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Abstract.
Background: Previous studies found traditional Chinese mind-body exercise Baduanjin could modulate cognition of com-
munity older adults.
Objective: This study aims to investigate the effect of 6 months of Baduanjin exercise on brain structure and cognitive
function in older adults with mild cognitive impairment (MCI).
Methods: The MCI older adults were randomly assigned into either Baduanjin training, brisk walking training or usual
physical activity control group. Magnetic Resonance Imaging (MRI), Montreal Cognitive Assessment (MoCA) and Wechsler
Memory Scale-Chinese Revised (WMS-CR) were applied to measure gray matter volume (GMV), global cognitive ability
and memory at baseline and end of intervention.
Results: Compared to usual physical activity, Baduanjin exercise significantly improved MoCA, WMS-CR scores, WMS-
MQ, and mental control and comprehension memory subscores of the WMS-CR; significantly increased the GMV in the
temporal gyrus, frontal gyrus, parietal gyrus, medial occipital gyrus, cingulate gyrus and angular gyrus after 6 months of
intervention. Compared to brisk walking, Baduanjin significantly improved MoCA scores and picture reproduction subscores
of memory, and significantly increased the GMV in the right frontal gyrus, precentral gyrus, occipital gyrus. Furthermore,
the increased GMV in the right medial temporal gyrus was significantly associated with improvement in the MoCA scores.
Conclusion: The present study suggested that regular Baduanjin training could have a positive effect in increasing brain gray
matter and improving cognitive function in older adults with MCI.
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INTRODUCTION

Mild cognitive impairment (MCI) is a transitional
stage between normal aging and dementia with the
characteristic of a reduction in memory and/or other
cognitive domains with no significant decline in
the social and functional activities of daily life [1].
This stage can progress to dementia, mostly in the
form of Alzheimer’s disease (AD) [2]. Studies have
shown that older adults with MCI developed AD at
a rate of 10–30% annually, while those without MCI
developed dementia at a rate of 1-2% annually [3].
However, previous studies have shown that individu-
als with MCI could remain stable or even revert to a
normal state if appropriate interventions are adopted
[4, 5].

The cognitive decline in older adults with MCI
can be attributed in part to structural changes in the
brain, such as declines in gray matter volume (GMV)
[6]. Furthermore, atrophy of gray matter is associated
with the development of mild cognitive impairment
[7]. Compared to healthy older people, older adults
with MCI experience not only significant cognitive
decline but also a higher rate of brain volume loss
(notably, gray matter volume loss). Numerous studies
have demonstrated that MCI-related brain atrophy is
significant in the medial temporal and frontal cortex,
superior temporal gyrus, hippocampus, and mesial
frontoparietal regions [8, 9]. Therefore, assessment
of gray matter volume may allow early detection of
MCI and be taken as a marker of intervention efficacy.

Emerging evidence demonstrates that physical
activity or exercises not only have positive cogni-
tive effects but also improve brain health for older
adults. Some findings in the neuroimaging field have
provided evidence that regular exercise has a positive
effect in attenuating cognitive impairment and gray
matter volume atrophy of the elderly with or with-
out cognitive disorders [10, 11]. Recent longitudinal
studies and randomized controlled trials of exercise
for healthy older adults also found that participa-
tion in exercise programs leads to an improvement
in cognitive function and a greater brain volume in
specific regions, e.g., in the frontal and temporal
lobes [12–14] and hippocampus [15]. Meanwhile,
an increasing number of studies have reported
positive effects of traditional Chinese mind-body
exercises on cognitive ability in different populations
[16–18]. However, the mechanisms underlying these
improvements remain largely unknown. Many stud-
ies assessed structural or functional brain changes
regulated by these mind-body exercises using

