their movements. The participants were also provided
a video demonstration to promote daily practice. Before
initiating the first cycle of chemotherapy, the patients had
the first session in the hospital, followed by a video work-
out at home. Recommended training time was five times a
week for half an hour each time during the 12-week exer-
cise period. The program began with stretching the joints,
inhalation and exhalation for 2 min each, and two 12-min
Baduanjin sessions, followed by 2 min of muscle relaxation
exercises. Each patient’s log was recorded during exercise
at home, including any obstacles that affected exercise train-
ing. When a patient went to the hospital to receive the next
cycle of chemotherapy, the feedback of the exercise log was
collected and checked.

Control intervention

Patients randomized to the control group were given face-
to-face interviews in accordance with a brochure to maintain
their usual healthy lifestyle. Disease-related questions raised
by the patients were directly communicated or answered
through WeChat online or oral communication. According
to the guideline and standard for the diagnosis and treatment
of BC in China [34], postoperative patients promoted reha-
bilitation of affected limb through regular physical activity,
including abduction, forward flexion, backward extension,
internal rotation, and wall climbing. The patients were not
asked to conduct other aerobic activities. The researchers
asked about their conditions twice a week for 12 weeks.

Measurements
Socio-demographic profile

At baseline, a self-designed demographic data sheet was
used to collect the socio-demographic data, including age,
BMI, marital status, income, education, and living condi-
tion, as well as relevant disease information from the elec-
tronic medical system.

Outcome measurements

The Functional Assessment of Cancer Therapy-Cognitive
Function (FACT-Cog) was developed by Wagner et al. [35]
to assess subjective cognitive function; here, the Chinese
version of the FACT-Cog was used. The Multidimensional
Fatigue Symptom Inventory-Short Form (MFSI-SF) was
used to assess the fatigue of patients in multiple aspects
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[36]. A Taiwanese scholar then revised the Chinese version
of the Multidimensional Fatigue Symptom Inventory-Short
Form (MFSI-SF-C) [37], which was used in this study.
The Hospital Anxiety and Depression Scale (HADS) was
used for the assessment of patients’ anxiety and depression
[38]. The Functional Assessment of Cancer Therapy-Breast
(FACT-B), a 44-item self-report instrument, is well-known
and widely used to measure the multidimensional quality of
life (QoL) in patients with BC [39]. The Constant—Murley
score [40] was used to assess the patient’s shoulder mobility
in this study.

Procedure and ethical considerations

The study was approved by the Ethics Committee of the Sev-
enth People’s Hospital of Shanghai University of Traditional
Chinese Medicine (No. 2020-7th-HIRB-011). The purpose
and process were explained to the potential participants.
Written informed consent was obtained from each partici-
pant. Each of the participants was assured of confidentiality
and the option to decline participation or to withdraw from
the trial at any time without penalty. Baseline data collec-
tion was conducted by two trained research assistants. After
the pre-test data collection, the participants were randomly
allocated to receive the Baduanjin exercise program or the
control group. The post-test data were collected at 4 weeks
(T1), 8 weeks (T2), and 12 weeks (T3) of intervention.

Data analysis

Demographic and other characteristics were reported
descriptively using the statistics software (SPSS 24.0).
The mean with standard deviation (SD) was calculated for
continuous normally distributed variables, and the median
with range was used for non-normally distributed variables.
Categorical variables were presented by absolute numbers
and percentages. We performed complete case analyses after
describing the pattern of missing data.

According to the intention-to-treat principle, a lin-
ear mixed-effect model for repeated-measures analysis
was used, in which group, time point, and the interaction
between group and time point were set as fixed effects; the
individual patient was set as the random effect; and age
was a covariate in the model. Adherence to the Baduanjin
exercise was noted. The two-sided significance level for all
tests was 0.05. The PROCESS macro [41] was employed
to examine the mediating effects of fatigue and anxiety on
the relationship between exercise and subjective cognition.
Specifically, 95% confidence intervals for direct and indi-
rect effects were generated via bias-corrected bootstrapping
with 10,000 resamples. The nonparametric bootstrapping
procedures are superior to traditional regression methods

@ Springer

for testing the mediating effects because the former does not
make assumptions regarding the shape of the distribution of
the variables or the sampling distribution [42].

