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Objectives: Regular Baduanjin exercise training has been shown to be beneficial to the physical and
cognitive health of older adults, but the underlying mechanisms remain to be investigated. This study
examined the influence of Baduanjin on cerebral hemodynamics in community-dwelling older adults
with cognitive frailty.
Design: Randomized controlled trial.
Methods: A total of 102 eligible participants were randomly allocated into the Baduanjin exercise
intervention group (BEG) or usual physical activity control group (CG) for 24 weeks. Cerebral hemody-
namic parameters of bilateral middle/anterior cerebral artery and basilar artery, cognitive ability and
physical frailty were assessed using Transcranial Doppler (TCD), Montreal Cognitive Assessment (MoCA)
and Edmonton Frailty Scale (EFS) at baseline and 24 weeks post-intervention.
Results: After 24 weeks intervention, the changes in peak systolic velocity (PSV), mean blood flow ve-
locity (MBFV), and end diastolic velocity (EDV) in the right middle cerebral artery and basilar artery were
better in the BEG than in the CG; the increase in MoCA scores and the decrease in EFS scores were
significantly higher in the BEG than in the CG. Moreover, the interaction of exercise and time on those
variables showed obvious significance.
Conclusions: The 24 weeks Baduanjin exercise training had a positive beneficial effect on cerebral blood
flow in community-dwelling older adults with cognitive frailty. This may be a potential mechanism by
which Baduanjin exercise improves the cognitive frailty in older adults.
Trial registration: Chinese Clinical Trial Registry, ChiCTR1800020341.
Date of registration: December 25, 2018, http://www.chictr.org.cn/showproj.aspx?proj¼29846.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Both cognitive impairment and physical frailty are two impor-
tant indicators of the aging process [1-3]. While cognitive frailty (CF)
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was defined as the simultaneous presence of both cognitive
impairment and physical frailty in non-demented older adults by
the International Academy of Nutrition and Aging and the Inter-
national Association of Gerontology and Geriatrics in 2013 4,5,
which is associated with adverse health outcomes, including
disability, hospitalization and death.6,7 Studies have demonstrated
that there is a bidirectional relationship between physical frailty
and cognitive decline; physical frailty is usually a significant risk for
cognitive decline and vice versa.8 It is widely accepted that brain
health is closely linked to physical health and cognitive ability. The
brain is the most metabolically active organ, and it depends heavily
on cerebral blood flow (CBF) to sustain neuronal metabolism.9

CBF increases the response to regional neuronal activation to
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meet metabolic demands,10 and impaired cerebral hemodynamics
is associated, at least in part, with poor cognitive function and
physical frailty.11e13 Recent studies have reported that those with a
frail phenotype have more extensive cerebrovascular damage than
non-frail older adults,11,14 and that cerebral microvascular
dysfunction or the hemodynamic impairment is associated with
accelerated cognitive decline.15,16 In almost all forms of cognitive
impairment, from mild cognitive impairment to Alzheimer's dis-
ease, changes in cerebrovascular function and structure result in
reduced cerebral blood flow, which may trigger or exacerbate
cognitive impairment.17 Therefore, hemodynamic changes have
important clinical value in predicting future progression of cogni-
tive decline and physical frailty.