magnetic resonance imaging (MRI), and found that
the improvements of cognitive ability were associated
with modulating brain structure, brain neural activity,
and functional connectivity [19]. As one of traditional
Chinese mind-body exercises, Baduanjin exercise
only consists of eight separate, delicate and smooth
movements with a low-moderate intensity, and is eas-
ier to learn than other Chinese mind-body exercises
[20]. Baduanjin exercise also a mind-body exercise
based on traditional Chinese medicine theories; it
emphasizes a combination of symmetrical physical
postures, meditative mind and breathing techniques
in a harmonious manner and is one of the most com-
mon forms of Qigong that has been practiced in China
for more than 1000 years [21]. The fundamental
assumption is that individuals can regulate thoughts,
breathing and body activities by their own inter-
nal ability, resulting in enhancement in physical and
mental health [22]. Our previous study showed that
Baduanjin exercise could significantly increase gray
matter volume in the insula, medial temporal lobe,
and putamen in healthy older adults [23]. However, it
is unclear which specific brain regions are associated
with Baduanjin exercise in older adults with MCI.
Therefore, we hypothesized that 24 weeks of Baduan-
jin exercise would decrease brain atrophy progression
and improve cognitive impairment in MCI subjects.
Here, we report the results of a 24-week randomized
controlled trial that suggests that Baduanjin exercise
produces positive effects on structural plasticity and
cognitive function in older adults with MCI.

MATERIALS AND METHODS

We conducted a 24-week, single-blinded, ran-
domized trial of Baduanjin exercise (ChiCTR-ICR-
15005795) at the community centers of Fuzhou city
beginning in May 2015 and ending in October 2017.
Ethics approval was obtained from the Medical Ethics
Committee of the Second People’s Hospital of Fujian
Province (No. 2014-KL045-02). Eligible participants
were randomly allocated to the Baduanjin exercise
(BDJ) group, brisk walking (BWK) group or usual
physical activity control (UPA) group. All assessors
and data statisticians were blinded to the group alloca-
tion of the participants. More detailed information has
been reported in our previous published protocol [24].

Participants

Community-dwelling older adults with MCI were
recruited from three community centers (Wufeng,
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Cangxia and Longfeng Community Centers) in
Fuzhou, China, by posting posters, sending leaflets
and brochures, and setting up a recruiting station at
the corresponding community center. Eligibility cri-
teria for inclusion were: (1) aged 60 years or older;
(2) suffering from MCI according to Petersen diag-
nostic criteria [25], including ©1 cognitive decline:
MoCA < 26 (if the length of schooling is less than
12 years, then 1 point was added to the examina-
tion result),©2 intact activities of daily living (ADL):
ADL scores < 18, ©3 absence of dementia (Global
deterioration scale, GDS) score at 2 or 3 level; (3)
no regular physical exercise for at least half a year
(exercise with a frequency of at least twice a week
and at least 20 min per session is considered reg-
ular exercise); (4) informed consent. Participants
were excluded if they reported a history of resistant
hypertension, severe visual or hearing loss, severe
psychiatric conditions (e.g., severe depression, active
suicidal ideation, schizophrenia), alcohol and/or drug
abuse. Participants were also excluded if they had
current severe medical conditions for which exer-
cise is contraindicated, or had participated in another
clinical study.

Intervention

Baduanjin exercise group
The Baduanjin exercise regimen consisted of three

60 min sessions of Baduanjin exercise training per
week for a period of 24 weeks. Each session included:
15 minutes warm-up, 40 min Baduanjin training and
5 min cool down. The training scheme was con-
ducted according to the ‘Health Qigong Baduanjin
Standard’ published by the State Sports General
Administration of China in 2003, and consisted of
8 inherent postures as well as the preparation and
ending postures [26]. Professional coaches were
employed to guide and supervise their Baduanjin
training.

Brisk walking group
The brisk walking workout consisted of three

60 min sessions of brisk walking training per week
for a period of 24 weeks. Each session included:
15 min warm-up, 40 min walking and 5 min cool
down. Professional coaches were employed to guide
participants’ training. The intensity of the exercise
was controlled by monitoring participants’ HR at
55–75% of their HR reserve through the Polar heart
rate monitor (Mio Sport SD).

Usual physical activity control group
Participants in the control group did not receive

any specific exercise intervention and were informed
to maintain their original lifestyle.

All participants in three groups received the
same cognitive-related health education that involved
lectures and discussion providing up-to-date infor-
mation on topics such as nutrition, health care for
the elderly and aging cognitive decline, during one
30 min session every 8 weeks. Participants were not
advised to seek any other regular exercise. In order
to observe the impact of the usual physical activ-
ity, we required all participants to record information
about their usual daily physical activity at 1, 13 and
24 weeks of the intervention period on a daily activ-
ity log.

Outcome assessment

Demographic characteristics
Participants’ demographic characteristics (e.g.,

age, gender, living arrangements) and history of dis-
ease and medication use were collected at baseline by
the recruiters using a self-administered questionnaire.

