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Purpose: The aim of the current study is to investigate the impact of Baduanjin,

a traditional Chinese exercise, on quality of life and sleep quality in breast

cancer survivors receiving aromatase inhibitor (AI) therapy.

Methods: A total of 72 breast cancer survivors who had received AI treatment

for more3 than 6 months were enrolled in the current study using non-

probability consecutive sampling procedure. Participants were randomly

assigned in a 1:1 ratio to a 12-week Baduanjin exercise program or to a wait-

list control group. The Baduanjin exercise group performed two 90-min

supervised sessions per week. The primary outcomes were changes in

quality of life measured by the European Organization for Research and

Treatment of Cancer Quality-of-Life Questionnaire Core 30 (EORTC QLQ-

C30) and in sleep quality evaluated using the Pittsburgh Sleep Quality Index

(PSQI).

Results: A total of 68 participants completed the trial (Baduanjin exercise

group: n = 33; control group: n = 35). Baseline values for quality of life did

not differ between groups. Both global quality of life and physical functioning

scores increased significantly by 12.39 (P < 0.001) and 8.48 (P < 0.001) in the

Baduanjin exercise group compared with those in the control. Overall PSQI

score also decreased by 4.85 (P < 0.001) in the Baduanjin exercise group,

whereas it increased by 0.34 in the control group.

Conclusion: Baduanjin exercise training led to improvement in the quality of

life and sleep quality of breast cancer patients undergoing AI therapy.
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Introduction
Breast cancer is the most diagnosed neoplasm and the most

represented cause of death in women worldwide (1). Aromatase

inhibitors (AIs), a form of endocrine therapy, are a mainstay of

the adjuvant approach for reducing the growth-stimulatory

effects of estrogen in hormone-positive breast cancer of

postmenopausal women (2). However, AIs would cause side

effects including myalgia, arthralgia, and fatigue that may lead to

medication non-adherence and significant decrease in quality of

life (3, 4). Furthermore, there is evidence in the literature that

approximately 20%–70% of breast cancer patients suffer from

poor sleep quality (5). Due to these adverse impacts, adherence

to AI therapy is poor (6, 7). Furthermore, long-term cancer

treatment imposes an economic burden on cancer patients and

subsequently reduces their quality of life (8, 9). Therefore, it is

important to develop effective and affordable treatment

strategies to improve quality of life and sleep quality for breast

cancer patients undergoing AI therapy.

The effectiveness of exercise interventions on alleviating the

negative effects of treatments in breast cancer patients and

survivors has been well reviewed (10). More recent evidence

supports that both resistant exercise (11) and mixed protocols

(including sessions of aerobic and strength training) (12, 13) are

safe and effective in muscle function, physical performance, and

quality of life among breast cancer patients with AI treatment.

An interesting type of physical exercise (compared to established

types such as aerobic exercise) that might be beneficial for breast

cancer patients is Baduanjin (14), a traditional Chinese mind–

body exercise incorporating and combining different slow-

motions and breathing exercises (15). One advantage of

Baduanjin is that it is based on eight simple movements that

can be easily learned and are derived from Chinese medical

theory (16). On the other hand, Baduanjin has been reported to

be safe to perform with relatively few adverse events (17). The

beneficial effects of Baduanjin have been fully reviewed; it can

improve cognitive function (15, 18), cardiopulmonary function

(19), and mental illness (20). Even though there are studies

reporting that the Baduanjin exercise had positive clinical effects

on breast cancer patients (including quality of life and sleep

quality) (21, 22), few indicated the use of AIs. It is currently not

well-investigated whether the Baduanjin exercise is an effective

way to improve self-reported quality of life and sleep quality in

breast cancer survivors undergoing AI treatment. Thus, the aim

of the current study is to examine the impact of Baduanjin on
02
measures of self-reported quality of life and sleep quality in

breast cancer patients undergoing AI therapy.

