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A B S T R A C T

Mild cognitive impairment (MCI) is a common neurological disorder. This study aims to investigate the mod-
ulation effect of Baduanjin (a popular mind-body exercise) on MCI. 69 patients were randomized to Baduanjin,
brisk walking, or an education control group for 24weeks. The Montreal Cognitive Assessment (MoCA) and
Magnetic Resonance Imaging scans were applied at baseline and at the end of the experiment. Compared to the
brisk walking and control groups, the Baduanjin group experienced significantly increased MoCA scores.
Amplitude of low-frequency fluctuations (ALFF) analysis showed significantly decreased ALFF values in the right
hippocampus (classic low-freqency band, 0.01‐0.08 Hz) in the Baduanjin group compared to the brisk walking
group and increased ALFF values in the bilateral anterior cingulate cortex (ACC, slow-5 band, 0.01-0.027 Hz) in
the Baduanjin group compared to the control group. Further, ALFF value changes in the right hippocampus and
bilateral ACC were significantly associated with corresponding MoCA score changes across all groups. We also
found increased gray matter volume in the Baduanjin group in the right hippocampus compared to the brisk
walking group and in the bilateral ACC compared to the control group. In addition, there was an increased
resting state functional connectivity between the hippocampus and right angular gyrus in the Baduanjin group
compared to the control group. Our results demonstrate the potential of Baduanjin for the treatment of MCI.

1. Introduction

Mild cognitive impairment (MCI), a prevalent and burdensome

disease in elderly adults, is believed to be the first cognitive expression
of Alzheimer's disease (AD). A study that followed individuals with MCI
older than 65 for 2 years found a cumulative dementia incidence of

https://doi.org/10.1016/j.nicl.2019.101834
Received 28 August 2018; Received in revised form 17 April 2019; Accepted 19 April 2019

Abbreviations: MCI, Mild Cognitive Impairment; MoCA, Montreal Cognitive Assessment; ALFF, low-frequency fluctuations; rsFC, resting state functional con-
nectivity; AD, Alzheimer's disease; fMRI, functional Magnetic Resonance Imaging; ACC, anterior cingulate cortex; mPFC, medial prefrontal gyrus; DLPFC, dorsal
lateral prefrontal cortex

⁎ Correspondence to: G. Zheng, School of Nursing and Health Management, Shanghai University of Medicine & Health Sciences, 279 Zhouzhu Road, Pudong New
District, Shanghai 201318, China.

⁎⁎ Correspondence to: L. Chen, College of Rehabilitation Medicine, Fujian University of Traditional Chinese Medicine, 1 Huatuo Road, Minhou Shangjie, Fuzhou,
Fujian 350122, China.

⁎⁎⁎ Correspondence to: J. Kong, Department of Psychiatry, Massachusetts General Hospital and Harvard Medical School, 120 2nd Ave, Charlestown, MA 02129,
United States of America.

E-mail addresses: zhenggh@sumhs.edu.cn (G. Zheng), 1984010@fjtcm.edu.cn (L. Chen), kongj@nmr.mgh.harvard.edu (J. Kong).
1 Contributed equally

NeuroImage: Clinical 23 (2019) 101834

Available online 22 April 2019
2213-1582/ © 2019 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
https://doi.org/10.1016/j.nicl.2019.101834
https://doi.org/10.1016/j.nicl.2019.101834
mailto:zhenggh@sumhs.edu.cn
mailto:1984010@fjtcm.edu.cn
mailto:kongj@nmr.mgh.harvard.edu
https://doi.org/10.1016/j.nicl.2019.101834
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2019.101834&domain=pdf


14.9%. Nevertheless, pharmacologic treatment for MCI is far from sa-
tisfactory (Petersen et al., 2018), highlighting the urgent need for the
development of effective non-pharmacologic treatments.

Previous studies have suggested that mind-body exercise (move-
ment-based mind-body intervention) that combines physical exercise
postures with breathing and deep relaxation (Wells et al., 2019) can
significantly improve cognitive function in individuals with MCI (Shuo
et al., 2018; Sungkarat et al., 2017, 2018). As a popular mind-body
exercise, Baduanjin is unique and much simpler to learn than other
mind-body exercises such as Tai Chi (Liao et al., 2015), making it an
optimal choice for older individuals with cognitive decline (Ho et al.,
2017). Previous studies have suggested that compared to jogging, Ba-
duanjin can prevent normal age-related memory decline, delaying the
effects of aging (Fiatarone et al., 1994). Literature suggests that Ba-
duanjin can also improve executive function in both young and older
healthy populations, improve memory function in older adults, and
modulate brain function and structure associated with cognition (Liu
et al., 2019; Tao et al., 2016, 2017a, 2017b, 2017c). These findings
further endorse the potential of Baduanjin in treating MCI. However, no
randomized controlled clinical trial has been conducted to compare the
treatment effects of Baduanjin and its underlying mechanism.

