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Objective: Patients with schizophrenia have deficits in physical and cognitive

function that may become salient in their middle ages. These deficits need

active intervention to prevent functional decline. Baduanjin and brisk walking

show promise as interventions in patients with schizophrenia. This study

investigated the effects of Baduanjin exercise vs. brisk walking in middle-aged

patients with schizophrenia.

Methods: In this single-blind, 2-arm, parallel, randomized controlled trial,

48 participants aged older than 40 years were enrolled and assigned to

the intervention group (Baduanjin) or the control group (brisk walking). The

training of both groups took place twice a week, 60 min per session,

for 12 weeks. The participants were evaluated with physical, cognitive,

and functional outcomes at baseline, postintervention, and 4 weeks after

the intervention.

Results: The results of the study demonstrated significant time effects in

walking distance (p = 0.035, η2 = 0.094) and lower extremity strength

(p = 0.006, η2 = 0.152). Post-hoc analysis revealed both groups had significant

improvement in changes from baseline to the postintervention assessment

(ps < 0.05) and follow-up (ps < 0.05). The results demonstrated a significant

group-by-time interaction in change scores of global cognition (F = 7.01,

p = 0.011, η2 = 0.133). Post-hoc analysis revealed a significant improvement

in the Baduanjin group from baseline to postintervention (p = 0.021), but the

improvements were not maintained at the follow-up assessment (p = 0.070).

The results also demonstrated significant group effects in balance function

(p < 0.001, η2 = 0.283), motor dual-task performance (p = 0.026, η2 = 0.103),

Frontiers in Psychiatry 01 frontiersin.org

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.983994
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.983994&domain=pdf&date_stamp=2022-10-05
https://doi.org/10.3389/fpsyt.2022.983994
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.983994/full
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-983994 September 29, 2022 Time: 16:3 # 2

Chen et al. 10.3389/fpsyt.2022.983994

and cognitive dual-task performance (p < 0.001, η2 = 0.307). Post-hoc

analysis revealed that the Baduanjin group improved more than the brisk

walking group in the above outcomes (ps < 0.05).

Conclusion: This study demonstrated the differential effects of Baduanjin

exercise and brisk walking in middle-aged patients with schizophrenia.

Baduanjin might be a beneficial regimen for improving physical and cognitive

function in this population. Further research with a larger sample is warranted.

Clinical trial registration: [ClinicalTrials.gov], identifier [202000817B0C602].

KEYWORDS

schizophrenia, Baduanjin, brisk walking, mind-body exercises, physical fitness,
cognition

Introduction

Schizophrenia is a serious mental illness (1). Evidence shows
that individuals with schizophrenia may display accelerated
aging in physiological functions such as increased oxidative
stress and inflammation (2). Individuals with schizophrenia
usually have sedentary lifestyles, poorer physical health and
functional aerobic capacity, and shorter life expectancy than
the general population (3, 4). In addition to physical
health problems, cognitive impairment is a core deficit in
schizophrenia and has been identified as a key predictor of
the patient’s ability to perform functional activities (5, 6).
Research has discovered that patients with schizophrenia show
an accelerated rate of white matter loss (7) and significant
deficits in executive function (6) at ages 35–40 years. Patients
with schizophrenia also display deficits in cognitive and
motor dual-tasks and have difficulties executing multiple tasks
at the same time (8). Poorer dual-task performance and
psychomotor dysfunctions are associated with deterioration
of social, clinical, and daily functions in schizophrenia
(8, 9).

Antipsychotic medication was shown to be effective in
alleviating positive symptoms (e.g., hallucinations and thought
disorders) (10); however, medications may not effectively
improve negative symptoms (e.g., flat affect and social
withdrawal) (11) and cognitive function (12, 13). In addition,
antipsychotic medication may be associated with adverse effects
and increased risks of metabolic syndromes (10). Physical
exercise is a potentially adjunctive treatment to medications
(14). Clinical research has shown that exercise improves
psychiatric symptoms along with physical and mental health in
patients with schizophrenia (15, 16). A meta-analysis found that
higher doses of aerobic exercise had a small-to-medium effect
on global cognition in schizophrenia (16).

However, patients with schizophrenia usually encounter
certain barriers to participation in physical activity due to
the illness, such as fatigue, poor motor control, and poor
coordination (17). One study estimated that approximately one-
third of patients with schizophrenia discontinued the exercise
regimen during the intervention (15). Another study found
that older veterans with severe mental illness were more likely
to have arthritis and cardiopulmonary conditions that impede
physical activity (18).

Mindful exercises, such as Baduanjin, Qigong, and Tai Chi,
place an emphasis on symmetrical physical posture, internal
awareness, deep breathing, and meditation to improve wellness
(19, 20). These exercises, which are commonly practiced in the
Asian culture, require coordinated mind and body interactions
in a harmonious manner (21). Plausible mechanisms for
mindful exercise may involve several perspectives. First, mindful
exercises, such as Baduanjin and Tai Chi, are light-to-moderate
aerobic exercise (22, 23). The biomechanical, physiological, and
psychological changes due to aerobic exercise in patients with
schizophrenia might be attained through mindful exercises.

Second, mindful exercises require participants to focus
on the coordination of movements and regulation of Qi
(energy)/breath simultaneously (24, 25), which might be
cognitively demanding. This demand for practicing mindful
exercises may have a beneficial effect on cognitive function
beyond conventional unimodal exercise (25).

Third, the emphasis of the integration of breathing into
rhythmic movements might lead to downward regulation of the
hypothalamic-pituitary-adrenal axis function. This downward
regulation may subsequently ameliorate stress and depression
and improve cardiovascular function (26).

Previous research showed that Tai Chi might be too
complicated for patients with schizophrenia to learn, resulting
in difficulty for them to practice independently (27). Baduanjin
is an alternative less complex exercise than Tai Chi (21). A recent
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review by Vamcampfort et al. indicated that meditation-
based mind-body exercises might be used to complement
psychotropic medication. However, their work pointed out the
lack of rigorous randomized clinical trials exploring the effects
of Qigong, such as Baduanjin, in psychotic disorders (28).
Compared with research on Tai Chi practice in the elderly or in
patients with mental illness, clinical study of Baduanjin has been
scarce. A pretest and posttest study by Chen et al. found that
after 16 guided practice sessions, patients with severe mental
illness were able to practice Baduanjin independently at home
for 8 weeks with the help of short message reminders (24).
The patients were engaged for 80% of the time expected to be
engaged in practice. The study results showed improvement in
balance, cognition, and quality of life from the pre- to post-
treatment assessment (24). A recent randomized controlled
trial demonstrated that Baduanjin practice improved logical
memory in patients with chronic schizophrenia immediately
after treatment (29). However, the study did not include a
follow-up assessment, and the maintenance effect of Baduanjin
practice after the intervention remains unclear.

As a popular aerobic exercise, walking might be an
alternative exercise appropriate for implementation in patients
with schizophrenia (30). A systematic review showed that
walking might have a small effect on reductions of body max
index in the short-term among patients with schizophrenia (30).
Compared with usual care, recent studies of walking showed
benefits in quality of life in schizophrenia (31). Another study
found that only moderate intensity of walking was effective in
improving processing speed (32). The requirement of physical
effort to accomplish moderate intensity of walking might
be difficult for middle-aged patients with schizophrenia. The
physical effort required for exercise when implementing walking
interventions in this population needs to be considered.