Materials and methods

Study design and recruitment

This single-blinded randomized controlled trial was

conducted in Guangdong Provincial People’s Hospital at

baseline and 12 weeks after the treatment using consecutive

sampling. This non-probability sample selection for the

recruitment is a rigorous process of conducting research

including those who meet the predefined inclusion and

exclusion requirements by the residents. Therefore, every

breast cancer survivor staying in the hospital had an equal

chance of being recruited as a participant in this study. Eligible

participants met the following criteria: 1) age between 18 and 75

years; 2) diagnosis with stage I–III breast cancer for 6 months to

8 years prior to recruitment; 3) undergoing AI treatment for

more than 6 months; and 4) never participated in Baduanjin

exercise training in the last 6 months or no previous Baduanjin

training experience for more than 3 months. The following

exclusion criteria were used: 1) unstable or serious neurologic

disease, musculoskeletal disorder, renal failure, cardiovascular or

respiratory diseases such as uncontrolled hypertension, and

chronic obstructive pulmonary disease; 2) plan of a surgery,

such as a joint replacement for the next 6 months; or 3) high-

intensity physical exercise experience more than 5 h per week.

The ethics committee of Guangdong Provincial People’s General

Hospital [Approval No. GDREC2016424H (R1)] approved this

research protocol, and each participant has provided written

informed consent. This trial was registered in ClinicalTrials.gov

PRS (NCT03162133), and all procedures were in accordance

with the principles stated in the Declaration of Helsinki.
Baduanjin intervention

Eligible participants were allocated either to a 12-week

Baduanjin intervention group or to a wait-list control group

(Figure 1). After baseline tests, participants of the Baduanjin

intervention group were instructed to attend a Baduanjin

program. The program was composed of 90 min per session with

2 sessions per week (Monday and Wednesday) for 12 weeks. Each

session consisted of a 10-min warm-up, a 70-min Baduanjin form,
frontiersin.org
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and a 10-min cooldown. The whole Baduanjin form included eight

postures and was in accordance with the standardized Baduanjin

training program “Health Qigong Baduanjin Standard” established

by the General Administration of Sports of China (23). Briefly, the 8

postures were (as shown in Figure 2): 1) prop both hands to the sky;

2) draw a bow on both sides like shooting a vulture; 3) raise a single

arm; 4) look back; 5) sway the head and shake the tail; 6) clench

fists; 7) touch toes by hands with flexion of hip and extension of

knee joint; 8) rise and bounce on the toes seven times. Two senior

Baduanjin instructors from Guangzhou Sports University

conducted the training and recorded the participants’ attendance.

Participants of the wait-list control group were instructed to

continue performing their usual care and daily activities and to

refrain from doing any Baduanjin exercise. After their posttest, they

were able to attend the Baduanjin program.
Outcome measurements

Quality of life: European organization for
research and treatment of cancer quality-of-
life questionnaire core 30

The primary outcome was quality of life measured by

European Organization for Research and Treatment of
Frontiers in Oncology 03
Cancer Quality-of-Life Questionnaire Core 30 (EORTC

QLQ-C30), which is a 30-item scale that are grouped into

the following: five function scales (physical, role, emotional,

cognitive, and social), nine symptom scales (fatigue, nausea/

vomit ing , pa in , dyspnea , insomnia , appet i te loss ,

constipation, diarrhea, and financial difficulties), and a

global score of quality of life. All scales were linearly

transformed to a 0–100 score according to the EORTC

Scoring Manual. A higher score for functional scales and

global quality of life reflects a better level of functioning, while

a higher score in symptom scales indicates a high level of

problems (24).
Sleep quality: Pittsburgh sleep quality index
The Pittsburgh Sleep Quality Index (PSQI) was used to

assess sleep quality at baseline an d post-intervention. The

quest ionnaire consis ts of 19 quest ions , and seven

component scores were then generated: sleep quality, sleep

latency, sleep duration, sleep efficiency, sleep disturbances,

use of sleeping medication, and daytime dysfunction.