Results
Recruitment

As shown in the CONSORT flow diagram (Fig. 1), 107 BC
patients were approached for eligibility screening. Among
them, 70 participants met the selection criteria and con-
sented to participate. During the study period, according
to the results of the exercise diary, 24 of 35 patients (80%)
had a completion rate > 85%, which could be considered as
good compliance. Three patients dropped out of the study
on account of severe diarrhea after chemotherapy (n=1)
or voluntarily withdrew (n=2). No adverse events, such as
lymphedema related to exercise, occurred.

Participants’ characteristics

The median age of the included patients was 55 (46, 60)
years. The majority of the participants were married and
relatively poorly educated (52.9% with a junior high school
education or less), and 68.6% of the patients were menopau-
sal. The majority of the participants were early BC patients
(stage I-II), with 50% in stage II. Anthracyclines accounted
for 51.4% of all chemotherapy regimens, and non-anthra-
cyclines for 48.6%; 7.1% were exposed to chemotherapy
regimens combined with targeted therapy. BC patients with
comorbidities accounted for 24.3%. The demographic and
clinical disease characteristics of the participants are shown
in Table 1. No considerable differences were observed
between the groups at baseline.

Effects on cognitive function

FACT-Cog scores of both groups at the fourth, eighth, and
12th weeks are presented in Table 2. Participants in the
Baduanjin intervention group had a significantly greater
improvement in their FACT-Cog score compared with the
control group across the baseline and post-intervention
periods (F=14.511; p<0.001). Among all the subscales of
FACT-Cog, the results were significant for perceived cogni-
tive impairment (F'=15.789; p <0.001), perceived cognitive
ability (F=6.261; p=0.015), the impact of cognition on the
quality of life (F = 17.428; p <0.001), and significant differ-
ences were found in the comments from others (F'=9.359;
p<0.001).
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Fig. 1 The flow diagram of the
recruitment and randomization
processes for the current study

Assessed for eligibility (n=107)

Excluded (n=37)
Didn't meet inclusion criteria (n=28)
Age <40 or > 75 years (n=13)
Declined to participate (n=5)
Does not meet the diagnostic criteria
(n=10)
Meets the exclusion criteria (n=9)

History of other cancers (n=6)

Randomized (n=70 ) Combined stroke (n=3)

Allocated to intervention group(n=35)
Received Baduanjin programme(n=35)

Allocated to control group(n=35)
Received treatment as usual(n=35)

TO:baseline(n=35)

T1: 4 weeks post baseline(n=35)
T2: 8 weeks post baseline(n= 33)
T3: 12 weeks post baseline(n=32)

TO:baseline(n=35)

T1: 4 weeks post baseline(n= 35)
T2: 8 weeks post baseline(n=35)
T3: 8 weeks post baseline(n= 35)

Analyzed(n=35)

Excluded from analysis(n=0)

Analyzed(n=35)
Excluded from analysis(n=0)

Effects on health-related QoL

FACT-B scores of both groups at the fourth, eighth, and 12th
weeks are presented in Table 3. Participants in the interven-
tion group had a significantly greater improvement in FACT-
B score compared with the control group across the baseline
and post-intervention periods (F=8.900; p=0.004). Among
the FACT-B items, the mixed-effect modeling results were
significant for physical well-being (F'=4.908; p=0.03) and
emotional well-being (F=7.640; p=0.007) (Supplementary
Figure 3). No significant differences were found in terms of
social/family function, functional well-being, and additional
attention. The scores of the FACT-B and Constant-Murley
scores in both groups of BC patients were improved, but the

Baduanjin intervention group was significantly better than
the control group (see Supplementary material).