Cognitive function
Cognitive testing comprised a comprehensive test-

ing battery with a special focus on global cognitive
function and memory. All measures were assessed
at baseline and end of the interventions using the
same versions of the neuropsychological tests by the
assessors who were blinded to the assignment group.

Global cognitive function was measured by using
the Chinese version of the MoCA scale, which has
been proven to be a reliable and effective quantita-
tive assessment of cognitive ability and can be used
to track changes in cognitive ability over time in a
clinical setting [27, 28]. This scale assessed compre-
hensive cognitive ability comprised of 7 different
cognitive domains including visuospatial/executive
functions, naming, attention/concentration, lang-
uage, abstraction, delayed recall, and orientation with
a total score of 0–30 (a higher score equals better
function). One point was added to the total score for
those with 12 or fewer years of education.

Memory was evaluated using the Wechsler Mem-
ory Scale-Chinese Revised (WMS-CR) [29]. It was
designed as an assessment instrument for memory
function as measured by memory quotient (MQ), as
well as memory function subscores (mental control,
picture recognition, visual reproduction, associative
learning, touch, comprehension memory, and digit
span).
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Statistical analyses

Statistical analysis was performed using SPSS 21.0
(SPSS Inc., Chicago, IL, United States), with a sta-
tistical significance of a two-sided p < 0.05. Baseline
characteristics among three groups were compared
using one-way analysis of variance (ANOVA) or
the Kruskal–Wallis H test for continuous variables
and Pearson χ2 or Fisher’s exact test for categori-
cal variables. The group differences of the MoCA
and WMS-CR scores among three groups were
detected using one-way analysis of variance or the
Kruskal–Wallis H test. The post hoc comparison
based on Bonferroni method between groups at dif-
ferent time points was conducted using multiple
comparisons with adjustment for the type I error rate.

MRI data acquisition
Structural MRI scanning was performed at base-

line and at the end of the 24-week intervention using
a 3 Tesla GE Signa medical system with an 8-channel
head coil. A three-dimensional magnetization pre-
pared rapid acquisition T1-weighted gradient echo
(MPRAGE) sequence was used with the sagittal
plan: TR = Shortest [Automatic]; TE = 30 ms; slices =
164; FOV = 240 × 240 mm2; slice thickness = 1 mm;
inversion time = 450 ms; flip angle = 15◦; matrix =
256 × 256; voxel size = 0.93 × 0.93 × 1 mm3.

Image processing and voxel-based morphometry
(VBM) analysis

Image preprocessing and statistical analyses were
performed with SPM12 (Wellcome Institute of
Neurology, University College London, United King-
dom) running under MATLAB R2013b (MathWorks,
Natick, MA, United States) using Voxel-based mor-
phometry (VBM) toolbox. Data processing steps
referred to the voxel based gray matter asymme-
try analysis method proposed in 2015 by Kurth et
al. [30]. First, the artifacts, pathological and struc-
tural abnormalities of all images were examined.
Second, three-dimensional images were segmented
into cerebrospinal fluid, white matter and gray mat-
ter. A specific group template was created to reduce
variability between participants, then the images was
normalized into the standard Montreal Neurological
Institute (MNI) space using the template. Finally,
the modulated gray matter images were spatially
smoothed, and isotropic Gaussian smoothing with
half height and width of 8 mm was selected for con-
volution; then resampling to 3 mm isotropic voxels
to match the same voxel size as preprocessed fMRI

data. Thus, for each participant, there was a gray mat-
ter volume (GMV) map, and the GMV values were
extracted from the GMV map.

Initial general linear model analysis was used to
analyze the structural differences of GMV between
different groups. Gaussian random-field method
(GRF) was used to correct for Voxel p < 0.01 and
Cluster p < 0.05, and the activated brain area was
defined as the activated range greater than 25 Voxel.

Additional partial Pearson correlation analysis
adjusting for age and gender factors was applied to
explore the relationship between the GMV changes
and behavior measurement changes that displayed
significant differences in the above analyses.

RESULTS

Baseline characteristics

A total of 69 participants were consented to
undergo MRI scanning at baseline. At trial com-
pletion, 9 of the 69 MRI participants dropped out
because of training time clashing with other commit-
ments, and 60 participants completed a second MRI
scan. No adverse events related Baduanjin exercise
and brisk walking occurred during the intervention
period. The baseline characteristics of the 69 MRI
participants are shown in Table 1. There were no sig-
nificant differences between the three groups in these
baseline characteristics including age, gender, educa-
tion, smoking, alcohol consumption, hypertension, or
other medical history among the three groups.