Scoring of answer was based on a scale of 0–3 (total score

of 21). A global score was calculated from summing the

subscale scores. Lower scores indicate better sleep quality.
FIGURE 1

Flow Diagram Depicting the Study Design
frontiersin.org
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Demographics and medical history

Demographic data (name, age, weight, height, marital status,

and employment status) were collected by interviewing the

participants. Medical history (time since diagnosis, time since

initiating AI, breast cancer stage, type of surgery, comorbidities,

and complications) was obtained from medical records.
Sample size

The population of the current study included individuals

diagnosed with breast cancer. In order to calculate the sample

size, power was assumed as 0.90 and type 1 error as 0.05.

Considering a 20% attrition rate, a sample size of 72

participants for the two groups was finally decided to be

needed. Power in changes of quality of life (EORTC QLQ-

C30) was calculated to determine the effect size (d) of the

Baduanjin intervention. Power in global quality of life was

0.999 (d = 0.704); the highest power was found in Physical

functioning by 0.999 (d = 0.746) and lowest in Financial by 0.055

(d = 0.005). Effect size is interpreted as d = 0.20 (small), d = 0.50

(medium), and d = 0.80 (large).
Randomization and blinding

After baseline assessment, 72 patients who met the inclusion

and exclusion criteria were allocated by simple randomization

with 1:1 ratio (control group:exercise group) performed by the

random number table. Allocation concealment was conducted

by the envelope method. Due to the obviously different

programs between groups, this study is a single-blinded study.

The outcome measurements were evaluated by trained assessors
Frontiers in Oncology 04
who were unaware of group allocation; the participant was

required not to talk about the received intervention.
Statistical analyses

SPSS 17.0 (IBM, Armonk, NY, USA) was used to perform all

statistical tests. Descriptive analyses were applied to characterize

baseline patients; differences between groups were compared

using independent-samples t-test for continuous data and chi-

square test for categorical data. The primary outcomes (scores of

the EORTC QLQ-C30 or PSQI) between groups of baseline,

post-intervention, or the changes used independent-samples t-

test. Intragroup differences were analyzed using paired t-test.

Analysis of the outcomes was performed based on the intention-

to-treat principle. Minimal detectable change at 90% confidence

(MDC90) was calculated to evaluate the efficacy of the Baduanjin

training on outcome measures. The level of significance was set

for all statistical tests at P < 0.05.
Results

Flow of participants through the trial and
baseline characteristics

Participants were recruited from the Breast Surgery Clinic of

Guangdong Provincial People’s General Hospital from

November 2016 to May 2017 using a non-probability

consecutive sampling. Among the 72 patients who met the

enrollment criteria and were willing to participate, 38

participants completed the trials and were included in the

analysis. Figure 1 shows the flow of participants throughout

the trial. Table 1 presents the baseline characteristics.
FIGURE 2

Eight Postures of the Baduanjin Form.
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Outcomes and estimation

Changes in quality of life
Table 2 summarizes the quality of life outcomes based on

scores of the EORTC QLQ-C30. The baseline scores did not

differ between the two groups. After 12 weeks of intervention,

significant changes from baseline were observed for most

functional scales, some symptom scales, and global score (P <

0.05). Functional scales increased significantly, among which

physical functioning score increased by 8.48 in the exercise

group while it decreased by 3.66 in the control (P < 0.01). For

symptom scales, significant decreases in the Baduanjin exercise

group were also observed for fatigue (P = 0.010), nausea/

vomiting (P = 0.047), pain (P = 0.014), insomnia (P = 0.020),

and diarrhea (P = 0.038) compared with those in the control.
Changes in sleep quality
Table 3 summarizes the sleep quality index based on scores

of the PSQI. The baseline values for sleep quality did not differ

between groups. Overall change of PSQI score decreased by 4.85

in the Baduanjin exercise group compared with 0.34 in the

control group (P < 0.01). Significant changes from baseline to

post-intervention were also observed for sleep quality (P =

0.001), sleep latency (P = 0.007), sleep duration (P = 0.010),

sleep efficiency (P = 0.001), sleep disturbances (P = 0.001), and

daytime dysfunction (P = 0.001). Results of the MDC90 estimates
Frontiers in Oncology 05
and the proportion of participants who met the MDC90 were

summarized in Supplementary Table S1.
Adverse events

Thirty-three (92%) of the 36 total participants in the

Baduanjin exercise group completed the training sessions.