Results of the mediating analysis

Through linear regression analysis, the FACT-Cog
score showed a linear correlation with fatigue score
(= —0.392, p<0.001), and it had a linear correlation
with anxiety score (f#=0.339, p=0.001). There was no
correlation between FACT-Cog score and depression
score (f= —0.053, p=0.585). On this basis, a mediation
hypothesis model of fatigue and anxiety was established.
After putting fatigue and anxiety into intermediary vari-
ables through SPSS PROCESS, the result of the analysis
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Table 1 Comparison of demographic and baseline characteristics

Characteristic Overall (n=70) Intervention group Control group (n=35) tlz/ Xz p
(n=35)
Age, y, median (range)” 55 (46, 60) 52 (43, 60) 55 (50, 62) -0.912 0.362
BMI, mean+SD 23.06+2.54 22.86+2.55 23.26+2.56 —0.645 0.521
Educational level, n (%)* —-0.704 0.481
Middle school or less 37 (52.9%) 17 (24.3%) 20 (28.6%)
High school 19 (27.1%) 10 (14.3%) 9 (12.9%)
College 13 (18.6%) 8 (11.4%) 5(7.1%)
Postgraduate 1(1.4%) 0 (0%) 1 (1.4%)
Marriage, n (%) 0.355 0.837
Single 3 (4.3%) 1(1.4%) 2 (2.9%)
Married 65 (92.9%) 33 (47.1%) 32 (45.7%)
Widowed 2 (2.9%) 1(1.4%) 1(1.4%)
Employment status, n (%) 1.228 0.541
Retired 27 (38.6%) 13 (18.6%) 14 (20.0%)
Employed 20 (28.6%) 12 (17.1%) 8 (11.4%)
Unemployed 23 (32.9%) 10 (14.3%) 13 (18.6%)
Monthly household income (RMB), n (%)* -0.977 0.328
<1000 2 (2.9%) 1 (1.4%) 1(1.4%)
1000~2000 4(5.7%) 3 (4.3%) 1(1.4%)
2000~3000 17 (24.3%) 10 (14.3%) 7 (10.0%)
3000~ 5000 18 (27.1%) 8 (11.4%) 10 (15.7%)
> 5000 29 (40%) 13 (18.6%) 16 (21.4%)
Menopausal status, n (%) 1.061 0.303
Premenopausal 22 (31.4%) 13 (18.6%) 9 (12.9%)
Postmenopausal 48 (68.6%) 22 (31.4%) 26 (37.1%)
BC stage, n (%)* —0.202 0.840
I 27 (38.6%) 13 (18.6%) 14 (20.0%)
I 35 (50%) 18 (25.7%) 17 (23.4%)
111 8 (11.4%) 4 (5.7%) 4(5.7%)
Type of surgery, n (%) 3.530 0.171
Lumpectomy 12 (17.1%) 6 (8.6%) 6 (8.6%)
Quadrantectomy 23 (32.9%) 8 (11.4%) 15 (21.4%)
Mastectomy 35 (50%) 21 (30.0%) 14 (20.0%)
Chemotherapy regimens, n (%) 3.660 0.056
Anthracycline-based 36 (51.4%) 22 (31.4%) 14 (20.0%)
Taxane-based 34 (48.6%) 13 (18.6%) 21 (30.0%)
Combined targeted therapy, n (%) <0.001 1.000
No 65 (92.9%) 33 (47.1%) 32 (45.7%)
Yes 5(7.1%) 2 (2.9%) 3 (4.3%)
Comorbidity, n (%) 0.324 0.569
Yes 17 (24.3%) 9 (12.9%) 8 (11.4%)
No 53 (75.7%) 26 (37.1%) 27 (38.6%)
Patient-reported outcomes
FACT-Cog, mean (SD) 124.34+8.77 123.31+8.37 0.502 0.617
PCI 70.11+5.05 69.23+5.08 0.731 0.467
PCA 25.60+1.88 25.94+1.75 —0.790 0.432
FACT impact on QoL 13.86+1.54 13.37+1.57 —1.562 0.118
FACT comments from others 14.77+1.42 14.77£1.37 —0.155 0.877
Fatigue MFSI-SF-C, mean (SD) 5.01+1.92 4.77+1.98 0.513 0.610
Anxiety HASD-A, mean (SD) 5.63+2.24 597+2.78 -0.231 0.817
Depression HASD-D, mean (SD) 6.14+2.56 6.11+2.61 0.046 0.963
FACT-B, mean (SD) 93.55 + 8.49 93.89 + 10.70 -0.144 0.886
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Table 1 (continued)