During intervention period, there was no signifi-
cant difference in sedentary time and low-intensity
activity time among the three groups (p > 0.05), but
the moderate-intensity activity time in the Baduan-
jin group and brisk walking group was significantly
longer than in the control group (p < 0.001) (Table 1).

Cognitive measurements

The total scores and subscores of the MoCA and
WMS-CR are shown in Table 2. There were no signif-
icant differences between the three groups at baseline
(pre-intervention) except for the subscores of men-
tal control (100-0) in the WMS-CR (p = 0.019).
After the 24-week intervention, multiple compar-
isons ANOVA found that the BDJ group showed
significant increases in the MoCA scores (p = 0.005),
the WMS-CR total scores (p = 0.008), WMS-MQ
(p = 0.011), and mental control (p = 0.016) and com-
prehension memory (p = 0.008) subscores compared
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Table 1
Demographics of the study participants

Characteristics BDJ (n = 23) BWK (n = 23) UPA (n = 23) F/χ2 value p value

Age 65.79 ± 4.35 64.88 ± 3.30 65.86 ± 5.28 0.488 0.783
Gender (n) 6/17 11/12 6/17 3.261 0.196
Education (Primary school/Junior high school/Senior

high school/More than a high school) (n)
3/8/6/6 3/7/12/1 4/5/8/6 6.900 0.330

Smoking(Yes/No) (n) 22/1 20/3 22/1 1.725 0.422
alcohol(Yes/No) (n) 22/1 17/6 21/2 5.367 0.068
Hypertension (Yes/No) (n) 11/12 13/10 15/8 1.415 0.493
Hyperlipidemia (Yes/No) (n) 16/7 19/4 18/5 1.139 0.566
Diabetes (Yes/No) (n) 21/2 22/1 21/2 0.431 0.806
ADL scores 14.00 ± 0.00 14.00 ± 0.0 14.00 ± 0.0 NA NA
Depression (GDS scores) 6.09 ± 2.98 4.57 ± 2.68 5.26 ± 2.75 1.694 0.192
Activity time during intervention period
Sedentary time (hours) 4.70 ± 1.34 4.29 ± 1.45 4.85 ± 1.39 0.904 0.411
Low intensity activity (hours) 3.35 ± 2.04 4.24 ± 1.99 3.25 ± 1.87 3.703 0.157
Moderate intensity activity (hours) 1.45 ± 0.71 0.97 ± 0.75 0.53 ± 0.53 19.854 < 0.001

BDJ: Baduanjin exercise group; BWK: brisk walking group; UPA: usual physical activity control group. GDS: geriatric depression scale.
ADL: activities of daily living.

Table 2
Comparison of global cognitive function and memory at baseline and 6-months among groups. Mean (SD)

Memory time UPA (n = 20) BWK (n = 20) BDJ (n = 20) P value

MoCA Baseline 20.83 (3.27) 21.65 (2.35) 22.30 (2.40) 0.186
6-month 21.80 (3.65) 22.45 (2.40) 24.30 (1.78)a,b 0.015

WMS-CR Baseline 76.83 (15.65) 85.43 (15.23) 84.87 (17.84) 0.142
6-month 87.30 (20.69) 93.84 (12.65) 101.2 (13.14)a 0.029

WMS-MQ Baseline 93.57 (14.84) 101.74 (13.71) 100.91 (16.78) 0.140
6-month 103.2 (19.78) 109.63 (11.65) 115.6 (11.33)a 0.037

Mental control (0–100) Baseline 7.30 (3.08) 9.00 (2.81) 8.83 (2.41) 0.119
6-month 7.45 (3.43) 9.58 (2.24)a 9.60 (2.35)a 0.023

Mental control (100-0) Baseline 7.17 (3.53) 9.74 (2.30) 9.22 (3.28) 0.019
6-month 8.40 (3.90) 9.74 (1.97) 9.90 (2.51) 0.419

Mental accumulation Baseline 9.52 (2.63) 9.83 (2.96) 10.65 (2.60) 0.288
6-month 9.95 (2.98) 10.74 (1.70) 10.70 (2.23) 0.703

picture recall Baseline 7.26 (3.12) 7.83 (2.55) 8.52 (3.03) 0.378
6-month 8.85 (3.07) 9.58 (2.43) 10.1 (2.92) 0.379

