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Abstract
BACKGROUND:
The physical and mental health of college students tends to continuously 
decline around the world, therefore, it is important to improve their health 
during college period. Baduanjin, a traditional Chinese exercise which 
combines movements with breath and mind, may be one of the selectable 
effective exercises. However, the effect of Baduanjin exercise on college 
students has not been established. In this study, we systematically 
assessed the effectiveness and safety of Baduanjin exercise on physical 
and mental health of college students by a rigorous randomized, parallel-
controlled design.
METHODS:
A total of 222 college students from Fujian University of Traditional Chinese 
Medicine were recruited and randomly allocated at an equal ratio into 
control or Baduanjin training. Participants in control group were informed to 
maintain their original activity habit, and those in Baduanjin exercise group 
received a 12-week Baduanjin exercise training with a frequency of 1 hour 
per day and 5 days per week on the basis of their original activity habit. The 
physical and psychological outcomes, including lumbar muscle strength, 
lower limb proprioception function, physical fitness, as well as self-reported 
symptom intensity, stress, self-esteem, mood, quality of life, quality of 
sleep, and adverse events, were evaluated at baseline, 13 weeks (at the 
end of 12-week intervention), and 25 weeks (after the 12-week follow-up 
period). Intention-to-treat analysis was performed for the above outcomes.
RESULTS:
Compared with controls, significant improvements in Baduanjin exercise 
group at the end of 12-week intervention period were found on lower limb 
proprioception function (the rate of average trace error on right lower limb 
(%): control 23.50±5.50, Baduanjin 21.92±6.54, P=0.004; the rate of 
average trace error on left lower limb (%): control 22.32±6.62, Baduanjin 
20.63±4.62, P=0.046), cardiorespiratory endurance (step test index: control 
47.66±5.94, Baduanjin 50.07±9.30, P=0.025), flexibility (control 
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14.35±7.26cm, Baduanjin 15.39±6.43cm, P=0.009) and explosive force of 
lower limb (standing long jump test (m): control 1.77±0.24, Baduanjin 
1.79±0.22, P=0.005 for adjustment baseline) in physical outcomes, and 
attention (Schulte Grid test (second): control 210.4±51.15, Baduanjin 
192.4±47.14, P=0.034) in mental outcome. Lumbar muscle strength in 
Baduanjin group had been moderately enhanced but no significant 
difference compared to controls. No significant changes in other physical 
and mental outcomes, including vital capacity, blood pressure, heart rate, 
hand grip force, self-symptom intensity, stress, self-efficacy, quality of life, 
and quality of sleep, were found between groups. No adverse event was 
reported during the study period.
CONCLUSION:
Regular Baduanjin exercise had an advantage for college students on 
improvement of lower limb proprioception, enhance of cardiorespiratory 
endurance, flexibility, explosive force of lower limb and attention, compared 
with usual exercise.
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Abstract
article-meta
Background
The physical and mental health of college students tends to continuously 
decline around the world, therefore, it is important to improve their 
health during college period. Baduanjin, a traditional Chinese exercise 
which combines movements with breath and mind, may be one of the 
selectable effective exercises. However, the effect of Baduanjin exercise 
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on college students has not been established. In this study, we 
systematically assessed the effectiveness and safety of Baduanjin 
exercise on physical and mental health of college students by a rigorous 
randomized, parallel-controlled design.
Methods
A total of 222 college students from Fujian University of Traditional 
Chinese Medicine were recruited and randomly allocated at an equal 
ratio into control or Baduanjin training. Participants in control group 
were informed to maintain their original activity habit, and those in 
Baduanjin exercise group received a 12-week Baduanjin exercise 
training with a frequency of 1 hour per day and 5 days per week on the 
basis of their original activity habit. The physical and psychological 
outcomes, including lumbar muscle strength, lower limb proprioception 
function, physical fitness, as well as self-reported symptom intensity, 
stress, self-esteem, mood, quality of life, quality of sleep, and adverse 
events, were evaluated at baseline, 13 weeks (at the end of 12-week 
intervention), and 25 weeks (after the 12-week follow-up period). 
Intention-to-treat analysis was performed for the above outcomes.
Results
Compared with controls, significant improvements in Baduanjin 
exercise group at the end of 12-week intervention period were found on 
lower limb proprioception function (the rate of average trace error on 
right lower limb (%): control 23.50±5.50, Baduanjin 21.92±6.54, 
P=0.004; the rate of average trace error on left lower limb (%): control 
22.32±6.62, Baduanjin 20.63±4.62, P=0.046), cardiorespiratory 
endurance (step test index: control 47.66±5.94, Baduanjin 50.07±9.30, 
P=0.025), flexibility (control 14.35±7.26cm, Baduanjin 15.39±6.43cm, 
P=0.009) and explosive force of lower limb (standing long jump test 
(m): control 1.77±0.24, Baduanjin 1.79±0.22, P=0.005 for adjustment 
baseline) in physical outcomes, and attention (Schulte Grid test 
(second): control 210.4±51.15, Baduanjin 192.4±47.14, P=0.034) in 
mental outcome. Lumbar muscle strength in Baduanjin group had been 
moderately enhanced but no significant difference compared to controls. 
No significant changes in other physical and mental outcomes, including 
vital capacity, blood pressure, heart rate, hand grip force, self-symptom 
intensity, stress, self-efficacy, quality of life, and quality of sleep, were 