BC, breast cancer; SD, standard deviation; FACT-Cog, Functional Assessment of Cancer Therapy-Cognitive Function; PCA, perceived cognitive
abilities; PCI, perceived cognitive impairments; MFSI-SF-C, Chinese version of the Multidimensional Fatigue Symptom Inventory-Short Form;

HASD, Hospital Anxiety and Depression Scale; QoL, quality of life

#p values for between-group differences were calculated using the Mann—Whitney U test

Table 2 The comparison of subjective cognition between the Baduanjin intervention group and the control group

Intervention group Control group Time effect Group effect Group*time effect
F P F p F p

FACT-Cog scores
TO 124.34+£8.77 123.31+8.37 19.456 <0.001 14.511 <0.001 23.589 <0.001
T1 121.29+£8.57 117.51£8.15
T2 122.56 £7.65 114.31+£7.05
T3 125.50+£7.62 113.00+£6.94
PCI
TO 70.11+5.05 69.23 +5.08 15915 <0.001 15.789 <0.001 19.842 <0.001
T1 68.11+4.96 65.94+5.12
T2 68.97+4.54 64.11£4.01
T3 70.69+4.28 63.46+4.16
PCA
TO 25.60+1.88 25.94+1.75 2.767 0.047 6.261 0.015 5.631 0.002
T1 24.80+2.00 24.71+£1.58
T2 2521+£1.72 2420+1.76
T3 25.82+1.68 2391+£1.76
Comments from others
TO 14.77+1.42 14.77+1.37 3.766 0.056 9.359 <0.001 11.229 <0.001
T1 1483+£1.18 1429+1.43
T2 14.75£1.06 14.06+1.33
T3 15.22+0.73 14.03£1.18
Impact on QoL
TO 13.86+1.54 13.37+1.57 9.410 <0.001 17.428 <0.001 7.548 <0.001
T1 13.54+1.70 12.57+£1.48
T2 13.62+1.60 11.94+1.57
T3 13.77+1.86 11.49+1.90
of the intermediary model is shown in Fig. 2. Exercise Discussion

had a negative effect on anxiety (f= —0.795, t= —2.105,
p <0.05) and fatigue (f= —0.733, t= —3.319, p<0.001),
while it had a significant positive effect on cognition
(#=5.875,1t=5.932, p<0.001). Fatigue showed a sig-
nificant negative effect on subjective cognitive abil-
ity (= —1.618, r=—4.432, p<0.001). The exercise
intervention elicited a significant indirect effect on the
enhancement of cognitive function through the reduction
of fatigue (indirect effect: f=0.132; 95% CI 0.046 to
0.237) and the improvement of anxiety (indirect effect:
p=—0.075;95% CI—-0.165 to -0.004).

The aim of this study was to investigate the effects of a
12-week Baduanjin exercise program on cognitive func-
tion, cancer-related symptoms, and QoL in patients with
BC receiving chemotherapy, and to clarify the mechanisms
underlying the exercise-cognition relationship. This study
echoed the cognitive-enhancing benefits of other aerobic
and mind-body exercises in the BC population. Our find-
ings implied that Baduanjin could improve subjective cog-
nitive impairment among patients with BC compared with
regular health education. By incorporating a mediating
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Table 3 The comparison of cancer-related symptoms and quality of life between the Baduanjin intervention group and the control group

Intervention group Control group Time effect Group effect Group*time effect
F p F p F p