Physical activity or exercise intervention that can ameliorate
age-related cardiovascular decline may improve the CBF availabil-
ity, thereby decreasing the risk of cognitive impairment and
physical frailty.18 However, considering the difference on the en-
ergetic, metabolic, and the exercise-induced physiological/psy-
chological mechanisms among different exercise types, each type
of exercise causes different healthy effects.19 Different from the
conventional aerobic exercise, themind-body exercise type, such as
Yoga and Tai Chi, combined the characteristics of aerobics, medi-
tation, and flexibility. These exercise types focus more on promot-
ing inner peace and mental clarity through slow movements with
breathing control. Although each mind-body exercise type is
constituted by different postures and movements, and originates
from different theoretical bases. For example, yoga is a curious
ancient art which combines a set of India religious beliefs with a
strange andmysterious practical discipline; while Tai chi belongs to
one of Chinese Qigong exercises based on the theory of Chinese
traditional medicine.20 Like Tai chi, Baduanjin exercise also is one of
the most widely practiced forms of traditional Chinese mind-body
exercise, consisting of eight individual postures and movements
with low to mediate exercise intensity; characterized by symmet-
rical body postures and movements, breathing control, meditative
states, and mental concentration.21 Baduanjin exercise emphasizes
the practice of mind-body integration to improved physical,
mental, and cognitive health by cultivating Qi (a vital energy based
on the Traditional Chinese medicine), and is recommended for
older adults in China.22e24 A recent preliminary study found that
Baduanjin training has the potential to improve physical and
cognitive function and reverse frailty status in pre-frail/frail older
adults.25 Our previous study also found that a supervised 12-week
Baduanjin exercise intervention significantly improved some he-
modynamic parameters in community-dwelling older adults at risk
for ischemic stroke, such as the maximum, minimum or mean
blood flow velocities of some entering cerebral arteries,26 indi-
cating the Baduanjin exercise intervention may effectively modu-
late cerebral hemodynamics in community-dwelling older adults.
Considering that the possible pathologic mechanisms associated
with cerebrovascular stenosis leading to insufficient CBF is the
same as that of cognitive frailty, it is reasonable that Baduanjin
exercise intervention would modulate cerebral blood flow in
community-dwelling older adults with cognitive frailty. Therefore,
we investigated the effects of Baduanjin exercise on cerebral blood
flow, cognitive and physical function in community-dwelling older
adults with cognitive frailty.

2. Methods

2.1. Study design

This two-arm randomized controlled trial was conducted in
Fuzhou, China. Ethics approval was obtained from the Ethics
Committee of the Affiliated Rehabilitation Hospital of Fujian
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University of Traditional Chinese Medicine (no. 2018-KL015). All
study procedures were conducted in accordance with the Decla-
ration of Helsinki 1975. The trial was registered prospective on
Chinese Clinical Trial Registry, ref: ChiCTR1800020341.

2.2. Participants recruitment and randomization

The protocol for this study has been published previously.27 In
brief, a total of 120 community older adults with cognitive frailty
were recruited between December 2018 and June 2019 through
poster advertisement, leaflets, WeChat and Community Service
Station at three Community Center of Fuzhou city. Older adults who
were interesting in this trial first completed a screening to assess
their eligibility according to the following inclusion criteria: aged
over 60 years; met the cognitive frailty, including ① Edmonton
Frailty Scale (EFS)'s scores�5 points,28②Montreal Cognitive
Assessment (MoCA)'s scores<26 points,29 and no dementia (Global
Deterioration Scale (GDS) grade of II or III)30; and without regular
physical exercise for at least six months (regular physical exercise
was defined as any exercise with a frequency of at least twice a
week and at least 20 min per session). Those with uncontrolled
hypertension (the systolic blood pressure was greater than
160 mmHg or the diastolic blood pressure was greater than
100 mmHg after medication), severe organ failure, cardiovascular
disease, musculoskeletal system disorders and other contraindi-
cations to exercise, and history of alcohol and drug abuse were
excluded. Eligible individuals then had an informed discussionwith
the trained research assistants. After written the informed consent,
participants were arranged the baseline assessment, then were
randomly allocated into the Baduanjin exercise training group or
the control group. The randomization schedule was prepared and
managed by an independent statistician using the PLAN program of
statistical software SAS v9.2.

2.3. Intervention

Participants randomly allocated into the control group (CG)
received only a health education program on nutrition and diet-
related knowledge, which consisted of lectures (30 min per ses-
sion, once every 8 weeks); Those allocated in the Baduanjin exer-
cise training group (BEG) received both a 24-week Baduanjin
exercise training and the same health education program as the
control group. The frequency of Baduanjin exercise training was
60 min per day, 3 days per week, consisting of a 15-min warm-up,
40 min of Baduanjin training, and 5 min cool-down. Three pro-
fessional instructors were employed to guide the participants’
practice in Baduanjin exercise.