Picture recognition Baseline 8.52 (3.52) 9.35 (2.79) 8.96 (2.46) 0.817
6-month 9.90 (3.24) 9.95 (3.44) 11.05 (2.24) 0.498

Picture reproduction Baseline 8.00 (2.68) 7.78 (2.47) 8.04 (2.44) 0.789
6-month 9.20 (2.73) 8.37 (3.06) 10.50 (2.14)b 0.036

Associative learning Baseline 6.78 (2.95) 7.04 (3.16) 5.96 (3.32) 0.477
6-month 8.55 (3.20) 9.84 (2.65) 10.10 (2.58) 0.120

Touch Baseline 8.26 (1.54) 8.48 (1.86) 8.22 (2.19) 0.659
6-month 9.40 (4.07) 9.26 (2.47) 10.00 (3.29) 0.765

Comprehension memory Baseline 7.00 (2.47) 8.17 (2.23) 7.87 (2.16) 0.207
6-month 8.05 (2.21) 8.84 (1.64) 9.90 (1.68)a 0.009

Digit span Baseline 6.57 (3.34) 8.22 (4.00) 8.52 (3.33) 0.143
6-month 7.45 (3.07) 7.95 (3.84) 9.35 (3.47) 0.208

BDJ: Baduanjin exercise group; BWK: brisk walking group; UPA: usual physical activity control group. aP < 0.05 compared to UPA,
bp < 0.05 compared to BWK.

with the UPA group. Compared to the BWK group,
the BDJ group showed significant increases in the
MoCA total scores (p = 0.036), and the picture repro-
duction subscores (p = 0.030) of the WMS-CR, while
the BWK group showed significant increases in the
mental control subscores of the WMS-CR compared
to the UPA group (p = 0.018).

VBM analysis results

At baseline, there were no significant differences
in the GMV of any brain region between the three
groups. After 24 weeks of intervention, when com-
pared BDJ group to the UPA group we found
significant GMV increases in the temporal gyrus
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Table 3
Overlap cluster volume between BDJ group and UPA group

Brain regions Cluster Peak MNI peak
size score coordinate (mm)

x-axis y-axis z-axis

BDJ > UPA Left superior temporal gyrus/medial temporal gyrus 50 4.1501 –60 –42 9
Right superior frontal gyrus/ middle frontal gyrus 72 4.412 36 54 19.5
Right medial frontal gyrus 127 3.861 52.5 34.5 18
Right temporal medial gyrus/ occipital medial lobe 53 4.292 51 –67.5 28.5
Left cingulate gyrus 59 3.3676 –3 –7.5 34.5
Left superior parietal gyrus 47 3.7661 –36 –69 49.5
Right inferior parietal gyrus/angular 39 3.7455 46.5 –67.5 48

UPA > BDJ Right parietal lobe/posterior central gyrus 35 4.0374 57 –27 51

BDJ: Baduanjin exercise group; BWK: brisk walking group; UPA: usual physical activity control group.

Fig. 1. Difference of gray matter density between the Baduanjin (BDJ) group and usual physical activity (UPA) control group before and
after intervention. A: Brain areas with increased gray matter volume before and after intervention in the BDJ group compared with the UPA
group: Left superior temporal gyrus, medial temporal gyrus, right superior frontal gyrus, middle frontal gyrus, right medial frontal gyrus,
right temporal medial gyrus, occipital medial lobe, left cingulate gyrus, left superior parietal gyrus, right inferior parietal gyrus, angular; B:
right parietal lobe and posterior central gyrus showed decreased gray matter volume in the BDJ group compared with the UPA group.

(medial and superior), frontal gyrus (medial and supe-
rior), parietal gyrus (superior and inferior), medial
occipital gyrus, cingulate gyrus, and angular gyrus;
significantly GMV decreases in the postcentral gyrus
(Table 3 and Fig. 1). Compared to the BWK group,
the following area volumes, including the right frontal
gyrus, precentral gyrus, occipital gyrus (superior and
medial), were significantly larger in the BDJ group;
significantly GMV decreases in the right posterior
gyrus, right superior temporal gyrus, occipital gyrus,
right precuneus gyrus and left superior frontal gyrus
(Table 4 and Fig. 2). Compared to UPA group, the area

volumes including the left thalamus, frontal gyrus,
right corpus callosum, right anterior cingulate, ven-
tral anterior nucleus, right occipital lobe, left inferior
parietal gyrus and precuneus were significantly larger
in the BWK group (Table 5 and Fig. 3).