found between groups. No adverse event was reported during the study 
period.
Conclusion
Regular Baduanjin exercise had an advantage for college students on 
improvement of lower limb proprioception, enhance of cardiorespiratory 
endurance, flexibility, explosive force of lower limb and attention, 
compared with usual exercise.
Trial Registration
Chinese Clinical Trial Registry ChiCTR-TRC-13003329 http://
www.chictr.org
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Introduction
With the progress of science and technology, the integration of digital 
technology within daily life is becoming the cultural norm. More young 
people spend a majority of their spare time in the digital devices [1, 2]. 
College students are the vanguard of the first cohort of young people, 
and sedentary lifestyle becomes prevalent among college students 
globally [3–5]. A report from American College Health Association 
indicated that only 43.6% college students reported vigorous physical 
activity for 20 minutes or moderate activity for 30 minutes on only 3 or 
fewer days of the previous 7 days [6, 7]. Participation in large amounts 
of sedentary lifestyle is associated with multiple health problems such as 
impaired lipid profiles and glucose uptake [8]. As a result, college 
students may be at increased risk for the metabolic syndrome and 
susceptible to serious chronic diseases later in life [9–11]. Similarly, 
mental health problems in college students are increasing steeply due to 
peer pressure and environmental changes, and becoming a worldwide 
public health burden [12–14]. In the United States, mental disorders 
accounted for nearly half of the disease burden for young adults [15]. 
These mental health problems are associated with poorer academic 
achievements, instable intimate relationship, even suicide [16]. 
However, only a small part of college students with mental distress ask 
for and receive adequate attention [17]. It is well established that 
physical inactivity in young adults are directly linked to mental distress 
[18,19]. Therefore, physical activity may play an important role in the 
management of mild-to-moderate mental distress [20,21].
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Regular physical activities or exercises have been demonstrated to 
benefit participants’ physical, mental, and social well-being [22–24]. 
Recent studies showed that exercise for 8 to 12 weeks was effective for 
promoting physical fitness and mental health, and improving body 
composition in college students [25,26]. Baduanjin exercise, translated 
as the ‘eight section of brocades’, is one of many traditional Chinese 
Qigong exercises for health promotion. It includes eight separate, 
delicate, and smooth exercise movements, and each movement benefits 
different physical parts of body or particular organs [27]. Baduanjin 
exercise can promote Qi function through the whole exercise of body 
posture, movement, breathing, and meditation—that means using the 
natural energies to optimize and balance internal energy with the 
coordination of body, breath, and mind [28]. Current studies have 
suggested that Baduanjin training appeared to have substantive benefits 
for older adults [29–31]. A few studies for young adults also indicated 
that Baduanjin exercise provides potential benefits on reducing 
depression, stress and anxiety, building self-control and healthy mind, 
and enhancing physical function [32–34]. However, due to the 
methodological limitations in previous studies, whether Baduanjin 
exercise can be recommended as an effective exercise to enhance 
college students’ health is still unknown. The purpose of this trial is to 
systematically evaluate the effect of Baduanjin exercise on physical and 
psychological outcomes of the college students in China.
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Methods and Design
2.1 Study design
This was a randomized, single-blind, parallel-controlled trial to evaluate 
the effectiveness and safety of Baduanjin exercise for the physical and 
mental health of college students. A total of 222 eligible college students 
from the Fujian University of Traditional Chinese Medicine (FJTCM) 
were recruited and randomly allocated to either control or Baduanjin 
exercise group with a ratio of 1:1. The relative physical and 
psychological outcomes were measured at baseline, 13 weeks (at the end 
of intervention), and 25 weeks (after the 12-week follow-up period). The 
design of the study was detailed in the published protocol [35].
2.2 Ethics approval



This trial was carried out in accordance with the declaration of Helsinki 
and approved by the Ethics Board of FJTCM (approval number: 2013, 
Reviewed-No. 043). All participants provided written informed consent 
prior to participation. The individual in this manuscript has given written 
informed consent (as outlined in PLOS consent form) to publish these 
case details.
2.3 Participants
Participants were college students recruited from the first or second 
grade in FJTCM through the campus poster, advertisement, and campus 
broadcast between September 9 and September 19, 2013.
Participants were eligible to participate in the study if they met the 
following criteria: aged 18 to 25 years; provided the informed consent; 
and were freshmen or sophomores. Participants were excluded if they 
had been engaged in a long-term regular practice of Baduanjin, or were 
members of the Martial Arts Association, Dance Association, Aerobics 
Association, Sanda Association, or Taekwondo Association of FJTCM; 
or if they had suffered from severe cardiovascular diseases, 
musculoskeletal system diseases, or sports contraindications. Baseline 
assessments were conducted within 2 weeks before the beginning of the 
intervention program.
2.4 Randomization, allocation concealment and blinding
The random allocation sequence was produced by an independent 
statistician who worked in the Evidence-Based Center of FJTCM via the 
PLAN sentences of the statistical software SAS9.1. The detail of random 
allocation sequence was kept with a project manager. After the baseline 
assessments, the project manager informed each eligible participant his/
her group (Baduanjin exercise or control group) via cell phone.
Although it was impossible to blind the participants and exercise 
instructors, we masked participants’ allocation information to outcome 
assessors, and urged participants not to disclose their allocation 
information during the period of outcomes measurement. In addition, we 
built the blind code of allocation to blind the statistician, and in which, 
the group assignment (Baduanjin exercise or usual exercise control 
group) was replaced by the alphabet A or B.
2.5 Intervention and follow-up



2.5.1 Control group
Participants in the control group were informed to keep their original 
physical activity habit during the 12-week intervention period.