Recently, resting state amplitude of low-frequency fluctuations
(ALFF), an index of low-frequency oscillations, has gained increased
attention (Han et al., 2011; Liang et al., 2014; Tomasi et al., 2016).
Although still under investigation, studies have linked ALFF with cer-
ebral blood flow (Zou et al., 2009) and task-evoked activation (Yuan
et al., 2013) in human subjects. Unlike distant connectivity methods
that explore the association between different brain regions / networks,
an advantage of ALFF is that it can help target key regions involved in
mind-body interventions (Tao et al., 2017b; Wei et al., 2017). In ad-
dition, ALFF has demonstrated good test-retest reliability and replic-
ability among commonly used resting state-fMRI metrics (Chen et al.,
2018).

The low frequency fluctuations between 0.01 and 0.08 Hz are of
particular relevance for resting state fMRI (rs-fMRI) (Biswal et al.,
1995). This low frequency range has been further divided into several
distinct bands (Buzsáki and Draguhn, 2004), such as slow-5
(0.01–0.027 Hz) and slow-4 (0.027–0.073 Hz). Studies suggest that
spontaneous fluctuations at slow-5 (0.01–0.027 Hz) and slow-4
(0.027–0.073 Hz) may be linked with different neural processes and
cognitive functions (Birn, 2007; Buzsáki and Draguhn, 2004; Knyazev,
2007; Petersen, 2004; Veldsman et al., 2017) and are altered in patients
with MCI (Han et al., 2011).

In the present study, we investigated the treatment effects of
24 weeks of Baduanjin, brisk walking (a physical exercise of low to high
intensity that depends primarily on the aerobic energy-generating
process), and a non-exercise, health education control in patients with
MCI. We also examined the modulation effect of Baduanjin on ALFF
values in the classic low frequency bands (0.01–0.08 Hz) as well as in
the slow-4 and slow-5 bands. Finally, we investigated morphometry and
resting state functional connectivity of key regions showing ALFF
changes after Baduanjin.

2. Material and methods

2.1. Patients

This brain-imaging study was nested in a randomized controlled
trial with three parallel groups (Baduanjin, brisk walking, and a non-
exercise health education control). Of all subjects enrolled in the clin-
ical trial, approximately half of the subjects in each group were ran-
domly selected to undergo MRI/fMRI brain scans. This manuscript fo-
cuses on the participants with MRI/fMRI data. Ethics approval was
obtained from the Medical Ethics Committee of the Second People's
Hospital of Fujian Province. We also registered this study in the Chinese
Clinical Trial Registry (ChiCTR) (ChiCTR-ICR-15005795). All subjects

provided informed consent before the initiation of study procedures.
Details of the study protocol can be found in our published manuscript
(Zheng et al., 2016).

MCI patients aged 60 years or older from Fuzhou City that had not
participated in regular physical exercise for at least half a year (exercise
with a frequency of at least twice a week and 20min per session) were
enrolled. All MCI diagnoses were determined by study physicians based
on the Petersen diagnostic criteria (Petersen, 2004). Inclusion criteria
included: memory problems with Montreal Cognitive Assessment
(MoCA) score < 26 (if years of education≤12, one point was added
to the patient's score), cognitive decline in accordance with age and
education, intact activities of daily living (ADL) (Lawton–Brody ADL
score < 18), and absence of dementia (Global Deterioration Scale
score at 2 or 3).

The exclusion criteria were: resistant hypertension, severe visual or
hearing loss, evidence of severe psychiatric conditions (such as active
suicidal ideation, schizophrenia), Geriatric Depression Scale (GDS)
score≥ 10, current severe medical conditions for which exercise is
contraindicated, history of alcohol or drug abuse, and participation in
other clinical studies. Individuals taking any medications that affect
cognitive function were excluded from the study.