Despite of the relevance of Baduanjin and walking
exercise for individuals with schizophrenia, comparative efficacy
research of these interventions in middle-aged adults with
schizophrenia is lacking. The purpose of this study was
to examine the efficacy of Baduanjin exercise vs. brisk
walking on physical fitness, cognitive function, and dual-
task performance in middle-aged patients with schizophrenia.
We hypothesized that Baduanjin training and brisk walking
might have differential effects on physical fitness, cognitive
function, and dual-task performance for middle-aged adults
with schizophrenia.

Materials and methods

Study design

This study was a single-blind, 2-armed, randomized, parallel
controlled design in which 48 participants were allocated to the
intervention group (Baduanjin exercise) or the control group

(brisk walking). All participants continued their respective
intervention for 12 weeks. Outcome evaluations were conducted
at baseline, postintervention, and 4 weeks after the intervention.
All participants were informed of the study purpose, and their
consent was obtained before enrollment. The flow chart of the
study is depicted in Figure 1.

This study was conducted at the day care center of the
Chang Gung Memorial Hospital Department of Psychiatry in
Taiwan. The study was approved by the Institutional Review
Board (Number: 202000817B0C602) and was registered on
ClinicalTrials.gov (Identifier: NCT04430309).

Participants

Patients with schizophrenia at the age of 40 years or older
were recruited. Middle-aged participants were recruited for the
study because this population may have significant deficits in
physical and cognitive function (6), and active intervention is
warranted to prevent functional decline that may affect their
participation in daily life.

Inclusion criteria
Eligibility criteria for inclusion were participants: (1) with

a diagnosis of schizophrenia according to the Diagnostic and
Statistical Manual of Mental Disorders-5 (33); (2) who were
40 years or older; and (3) in stable mental status without a shift
in the dosage of medication for at least 1 month. The dosage
of antipsychotics was retrieved from medical records. The
medication was transformed to chlorpromazine equivalence
according to the work by Leucht et al. (34).

Exclusion criteria
Participants were excluded if they: (1) had serious physical

conditions, such as cardiovascular disease, musculoskeletal
disease, or cardiopulmonary disease; (2) had a visual or
auditory impairment that may preclude completion of the
assessment; (3) required full-time hospitalization; (4) had severe
withdrawal or profound intellectual disability; or (5) were a
participant in another clinical trial at the time of enrollment to
this present study.

Randomization and blinding

After the baseline assessment, participants were assigned
randomly to the experimental group or the control group
with a 1:1 ratio based on random tables generated by an
independent research assistant with the web-based tool.1 The
research assistant was not involved with participant recruitment,
assessment, or treatment intervention. The outcome assessor

1 www.randomizer.org
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FIGURE 1

Flow diagram of the study.

was blinded to the group assignment, and participants were
reminded not to discuss their intervention with the assessor.

Intervention

Experimental group
Participants in the experimental group received 12 weeks of

Baduanjin exercise. Besides the experimental intervention, all
routine medical and psychosocial treatments were continued as
usual. Baduanjin exercise was conducted for 60 min per session,
2 sessions per week, for a total of 24 sessions in 12 weeks. Each
session began with a 10-min warm-up consisting of a series of
range of motion activities and deep breathing exercise. After the
exercise, there was a 10-min cool down session that included
short discussions about the participants’ feelings, perceptions,
and thoughts about the practice.

Baduanjin exercise consists of eight postures, with emphasis
on different body parts. The exercise is commonly practiced as
follows: (a) both hands holding up the heavens, (b) drawing the
bow to shoot the eagle, (c) separating the heaven and earth, (d)
wise owl gazing backwards, (e) swaying the head and shaking the
tail, (f) both hands holding the feet to strengthen the waist, (g)
clenching the fists and glaring fiercely, and (h) bouncing on the
toes (Figure 2). We used the Baduanjin practice scheme based
on the guidelines of the Baduanjin Qi-Gong manual (35).

Before the intervention, an 8-hour training program was
given to the occupational therapists and nurses who supervised
Baduanjin exercise, meditative techniques, and breathing
exercise. They were instructed to use strategies to enhance
compliance, such as demonstration of the postures and guiding
questions to elicit thoughts about the movements. Baduanjin
exercise was practiced in groups with six to eight participants.
The attendance rate of the Baduanjin group was recorded. After
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each session, a modified 10-point Borg scale was used to record
the perceived exertion of the participants (36).

Control group
Participants in the control group received brisk walking

activity for 60 min per session, 2 sessions per week for 12 weeks,
and received their usual medical and psychosocial treatment.
The brisk walking activity was supervised by occupational
therapists and nurses who were not involved in the Baduanjin
group. The attendance rate of the brisk walking group was
recorded. After each brisk walking session, participants rated
their perceived exertion of physical activity with a modified
10-point Borg scale (36).

Outcome measures

The researchers collected baseline data, including sex, age,
body mass index, education, antipsychotic drug dosage, and age
at illness onset. The scores of Clinical Global Impression scale-
severity (CGI-S) (37) of the participants were retrieved through
medical records. Treatment outcomes in this study included
physical function, cognitive function, dual-task performance,
and activities of daily living (ADLs).

Primary outcomes
Six-minute walk test

The six-minute walk test (6MWT) can be easily performed
in clinical settings with simple equipment. The participants
were asked to walk back and forth within a 25-m distance. The
total distance walked was recorded. The longer the distance,
the better the cardiovascular function. The test-retest reliability
of the 6MWT in individuals with schizophrenia has been
established (38).

Thirty-second chair stand test

The 30-second chair stand test (30CST) requires
participants to sit straight on a chair placed against a wall,
with their arms folded across the chest. The participants were
asked to rise to a full stand position and then sit down with arms
remaining in same position. They were instructed to repeat
the movements as quickly as possible in the 30-s period. The
repetitions were recorded, and a higher score indicates better
lower extremity muscular strength (39).

Secondary outcomes
Montreal cognitive assessment

The Montreal cognitive assessment (MoCA) is a 30-
point test for evaluation of global cognitive function. The
test examines visuospatial processing and executive function,
naming, immediate and delayed recall, concentration, digit
forward and backward span, serial counting, language, abstract
thinking, and orientation. A higher score indicates better global

cognitive function. The MoCA has been shown to be sensitive
in detecting cognitive impairment in schizophrenia (40). The
MoCA scores provided information about global cognitive
functions in patients with schizophrenia (41). It has been used as
an outcome measure of cognition in patients with schizophrenia
in a recent trial (42).

Trail making test-part A and B

The trail making test-part A (TMT-A) examines visual
attention and speed of processing (43), and trail making test-
part B (TMT-B) measures cognitive flexibility and task switching
(44). In the TMT-A, participants were asked to connect the
numbers from 1 to 25 in a sequential order within one
consecutive line. The TMT-B required participants to alternately
link numbers and characters that are scattered on a page
in a sequential manner. The numbers include 1–13 and the
characters include 12 Chinese zodiac signs. The time required
to complete the task was recorded to indicate the level of
cognitive function.

Logical memory

The Wechsler Memory Scale Logical Memory subtest was
used to evaluate memory function (45). The assessor verbally
introduced a short story two times. Study participants were
instructed to listen to the story, remember the content, and then
recall it 30 min later. Participants were asked to repeat details of
each story as precisely as possible. The Logical Memory scores
that include immediate and delayed recall scores were recorded.

Timed up-and-go test

The timed up-and-go (TUG) test evaluates functional
mobility, agility, and balance (46). Participants were asked to
stand up from a sitting position, walk 3 m, turn around, walk
back, and sit down. The time required to complete the task was
recorded by a stopwatch. The TUG test has been shown to be a
reliable test in older adults (47).