2.5.2 Baduanjin exercise group
On the basis of their original physical activity habit, participants in the 
Baduanjin exercise group gathered and practiced 1 hour Baduanjin 
exercise at 5 p.m. each day with a frequency of 5 day per week at the 
gymnasiums of the university. Baduanjin exercise was instructed by two 
qualified instructors who had engaged in the physical education over 5 
years. The training scheme of Baduanjin exercise was in accordance 
with the Health Qigong—Baduanjin published by the General 
Administration of Sport of China, which consisted of 10 postures 
(including the beginning and ending posture) [36].
Intervention period lasted 12 weeks from September 23, 2013 to 
December 15, 2013. All participants were required to fill in the daily 
activity log during the intervention period, in which the type, frequency 
and duration of participant’s activity in a whole day was recorded and 
classified into low, moderate, or high intensity grade. An unsupervised 
12-week follow-up period for each participant began on December 16, 
2013, and ended on March 7, 2014. No participants received additional 
exercise intervention but were required to fill in the daily activity log 
during the 12-week follow-up period.
2.6 Outcome assessment
The primary measure of outcomes was the change in the lumbar muscle 
strength, lower limb proprioception function, as well as self-reported 
symptom intensity, stress, self-efficacy and attention measured at 13 
weeks (the first week after completion of the 12-week intervention 
period). We also evaluated the long term effect over a 12-week period at 
25 weeks (the first week after completion of 12-week follow-up period). 
Lumbar muscle strength (consisting of flexion, and rotation 
myodynamia) and lower limb proprioception function were assessed 
using the Tergumed Work Station (produced by Proxomed GmbH, 
Germany) and the Prokin proprioception evaluation and training system 
(produced by Tecnobody.S.r.l, Italy.) by the blinded operators at the 
Evaluation Department of Rehabilitation Hospital Affiliated to FJTCM. 



The scores of self-reported symptom intensity, stress, self-efficacy and 
attention were felt to best reflect the wellbeing health condition of 
college students, and were conducted using their corresponding scales 
with the confirmed validity [37–39].
Secondary outcomes included changes in physical fitness, mood and 
mindfulness, self-esteem, quality of life, and quality of sleep measured 
at 13 weeks and 25 weeks. Physical fitness, consisting of 
cardiopulmonary function, hand grip force, explosive force of lower 
limb and flexibility, was measured using the step test, hand grip strength 
test, standing long jump and the ‘sit and reach’ test respectively, which 
has been shown to be a reliable and responsive measure in overall 
physical fitness of college students according to the Chinese University 
Students’ Physical Health Standards. The psychological health and life 
or sleep quality outcomes were collected via the self-reported 
questionnaires at the Center of College Student Activity of FJTCM. 
Details about the outcome assessment were described in the published 
protocol of this trial [35].
2.7 Sample size and statistical analysis
No previous study of Baduanjin exercise for the physical and mental 
well-being in college students with rigorous design was available. 
Although Baduanjin exercise as a whole may be broken down into eight 
separate movement form which each focuses on different physical area, 
majority of them need rotate the body on waist when practicing [40]. 
Therefore the change of lumbar muscle strength was established to 
estimate the sample size. Our preliminary data from 20 college students 
indicated the means with standard deviation of the flexion strength of 
lumbar muscle was 258.25 newton (N) and 114.19 N, respectively. The 
current trial was designed to detect a 20% increase on lumbar flexion 
muscle strength after the Baduanjin exercise intervention for 12-week 
period [41,42]. A sample size of 101 per group with a type I error of 5% 
(α = 0.05) and 90% power (β = 0.10) was necessary. With an estimated 
dropout rate of 10%, a final sample size of 111 per group was required.
The primary and secondary outcomes were analyzed on an intention-to-
treat (ITT) basis. Method of Last Observation Carry Forward was 
applied to fill in the missing data. Analyses were done using SPSS 21.0 
(IBM, Chicago, IL, USA) software packages. The statistical significance 



was defined as two-sided P value of <0.05.
In descriptive analysis of the sample, continuous variables were 
expressed as mean and standard deviation for normal distribution, and 
median and inter-quartile range for non-normal distribution. Normality 
was tested using Kolmogorov-Smirnov test. Appropriate transformations 
were applied in cases of non-normal distribution. Categorical variables 
were expressed as proportions with their standard error.
Baseline characteristics between groups were compared using the t-test 
or Mann-Whitney test for continuous variables and Pearson chi-squared 
or Fisher’s exact test for categorical variables. If incomparability 
appears, the inequality factors were treated as confounding variables in 
the final efficacy analysis.
For comparison of the primary or secondary outcomes between groups, a 
t-test or non-parametric tests was used for continuous variables, and 
Pearson chi-squared or Fisher exact test for categorical variables. To 
control for possible confounding factors, linear regression model was 
applied for dependent continuous variables and logistic regression 
models for dependent categorical variables. Subgroup analysis stratified 
by gender was conducted for the primary outcomes.
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Results
3.1 Baseline characteristics
Fig 1 illustrates the participants flow. 16 participants (10 in Baduanjin 
exercise group and 6 in control) dropped out before baseline assessment. 
Therefore they were excluded from the ITT analysis. During the 24-
week study period (including 12-week intervention period and 12-week 
follow-up period), 5 participants dropped out and 7 participants lost to 
follow-up, with 93 (92.1%) participants in Baduanjin exercise group and 
101 (96.2%) participants in control group. There was no statistically 
significant difference between groups in terms of drop-out or lost to 
follow-up (χ2 = 1.586, P = 0.208). Of 96 participants in the Baduanjin 
exercise group with the completed 12-week Baduanjin exercise training, 
18 participants had 75% attendance rate (actual training days/plan 
training days) or less, and 38 participants possessed 76%-85%, 40 
participants attained more than 85% attendance rate. Reasons given for 
not attending training mainly included training time clashing with other 
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commitments and illness.
fig ft0fig mode=article f1