Additional correlation analyses

To investigate the association between the GMV
changes and cognitive outcome changes (i.e., only
the cognitive outcomes that showed a significant dif-
ference among groups). We extracted the average
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Fig. 2. Difference in gray matter density between the Baduanjin (BDJ) group and the brisk walking (BWK) group before and after the
intervention. C: Brain areas with increased gray matter volume in the BDJ group compared with the BWK group: Right frontal lobe, right
precentral Gyrus, right supraital Occipital gyrus, right occipital middle gyrus, right frontal lobe; D: compared with the BWK group, there was
a decrease in gray matter volume in the BDJ group before and after the intervention: right cerebellar posterior lobe, right superior temporal
gyrus, right occipital lobe, right precuneus lobe, left superior occipital gyrus, left superior frontal gyrus.

Fig. 3. Difference in gray matter density between the brisk walking (BWK) group and usual activity physical (UPA) control group before
and after the intervention. E: Brain areas with increased gray matter volume in the BWK group compared with the UPA group: left thalamus,
right frontal lobe, right corpus callosum, right anterior cingulate gyrus, left thalamus, ventrolateral nucleus, right occipital lobe, precuneus,
left inferior parietal lobe, right frontal lobe and precuneus.

GMV values of the significantly altered clusters
(shown in Table 3–5) and performed a partial
correlation analysis. After adjusting for age, gen-
der and education factors, the results showed that
the increased GMV in the right medial temporal
gyrus was significantly associated with improve-
ment in the MoCA total scores (p = 0.036, r = 0.342)
(Fig. 4).

DISCUSSION

The present study aimed to investigate the effect
of a 24-week training protocol in Baduanjin, a
traditional Chinese mind-body exercise, on global
cognitive function, memory and gray matter vol-
ume (GMV) of the brain in older adults with MCI.
We found that compared with the usual physical
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Table 4
Overlap cluster volume between BDJ group and BWK group

Brain regions Cluster Peak MNI peak
size score coordinate (mm)

x-axis y-axis z-axis

BDJ > BWK Right frontal lobe, right precentral gyrus 37 4.8122 61.5 1.5 28.5
Right supraital occipital gyrus, right occipital middle gyrus 46 4.8631 33 –85.5 28.5
Right frontal lobe, 43 3.8707 19.5 –24 55.5

BWK > BDJ Right cerebellum posterior lobe 74 3.8879 3 –60 –46.5
Right superior temporal gyrus 47 3.5091 40.5 –46.5 13.5
Right occipital lobe, precuneus 47 4.1311 18 –69 18
Left superior occipital gyrus 61 3.7253 –37.5 –90 22.5
Left superior frontal gyrus 46 4.4301 –19.5 12 67.5

BDJ: Baduanjin exercise group; BWK: brisk walking group; UPA: usual physical activity control group.

Table 5
Overlap cluster volume between BWKgroup and UPA group

Brain regions Cluster Peak MNI peak
size score coordinate (mm)

x-axis y-axis z-axis

BWK > UPA Left thalamus 68 3.6353 –6 –6 12
Right frontal lobe 66 4.525 39 –4.5 195
Right corpus callosum 40 4.1164 16.5 27 12
Right anterior cingulate 36 4.5263 6 36 12
Left thalamus, ventrolateral nucleus 151 3.7626 –9 –7.5 18
Right occipital lobe, precuneus 45 4.1333 –4.5 –9 33
Left inferior parietal lobe 35 4.0419 –37.5 –58.5 45
right frontal lobe, precuneus 58 4.933 1.5 –48 61.5

BDJ: Baduanjin exercise group; BWK: brisk walking group; UPA: usual physical activity control group.

Fig. 4. The gray matter density in right middle temporal gyrus
were positively correlated with MoCA scores. Scatter plots show
the significant associated between GMV increase in right middle
temporal gyrus (post-pre) and improvement in MoCA scores (post-
pre) adjusted for age, gender and education.

activity control group, the Baduanjin exercise group
showed significantly increased the GMV in the tem-
poral gyrus, frontal gyrus, parietal gyrus, medial
occipital gyrus, cingulate gyrus and angular gyrus;
significantly improved MoCA scores, WMS-CR total
scores, WMS-MQ, mental control, and comprehen-
sion subscores. We also found that the Baduanjin

exercise group had improved MoCA scores and
WMS-CR scale picture reproduction subscores, and
increased GMV in the right frontal gyrus, precentral
gyrus and occipital gyrus compared with the BWK
group. In addition, this study found that the right
medial temporal gyrus was significantly associated
with improvement in the MoCA-scores.