Fatigue
TO 5.01+1.92 4.77+1.98 45.453 <0.001 7.723 0.007 4.627 0.004
T1 2.87+1.30 3.64+1.83
T2 2.06+£1.21 342+1.68
T3 1.95+0.85 2.99+1.51
Anxiety
TO 5.63+£2.24 597+£2.78 78.453 <0.001 3.714 0.058 1.255 0.291
T1 2.37+2.38 294+2.84
T2 0.83+0.98 2.34+£2.56
T3 0.76£1.23 1.60£2.19
Depression
TO 6.14£2.56 6.11+2.61 58.321 <0.001 4.581 0.036 3.590 0.016
T1 3.80+2.35 3.83+£2.18
T2 1.57+£1.08 3.26+£2.55
T3 1.25+1.27 2.66+2.21
Quality of life
FACT-B scores
TO 93.55+8.49 93.89+10.70 74.219 <0.001 8.900 0.004 8.248 <0.001
T1 100.57 +7.30 99.89+10.20
T2 110.87 +8.53 101.66+8.23
T3 113.26 +£6.25 106.17+6.72
Physical well-being
TO 19.89+£2.45 20.37+£3.02 12.023 <0.001 4.908 0.030 2.757 0.045
T1 22.00+£2.59 21.26 £3.41
T2 23.69+5.08 21.63+2.33
T3 23.33+£1.75 21.74+£2.43
Social / family function
TO 22.12+1.27 21.46+1.82 38.915 <0.001 1.798 0.184 0.769 0.513
T1 19.26 £3.01 19.23+2.70
T2 21.22+2.38 20.43+£2.42
T3 22.12+1.27 21.46+1.82
Emotional well-being
TO 16.71+2.86 17.20+£2.80 46.561 <0.001 7.640 0.007 5.633 0.001
T1 19.77+1.65 19.29+2.79
T2 21.37+£1.73 19.51£2.59
T3 21.84+1.68 19.71+£2.05
Functional well-being
TO 10.23+3.34 10.91+£4.49 82.301 <0.001 3.811 0.055 5.020 0.002
T1 14.86+2.86 15.11£3.51
T2 18.70+2.48 15.86£2.96
T3 19.26 +3.06 17.49£2.56
Additional attention
TO 24.60+3.01 23.94+3.59 6.180 <0.001 2.354 0.130 1.659 0.179
T1 24.69+3.46 25.00+3.30
T2 26.71+2.92 25.77+2.56
T3 26.71+£2.92 25.77+2.56
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Fig.2 Mediating roles of
fatigue and anxiety in the
relationship between Baduanjin

exercise and cognitive changes B=-0.733, t=-3.319**

Exercise

Fatigue

B=-1.618, t=-4.432%*

bl

Subjective cognition

B=-0.795, t=-2.105*

Note: * is p <0.05; ** is p<0.005.

analysis, this study added further evidence to indicate
that cognitive benefits of physical exercise are manifested
through its positive effects on two cognitive risk factors,
including fatigue and anxiety. This exercise intervention
also effectively improved cognitive function and the over-
all well-being of BC patients.

Cognitive benefits of exercise

The subjective feeling of cancer patients is the most rel-
evant measure of clinical significance, and the self-reported
cognition of patients should be used as the main outcome
indicator for CRCI. The cognitive benefits of the 12-week
Baduanjin exercise are consistent with the findings reported
in previous studies for BC patients. However, no statisti-
cal significance was found at the fourth week, which may
be because BC patients were in the postoperative recovery
period, and their postures for exercise could not be fully
standardized at that time. At the same time, the lack of
significant difference in the shoulder joint function scores
between the two groups could also explain such a result.
A previous study [30] indicated that a longer-term exercise
training of at least 8 weeks was needed to produce such a
beneficial effect. Another randomized controlled study [33]
conducted a 10-week medical Qigong intervention, which
showed similar results. In the present study, we developed
an exercise practice protocol of a shorter duration (i.e.,
8 weeks) to achieve a similar effect. However, a previous
study [43] in BC patients who performed 90 min of small-
group yoga sessions twice a week for 12 weeks did not find
significant improvement after intervention. Several design
characteristics of the exercise program may explain such dif-
ferences. First, our 12-week exercise program was developed
in accordance with the recommendations of the ACSM, so
that BC patients would have regular and supervised exercise
five times a week. Second, the use of Baduanjin exercise
rather than Qigong or yoga may be an available form of

c (B=6.385, t=6.358**)
'(B=5.875, t=5.932*%)

b2
B=0.850, t=3.982**

Anxiety

exercise to help the participants reach moderate-intensity
exercise training. The mind-body exercise with upper limb
movements satisfied daily activities, avoiding tediousness
and supporting good body movement. Clearly, Baduanjin
exercise has a certain preventive effect on the decline of
subjective cognitive ability of BC patients during chemo-
therapy, but the continuous effect of Baduanjin intervention
on cognitive ability after the end of the 12-week Baduanjin
intervention was not observed due to personnel and time
constraints, which can be further observed in future large-
sample studies.