Fig 1
caption a4
caption a8Participant flow through the study reported in 
a CONSORT diagram.
In 206 eligible participants, 82.5% of them were female students; the 
average age of participants was 20.78 years old. Baseline demographic 
characteristics between groups including sex proportion, the average of 
age, baseline exercise time, height and weight had no significant 
difference (Table 1). The average time of high intensity activities, low 
intensity activities, and sedentary time between groups were not 
statistically different whether in the intervention period or the follow-up 
period. The average time of moderate intensity activities in Baduanjin 
exercise group were higher than the control group during 12-week 
intervention period (P = 0.001) (Table 2).
table ft1table-wrap mode=article t1
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Table 1
caption 
a4
caption 
a8Baseli
ne 
characte
ristics 
between 
Baduanji
n 
exercise 
and 
control 
groups.

table ft1table-wrap mode=article t1

Tab
le 2
cap
tion 
a4

caption a8Comparison of average activities time during the 12-week 
intervention and 12-week follow-up period between groups 
(hours)3.2 The effect of Banduanjin exercise on primary 
physical and psychological outcomes
Although participants in Buduanjin exercise group had a mean 
improvement at the end of 12-week exercise of 42.24N, 52.13N, and 
38.67N, respectively on flexion, left rotation, and right rotation, the 
difference was not statistically significant when compared with control 
group. The lower limb proprioception function in participants of 
Baduanjin exercise group had an obvious improvement after 12-week 
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regular exercise. The rate of average trace error (ATE) on right, and left 
lower limb decreased a mean of 7.29, 10.16 percent, respectively, while 
controls had a mean decline of 6.76, 9.59 percent respectively, for a 
significantly statistical difference (P = 0.004, P = 0.046, respectively). 
The primary psychological outcomes on well-being included self-
reported psychological symptom intensity, stress, self-efficacy, and 
attention, which were assessed by using their corresponding 
questionnaires with the definite validity and reliability. No significant 
change in self-reported psychological symptom intensity, stress, self-
efficacy was observed at the end of 12-week intervention period, 
respectively. However, the improvement of attention was significant, 
and participants with Baduanjin exercise improved a mean of 21.51 
second over 12 weeks, while control group participants had a mean 
improvement of 14.24 second over 12 weeks after adjusting for the 
baseline values (P = 0.034) (Table 3). The above primary outcomes after 
additional 12-week follow-up were not different between groups (Table 
3).
table ft1table-wrap mode=article t1

Table 
3
captio
n a4

caption a8Primary physical and psychological effects.3.3 The effect 
of Baduanjin exercise on secondary physical and 
psychological outcomes
On the physical parameter for the cardiorespiratory endurance was 
measured by using a method of step test, in which higher test index 
indicated better cardiorespiratory endurance. Compared to their baseline 
data, participants in control group had a decline of 5.62 point as well as 
a decline of 1.4 point in the Baduanjin exercise group at the end of 12-
week intervention period with a significant difference between groups (P 
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= 0.025). Participants in Baduanjin exercise group had obvious 
improvement on physical parameters including flexibility, explosive 
force of lower limb compared with the controls at the end of 12-week 
intervention period (P = 0.009, P = 0.005, respectively) after adjusting 
for baseline values (Table 4). Other physical parameters, such as vital 
capacity, blood pressure, heart rate, and hand grip force, had no 
statistical difference at the end of intervention period between groups 
(Table 4). No significant change was observed at the end of 12-week 
intervention period or after 12-week follow-up period between groups 
for the other secondary psychological outcomes included self-esteem, 
mood and mindfulness, quality of life, and quality of sleep (Table 4).
table ft1table-wrap mode=article t1

Tab
le 4
capt
ion 
a4

caption a8Secondary physical and psychological effects.3.4 
Subgroup analysis
Pre-specified subgroup analysis was performed to determine whether we 
could identify a subgroup most likely to benefit from the Baduanjin 
exercise on the primary outcomes. The left and right lumbar rotation 
strength in female participants with Baduanjin exercise had a moderate 
improvement comparing to female controls at end of additional 12-week 
follow-up period with a mean improvement of 56.92N and 45.36N 
versus 44.88N and 34.83N, respectively (P = 0.066, and P = 0.042) (Fig 
2). Only attention in primary well-being health outcomes in female 
participants of Baduanjin exercise group had a significant improvement 
with a mean decline 21.38 second over intervention period comparing 
with a mean decline 10.83 second in controls (P = 0.02) (Fig 2).
fig ft0fig mode=article f1
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Fig 2
caption 
a4