Dual-task performance

The dual-task performance was evaluated by two types of
dual-task of the TUG test. The motor dual-task of TUG (TUG-
DTm) required the participants to carry a glass of water filled to
3 cm from the top of the glass while performing the TUG (48).
The participants were instructed to perform the task as quickly
as possible. For the cognitive dual-task of TUG (TUG-DTc),
participants were asked to complete the TUG while performing
serial 3 counting simultaneously (49). A random number from
80 to 99 was selected, and the participants were instructed to
count down until the TUG was completed. The time required
to complete the TUG-DTm and the TUG-DTc was recorded.
The order of the motor and cognitive dual-task conditions
was randomized. There was one practice trial and three official
trials for each test. The average scores of the official trials were
used for the study.
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FIGURE 2

The postures of Baduanjin exercise. (A) Both hands holding up the heavens; (B) drawing the bow to shoot the eagle; (C) separating the heaven
and earth; (D) wise owl gazing backwards; (E) swaying the head and shaking the tail; (F) both hands holding the feet to strengthen the waist;
(G) clenching the fists and glaring fiercely; (H) bouncing on the toes.

Activities of daily living rating scale III

Activities of daily living rating scale III (ADLRS-
III), a self-administered, paper-and-pencil test, was
used to assess daily life functions. Previous research
showed good test-retest reliability of the ADLRS-III in
patients with schizophrenia (50). The test comprises 10
domains, including personal hygiene, independence, leisure
activity, common graphics, news, financial ability, traffic,
communication, and problem adaptation in daily life.
Each domain in the ADLRS-III is rated from 0 to 10,
with a total score of 100. A higher score indicates better
performance in ADL.

Statistical analysis

The required sample size was estimated based on the
effect size estimates reported in a previous study pertinent
to the purpose of our study (29). The effect of Baduanjin
on logical memory among patients with schizophrenia was
medium to large (partial η2 = 0.087) (29). Given an 80% level
of statistical power and an α level of 0.05, power analysis
revealed that the study needed 40 subjects in total. Taking
into account the possible drop-out rate at 20% during the
study period, 48 participants were recruited. This sample

size estimation was made based on the G∗Power 3.1.9.4
software (51).

The demographic characteristics of the study sample are
described as mean and standard deviation or frequency
and percentage, as appropriate. The Shapiro-Wilk test
was used to check for normality of distribution. On
the basis of an intention-to-treat analysis, continuous
variables were analyzed with the independent-sample t-
test, and categorical variables were analyzed with the χ2

test for baseline comparisons between the two groups.
Missing data were handled with the last observation
carrying forward method.

For the analysis of primary and secondary outcomes, one-
way mixed analysis of variance was applied to determine the
treatment effects. Statistical significance was set at α = 0.05
on a 2-tailed test, and partial eta squared (η2) was calculated
to assess the effect size. According to Cohen’s guideline, η2

values of 0.01, 0.06, and 0.14 are considered to be small,
medium, and large in effect, respectively (52). The post-hoc
analysis was performed with t-tests to account for the possibility
of an inflated type I error rate due to multiple testing.
The false discovery rate method proposed by Hochberg and
Benjamini (53) was applied to adjust for the p-values. The
statistical analysis was performed using SPSS 25.0 software (IBM
Corp., Armonk, NY).
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Results

Background information of
participants

The study recruited 48 patients with schizophrenia. Three
participants dropped out during the study. One participant
in the Baduanjin group was relocated to another city, one
participant in the control group declined to participate in
walking, and another dropped out due to a schedule conflict.
The study flow is depicted in Figure 1. There were no significant
differences between the groups at baseline in demographic
variables such as sex, age, body mass index, level of education,
marital status, and living condition (Table 1). The participants
in both groups were also comparable in clinical variables
such as age of onset, duration of illness, times of acute ward
hospitalization, daily dosage of antipsychotic medications, and
CGI-S scores (Table 1). At baseline, there were no significant
differences between the groups in primary and secondary
outcomes. No accidents or adverse events occurred during the
study period. The average attendance rate was 0.94 (0.06) and
the average score of perceived exertion of the participants was
4.96 (0.97).

Interaction effect

There were no significant interactions on walking distance
(F = 0.62, p = 0.805, η2 = 0.001), lower extremity strength
(F = 2.52, p = 0.119, η2 = 0.052), balance (F = 1.30, p = 0.260,
η2 = 0.027), motor dual-task performance (F = 0.14, p = 0.707,
η2 = 0.003), cognitive dual-task performance (F = 0.15,
p = 0.699, η2 = 0.003), speed of processing (F = 1.38, p = 0.246,
η2 = 0.029), cognitive flexibility (F = 0.01, p = 0.977, η2 < 0.001),
immediate logical memory (F = 0.62, p = 0.437, η2 = 0.013),
delayed logical memory (F = 0.03, p = 0.860, η2 = 0.001), and
ADL (F = 0.98, p = 0.328, η2 = 0.021) (Table 2).

There was a significant group-by-time interaction in global
cognition (F = 7.01, p = 0.011, η2 = 0.133) (Table 2).
Post-hoc analysis revealed the Baduanjin group demonstrated
significantly better performance at postintervention (t = 2.93,
p = 0.021) but not at follow-up (t = 1.90, p = 0.070) (Table 3).

Intervention effect over time

There were significant changes in walking distance (F = 4.75,
p = 0.035, η2 = 0.094), lower extremity strength (F = 8.23,
p = 0.006, η2 = 0.152), motor dual-task performance (F = 6.21,
p = 0.016, η2 = 0.119), and immediate logical memory (F = 4.16,
p = 0.047, η2 = 0.083) after the intervention (Table 2). In the
Baduanjin group, post-hoc analysis revealed significant changes
between baseline and postintervention in walking distance

(t = 6.55, p < 0.001), lower extremity strength (t = 5.59,
p< 0.001), motor dual-task performance (t = −6.67, p< 0.001),
and immediate logical memory (t = 2.83, p = 0.027). There were
significant changes in walking distance (t = 4.51, p < 0.001),
lower extremity strength (t = 3.20, p = 0.004), and motor dual-
task performance (t = −5.48, p < 0.001) between the baseline
and follow-up (Table 3).

The brisk walking group showed significant change from
baseline to postintervention in walking distance (t = 5.06,
p< 0.001), lower extremity strength (t = 5.56, p< 0.001), motor
dual-task performance (t = −3.78, p = 0.003), and immediate
logical memory (t = 2.71, p = 0.036). Performance at the follow-
up assessment on walking distance (t = 4.16, p < 0.001), lower
extremity strength (t = 3.04, p = 0.009), and motor dual-task
efficiency (t = −2.82, p = 0.015) was significantly better than the
baseline performance (Table 3).

Intervention effect between groups

The results showed significant group effects on balance
(F = 18.14, p < 0.001, η2 = 0.283), motor dual-task performance
(F = 5.30, p = 0.026, η2 = 0.103), and cognitive dual-task
performance (F = 20.34, p < 0.001, η2 = 0.307) (Table 2).
At the postintervention, post-hoc analysis revealed significantly
greater improvements in the Baduanjin group than in the
control group in balance (t = −4.61, p < 0.001) and cognitive
dual-task performance (t = −4.43, p < 0.001). A marginally
significant difference was found in motor dual-task performance
(t = −2.01, p = 0.051). Similarly, the changes from baseline
to the follow-up assessment were significantly greater in the
Baduanjin group in measures of balance (t = −3.32, p = 0.002),
cognitive dual-task performance (t = −4.36, p < 0.001), and
motor dual-task performance (t = −2.35, p = 0.046) (Table 4).