Effects of exercise on health-related QoL

Due to cancer, cancer treatment, or combination with other
diseases, BC patients develop long-term physical and psy-
chological conditions. A previous study [44] has shown that
patients with less education, comorbidities, and chemother-
apy were more likely to possess poor QoL, while the lack
of social support and unmet needs may have led to poor
health-related QoL. Moreover, increasing the range of cog-
nitive adaptations may improve the QoL of cancer survi-
vors who experience CRCI [45]. Baduanjin exercise could
improve QoL and promote the recovery of the shoulder joint
function among postoperative BC patients, especially the
active range of movement of the shoulder joint. These results
were consistent with those of Ying et al. [19]. Another rand-
omized controlled trial [46] also found that QoL of patients
in the Baduanjin group was better than that of the control
group, and QoL positively correlated with anxiety and
depression. In addition, one study showed that Baduanjin
affected increasing BMI and relieving postoperative limb
pain and lymphatic swelling [47], but significant differences
in BMI and pain between the two groups were not observed
in our study. This may be because in most of the patients,
lymphatic—majorly sentinel—dissection was used. Less
axillary dissection was performed, and some BC patients
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underwent breast-conserving surgery, without obvious post-
operative pain. Second, lymphedema generally appeared 3
to 6 months after the operation, and no obvious limb swell-
ing was found in the two groups of patients. Therefore, a
3-month follow-up after the end of the intervention is recom-
mended to observe the changes in these indicators in future
studies to explore these problems.

Anxiety symptoms and fatigue mediate
the exercise-cognition relationship

Self-reported cognitive impairment has been associated
with poor physical function and worse mental health, which
is more likely to occur and even worsen in cancer patients
[48]. A longitudinal observational study found that worry
and fatigue play a role in the relationship between physical
activity and subjective cognition [49]. Another study [50]
showed that in postmenopausal BC patients treated with
aromatase inhibitors, the severity of cognitive impairment
increased with the degree of insomnia. Sleep disturbance
may also be an influencing factor of CRCI, but this study did
not follow up on the sleep quality. In addition, Song and Yu
[51] showed that aerobic exercise could improve the quality
of sleep and reduce depression in elderly individuals with
mild cognitive impairment. Physical activity affects cogni-
tion by increasing the level of brain-derived neurotrophic
factor (BDNF) in plasma, improving metabolic function, and
reducing systemic inflammation [52]. The level of BDNF is
related to processing speed and increases significantly after
aerobic exercise [53]. Future research may further explore
changes of cognition in brain tissue and its function, immu-
nohistochemistry to contribute to the study of the mecha-
nism by which exercise improves cognitive function. It also
needs to be further determined whether the management
strategy of CRCI can be improved by solving fatigue, anxi-
ety, or sleep problems.

Limitations

This study had several limitations. First, this study consid-
ered the research characteristics of exercise intervention,
and it was impossible to blind the subjects and Baduan-
jin practitioners, so we only blinded the outcome asses-
sors. Second, the research objects were patients receiving
chemotherapy in the period of postoperative recovery; as
they were affected by surgical trauma, BC patients could
less easily perform a standard range of body movements at
the initial stage. Although some exercises improved, after
all, the initial modified exercises were still different from
the original standardized exercises, which may have affected
the results. Although in this study we explored the role of
fatigue and anxiety in exercise and cognition, we did not

@ Springer

examine whether sleep had a mediating role in exercise and
cognition, which may be considered in future studies. In
addition, the sample size of this study was not large, and
the interpretation of the results had certain limitations. A
larger sample can be considered in the next study. Finally,
taking into account the limited funds, we did not collect
the laboratory indicators related to cognition; such indica-
tors may be included as a part of mechanism research in the
future, and the effects of exercise on CRCI can be further
enriched through multidisciplinary examination, including
medical imaging.

Conclusion

This study presented positive outcomes of a 12-week Bad-
uanjin exercise program for protection against cognitive
decline and improvement of QoL among BC patients receiv-
ing chemotherapy. Furthermore, decreasing anxiety and
improving fatigue were identified as a part of the possible
mechanism underlying the exercise-cognition relationship.
The effectiveness and feasibility of this exercise program
also promoted the need to increase its application to prevent
further cognitive decline in BC patients.
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