There were no major adverse events or complications found

during the study.
Discussion

The objective of this study was to evaluate the effectiveness of

the Baduanjin exercise employed in breast cancer patients who

were under AI treatment. The data suggest that 12-week

Baduanjin exercise significantly increases self-reported quality

of life and sleep quality in those participants when compared

with those in the control group. In the intragroup analysis, there

were significant statistical differences only in the Baduanjin

intervention group. Results from this study support the

hypothesis that Baduanjin has positive influences on most

functioning subscales and global score of quality of life; sleep

quality scores were also beneficially changed. AI treatment in

breast cancer patients has several serious side effects such as

musculoskeletal problems (25), menopausal syndromes (26),
TABLE 1 Baseline characteristics of patients*.

Characteristics Control group (n = 35) Exercise group (n = 33) P#

Age, years 54.63 (8.44) 53.12 (7.02) 0.905

BMI, kg/m2 23.37 (3.92) 22.14 (2.67) 0.450

Marital status, No. (%)

Married 31 (88.6) 22 (66.7) 0.058

Divorced/separated 1 (2.9) 0 (0)

Single 0 (0) 2 (6.1)

Unclear 3 (8.6) 9 (27.3)

Employment status, No. (%)

Employed full- or part-time 16 (45.7) 14 (42.4) 0.530

Unemployed 3 (8.6) 3 (9.1)

Retired 14 (40.0) 16 (48.5)

Unclear 2 (5.7) 0 (0)

Time since diagnosis, years 2.17 (2.13) 3.00 (2.54) 0.244

Time since initiating AI, years 6.66 (2.27) 2.40 (2.31) 0.195

Overall grade, No. (%)

I 10 (28.6) 5 (15.2) 0.548

II 16 (45.7) 20 (60.6)

III 8 (22.9) 7 (21.2)

Missing/NA 1 (2.9) 1 (0)
frontiersi
BMI, body mass index; SD, standard deviation; AI, aromatase inhibitor.
*Data are presented as the mean (SD) for continuous variables and frequency (percentage) for categorical variables.
#P value for difference between groups.
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and sleep disorders (27), which can lead to low treatment

adherence (6) and reduced quality of life (7). It has been

consistently shown that the Baduanjin exercise can improve

breast cancer patients’ quality of life and sleep quality (22);

however, to the best of our knowledge, there are few randomized

clinical trials available that evaluated the effect of the Baduanjin

training in breast cancer patients under AI treatment.

Several instruments identifying quality of life have been

validated for breast cancer survivors, among which the

EORTC QLQ-C30 and Functional Assessment of Cancer

Therapy-Breast (FACT-B) are most commonly used for the

Baduanjin intervention on breast cancer patients (4). The
Frontiers in Oncology 06
current results of quality of life based on the EORTC QLQ-

C30 showed that Baduanjin had obvious beneficial effects on

most functioning subscales (physical, role, emotional, and

cognitive functioning); in particular, the change of physical

functioning in the intervention group increased by 8.48 while

it decreased by 3.66 in the control group with significant

difference. Notably, the change in fatigue symptom subscales

in the Baduanjin group was also significantly lower than that of

the control, and the global quality of life score increased by 12.39

compared with 2.31 decrease in the control group. These results

reached or exceeded the minimal important difference

established in a previous study with patients suffering from
TABLE 3 Effects of Baduanjin on sleep quality index (PSQI)*.

Baseline P# Post-intervention P# Change P&

Control Exercise Control Exercise Control Exercise

Subjective sleep quality 1.57 ± 0.81 1.73 ± 0.84 0.455 1.49 ± 0.89 0.91 ± 0.63 0.769 -0.09 ± 0.85 -0.82 ± 0.77 0.001

Sleep latency 1.66 ± 1.11 1.67 ± 1.14 0.965 1.57 ± 1.12 1.00 ± 0.71 0.913 -0.09 ± 0.74 -0.67 ± 0.89 0.007