Discussion

To our knowledge, this is the first randomized controlled
trial of the effect of Baduanjin on physical and cognitive
function with follow-up assessment in middle-aged patients
with schizophrenia. We evaluated the effects of Baduanjin
exercise and brisk walking matched in duration of intervention.
The results showed that both Baduanjin exercise and brisk
walking improved physical fitness of the study participants.
Badunjin exercise improved global cognition at the end of
12-week intervention; however, the maintenance effect of
Baduanjin on global cognition was not significant at follow-up.
The Baduanjin group improved significantly more in balance
and dual-task performance than the brisk walking group.

With regards to the outcome of physical functions, the
Baduanjin and brisk walking group both improved significantly
in walking distance and lower extremity muscular strength after
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TABLE 1 Demographic and clinical data.

Variable Baduanjin (n = 24)
mean ± SD, frequency (%)

Brisk walking (n = 24)
mean ± SD, frequency (%)

t, χ2 P-value

Sex

Male 12 (50) 12 (50)

Female 12 (50) 12 (50) < 0.001 > 0.999

Age (years) 50.63 (6.11) 50.92 (7.81) 0.144 0.163

Body mass index (kg/cm2) 25.73 (4.87) 25.83 (5.01) 0.067 0.947

Education

No formal education 1 (4.2) 0 (0.0)

Elementary school 1 (4.2) 3 (12.5)

Junior high school 3 (12.5) 6 (25.0)

Senior high school 12 (50.0) 10 (41.7)

University/college 7 (29.1) 5 (20.8) 3.515 0.476

Marital status

Single 19 (79.2) 19 (79.2)

Married 1 (4.2) 2 (8.3)

Divorced 4 (16.6) 3 (12.5) 0.476 0.788

Living condition

Living alone 7 (29.1) 5 (20.8)

Living with family 17 (70.8) 19 (79.2) 0.444 0.505

Onset of illness (years) 23.38 (5.70) 23.71 (6.10) 0.196 0.846

Duration of illness (years) 27.25 (7.75) 27.21 (7.33) 0.019 0.892

Times of acute-ward hospitalization 5.17 (3.46) 4.63 (2.55) 0.617 0.131

Chlorpromazine equivalence (mg/d) 467.77 (224.07) 414.95 (240.67) 0.787 0.746

CGI-S 3.63 (0.65) 3.46 (0.59) 0.933 0.355

6MWT 427.37 (71.11) 447.25 (74.09) −0.949 0.348

30CST 14.42 (3.59) 12.96 (3.78) 1.371 0.177

TUG 8.46 (1.56) 8.16 (1.99) 0.567 0.573

TUG-DTm 13.28 (3.69) 11.89 (3.39) 1.356 0.182

TUG-DTc 14.95 (4.70) 15.08 (4.53) −1.04 0.918

MoCA 21.46 (4.09) 22.42 (3.93) −0.828 0.412

TMT-A 82.03 (33.42) 79.13 (31.58) 0.310 0.758

TMT-B 165.10 (76.53) 152.60 (91.83) 0.512 0.611

LM immediate 16.63 (9.40) 15.79 (7.51) 0.339 0.736

LM delay 8.75 (5.24) 8.67 (5.21) 0.055 0.956

ADL 61.54 (13.11) 64.98 (14.12) −0.874 0.387

CGI-S, Clinical Global Impression scale-Severity; 6MWT, Six-Minute Walk Test; 30CST, 30-second chair stand test; TUG, Timed Up-and-Go Test; TUG-DTm, motor dual-task Timed
Up-and-Go Test; TUG-DTc, cognitive dual-task Timed Up-and-Go Test; MoCA, Montreal Cognitive Assessment; TMT-A, Trail Making Test-Part A; TMT-B, Trail Making Test-Part B;
LM, Logical Memory of the Wechsler Memory Scale; ADL, Activities of Daily Living Rating Scale III.

the intervention. Our study findings are inconsistent with a
previous study that reported no significant effect of Baduanjin in
walking distance and lower extremity strength among patients
with psychiatric disorders (24). These two studies differed in
several aspects. Our study recruited more participants to achieve
sufficient statistical power. In addition, the Baduanjin group in
our study had more practice sessions for a longer treatment
duration than the previous study (24).

A recent study suggested walking speed in schizophrenia
was influenced by lower extremity strength (54). The
improvements in lower extremity strength in the Baduanjin

group in our study might have contributed to the significantly
increased walking distance. Our study results were in line with
a meta-analytic review that reported evidence for the effects of
Baduanjin on walking distance and physical function in older
adults (55).

The Baduanjin group in our study improved in the TUG
performance after treatment. This finding is in line with a
one-group pretest-posttest study which found that Baduanjin
improved balance in patients with psychiatric disorders (24).
To establish the effects of Baduanjin on balance function in
schizophrenia, it is important to include an active control
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TABLE 2 Change scores of the outcome measures.

Outcome measures Baduanjin
mean (SD)

Brisk walking
mean (SD)

Time (F,
P-value, η2)

Group (F,
P-value, η2)

Time × Group
(F, P-value, η2)

6MWT

T2-T1 25.71 (19.25) 20.85 (20.18)

T3-T1 21.00 (22.82) 14.23 (16.74) 4.75, 0.035, 0.094 0.60, 0.44, 0.013 0.62, 0.81, 0.001

30CST

T2-T1 1.83 (1.61) 1.13 (0.99)

T3-T1 1.00 (1.53) 0.83 (1.34) 8.23, 0.006, 0.15 1.46, 0.234, 0.031 2.52, 0.12, 0.052

TUG

T2-T1 −1.01 (0.79) −0.18 (0.39)

T3-T1 −0.95 (0.80) −0.30 (0.55) 0.16, 0.69, 0.003 18.14, <0.001, 0.28 1.30, 0.26, 0.027

TUG-DTm

T2-T1 −1.21 (0.89) −0.69 (0.90)

T3-T1 −1.03 (0.92) −0.45 (0.78) 6.21, 0.016, 0.12 5.30, 0.026, 0.10 0.14, 0.71, 0.003

TUG−DTc

T2-T1 −1.75 (1.22) −0.28 (1.07)

T3-T1 −1.67 (1.36) −0.14 (1.05) 1.89, 0.178, 0.039 20.34, <0.001, 0.31 0.15, 0.70, 0.003

MoCA

T2-T1 0.58 (0.97) 025 (0.85)

T3-T1 0.29 (0.75) 0.38 (0.92) 1.13, 0.29, 0.024 0.27, 0.61, 0.006 7.01, 0.011, 0.13

TMT-A

T2-T1 −8.82 (9.41) −5.29 (5.06)

T3-T1 −8.30 (11.25) −6.22 (6.51) 0.12, 0.74, 0.002 1.43, 0.24, 0.030 1.38, 0.25, 0.029

TMT-B

T2-T1 −19.49 (17.48) −12.08 (14.37)

T3-T1 −18.42 (19.69) −11.07 (14.82) 1.00, 0.32, 0.021 2.45, 0.12, 0.051 0.01, 0.98, <0.001

LM-immediate

T2-T1 0.92 (1.59) 0.67 (1.20)

T3-T1 0.54 (1.81) 0.50 (1.38) 4.16, 0.047, 0.083 0.12, 0.73, 0.003 0.62, 0.44, 0.013

LM-delayed

T2-T1 0.88 (1.91) 0.29 (1.73)

T3-T1 0.75 (1.29) 0.21 (1.96) 0.79, 0.38, 0.017 1.64, 0.21, 0.034 0.03, 0.86, 0.001

ADL

T2-T1 1.69 (0.92) 0.92 (1.93)

T3-T1 1.77 (3.19) 0.44 (1.92) 0.48, 0.49, 0.01 2.53, 0.12, 0.052 0.98, 0.33, 0.021

T1, Baseline; T2, postintervention; T3, 4 weeks after the intervention; 6MWT, Six-Minute Walk Test; 30CST, 30-second chair stand test; TUG, Timed Up-and-Go Test; TUG-DTm, motor
dual-task Timed Up-and-Go Test; TUG-DTc, cognitive dual-task Timed Up-and-Go Test; MoCA, Montreal Cognitive Assessment; TMT-A, Trail Making Test-Part A; TMT-B, Trail
Making Test-Part B; LM, Logical Memory of the Wechsler Memory Scale; ADL, Activities of Daily Living Rating Scale III.

intervention matched in treatment dose for comparison. In our
randomized controlled study of Baduanjin vs. brisk walking,
the Baduanjin group showed significantly greater improvement
in balance than the brisk walking group. This might have
been due to the multiple movements required for practice of
Baduanjin (e.g., weight shifting, trunk rotation, etc.). Several
recent studies have investigated the effects of Baduanjin on
balance function in patients with neurologic disease such as
stroke (56, 57) and Parkinson disease (58). Continued study
is needed of the effects of Baduanjin on ecologically relevant
functions of balance; for example, crossing an obstacle in real-
life situations.