2.4. Outcome measures

Cerebral blood flow was assessed by cerebral hemodynamic
parameters that were measured non-invasively using Transcranial
Doppler (TCD) ultrasound by fitting a headpiece supporting an ul-
trasound probe in each temporal region of the participant (Delica,
product type: EMS-9A). Those cerebral hemodynamic parameters
included peak systolic velocity (PSV), mean blood flow velocity
(MBFV), and end diastolic velocity (EDV) were recorded in the
bilateral middle cerebral artery (MCA), bilateral anterior cerebral
artery (ACA), and basilar artery (BA).

Cognitive ability was assessed using Beijing Version of the
Montreal Cognitive Assessment (MoCA), which is a brief cognitive
screening test with good validity and sensitivity in the Chinese
population.29 Physical frailty was assessed using the Chinese
version of the Edmonton Frailty Scale (EFS). The EFS scale consists
of nine domains such as cognition, basic health, independence,
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social support, drug use, nutrition, mood, control, and function
performance, with a good inter-rater reliability (k ¼ 0.77).28

All outcome assessments weremeasured by blinded assessors at
baseline and at the end of the 24-week intervention period.

2.5. Statistical analyses

Baseline characteristics between two groups were presented as
mean with standard deviation, median (interquartile) or frequency
with percentage, and was compared using independent t-test or
Mann-Whitney U test for continuous variables and Pearson c2 or
Fisher's exact test for categorical variables, as appropriate. To
evaluate preliminary effect of the intervention on outcomes of
cognitive frailty and cerebral hemodynamic parameters, we con-
ducted a comparison of mean difference between the two groups
from baseline to 24 weeks post-intervention. The linear mixed
model with restricted maximum likelihood method was used to
analyze the interaction effects of group and time. These analyses
followed the principle of intention-to-treat (ITT) analysis in which
all randomized participants were included in the data set, and
missing data were imputed using the multiple imputation method.
All data statistics and analysis were processed in the SPSS V.24.0
software package, and P < 0.05 was considered significant.

3. Results

3.1. Baseline characteristics of the study group

From December 2018 to June 2019, a total of 2584 community-
dwelling older adults were screened from three Community cen-
ters of Fuzhou city in China. Of these, 2482 individuals were
excluded because they met certain exclusion criteria (741 in-
dividuals), did not meet the inclusion criteria (1677 individuals), or
did not wish to participate after discussing the informed consent
(64 individuals). So, 102 participants were randomly allocated into
the BEG (n ¼ 51) and the CG (n ¼ 51). During the intervention
period, six participants in the BEG and five participants in the CG
dropped out of the trial due to loss to follow-up, voluntary with-
drawal, or unwillingness to complete the second outcome mea-
sures. The flow chart of the participant is presented in Fig. 1.
Baseline characteristics besides age were homogeneous between
the two groups (Table 1).

3.2. Cognitive ability and physical frailty

There were no statistically significant differences in MoCA and
EFS scores between the two groups at baseline. After the inter-
vention, the average MoCA scores were increased 2.51 (SD, 0.32) in
the BEG, and significantly higher than in the CG (0.34 ± 0.44;
P < 0.001); whereas the average EFS scores were decreased 1.94
scores (SE, 0.20) in the BEG, significantly lower than in the CG
(�1.16 ± 0.23; P ¼ 0.012), and there was a significant interaction
effect between groups and times (P < 0.01 for MoCA and P ¼ 0.01
for EFS) (Table 2).

3.3. Cerebral hemodynamic parameters

At baseline, cerebral blood flow between the BEG and the CG
was homogeneous regarding PSV, MBFV and EDV in all measured
cerebral arteries, except EDV in BA. After the intervention, PSV and
MBFV in RMCA, PSV in LMCA, and PSV, MBFV and EDV in BA were
significantly different between the two groups (all P < 0.05), and
there were significant interactions between groups and time for
PSV, MBFV and EDV in RMCA, PSV in LMCA, and MBFV and EDV in
BA. BEG had increased MBFV in RMCA, and MBFV and EDV in BA,
133
while they were decrease in CG. PSV in RMCA and LMCA and PSV in
BA decreased in both BEG and CG, but the decrease was signifi-
cantly lower in the CG than in the BEG. Comparison between BEG
and CG before and after intervention regarding cerebral blood flow
is shown in Table 3.