Sleep duration 1.57 ± 0.85 1.61 ± 0.90 0.870 1.51 ± 0.95 1.06 ± 0.70 0.384 -0.06 ± 0.68 -0.55 ± 0.71 0.010

Sleep efficiency 1.06 ± 1.08 1.15 ± 1.20 0.897 1.29 ± 1.25 0.39 ± 0.56 0.066 0.23 ± 1.00 -0.76 ± 1.06 0.001

Sleep disturbances 1.49 ± 0.61 1.64 ± 0.86 0.508 1.43 ± 0.70 0.82 ± 0.58 0.648 -0.06 ± 0.68 -0.82 ± 0.95 0.001

Use of sleeping medication 0.40 ± 0.77 0.33 ± 0.85 0.375 0.31 ± 0.76 0.15 ± 0.44 0.361 -0.09 ± 0.70 -0.18 ± 0.68 0.566

Daytime dysfunction 1.89 ± 0.99 2.00 ± 1.00 0.607 1.69 ± 0.99 0.94 ± 0.50 0.657 -0.20 ± 0.99 -1.06 ± 0.93 0.001

PSQI score 9.63 ± 3.98 10.12 ± 4.05 0.615 9.29 ± 4.52 5.27 ± 2.14 0.401 -0.34 ± 2.73 -4.85 ± 2.96 0.000
frontiersi
PSQI, Pittsburgh Sleep Quality Index; SD, standard deviation.
*Data were presented as mean ± SD; control group (n = 35); exercise group (n = 33).
#P value for difference between groups at baseline or post-intervention.
&P value for change between groups from baseline to post-intervention.
TABLE 2 Effects of Baduanjin on quality of life (EORTC QLQ-C30)*.

Baseline P# Post-intervention P# Change P&

Control Exercise Control Exercise Control Exercise

Physical functioning 85.31 ± 14.84 82.91 ± 12.03 0.261 81.66 ± 13.35 91.39 ± 7.58 0.513 -3.66 ± 13.78 8.48 ± 8.65 0.000

Role functioning 89.97 ± 16.77 85.45 ± 18.98 0.251 88.69 ± 16.49 92.33 ± 10.81 0.869 -1.29 ± 14.64 6.88 ± 17.66 0.015

Emotional functioning 78.29 ± 13.95 75.52 ± 18.72 0.700 78.06 ± 13.45 84.94 ± 13.39 0.330 -0.23 ± 12.36 9.42 ± 19.15 0.010

Cognitive functioning 79.91 ± 17.94 75.64 ± 20.8 0.440 79.09 ± 15.80 84.85 ± 10.79 0.882 -0.83 ± 17.00 9.21 ± 21.42 0.026

Social functioning 82.37 ± 20.57 78.21 ± 29.03 0.834 84.8 ± 18.61 87.73 ± 17.61 0.121 2.43 ± 18.29 9.52 ± 24.72 0.193

Fatigue 32.23 ± 23.61 31.12 ± 19.88 0.789 27.49 ± 22.16 14.24 ± 12.47 0.855 -4.74 ± 19.98 -16.88 ± 19.75 0.010

Nausea/vomiting 0.97 ± 4.00 4.61 ± 12.79 0.109 0.94 ± 5.58 0.52 ± 2.96 0.932 -0.03 ± 4.00 -4.09 ± 12.62 0.047

Pain 29.51 ± 23.17 28.36 ± 22.58 0.781 23.37 ± 21.46 12.67 ± 13.12 0.851 -6.14 ± 18.52 -15.70 ± 14.45 0.014

Dyspnea 12.29 ± 18.14 14.06 ± 20.42 0.792 10.4 ± 17.58 10.06 ± 17.09 0.272 -1.89 ± 19.61 -4.00 ± 21.98 0.633

Insomnia 32.26 ± 29.73 30.21 ± 33.73 0.576 33.26 ± 29.23 15.64 ± 20.73 0.486 1.00 ± 24.96 -14.58 ± 30.36 0.020

Appetite loss 3.77 ± 10.65 8.03 ± 16.67 0.261 4.71 ± 11.72 3.55 ± 9.07 0.827 0.94 ± 12.62 -4.48 ± 17.77 0.251