In our study, the Baduanjin group showed improvement
in global cognitive function and logical memory immediately
after intervention, but the effect was not maintained at the
follow-up assessment. There is growing evidence (15, 16)
for the effects of aerobic exercise on cognitive function in
patients with schizophrenia. In a recent randomized controlled
trial, participants with chronic schizophrenia who practiced
traditional Chinese Qigong for 12 weeks improved in Mini-
Mental State Examination total score after the intervention (59).
Another study showed that patients with schizophrenia who
practiced 24 weeks of Baduanjin exercise improved in verbal
memory after the intervention.
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TABLE 3 Post-hoc analysis of the within-group factor.

Outcome measure Baduanjin t-value P-value$ Brisk walking t-value P-value$

6MWT

T2-T1 25.71 (19.25) 6.55 < 0.001 20.85 (20.18) 5.06 < 0.001

T3-T1 21.00 (22.82) 4.51 < 0.001 17.11 (20.35) 4.16 < 0.001

30CST

T2-T1 1.83 (1.61) 5.59 < 0.001 1.13 (0.99) 5.56 < 0.001

T3-T1 1.00 (1.53) 3.20 0.004 0.83 (1.34) 3.04 0.009

TUG-DTm

T2-T1 −1.21 (0.89) −6.67 < 0.001 -0.69 (0.90) −3.78 0.003

T3-T1 −1.03 (0.92) −5.48 < 0.001 -0.45 (0.78) −2.82 0.015

MoCA

T2-T1 0.58 (0.97) 2.93 0.021 025 (0.85) 1.45 0.185

T3-T1 0.29 (0.75) 1.90 0.070 0.38 (0.92) 1.99 0.177

LM- immediate

T2-T1 0.92 (1.59) 2.83 0.027 0.67 (1.20) 2.71 0.036

T3-T1 0.54 (1.81) 1.44 0.163 0.50 (1.38) 1.77 0.135

$p-value was adjusted by false discovery rate method. T1, Baseline; T2, postintervention; T3, 4 weeks after the intervention; 6MWT, Six-Minute Walk Test; 30CST, 30-second chair stand
test; TUG-DTm, motor dual-task Timed Up-and-Go Test; MoCA, Montreal Cognitive Assessment; LM, Logical Memory of the Wechsler Memory Scale.

TABLE 4 Post-hoc analysis of the between-group factor.

Group Baduanjin Brisk walking t-value P-value$

TUG

T2-T1 −1.01 (0.79) −0.18 (0.39) −4.61 < 0.001

T3-T1 −0.95 (0.80) −0.30 (0.55) −3.32 0.002

TUG-DTm

T2-T1 −1.21 (0.89) −0.69 (0.90) −2.01 0.051

T3-T1 −1.03 (0.92) −0.45 (0.78) −2.35 0.046

TUG-DTc

T2-T1 −1.75 (1.22) −0.28 (1.07) −4.43 < 0.001

T3-T1 −1.67 (1.36) −0.14 (1.05) −4.36 < 0.001

MoCA

T2-T1 0.58 (0.97) 025 (0.85) 1.265 0.424

T3-T1 0.29 (0.75) 0.38 (0.92) −0.343 0.733

$p-value was adjusted by false discovery rate method. T1, Baseline; T2, postintervention;
T3, 4 weeks after the intervention; 6MWT, Six-Minute Walk Test; 30CST, 30-second
chair stand test; TUG-DTm, motor dual-task Timed Up-and-Go Test; MoCA, Montreal
Cognitive Assessment; LM, Logical Memory of the Wechsler Memory Scale.

To interpret the reported benefits of Baduanjin and Qigong
for cognitive function in schizophrenia, it should be noted that
these physical exercises require light to moderate exertion (22,
59) and focus on breath as well as movement. The cognitive
demand for such mindful exercises may have contributed to
cognitive enhancement such as attention to body posture and
movement sequence. Sufficient amount of practice with graded
level of difficulty may be important parameters to allow change
to occur in mindful exercises.

A recent meta-analysis of the effect of aerobic exercise
suggested at least 90 min per week, at least 12 weeks of

treatment duration, with supervision of professionals, and in
a group format were core features to lead to improvement in
global cognition in schizophrenia (60). A meta-analysis of the
effects of physical exercise in older adults with mild cognitive
impairment suggested that the total duration of practice should
be longer than 24 hours to achieve a robust improvement in
global cognition (61). This body of literature indicated the
need for addressing the dosing issue in physical exercises, such
as Baduanjin exercises, when cognitive functions are the goal
of intervention.

Of note, the Baduanjin group in our study showed
significant improvement in global cognition and logical
memory immediately after the intervention, but the gains
were not maintained at follow-up. The findings suggest
that a maintenance program should be incorporated into
the intervention program to facilitate retention of practice
grains from immediately after intervention to the follow-
up assessment.

Patients with schizophrenia may encounter difficulties when
doing two tasks simultaneously (8). In the present study, we
explored the possible benefit of Baduanjin exercise on dual-
task performance. Our results showed that the Baduanjin group
improved significantly in cognitive dual-task performance. At
the follow-up assessment, the Baduanjin group improved in
both cognitive and motor dual-task performance. Previous
research reported that mind-body exercise, such Tai Chi, might
have a positive effect on dual-task performance in older adults
(62–64). In line with previous research on older adults, our study
revealed that Baduanjin might improve dual-task performance
in middle-aged patients with schizophrenia. This effect might be
possibly due to the emphasis of Baduanjin on the symmetry of
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movement and breath and the focus on movement and posture,
leading to more cognitive demand than brisk walking.

In our study, Baduanjin and brisk walking both improved
mobility and lower extremity strength. Of note, the Baduanjin
group improved in cognitive dual-task performance but
not motor dual-task performance immediately after the
intervention. Improvement in motor dual-task performance was
observed at the follow-up assessment. A possible explanation
for the delayed effect of Baduanjin on motor dual-task
performance pertains to the level of difficulty of the motor
dual-task activity (e.g., greater interferences in the motor
dual- task condition that required simultaneous processing of
breathing, movement acts, and body posture). The findings
should be interpreted with caution because of the preliminary
nature of the study.

As a limitation to this study, the participants were recruited
from a single study site. The findings may not be generalized to
other practice settings. Further multi-site research with a larger
sample is needed to validate findings of our study. In addition,
the dosing issue warrants consideration (e.g., shorter vs.
longer duration of intervention). More comprehensive cognitive
measures which include different domains of cognition are
also needed. A maintenance package may be included to
facilitate retention of intervention gains over time. Participant
characteristics may moderate treatment response and should be
studied to inform patient selection.