4. Discussion

In this randomized controlled trial, the results showed that the
MoCA scores, PSV, MBFV and EDV in the right middle cerebral ar-
tery, PSV in the left middle cerebral artery, MBFV and EDV in the
basilar artery were significantly higher in Baduanjin group than in
the control group after intervention, as well as the EFS scores were
significantly lower than in the control group, and there was a sig-
nificant group and time interaction effect. These results indicate
that Baduanjin exercise training for 24 weeks may be beneficial in
improving cognitive and physical function, and modulating cere-
bral blood flow in community-dwelling older adults with cognitive
frailty.

The MoCA and EFS scales have beenwidely applied to screen for
cognitive impairment and physical frailty, and to evaluate the effect
of cognitive/physical-related interventions in community or clinical
older adults.31,32 The systematic reviews showed a positive asso-
ciation between Baduanjin exercise training and improvement in
cognitive and physical function in healthy older adults or older
adults with chronic diseases.22e24 The results in present trial also
showed that a 24-week Baduanjin exercise intervention could
significantly increase MoCA scores and decrease EFS scores in
community-dwelling older adults with cognitive frailty. This sug-
gests that regular Baduanjin training can be effective in improving
cognitive frailty in community older adult population. Several
physiological mechanisms could explain the beneficial effect of
Baduanjin exercise on cognitive and physical function. For example,
regular Baduanjin training has been shown to increase resting
functional connectivity and grey matter volume in brain regions
associated with cognitive or physical function, such as the default
mode network, dorsal attention network and insula.33e36

The brain is supplied with blood by the internal carotid arteries
(ICA) and the vertebral arteries. The ICA gives rise to the anterior
cerebral artery (ACA) and the middle cerebral artery (MCA). The
two vertebral arteries unite to form the basilar artery and terminate
in the two posterior cerebral arteries.37 Clinical evidence indicates
that changes in cerebral vascular function can cause structural
remodeling of the brain, leading to impaired function.38 Cerebral
vascular function in human can be assessed by measuring global or
regional cerebral perfusion at rest; and the TCD technique may
assess changes in cerebral perfusion by measuring blood flow ve-
locity in the large intracranial vessels.39 Regular aerobic exercise
could affect cerebral vascular function in older adults by improving
arterial compliance and vascular endothelial function, decreasing
oxidative stress and inflammation,40 and may increase cerebral
perfusion in the region by improving cerebral blood flow, thereby
affecting cognitive function and age-related physical decline,9 but
its effects depend on numerous factors, such as type, volume, and
frequency of exercise performed.

Baduanjin is a traditional Chinese mind-body exercise with the
dual characteristics of aerobic exercise and mind-body exercise.23

In the current study, the BEG increased MBFV and EDV in RMCA
and BA after intervention compared to baseline, while those blood
velocities were decreased in the CG, and the changes had a statis-
tically significant difference between the two groups. PSV of RMCA,
LMCA and BA decreased from baseline to post-intervention in both
groups, but the degree of decrease in those blood velocity was
significantly higher in the CG than in the BEG. It is known that
resting MCA blood velocity (MCAv) decreases with age, and the



Fig. 1. Participant screening flowchart.

Table 1
Comparison of general demographic information of participants (n/mean ± SD).