Constipation 8.51 ± 16.78 11.06 ± 23.04 0.836 7.54 ± 14.06 1.00 ± 5.74 0.400 -0.97 ± 15.01 -10.06 ± 22.77 0.092

Diarrhea 2.83 ± 9.37 7.00 ± 13.70 0.144 6.60 ± 13.39 4.00 ± 10.94 0.827 3.77 ± 10.65 -3.00 ± 15.13 0.038

Financial 18.00 ± 24.68 21.18 ± 31.01 0.939 15.14 ± 20.31 18.15 ± 32.38 0.523 -2.86 ± 20.39 -3.03 ± 24.07 0.810

Global quality of life 71.94 ± 19.47 67.15 ± 11.22 0.319 69.63 ± 17.14 79.55 ± 10.58 0.627 -2.31 ± 19.25 12.39 ± 8.08 0.000
EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; SD, standard deviation.
*Data were presented as mean ± SD; control group (n = 35); exercise group (n = 33).
#P value for difference between groups at baseline or post-intervention.
&P value for change between groups from baseline to post-intervention.
n.org
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advanced cancer (28). Since fatigue is one of the most disturbing

adverse reactions in breast cancer patients and can seriously

affect the patient’s physical function and quality of life (29, 30),

the Baduanjin training-induced decrease of fatigue scores might

be one important factor contributing to the improved self-

reported quality of life (31). The current observation is in line

with recent published studies (14, 18) that focus on the

influences of the Baduanjin intervention on physical and

psychological health and cognitive function among in women

with breast cancer even receiving chemotherapy.

Sleep-related disorders such as insomnia complaints exceed

half of AI users who were diagnosed with breast cancer, which is

also highly associated with other clinical symptoms including

anxiety, depression, and hot flashes (27). In the current study, we

observed that the Baduanjin training improved self-reported sleep

quality (indicated by lower PSQI scores except for the use of

sleeping medication); previous studies also found that Baduanjin

significantly improved insomnia measured by PSQI with elevated

levels of serum melatonin (32). For breast cancer patients under

AI therapy, our findings address the gap and additionally support

that the Baduanjin training is an effective intervention strategy

leading to improvement of self-reported quality of life.

Even though the biological process contributing to the

observed outcome is unclear, inflammatory markers might play

a role. Chronic inflammation is present in breast cancer (33) and

is considered as a key biological factor causing fatigue and

decreased physical function in those patients (34). There is

evidence that among women taking AIs, the coexistence of

fatigue, insomnia, and arthralgia shared an inflammaotry

mechanism (35) and that mind–body interventions (such as

Baduanjin) could reduce inflammatory markers (36). Hence, it

seems reasonable to speculate that long-term Baduanjin training

might suppress inflammatory activities caused by AI treatment; to

prove this assumption, further well-designed research is required.

Moreover, studies focusing on this effectiveness of the Baduanjin

training were encouraged to include physical performance

(muscle strength) and physiological parameters (heart rate

variability and body composition) as objective measurements,

which would add to the evidence derived from questionnaires.

Given that the Baduanjin training is a safe, low-cost, and

whole-body intervention that requires the use of multiple

muscles and joints and incorporated rhythmic abdominal

breathing and meditation (19), our findings support the idea

that the Baduanjin training can be an effective intervention

strategy in breast cancer patients undergoing AI treatment.

This study has 2 limitations. Firstly, inhibitor-induced

arthralgia symptoms were not included as part of the

evaluation because not all patients had inhibitor-induced

arthralgia, which might lead to underestimation of Baduanjin’s

potential benefit. Secondly, we did not collect lifestyle data on

the level of physical activity in both groups; it is unclear whether

patients were participating in other types of low- to moderate-

intensity exercise during the intervention.
Frontiers in Oncology 07
Conclusion

In summary, the current study suggests that 12-week

Baduanjin exercise training may be a low-risk, well-tolerated,

and safe intervention strategy that leads to improvements of self-

reported quality of life and subjective sleep quality in breast

cancer patients undergoing AI treatment.
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