Conclusion

Baduanjin and brisk walking showed comparable effects in
walking distance and lower extremity strength in this study.
There is a trend for Baduanjin to improve balance and dual-
task performance more than brisk walking. The Baduanjin
group showed positive effects on global cognition and logical
memory immediately after the intervention. Further research
with a larger sample from multiple sites is needed to validate
findings of the study.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by the Chang Gung Medical Foundation
Institutional Review Board. The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data
included in this article.

Author contributions

C-RC, K-cL, and Y-CH designed the study and developed
the treatment programs. C-RC and Y-CL drafted the
manuscript. K-cL provided critical review and revisions to
the draft. Y-WL and H-HH contributed to the data collection.
All authors approved the final manuscript.

Funding

This work was supported in part by the Chang Gung
Memorial Hospital Research Grant (CMRPG8L0711), Ministry
of Science and Technology (MOST-108-2314-B-002-165-MY3),
and National Health Research Institutes (NHRI-EX111-
10929PI). The funders of the study bore no role in design
and conduct of the study, or in data collection, data analysis,
and interpretation of the data. The funders had no role in the
preparation, review, or approval of the manuscript. There was
no industry support.

Acknowledgments

We thank Mr. Chang-Chih Lee for his advice on
execution of Baduanjin intervention in this study. We
appreciate the Biostatistics Center, Kaohsiung Chang Gung
Memorial Hospital.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Frontiers in Psychiatry 11 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.983994
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-983994 September 29, 2022 Time: 16:3 # 12

Chen et al. 10.3389/fpsyt.2022.983994

References

1. Eyler LT, Jeste DV. Aging of the body and the brain in schizophrenia. Schizophr
Res. (2018) 196:1–3. doi: 10.1016/j.schres.2017.11.036

2. Kirkpatrick B, Kennedy BK. Accelerated aging in schizophrenia and related
disorders: future research. Schizophr Res. (2018) 196:4–8. doi: 10.1016/j.schres.
2017.06.034

3. Stubbs B, Williams J, Gaughran F, Craig T. How sedentary are people with
psychosis? A systematic review and meta-analysis. Schizophr Res. (2016) 171:103–9.
doi: 10.1016/j.schres.2016.01.034

4. Walker ER, McGee RE, Druss BG. Mortality in mental disorders and
global disease burden implications: a systematic review and meta-analysis. JAMA
Psychiatry. (2015) 72:334–41. doi: 10.1001/jamapsychiatry.2014.2502

5. Green MF, Kern RS, Heaton RK. Longitudinal studies of cognition and
functional outcome in schizophrenia: implications for MATRICS. Schizophr Res.
(2004) 72:41–51. doi: 10.1016/j.schres.2004.09.009

6. Mosiołek A, Gierus J, Koweszko T, Szulc A. Cognitive impairment in
schizophrenia across age groups: a case-control study. BMC Psychiatry. (2016)
16:37. doi: 10.1186/s12888-016-0749-1

7. Cropley VL, Klauser P, Lenroot RK, Bruggemann J, Sundram S, Bousman C,
et al. Accelerated gray and white matter deterioration with age in schizophrenia.
Am J Psychiatry. (2017) 174:286–95. doi: 10.1176/appi.ajp.2016.16050610

8. Lin KC, Wu YF, Chen IC, Tsai PL, Wu CY, Chen CL. Dual-task performance
involving hand dexterity and cognitive tasks and daily functioning in people with
schizophrenia: a pilot study. Am J Occup Ther. (2015) 69:6903250020p1-7. doi:
10.5014/ajot.2014.014738

9. Morrens M, Hulstijn W, Sabbe B. Psychomotor slowing in schizophrenia.
Schizophr Bull. (2007) 33:1038–53. doi: 10.1093/schbul/sbl051

10. Stepnicki P, Kondej M, Kaczor AA. Current concepts and treatments of
schizophrenia. Molecules. (2018) 23:2087. doi: 10.3390/molecules23082087

11. Fusar-Poli P, Papanastasiou E, Stahl D, Rocchetti M, Carpenter W, Shergill
S, et al. Treatments of negative symptoms in schizophrenia: meta-analysis of 168
randomized placebo-controlled trials. Schizophr Bull. (2015) 41:892–9. doi: 10.
1093/schbul/sbu170

12. Keefe RS, Bilder RM, Davis SM, Harvey PD, Palmer BW, Gold JM, et al.
Neurocognitive effects of antipsychotic medications in patients with chronic
schizophrenia in the CATIE Trial. Arch Gen Psychiatry. (2007) 64:633–47. doi:
10.1001/archpsyc.64.6.633

13. Mazeh D, Zemishlani H, Barak Y, Mirecki I, Paleacu D. Donepezil for
negative signs in elderly patients with schizophrenia: an add-on, double-blind,
crossover, placebo-controlled study. Int Psychogeriatr. (2006) 18:429–36. doi: 10.
1017/S1041610205003017

14. Vancampfort D, Firth J, Correll CU, Solmi M, Siskind D, De Hert M, et al.
The impact of pharmacological and non-pharmacological interventions to improve
physical health outcomes in people with schizophrenia: a meta-review of meta-
analyses of randomized controlled trials. World Psychiatry. (2019) 18:53–66. doi:
10.1002/wps.20614

15. Dauwan M, Begemann MJ, Heringa SM, Sommer IE. Exercise improves
clinical symptoms, quality of life, global functioning, and depression in
schizophrenia: a systematic review and meta-analysis. Schizophr Bull. (2016)
42:588–99. doi: 10.1093/schbul/sbv164

16. Firth J, Stubbs B, Rosenbaum S, Vancampfort D, Malchow B, Schuch F, et al.
Aerobic exercise improves cognitive functioning in people with schizophrenia: a
systematic review and meta-analysis. Schizophr Bull. (2017) 43:546–56. doi: 10.
1093/schbul/sbw115

17. Fogarty M, Happell B. Exploring the benefits of an exercise programs for
people with schizophrenia: a qualitative study. Issues Ment Health Nurs. (2005)
26:341–51. doi: 10.1080/01612840590915711

18. Muralidharan A, Klingaman EA, Molinari V, Goldberg RW. Perceived
barriers to physical activity in older and younger veterans with serious mental
illness. Psychiatr Rehabil J. (2018) 41:67–71. doi: 10.1037/prj0000245

19. Gendron LM, Nyberg A, Saey D, Maltais F, Lacasse Y. Active mind-
body movement therapies as an adjunct to or in comparison with pulmonary
rehabilitation for people with chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. (2018) 10:CD012290. doi: 10.1002/14651858.CD012290.pub2

20. Harris PE, Cooper KL, Relton C, Thomas KJ. Prevalence of complementary
and alternative medicine (CAM) use by the general population: a systematic review
and update. Int J Clin Pract. (2012) 66:924–39. doi: 10.1111/j.1742-1241.2012.
02945.x

21. Zheng G, Zheng Y, Xiong Z, Ye B, Tao J, Chen L. Effect of Baduanjin
exercise on cognitive function in patients with post-stroke cognitive impairment:

study protocol for a randomised controlled trial. BMJ Open. (2018) 8:e020954.
doi: 10.1136/bmjopen-2017-020954

22. An B, Dai K, Zhu Z, Wang Y, Hao Y, Tang T, et al. Baduanjin alleviates
the symptoms of knee osteoarthritis. J Altern Complement Med. (2008) 14:167–74.
doi: 10.1089/acm.2007.0600

23. Lan C, Chen SY, Lai JS. The exercise intensity of Tai Chi Chuan. Med Sport
Sci. (2008) 52:12–9. doi: 10.1159/000134225