Variables Baduanjin group (n ¼ 51) Control group(n ¼ 51) t/Z/c2-value P-value

Age, years (mean ± SD) 67.68 ± 5.19 65.35 ± 5.15 �2.305 0.021
Gender (Male/Female) (n) 19/32 20/31 0.042 0.839
Education level (years, mean ± SD) 10.90 ± 2.81 10.02 ± 2.90 �1.539 0.124
BMI (mean ± SD) 23.75 ± 2.33 24.32 ± 3.22 �1.021 0.310
History of hypertension (Without/With) (n) 30/21 31/20 0.041 0.840
History of diabetes (Without/With) (n) 38/13 41/10 0.505 0.477
History of dyslipidemia (Without/With) (n) 37/14 41/10 0.872 0.350
Smoking (Without/With) (n) 48/3 46/5 0.543 0.461
Drinking (often/occasionally/rarely/never) (n) 2/11/7/31 1/10/6/34 0.596 0.897
GDS (II/III) (n) 34/17 36/15 0.182 0.670
EFS scores (mean ± SD) 5.41 ± 0.64 5.67 ± 1.16 0.538 0.591
MoCA scores (mean ± SD) 22.67 ± 2.83 21.55 ± 3.67 �1.348 0.178

Abbreviations: BMI, Body Mass Index; GDS, Global Deterioration Scale; EFS, Edmonton Frailty Scale; MoCA, Montreal Cognitive Assessment.

Table 2
Comparison of the Baduanjin exercise training group and the control group before and after the intervention in relation of MoCA and EFS scores.

Variables Baseline (mean ± SD) Mean difference from after intervention to baseline
(MD±SE)

P3

BEG (n ¼ 51) CG (n ¼ 51) P1 BEG (n ¼ 51) CG (n ¼ 51) P2

MoCA scores 22.67 ± 2.83 21.55 ± 3.67 0.178 2.51 ± 0.32 0.34 ± 0.44 <0.01 <0.01
EFS scores 5.41 ± 0.64 5.67 ± 1.16 0.591 �1.94 ± 0.20 �1.16 ± 0.23 0.012 0.010

P1:Comparision of baseline between groups: P2: Comparison of mean difference after intervention between two groups; P3: Group � time interaction based on the mixed
linear model. MoCA: Montreal Cognitive Assessment; EFS: Edmonton Frailty Scale.
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declined MCAv may be a contributor in the pathogenesis of age-
related cerebrovascular disease.41 An increasing number of
134
studies have reported that lowerMBFV or PSV inMCAs is associated
with risk of cardiovascular disease and cognitive decline.42e44



Table 3
Comparison of the Baduanjin exercise training group and the control group before and after the intervention in relation of cerebral blood flow velocity measured by trans-
cranial Doppler (n ¼ 99).

Variables Baseline (mean (Median, 25%e75%)) Mean difference from after intervention to baseline
(MD±SE)

P3

BEG (n ¼ 48) CG (n ¼ 51) P1 BEG (n ¼ 48) CG (n ¼ 51) P2

RMCA _PSV,cm/s 91.5(81e105) 96(84e117) 0.415 �1.31 ± 1.66 �8.48 ± 2.23 0.046 0.012
RMCA _MBFV,cm/s 57.5(48.3e63.8) 60(51e76) 0.175 1.65 ± 1.49 �4.61 ± 1.61 0.029 0.005
RMCA _EDV,cm/s 39(32e45) 42(33e54) 0.106 2.64 ± 1.69 �2.60 ± 1.41 0.138 0.019
LMCA _PSV,cm/s 98(86e116.8) 94(85e111) 0.796 �2.97 ± 2.12 �8.21 ± 1.50 0.022 0.045
LMCA _MBFV,cm/s 61.5(52e70) 60(51e73) 0.54 �1.65 ± 1.19 �3.59 ± 1.16 0.247 0.247
LMCA _EDV,cm/s 41(35.3e47.8) 43(35e54) 0.295 �0.48 ± 0.99 �1.78 ± 1.15 0.395 0.395
RACA_ PSV,cm/s 82(71e92.3) 83(73e91) 0.853 �1.73 ± 2.40 �4.39 ± 1.90 0.636 0.385
RACA_MBFV,cm/s 49(43e56.5) 50(44e59) 0.418 �0.53 ± 1.43 �1.96 ± 1.30 0.570 0.461
RACA_EDV,cm/s 32.5(27e38.8) 35(30e44) 0.144 0.01 ± 1.15 �0.65 ± 1.10 0.680 0.680
LACA_ PSV,cm/s 82(67.8e96.3) 81(71e94) 0.911 �3.46 ± 1.76 �5.93 ± 1.77 0.327 0.327
LACA_MBFV,cm/s 49(42e58.5) 49(43e59) 0.515 �1.61 ± 1.13 �2.72 ± 1.09 0.482 0.482
LACA_EDV,cm/s 34(27e40) 34(29e45) 0.355 �0.22 ± 0.91 �1.35 ± 0.95 0.561 0.396
BA_PSV,cm/s 62.3 ± 19.70 67.1 ± 23.66 0.262 �1.28 ± 1.99 �6.74 ± 2.33 0.024 0.078
BA_ MBFV,cm/s 37.7 ± 10.46 42.3 ± 14.78 0.073 0.22 ± 0.93 �3.78 ± 1.55 0.041 0.029
BA_EDV,cm/s 25.4 ± 6.65 29.9 ± 10.83 0.011 1.05 ± 0.76 �2.53 ± 1.18 0.012 0.012