Baduanjin exercise is one of most popular tradi-
tional Chinese mind-body exercises in China, which
may date back to the Song Dynasty (960–1279).
In contrast to the conventional aerobic or resis-
tance exercise modalities, Baduanjin exercise has
several components, including physical, cognitive
and social, and it not only focuses on strengthening
physical function but also emphasizes that breathing
integrated with body motions achieves a harmo-
nious balance between body and mind, which are
believed to aid in maintaining cognition in older
adults [31]. Previous studies have suggested benefi-
cial effects of traditional Chinese mind-body exercise
on global cognitive function and memory in MCI
or healthy older adults [32, 33]. For example, in
a hybrid observational study of healthy, nonseden-
tary adults, a positive association between long-term
traditional Chinese mind-body exercise (Tai Chi)
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and preservation of cognitive function was observed
[17]. A recent cross-sectional study also reported
that traditional Chinese mind-body exercise (Tai Chi)
had a more positive association with cognitive func-
tion than did conventional aerobic exercise (brisk
walking) in older adults [34]. Our previous studies
have also shown that 12 weeks of Baduanjin train-
ing improved the WMS-CR scores in older adults
compared to the control group [23]. These results
are consistent with the present study, indicating that
Baduanjin exercise may have a positive benefit in
improving global cognitive function and memory
among older adults with MCI.

In this study, we found a significant gray matter
volume (GMV) increase in the temporal lobe after
Baduanjin exercise, moreover, the gray matter vol-
ume of right medial temporal lobe was significantly
correlated with the MoCA score. As we all known,
atrophy of the medial temporal lobe exacerbates brain
aging, and it can lead to decreased memory and cog-
nitive function [35], previous study has identified
medial temporal lobe atrophy as a clinical marker
of progression from mild cognitive impairment to
dementia [36], Siddarth and colleagues [37] found the
elders with higher physical activity exhibited supe-
rior cognitive performance and thicker sub-regions of
medial temporal lobe. Our previous research has also
found significant GMV increases at the left medial
temporal lobe after Baduanjin exercise compared to
the control group among healthy older adults [23].
Current results also supported these previous find-
ings and suggested an important role for the medial
temporal lobe in the modulatory effect of Baduanjin
exercise on the preservation of cognitive function in
MCI patients.

Current study showed GMV increase in the frontal
gyrus, cingulate gyrus and occipital lobe after Bad-
uanjin and brisk walking exercise compared with
the UPA group. Tabei and colleagues [38] demon-
strated that compared to the control group, physical
exercise induces increased GMV in the frontal lobe.
Hashimoto and colleagues [39] confirmed that high
intensity aerobic exercise would increase cortical
activation of the frontal lobe. There was another study
showed that compared to omega-3 fatty acid sup-
plementation and cognitive stimulation, the aerobic
exercise combined omega-3 fatty acid supplemen-
tation and cognitive stimulation retained or even
increased the frontal, cingulate and parietal gray mat-
ter volume in MCI patients [40]. The occipital lobe is
the visual processing center of the brain and is asso-
ciated with short-term, visual and working memory

[41]. Alexopoulos et al. [42] observed lower perfu-
sion in the left middle occipital lobe in MCI patients.
Makizako et al. [43] found that a greater 6 min walk-
ing distance performance was positively linked to
better memory function and increased GMV in the
middle occipital gyrus among MCI patient. Current
study showed 24 weeks of Baduanjin and brisk walk-
ing training improved the GMV in the frontal gyrus,
cingulate gyrus and medial occipital gyrus in MCI
older adults. Our findings were consistent with these
previous results suggesting a potential role of the
frontal gyrus, cingulate gyrus and occipital gyrus in
the modulation effect of Baduanjin and brisk walking
exercise.