24. Chen MD, Yeh YC, Tsai YJ, Chang YC, Yu JW, Hsu CH. Efficacy of Baduanjin
exercise and feasibility of mobile text reminders on follow-up participation in
people with severe mental illness: an exploratory study. J Psychiatr Pract. (2016)
22:241–9. doi: 10.1097/PRA.0000000000000158

25. Wayne PM, Hausdorff JM, Lough M, Gow BJ, Lipsitz L, Novak V, et al. Tai
Chi training may reduce dual-task gait variability, a potential mediator of fall risk,
in healthy older adults: cross-sectional and randomized trial studies. Front Hum
Neurosci. (2015) 9:332. doi: 10.3389/fnhum.2015.00332

26. Li J, Shen J, Wu G, Tan Y, Sun Y, Keller E, et al. Mindful exercise versus
non-mindful exercise for schizophrenia: a systematic review and meta-analysis
of randomized controlled trials. Complement Ther Clin Pract. (2018) 32:17–24.
doi: 10.1016/j.ctcp.2018.04.003

27. Ho RT, Au Yeung FS, Lo PH, Wang Y, Hao Y, Tang T, et al. Tai-chi
for residential patients with schizophrenia on movement coordination, negative
symptoms, and functioning: a pilot randomized controlled trial. Evid Based
Complement Alternat Med. (2012) 2012:923925. doi: 10.1155/2012/923925

28. Vancampfort D, Stubbs B, Van Damme T, Smith L, Hallgren M, Schuch F, et al.
The efficacy of meditation-based mind-body interventions for mental disorders: a
meta-review of 17 meta-analyses of randomized controlled trials. J Psychiatr Res.
(2021) 134:181–91. doi: 10.1016/j.jpsychires.2020.12.048

29. Li M, Fang J, Gao Y, Wu Y, Shen L, Yusubujiang Y, et al. Baduanjin mind-
body exercise improves logical memory in long-term hospitalized patients with
schizophrenia: a randomized controlled trial. Asian J Psychiatr. (2020) 51:102046.
doi: 10.1016/j.ajp.2020.102046

30. Soundy A, Muhamed A, Stubbs B, Probst M, Vancampfort D. The benefits of
walking for individuals with schizophrenia spectrum disorders: a systematic review.
Int J Ther Rehabil. (2014) 21:410–20. doi: 10.12968/ijtr.2014.21.9.410

31. Loh SY, Abdullah A, Abu Bakar AK, Thambu M, Nik Jaafar NR. Structured
walking and chronic institutionalized schizophrenia inmates: a pilot RCT study on
quality of life. Glob J Health Sci. (2015) 8:238–48. doi: 10.5539/gjhs.v8n1p238

32. Huang YC, Hung CF, Hsu ST, Lin PY, Lee Y, Chong MY, et al. Effects of
aerobic walking on cognitive function in patients with schizophrenia: a randomized
controlled trial. J Psychiatr Res. (2021) 134:173–80. doi: 10.1016/j.jpsychires.2020.
12.062

33. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders (DSM-5). 5th Edn. Arlington, VA: American Psychiatric
Association Publishing (2013).

34. Leucht S, Samara M, Heres S, Davis JM. Dose equivalents for antipsychotic
drugs: the DDD method. Schizophr Bull. (2016) 42(Suppl. 1):S90–4. doi: 10.1093/
schbul/sbv167

35. Lee CC. Ba Duan Jin QI-Gong. Taipei: Ebookcity corp (2011).

36. Noble BJ, Borg GA, Jacobs I, Ceci R, Kaiser P. A category-ratio perceived
exertion scale: relationship to blood and muscle lactates and heart rate. Med Sci
Sports Exerc. (1983) 15:523–8.

37. Guy W. ECDEU Assessment Manual for Psychopharmacology. Rockville, MD:
Department of Health, Education, and Welfare (1976). doi: 10.1037/e591322011-
001

38. Vancampfort D, Probst M, Sweers K, Maurissen K, Knapen J, De Hert M.
Reliability, minimal detectable changes, practice effects and correlates of the 6-min
walk test in patients with schizophrenia. Psychiatry Res. (2011) 187:62–7.

39. Rikli RE, Jones CJ. Functional fitness normative scores for community-
residing older adults, ages 60-94. J Aging Phys Act. (1999) 7:162–81. doi: 10.1123/
japa.7.2.162

40. Wu C, Dagg P, Molgat C. A pilot study to measure cognitive impairment
in patients with severe schizophrenia with the montreal cognitive assessment
(MoCA). Schizophr Res. (2014) 158:151–5. doi: 10.1016/j.schres.2014.07.006

41. Rosca EC, Cornea A, Simu M. Montreal cognitive assessment for evaluating
the cognitive impairment in patients with schizophrenia: a systematic review. Gen
Hosp Psychiatry. (2020) 65:64–73. doi: 10.1016/j.genhosppsych.2020.05.011

42. Mishra BR, Agrawal K, Biswas T, Mohapatra D, Nath S, Maiti R. Comparison
of acute followed by maintenance ECT vs clozapine on psychopathology and

Frontiers in Psychiatry 12 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.983994
https://doi.org/10.1016/j.schres.2017.11.036
https://doi.org/10.1016/j.schres.2017.06.034
https://doi.org/10.1016/j.schres.2017.06.034
https://doi.org/10.1016/j.schres.2016.01.034
https://doi.org/10.1001/jamapsychiatry.2014.2502
https://doi.org/10.1016/j.schres.2004.09.009
https://doi.org/10.1186/s12888-016-0749-1
https://doi.org/10.1176/appi.ajp.2016.16050610
https://doi.org/10.5014/ajot.2014.014738
https://doi.org/10.5014/ajot.2014.014738
https://doi.org/10.1093/schbul/sbl051
https://doi.org/10.3390/molecules23082087
https://doi.org/10.1093/schbul/sbu170
https://doi.org/10.1093/schbul/sbu170
https://doi.org/10.1001/archpsyc.64.6.633
https://doi.org/10.1001/archpsyc.64.6.633
https://doi.org/10.1017/S1041610205003017
https://doi.org/10.1017/S1041610205003017
https://doi.org/10.1002/wps.20614
https://doi.org/10.1002/wps.20614
https://doi.org/10.1093/schbul/sbv164
https://doi.org/10.1093/schbul/sbw115
https://doi.org/10.1093/schbul/sbw115
https://doi.org/10.1080/01612840590915711
https://doi.org/10.1037/prj0000245
https://doi.org/10.1002/14651858.CD012290.pub2
https://doi.org/10.1111/j.1742-1241.2012.02945.x
https://doi.org/10.1111/j.1742-1241.2012.02945.x
https://doi.org/10.1136/bmjopen-2017-020954
https://doi.org/10.1089/acm.2007.0600
https://doi.org/10.1159/000134225
https://doi.org/10.1097/PRA.0000000000000158
https://doi.org/10.3389/fnhum.2015.00332
https://doi.org/10.1016/j.ctcp.2018.04.003
https://doi.org/10.1155/2012/923925
https://doi.org/10.1016/j.jpsychires.2020.12.048
https://doi.org/10.1016/j.ajp.2020.102046
https://doi.org/10.12968/ijtr.2014.21.9.410
https://doi.org/10.5539/gjhs.v8n1p238
https://doi.org/10.1016/j.jpsychires.2020.12.062
https://doi.org/10.1016/j.jpsychires.2020.12.062
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1037/e591322011-001
https://doi.org/10.1037/e591322011-001
https://doi.org/10.1123/japa.7.2.162
https://doi.org/10.1123/japa.7.2.162
https://doi.org/10.1016/j.schres.2014.07.006
https://doi.org/10.1016/j.genhosppsych.2020.05.011
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-983994 September 29, 2022 Time: 16:3 # 13

Chen et al. 10.3389/fpsyt.2022.983994

regional cerebral blood flow in treatment-resistant schizophrenia: a randomized
controlled trial. Schizophr Bull. (2022) 48:814–25. doi: 10.1093/schbul/sbac027

43. Tombaugh TN. Trail making test A and B: normative data stratified by age
and education. Arch Clin Neuropsychol. (2004) 19:203–14. doi: 10.1016/S0887-
6177(03)00039-8

44. Kortte KB, Horner MD, Windham WK. The trail making test, part B:
cognitive flexibility or ability to maintain set? Appl Neuropsychol. (2002) 9:106–9.