caption a8Subgroup analysis.3.5 Safety
No adverse events (AEs) related to Baduanjin exercise occurred in this 
trial.
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Discussion
In this randomized controlled trial of Baduanjin exercise comparing with 
control for the physical and mental health of college students, we found 
significant improvement with regular Baduanjin exercise on lower limb 
proprioception function, cardiorespiratory endurance, flexibility, 
explosive force of lower limb, and attention over a 12-week intervention 
than usual exercises. However, significant benefits were not observed 
over the additional 12-week follow-up period, which indicated there was 
no long-term benefit to practice Baduanjin exercise. No adverse event 
related to Baduanjin exercise was reported during the intervention 
period, which suggested this form of exercise is safe.
As one of the most common forms of traditional Chinese qigong 
exercises, Baduanjin exercise is not only easy to learn, but also has less 
cognitive demanding [43]. It has been considered as a popular 
community exercise to promote health in China [44]. According to 
traditional Chinese medicine theory, good health means the unison and 
balance of the body and spirit. The benefits of regular Baduanjin 
exercise are expressed through adjusting breathing to make the process 
of smoother, unifying mind and breathing, strengthening muscles and 
tendons to make the body more flexible and the unison of mind and 
body [45,46]. In view of sport medicine and traditional Chinese 
medicine, practitioners should focus on their lumbar function, and it 
stresses ‘take the waist as the axis’ when practicing [47]. It is therefore 
expected to enhance participants’ lumbar muscle strength. In this trial, 
the increments of lumbar muscle strength in college students for 12 
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weeks of regular Baduanjin exercise are higher than those with usual 
exercise, however, the statistical significant difference was not observed 
between groups. The explanation may be that the college students in 
control group were already involved in high-intensity sport activities 
such as basketball, badminton, and ping-pong, etc. However, the 
enhance on lower limb proprioception function after 12 weeks of 
Baduanjin exercise in college students was higher than controls.
Studies in community-dwelling older population indicated that a 
Baduanjin exercise program could modulate blood lipid metabolism, 
insulin sensitivity, and sleep quality [29–31,48]. However, there are few 
studies focusing on its effect among young adults, especially college 
students. A previous study with 24 enrolled college students 
demonstrated an improvement on blood pressure, heart rate, lung 
capacity, weight, and hand grip strength after 12-week Baduanjin 
exercise [49]. The significant changes on vital capacity and heart rate 
were reported in another study with 200 college students [50]. Both 
studies were not randomized controlled trials, therefore it is difficult to 
generalize the study findings. In this randomized parallel controlled 
study comparing with usual exercise, the significant changes of vital 
capacity, blood pressure, heart rate, and hand grip force between groups 
were not observed. However, the effect of Baduanjin exercise on 
cardiorespiratory endurance, flexibility and explosive force of lower 
limb had obvious improvement over 12-week regular practice.
Baduanjin exercise can be described as a combination of Confucianism, 
Buddhism, Taoism and traditional Chinese medicine. The key point 
when practicing is thought to be regulation of the mind. Therefore, it 
requires practitioner to remove all thoughts and focus on a certain region 
of the body to feel the flow of Qi through the body [51]. Through the 
practice of Baduanjin exercise, one can expect to improve, strengthen, 
and gain spiritual cultivation. A previous study found that regular 
Baduanjin exercise with 3 times per week and 60 min per time for 8 
weeks had a positive trend to improve self-image and reduce 
psychologic distress comparing with the inactive controls [52]. Another 
study from female university students suggested that Baduanjin exercise 
could decrease depression, fatigue, anger and tension symptoms 
measured by SCL-90 scale substantially, and improve self-respect, 



energy and emotional state after a 6-month intervention [53]. In the 
present trial, self-symptom intensity score in Baduanjin exercise group 
had a mean reduction of 7.3 points, and a mean reduction of 5.96 points 
in control group after 12 week exercise, but the difference was not 
significant between groups. Other psychological outcomes, such as 
stress, self-efficacy, self-esteem, mood and mindfulness, quality of life, 
and quality of sleep, were not different between groups either. We 
thought that the original activities habit practiced by the included 
participants, such as basketball, badminton, and ping-pong sport, might 
have a similar effect on psychological outcomes of college students as 
Baduanjin exercise. However, we did find the attention measured by the 
Schulte Grid test was improved with a mean shorten 7.5 second in 
participants over a 12 weeks of regular Baduanjin exercise comparing 
with controls (P = 0.034). This finding may be due to the fact that the 
exercisers were required to concentrate on adjusting breathing to make 
unity of mind and breathing when Baduanjin exercise was practicing.
Study strengths and limitations
This trial focused on a unique college student population and we used a 
rigorous randomized, parallel-controlled design with a relatively large 
sample to evaluate the effectiveness and safety of Baduanjin exercise on 
physical and mental health. We arranged two qualified physical teachers 
serving as the Baduanjin exercise instructors in order to ensure the 
standardization of exercise training for participants. Participants in 
Baduanjin exercise group were gathered to do the exercise at a fixed 
setting and time. To control confounding factors, all participants were 
required to record their daily physical activity. Furthermore, the result 
evaluators and statistical analysts were blinded to ensure the authenticity 
and objectivity of the trial results. We conducted this trial according to 
the protocol strictly to control the quality. Therefore the internal validity 
of the results in this trial was achieved.
Several limitations occurred in this trial. Ideally, everyone involved in 
an RCT should be blinded, but this is not always feasible in the non-
pharmacological trials [54]. Although the participants and exercise 
instructors are not blinded and the psychological outcome measures are 
self-report, the assessment of the related physical fitness outcomes, 
lumbar muscle strength and lower limb proprioception function, and the 



statistical analyses were performed by research staffs blinded to the 
treatment allocation. Second, all participants were recruited in one 
medical university with a greater proportion of female participants, and 
not controlled intensity, frequency and types of usual activities in two 
groups, and a relative inadequacy of adherence rate in Baduanjin 
exercise group. 18 participants had 75% attendance rate or less, and only 
40 participants attained more than 85% attendance rate in Baduanjin 
exercise group. Third, the physical activity was self-report that has 
inherent limitations such as recall bias or social desirability. In addition, 
because the effect size between BDJ and Con groups was lower than 
anticipated, it was possible the study power was overestimated. All of 
which may affect the efficacy of Baduanjin intervention. Nonetheless, 
excellent protocol adherence, strictly performance supervision, no 
significant loss to follow-up and withdrawn, and the use of adjusted 
analyses strengthen the findings.

Go to:
Summary
In conclusion, this study demonstrates that regular Baduanjin exercise 
may improve lower limb proprioception function and cardiorespiratory 
endurance, enhance flexibility, explosive force of lower limb as well as 
attention in a college student population. Our finding indicates that 
regular Baduanjin exercise may be an effective, safe and useful form of 
exercise to promote the college students’ physical health and attention.

Go to:
Differences Between Protocol and Trials

1 list-behavior=enumerated prefix-word= mark-type=decimal
2 Data of extension and lateroflexion lumbar muscle strength in all 

participants at baseline was lost due to accidental fault of the 
measurement machine (the Tergumed Work Station) at baseline 
assessment completed. They were therefore not involved in the 
final statistical analysis.