P1:Comparision of baseline between groups: P2: Comparison of mean difference after intervention between two groups; P3: Group � time interaction based on the mixed
linear model. PSV, peak systolic velocity; MBFV, mean blood flow velocity; EDV, end diastolic velocity; RMCA: right middle cerebral artery; LMCA: left middle cerebral artery:
RACA: right anterior cerebral artery; LACA: left anterior cerebral artery; BA: basilar artery.
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Moreover, Ainslie et al.’ study showed the evidence that regular
aerobic exercise in healthy men improved MCAv.45 Another author
also reported the association of MCAv with improved cognitive
function in aging adults after regular aerobic exercise in-
terventions.40 As mentioned above, Baduanjin exercise is also aer-
obic exercise, but has the characteristics of mind-body exercise.
Therefore, the findings of this trial should be reasonable. In addi-
tion, a recent cross-sectional study also reported long-term Tai Chi
training (another traditional Chinese mind-body exercise as
Baduanjin exercise) significantly increased the carotid blood flow
velocity, including mean blood flow velocity, maximal blood flow
velocity and minimum blood flow velocity, in community-dwelling
older adults,46 which also provided support for our findings.

Basilar artery is the main vessel of the posterior circulation that
is responsible for most of the brainstem and occipital lobes, as well
as parts of the cerebellum and thalami, which are associated with
cognitive and related physical functions.47 With aging, cerebral
blood flow to this region decreases, leading to impaired cognitive
and physical function. Physical activity or exercise may improve
perfusion in those brain regions (e.g., hippocampus and anterior
cingulate) causing structural and functional changes that
contribute to the cognitive improvement.48,49 A study reported that
moderate exercise could increase the amplitude response of the
cerebral artery blood flow velocity, which was associated with
improved cardiopulmonary fitness.50 Our current study showed
that the flow velocity of basilar artery was significantly increased in
the Baduanjin group compared to the control group, with a sig-
nificant group and time interaction, which may indicate a positive
effect of Baduanjin on cerebral blood flow changes in basilar artery.

Some limitations of this study should be recognized. Firstly,
some blood flow parameters in some cerebral arteries were not
measured in some participants of both groups due to the lack of a
temporal acoustic window for completion of TCD, which may lead
to biased results. Though some missing data of them were filled in
by using the multiple imputation method. Secondly, due to the
specificity of the exercise intervention, participants and coaches
cannot be blinded. Thirdly, cerebral blood flow velocity measured
by TCD in this study could only indirectly estimate the changes of
cerebral blood perfusion.
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5. Conclusions

A 24-week regular Baduanjin exercise facilitated cognitive and
physical function improvement in community-dwelling older
adults with cognitive frailty. Moreover, Baduanjin training had a
positive effect on cerebral blood flow, increasing PSV, MBFV and
EDV in right middle cerebral artery, PSV in left middle cerebral
artery, and MBFV and EDV in basilar artery, suggesting possible
mechanisms for improvement of cognitive and physical function.
Therefore, the current study may provide useful evidence for the
implementation of Baduanjin exercise programs for the treatment
of cognitive frailty in the community elderly population. However,
large trials are still needed to confirm these results.
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