45. Wechsler D. Wechsler Memory Scale for Adults. 3rd Edn. San Antonio, TX:
Psychological Corporation (1997).

46. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. (1991) 39:142–8. doi: 10.1111/j.
1532-5415.1991.tb01616.x

47. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test
performance in community-dwelling elderly people: six-minute walk test, berg
balance scale, timed Up & Go test, and gait speeds. Phys Ther. (2002) 82:128–37.
doi: 10.1093/ptj/82.2.128

48. Chen HY, Tang PF. Factors contributing to single- and dual-task timed "Up
& Go" test performance in middle-aged and older adults who are active and dwell
in the community. Phys Ther. (2016) 96:284–92. doi: 10.2522/ptj.20140292

49. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for
falls in community-dwelling older adults using the timed Up & Go Test. Phys Ther.
(2000) 80:896–903.

50. Zheng CC, Lu WS, Lin CH, Wang YC. An investigation of the psychometric
properties of the Chu’s activities of daily living rating scale in patients with
schizophrenia. J Taiwan Occup Ther Assoc. (2017) 13:23–33. doi: 10.6534/jtotrp.
2017.13(1).23

51. Faul F, Erdfelder E, Lang AG, Buchner AG. ∗Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods. (2007) 39:175–91. doi: 10.3758/bf03193146

52. Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York, NY:
Academic Press (1977).

53. Hochberg Y, Benjamini Y. More powerful procedures for multiple
significance testing. Stat Med. (1990) 9:811–8. doi: 10.1002/sim.4780090710

54. Tsuji Y, Akezaki Y, Katsumura H, Hara T, Sawashita Y, Kakizaki H, et al.
Factors affecting walking speed in schizophrenia patients. Prog Rehabil Med. (2019)
4:20190003. doi: 10.2490/prm.20190003

55. Jones C, Qi M, Xie Z, Moyle W, Weeks B, Li P. Baduanjin exercise
for adults aged 65 years and older: a systematic review and meta-analysis of
randomized controlled studies. J Appl Gerontol. (2022) 41:1244–56. doi: 10.1177/
07334648211059324

56. Ye M, Zheng Y, Xiong Z, Ye B, Zheng G. Baduanjin exercise ameliorates
motor function in patients with post-stroke cognitive impairment: a randomized
controlled trial. Complement ther Clin Pract. (2022) 46:101506. doi: 10.1016/j.ctcp.
2021.101506

57. Yuen M, Ouyang HX, Miller T, Pang MYC. Baduanjin Qigong improves
balance, leg strength, and mobility in individuals with chronic stroke: a randomized
controlled study. Neurorehabil Neural Repair. (2021) 35:444–56. doi: 10.1177/
15459683211005020

58. Xiao CM, Zhuang YC. Effect of health Baduanjin Qigong for mild to
moderate Parkinson’s disease. Geriatr Gerontol Int. (2016) 16:911–9. doi: 10.1111/
ggi.12571

59. Gao H, Luo C, Tu SJ, Lu RP, Jiang LN, Qiao HJ, et al. The effect of Yijinjing
on the cognitive function of patients with chronic schizophrenia. Front Psychiatry.
(2021) 12:739364. doi: 10.3389/fpsyt.2021.739364

60. Shimada T, Ito S, Makabe A, Yamanushi A, Takenaka A, Kawano K,
et al. Aerobic exercise and cognitive functioning in schizophrenia: an updated
systematic review and meta-analysis. Psychiatry Res. (2022) 314:114656. doi: 10.
1016/j.psychres.2022.114656

61. Law CK, Lam FM, Chung RC, Pang MY. Physical exercise attenuates
cognitive decline and reduces behavioural problems in people with mild cognitive
impairment and dementia: a systematic review. J Physiother. (2020) 66:9–18. doi:
10.1016/j.jphys.2019.11.014

62. Li F, Harmer P, Fitzgerald K, Winters-Stone K. A cognitively enhanced online
Tai Ji Quan training intervention for community-dwelling older adults with mild
cognitive impairment: a feasibility trial. BMC Geriatr. (2022) 22:76. doi: 10.1186/
s12877-021-02747-0

63. Liu CL, Cheng FY, Wei MJ, Liao YY. Effects of exergaming-based Tai Chi
on cognitive function and dual-task gait performance in older adults with mild
cognitive impairment: a randomized control trial. Front Aging Neurosci. (2022)
14:761053. doi: 10.3389/fnagi.2022.761053

64. Lu X, Siu KC, Fu SN, Hui-Chan CW, Tsang WW. Effects of Tai Chi training
on postural control and cognitive performance while dual tasking: a randomized
clinical trial. J Complement Integr Med. (2016) 13:181–7. doi: 10.1515/jcim-2015-
0084

Frontiers in Psychiatry 13 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.983994
https://doi.org/10.1093/schbul/sbac027
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1093/ptj/82.2.128
https://doi.org/10.2522/ptj.20140292
https://doi.org/10.6534/jtotrp.2017.13(1).23
https://doi.org/10.6534/jtotrp.2017.13(1).23
https://doi.org/10.3758/bf03193146
https://doi.org/10.1002/sim.4780090710
https://doi.org/10.2490/prm.20190003
https://doi.org/10.1177/07334648211059324
https://doi.org/10.1177/07334648211059324
https://doi.org/10.1016/j.ctcp.2021.101506
https://doi.org/10.1016/j.ctcp.2021.101506
https://doi.org/10.1177/15459683211005020
https://doi.org/10.1177/15459683211005020
https://doi.org/10.1111/ggi.12571
https://doi.org/10.1111/ggi.12571
https://doi.org/10.3389/fpsyt.2021.739364
https://doi.org/10.1016/j.psychres.2022.114656
https://doi.org/10.1016/j.psychres.2022.114656
https://doi.org/10.1016/j.jphys.2019.11.014
https://doi.org/10.1016/j.jphys.2019.11.014
https://doi.org/10.1186/s12877-021-02747-0
https://doi.org/10.1186/s12877-021-02747-0
https://doi.org/10.3389/fnagi.2022.761053
https://doi.org/10.1515/jcim-2015-0084
https://doi.org/10.1515/jcim-2015-0084
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

	The effects of Baduanjin exercise vs. brisk walking on physical fitness and cognition in middle-aged patients with schizophrenia: A randomized controlled trial
	Introduction
	Materials and methods
	Study design
	Participants
	Inclusion criteria
	Exclusion criteria

	Randomization and blinding
	Intervention
	Experimental group
	Control group

	Outcome measures
	Primary outcomes
	Six-minute walk test
	Thirty-second chair stand test

	Secondary outcomes
	Montreal cognitive assessment
	Trail making test-part A and B
	Logical memory
	Timed up-and-go test
	Dual-task performance
	Activities of daily living rating scale III


	Statistical analysis

	Results
	Background information of participants
	Interaction effect
	Intervention effect over time
	Intervention effect between groups

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