3 Through expert consultation, lower limb proprioception function 
was thought to be a better indicator to reflect the effect of 
Baduanjin exercise on proprioception function. As a result, lumbar 
proprioception function was replaced by lower limb proprioception 
function.



4 Standing long jump was discussed to be added in the secondary 
outcomes because it can excellently reflect explosive force of 
lower limb and also is an important component of physical fitness.

Go to:
Supporting Information
/article/body/sec/
S1 CONSORT Checklist
caption a9CONSORT Checklist.
(DOC)
Click here for additional data file.(226K, doc)
S1 Protocol
caption a9Protocol of this trial (Chinese version).
(DOC)
Click here for additional data file.(53K, doc)
S2 Protocol
caption a9Protocol of this trial (English version).
(DOC)
Click here for additional data file.(46K, doc)

Go to:
Acknowledgments
The authors thank Dr Xuemei Sui (University of South Carolina) for her 
helpful evaluation and revision on the final manuscript. This study is 
supported by Rehabilitation Technology of Collaborative Innovation 
Center, FJTCM (Grant No. X2012002-Collaboration), and the Special 
Scientific Research Fund of Public Welfare Profession of China (Grant 
No. 201307004), Ministry of Science and Technology and Ministry of 
Finance of the People’s Republic of China.

Go to:
Funding Statement
This study is funded by the Rehabilitation Technology of Collaborative 
Innovation Center, FJTCM (Grant No. X2012002-Collaboration), the 
Special Scientific Research Fund of Public Welfare Profession of China 
(Grant No. 201307004), Ministry of Science and Technology (http://
www.most.gov.cn) and Ministry of Finance of the People’s Republic of 
China (http://www.mof.gov.cn). The funders had no role in study 
design, data collection and analysis, decision to publish, or preparation 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4497728/bin/pone.0130544.s001.doc
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4497728/bin/pone.0130544.s002.doc
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4497728/bin/pone.0130544.s003.doc
http://www.most.gov.cn/
http://www.most.gov.cn/
http://www.mof.gov.cn/


of the manuscript.
Go to:

Data Availability
All relevant data are within the paper.

Go to:
References
1. Lepp A, Barkley JE, Sanders GJ, Rebold M, Gates P.The relationship 
between cell phone use, physical and sedentary activity, and 
cardiorespiratory fitness in a sample of U.S. college students. Int J 
Behav Nutr Phys Act. 2013; 10:79 doi: 10.1186/1479-5868-10-79 [PMC 
free article] [PubMed]
2. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: 
the population health science of sedentary behavior. Exerc Sport Sci 
Rev. 2010;38:105–113. doi: 10.1097/JES.0b013e3181e373a2 [PMC free 
article] [PubMed]
3. Teiji N. The integration of school nutrition program into health 
promotion and prevention of lifestyle-related diseases in Japan. Asia Pac 
J Clin Nutr. 2008; 17: 349–351. [PubMed]
4. American College Health Association. American College Health 
Association National College Health Assessment (ACHA-NCHA) 
Spring 2005 Reference Group Data Report. J Am Coll Health. 
2006;55:5–16. [PubMed]
5. Werch (Chad) CE, Bian H, Moore MJ, Ames S, DiClemente CC, 
Weiler RM. Brief multiple behavior interventions in a college student 
health care clinic. J Adolesc Health. 2007;41:577–585. [PMC free 
article] [PubMed]
6. National College Health Assessment Web Summary. American 
College Health Association. October 17, 2002. Available: http://
www.acha.org/projects_programs/ncha_sampledata_public.cfm.
7. Nelson TF, Gortmaker SL, Subramanian SV, Wechsler H. Vigorous 
physical activity among college students in the United States. J Phys Act 
Health. 2007;4:495–508. [PubMed]
8. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy 
expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, 
and cardiovascular disease. Diabetes. 2007; 56:2655–2667. [PubMed]
9. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, 

http://dx.doi.org/10.1186/1479-5868-10-79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3693866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3693866/
https://www.ncbi.nlm.nih.gov/pubmed/23800133
http://dx.doi.org/10.1097/JES.0b013e3181e373a2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404815/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404815/
https://www.ncbi.nlm.nih.gov/pubmed/20577058
https://www.ncbi.nlm.nih.gov/pubmed/18296376
https://www.ncbi.nlm.nih.gov/pubmed/16889310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2121592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2121592/
https://www.ncbi.nlm.nih.gov/pubmed/18023787
http://www.acha.org/projects_programs/ncha_sampledata_public.cfm
http://www.acha.org/projects_programs/ncha_sampledata_public.cfm
https://www.ncbi.nlm.nih.gov/pubmed/18209239
https://www.ncbi.nlm.nih.gov/pubmed/17827399