We also found GMV increases in the parietal
gyrus and angular gyrus after Baduanjin exercise,
and increases in thalamus, ventral anterior nucleus,
left inferior parietal gyrus and precuneus after brisk
walking training. Studies reported the older adults
with MCI compared to healthy control showed a
significant decrease in the parietal lobe [44], angu-
lar gyrus [45], bilateral thalamus and left precuneus
[46], and the atrophy of left precuneus and thala-
mus were a risk factor of memory. But our study did
not find significant positive effects of the 24-week
brisk walking intervention on cognitive behavior.
We speculate it may be that brisk walking is more
focused on the improvement of exercise ability in
the elderly, and the improvement of cognitive func-
tion may not be obvious. In addition, we also
found the significant difference of GMV in frontal
lobe, occipital gyrus, precuneus and right cerebellum
posterior lobe between Baduanjin and brisk walk-
ing group. These findings indicate the mechanisms
underlying Baduanjin and brisk walking training
may differ. Compared to brisk walking, Baduan-
jin exercise might have lower exercise intensity and
energy expenditure but emphasize more coordination
of both body and mind. A recent systematic review
on MRI studies has suggested that the exercises
with coordination of body and mind could modu-
late brain structure, mainly in in the prefrontal cortex,
hippocampus/medial temporal lobe, lateral temporal
lobe, insula, and the cingulate cortex [19].

Several possible limitations should be considered
when interpreting our findings. First, the sample size
was relatively small. Although enough subjects were
recruited in this study, only some of them consented to
the MRI scans; therefore, a future study with a larger
sample size is needed to further confirm the findings
of our study. Second, we designed a conventional
aerobic exercise (brisk walking) intervention as the
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positive control group, as studies have demonstrated
the positive effect of aerobic exercise on cognitive
function among MCI subjects [24, 47, 48], and the
aim was to compare the effect of traditional Chi-
nese mind-body exercise with aerobic exercise on
cognitive function among MCI subjects. However,
we did not observe significant positive effects of the
24-week brisk walking intervention on most of the
measured cognition-related outcomes. The possible
causes may come from not quantifying the exercise
intensity of the brisk walking program in this study.
Therefore, the present study cannot identify whether
Baduanjin exercise is superior to a brisk walking
intervention in improving cognitive function. Future
studies should quantify a participants’ exercise inten-
sity while brisk walking by measuring peak oxygen
consumption. Furthermore, because the etiology of
MCI in the subjects is not yet know, MCI disease
may response differently to different types of exer-
cise. Therefore, the mechanisms by which Baduanjin
exercise leads to improved cognition on cellular level
should be further explored. In addition, Baduanjin
exercise is one of most popular traditional Chinese
mind-body exercises in the Chinese population, and
it is difficult to blind the participants in the research
of exercise intervention; therefore, participants in this
group may have had greater subjective expectations
than other groups, which may have influenced the
results.

CONCLUSIONS

Exposure of MCI older adults to 24 weeks of Bad-
uanjin exercise improved global cognitive function
and global memory, as well as improved aspects
of memory function. Meanwhile, increased GMV
in the temporal gyrus, frontal gyrus, occipital lobe,
cingulate gyrus and parietal gyrus was observed.
Overall, our results suggest that Baduanjin might be
a promising approach to increase gray matter vol-
ume and improve cognitive function in MCI older
adults.
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Benth J, Selbæk G, et al. Visual Evaluation of Medial Tem-
poral Lobe Atrophy as a Clinical Marker of Conversion from
Mild Cognitive Impairment to Dementia and for Predicting
Progression in Patients with Mild Cognitive Impairment and
Mild Alzheimer’s Disease. Dement Geriatr Cogn Disord.
2017;44(1-2):12-24.

[37] Siddarth P, Rahi B, Emerson ND, Burggren AC, Miller KJ,
Bookheimer S, et al. Physical Activity and Hippocampal
Sub-Region Structure in Older Adults with Memory Com-
plaints. J Alzheimers Dis. 2018;61(3):1089-96.

[38] Tabei KI, Satoh M, Ogawa JI, Tokita T, Nakaguchi N, Nakao
K, et al. Physical Exercise with Music Reduces Gray and
White Matter Loss in the Frontal Cortex of Elderly Peo-
ple: The Mihama-Kiho Scan Project. Front Aging Neurosci.
2017;9:174.

[39] Hashimoto N, Yokogawa M, Kojima H, Tanaka S, Naka-
gawa T. Effect of moderate exercise intensities on the corti-
cal activity in young adults. J Phys Ther Sci. 2018;30(10):
1257-61.
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