Pate RR, et al. Amount of time spent in sedentary behaviors in the 
United States, 2003–2004. Am J Epidemiol. 2008; 167:875–881. doi: 
10.1093/aje/kwm390 [PMC free article] [PubMed]
10. Morrell JS, Cook SB, Carey GB. Cardiovascular fitness, activity, 
and metabolic syndrome among college men and women. Metab Syndr 
Relat Disord. 2013;11:370–376. doi: 10.1089/met.2013.0011 [PubMed]
11. Kang J, Ciecierski CC, Malin EL, Carroll AJ, Gidea M, Craft LL, et 
al. A latent class analysis of cancer risk behaviors among U.S. college 
students. Prev Med. 2014; 64:121–125. doi: 10.1016/j.ypmed.
2014.03.023 [PMC free article] [PubMed]
12. St Kim, Kathy A, Anthony T. A systematic review: Students with 
mental health problems: A growing problem. Int J of Nurs Pract. 
2010;16:1–6. [PubMed]
13. Stallman HM. Prevalence of psychological distress in university 
students—implications for service delivery. Aust Fam Physician. 
2008;37:673–677. [PubMed]
14. Gore FM, Bloem PJ, Patton GC, Ferguson J, Joseph V, Coffey C, et 
al. Global burden of disease in young people aged 10–24 years: a 
systematic analysis. Lancet. 2011; 377:2093–2012. doi: 10.1016/
S0140-6736(11)60512-6 [PubMed]
15. World Health Organization: Global Burden of Disease: 2004 
Update. Geneva: WHO; 2008.
16. Dyrbye L, Thomas M, Shanafelt T. Systematic review of depression, 
anxiety, and other indicators of psychological distress among U.S. and 
Canadian medical students. Acad Med. 2006;81:354–373. [PubMed]
17. Hunt J, Eisenberg D. Mental health problems and help-seeking 
behavior among college students. J Adolesc Health. 2010, 46:3–10. doi: 
10.1016/j.jadohealth.2009.08.008 [PubMed]
18. Sagatun A, Sogaard AJ, Bjertness E, Selmer R, Heyerdahl S. The 
association between weekly hours of physical activity and mental health: 
A three-year follow-up study of 15-16-year-old students in the city of 
Oslo, Norway. Bmc Public Health. 2007;7 doi: 
10.1186/1471-2458-7-155 [PMC free article] [PubMed]
19. Biddle SJ, Asare M. Physical activity and mental health in children 
and adolescents: a review of reviews. Br J Sports Med. 2011;45:886–
895. doi: 10.1136/bjsports-2011-090185 [PubMed]

http://dx.doi.org/10.1093/aje/kwm390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527832/
https://www.ncbi.nlm.nih.gov/pubmed/18303006
http://dx.doi.org/10.1089/met.2013.0011
https://www.ncbi.nlm.nih.gov/pubmed/23809000
http://dx.doi.org/10.1016/j.ypmed.2014.03.023
http://dx.doi.org/10.1016/j.ypmed.2014.03.023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089896/
https://www.ncbi.nlm.nih.gov/pubmed/24704131
https://www.ncbi.nlm.nih.gov/pubmed/20158541
https://www.ncbi.nlm.nih.gov/pubmed/18704221
http://dx.doi.org/10.1016/S0140-6736(11)60512-6
http://dx.doi.org/10.1016/S0140-6736(11)60512-6
https://www.ncbi.nlm.nih.gov/pubmed/21652063
https://www.ncbi.nlm.nih.gov/pubmed/16565188
http://dx.doi.org/10.1016/j.jadohealth.2009.08.008
https://www.ncbi.nlm.nih.gov/pubmed/20123251
http://dx.doi.org/10.1186/1471-2458-7-155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1955440/
https://www.ncbi.nlm.nih.gov/pubmed/17626617
http://dx.doi.org/10.1136/bjsports-2011-090185
https://www.ncbi.nlm.nih.gov/pubmed/21807669


20. Paluska SA, Schwenk TL. Physical activity and mental health: 
current concepts. Sports Med. 2000; 29:167–180. [PubMed]
21. Fox KR. The influence of physical activity on mental well-being. 
Public Health Nutr. 1999;2:411–418. [PubMed]
22. Miller KE, Hoffman JH. Mental Well-Being and Sport-Related 
Identities in College Students. Sociol Sport J. 2009;26:335–356. [PMC 
free article] [PubMed]
23. French SU, Alan LS, Cox AE. Attachment relationships and physical 
activity motivation of college students. Psychology & Health. 
2011,26:1063–1081. [PubMed]
24. Van Dyck D, Teychenne M, McNaughton SA, De Bourdeaudhuij I, 
Salmon J. Relationship of the Perceived Social and Physical 
Environment with Mental Health-Related Quality of Life in Middle-
Aged and Older Adults: Mediating Effects of Physical Activity. PLoS 
ONE. 2015,10: e0120475 doi: 10.1371/journal.pone.0120475 [PMC free 
article] [PubMed]
25. Yamazaki F, Yamada H, Moridawa S. Influence of an 8-week 
exercise intervention on body composition, physical fitness, and metal 
health in female nursing students. J UOEH. 2013; 35:51–58. [PubMed]
26. Ha CH, So WY. Effects of combined exercise training on body 
composition and metabolic syndrome factors. Iran J Public Health. 2012; 
41:20–26. [PMC free article] [PubMed]
27. Chen HH, Yeh ML, Lee FY. The effects of Baduanjin qigong in the 
prevention of bone loss for middle-aged women. Am J Chin Med. 
2006;34:741–747. [PubMed]
28. Koh TC. Baduanjin—an ancient Chinese exercise. Am J Chin Med. 
1982, 10:14–21. [PubMed]
29. Mei L, Chen Q, Ge L, Zheng G, Chen J. Systematic review of 
Chinese traditional exercise baduanjin modulating the blood lipid 
metabolism. Evid Based Complement Alternat Med. 2012; 2012:282131 
doi: 10.1155/2012/282131 [PMC free article] [PubMed]
30. An BC, Wang Y, Jiang X, Lu HS, Fang ZY, Wang Y, Dai KR. 
Effects of Baduanjin exercise on knee osteoarthritis: a one-year study. 
Chin J Integr Med. 2013;19:143–148. doi: 10.1007/s11655-012-1211-y 
[PubMed]
31. Hsu MC, Wang TS, Liu YP, Liu CF. Effects of Baduanjin exercise 

https://www.ncbi.nlm.nih.gov/pubmed/10739267
https://www.ncbi.nlm.nih.gov/pubmed/10610081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2908331/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2908331/
https://www.ncbi.nlm.nih.gov/pubmed/20661467
https://www.ncbi.nlm.nih.gov/pubmed/21598191
http://dx.doi.org/10.1371/journal.pone.0120475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4370752/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4370752/
https://www.ncbi.nlm.nih.gov/pubmed/25799269
https://www.ncbi.nlm.nih.gov/pubmed/23475024
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3469031/
https://www.ncbi.nlm.nih.gov/pubmed/23113220
https://www.ncbi.nlm.nih.gov/pubmed/17080541
https://www.ncbi.nlm.nih.gov/pubmed/7183203
http://dx.doi.org/10.1155/2012/282131
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524626/
https://www.ncbi.nlm.nih.gov/pubmed/23304194
http://dx.doi.org/10.1007/s11655-012-1211-y
https://www.ncbi.nlm.nih.gov/pubmed/23001463


on oxidative stress and antioxidant status and improving quality of life 
among middle-aged women. Am J Chin Med. 2008; 36:815–826. 
[PubMed]
32. Liu HF, Zhao LM, An HY. A study of Baduanjin exercise for the 
mental health of college students. J Beijing Sport Univ. 2007; Suppl:
149–151.
33. Liu HF, An HY, Wang CH, Cao C, Zhang B. Psychological effects 
of health Qigong Baduanjin. J Wuhan Inst of Phys Educ. 2008; 42:54–
58.
34. Xue ZH. A research on the effect of Baduanjin exercise on female 
university student’s physique health. J Anhui Sport Sci. 2012; 33:46–49.
35. Zheng G, Li M, Lan X, Yan X, Lin Q, Chen L, et al. The effect of 
Baduanjin exercise for physical and psychological wellbeing of college 
students: study protocol for a randomized controlled trial. Trials.
2013;14:422 doi: 10.1186/1745-6215-14-422 [PMC free article] 
[PubMed]
36. Health Qigong Management Center of General Administration of 
Sport of China: Health qigong—Baduanjin. Beijing: People’s Sports 
Publishing House of China; 2003.
37. Wang ZY. SCL-90. Shanghai Archives of Psychiatry. 1984; 2:68–
70.
38. Yang TZ, Huang HT. An epidemiological study of psychological 
pressure of urban residents in social transformation. J Chin Epidemiol. 
2003; 24:760–764. [PubMed]
39. Zhang JX, Schwarzer R. Measuring optimistic self-beliefs: A 
Chinese adaptation of the General Self-efficacy Scale. Psychologia. 
1995; 38:174–181.
40. Yang HG, Wei Z. Comment on evolution process of Lishi 
Baduanjin. Journal of Xian Physical Education University. 2013; 
30:315–320.
41. Qu XF. An experimental research of how the core strength training 
influencing waist and abdominal muscle force and endurance of male 
undergraduates in common colleges and universities. Liaoning Sport 
Science and Technology. 2014;36:45–46.
42. Li S, Ala M, Wang L, Wu Y. The effects of progressive resistance 
exercise training on muscle strength of college students. Journal of Jilin 

https://www.ncbi.nlm.nih.gov/pubmed/19051349
http://dx.doi.org/10.1186/1745-6215-14-422
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4234126/
https://www.ncbi.nlm.nih.gov/pubmed/24308310
https://www.ncbi.nlm.nih.gov/pubmed/14521764


Institute of Physical Education. 2012;28:13–15.
43. Zhou XQ, Zeng YQ, Yang BL, Wang AL. Effects of health Qigong 
and Baduanjin on the middle and old aged people’s blood lipid. J Beijing 
Sport Univ. 2007; 30:795–797.
44. Lin Q. Baduanjin and Chinese Medical Health Preservation. J Fujian 
Univ Tradit Chin Med. 2010; 20:55–56.
45. Jiang X. A shallow discussion on the dialectical relationship between 
Baduanjin and health keeping in Chinese medicine. Chinese Wushu 
Research. 2012;1:95–96.
46. Geng YQ, Wang XD. Effect of eight-length brocade exercise on 
mental sub-health regulation based on the theory of emotion controlled 
by five zang-organs. China Journal of Taditional Chinese Medicine and 
Phyarmacy. 2008;23:348–350.
47. Zhang X, Ren SJ. The effect of Baduanjin on lumbar muscle strain. 
Chin Med Mod Distance Educ China. 2011; 9:105.
48. Chen MC, Liu HE, Huang HY, Chiou AF. The effect of a simple 
traditional exercise programme (Baduanjin exercise) on sleep quality of 
older adults: a randomized controlled trial. Int J Nurs Stud. 2012; 
49:265–273. doi: 10.1016/j.ijnurstu.2011.09.009 [PubMed]
49. Peng LY, Chen Y, Yao X. Effect of Baduanjin exercise training for 
physiological functions in college students. Sport Research. 2012; 
2:115–116.
50. Yang HJ. Study of Baduanjin exercise for cardiopulmonary function 
in college students. Sport Research and Education. 2011;26:198–200.
51. Yu GB. Chinese Qigong illustrated. Beijing: New World Press, 
1995.
52. Wang Y. The influence of health Qigong Baduanjin training on the 
psychological health of college students. Journal of Beijing Sport 
University. 2011; 34:102–104.
53. Mo GN. Experimental study of Baduanjin on the mental health of 
female university students. Wushu Science. 2013; 10:81–83.
54. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P. CONSORT 
Group: Extending the CONSORT statement to randomized trials of 
nonpharmacologic treatment: explanation and elaboration. Ann Intern 
Med. 2008; 148:295–309. [PubMed]

http://dx.doi.org/10.1016/j.ijnurstu.2011.09.009
https://www.ncbi.nlm.nih.gov/pubmed/21963235
https://www.ncbi.nlm.nih.gov/pubmed/18283207