2.2. Intervention

2.2.1. Baduanjin
Participants in the Baduanjin group received 24weeks of Baduanjin

training (based on the Health Qigong Baduanjin Standard; Health
Qigong Management Center of General Administration of Sport of
China, 2003) with a frequency of 3 days/week, 60min/day. The Ba-
duanjin exercise consisted of 10 postures: (1) preparation posture, (2)
prop up the sky with two hands to regulate tri-jiao, (3) draw a bow on
both sides like shooting a vulture, (4) raise a single arm up to regulate
spleen and stomach, (5) look back to treat five strains and seven im-
pairments, (6) shake head and buttocks to expel heart (xin)-fire, (7) pull
toes with both hands to reinforce the kidney (shen) and waist, (8)
clench one's fist and glare to increase strength, (9) rise and fall on tiptoe
seven times to treat all disease, and (10) ending posture. Each session
included a 15-min warm-up, 40-min Baduanjin training, and 5-min cool
down. Two professional coaches with over 5 years of Baduanjin
teaching experience at the Fujian University of Traditional Chinese
Medicine were employed to guide participants' training. A research staff
member also participated in all training sessions to record the atten-
dance of each subject. In addition, subjects received health education as
described below.

2.2.2. Brisk walking
Participants in the brisk walking group received 24weeks of brisk

walking training at a community center with a frequency of 3 days a
week for 60- min a day (15-min warm up, 40- min of brisk walking, and
5-min cool down). Professional coaches were employed to guide par-
ticipants' training. The intensity of exercise was controlled by mon-
itoring participants' heart rates at 55–75% of their heart rate reserve
through the Polar Heart Rate Monitor. Similar to the Baduanjin group, a
research staff member also participated in all training sessions to record
the attendance of each subject. Subjects also received health education
as described below.

2.2.3. Non-exercise health education control
Subjects in the non-exercise control group were required to main-

tain their original physical activity levels and did not receive any spe-
cific exercise interventions. In addition, similar to the other two groups,
health education was provided every 8 weeks for 30min per session. In
these sessions, participants were educated on ways to prevent the de-
velopment of MCI.
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2.3. Cognitive function measurement

We used the Chinese Beijing version of the MoCA scale, a cognitive
screening instrument created and validated to detect MCI, as our pri-
mary outcome measure. MoCA is a brief (about 10-min) test that
evaluates visuospatial/executive functions, naming, verbal memory
registration and learning, attention, abstraction, 5-min delayed verbal
memory, and orientation with a total score of 0–30 (a higher score
equates to better function) (Yu et al., 2012; Zheng et al., 2016). The
MoCA was measured at baseline and within 1 week after the 24-week
intervention.

2.4. Structural and functional MRI data acquisition

We applied two identical fMRI scanning sessions for each partici-
pant, one at baseline and another after the end of the 24-week inter-
vention. The fMRI data were acquired on a 3.0-T GE scanner (General
Electric, Milwaukee, WI, USA) with an eight-channel phased-array head
coil. Subjects were asked to stay awake and remain motionless during
the scan with their eyes closed and ears plugged. The scanning para-
meters were as follows: resting state functional MRI, TR=2100ms,
TE= 30ms, flip angle= 90°, voxel size= 3.125mm×3.125mm×
3.6mm, 42 axial slices, field of view (FOV)= 200mm×200mm,
phases = 160; T1-weighted images: voxel size 1×1×1mm3, 240mm
FOV, and 164 slices in acquisition.

2.5. Behavioral data analysis and statistics

Behavioral data analysis was performed using IBM SPSS Statistics
software (IBM Inc., Armonk, NY, USA). One-way ANOVA and chi-
square tests were applied to compare the baseline characteristics of
subjects. Analysis of covariance (ANCOVA) was applied to compare
changes (post-treatment minus pre-treatment) in MoCA scores across all
groups with age (years), gender, education, and baseline MoCA scores
included as covariates (Dimitrov and Rumrill, 2003).

2.6. ALFF value calculation

Resting-state fMRI data preprocessing and ALFF value calculation
were performed using Data Processing & Analysis of Brain Imaging
(DPABI) (http://rfmri.org/dpabi) (Yan et al., 2016) in MATLAB
(Mathworks Inc., Natick, MA, USA) based on Statistical Parametric
Mapping (SPM 12). The data preprocessing was similar to our previous
study (Tao et al., 2017b). The first 5 volumes of functional data for each
subject were discarded for signal equilibrium and subject adaptation to
the imaging noise. The remaining volumes were slice-timing corrected,
within-subject spatially realigned, co-registered to the respective
structural images for each subject, and then segmented. Subjects were
excluded if head movement was>3 standard deviations from the mean
image intensity. To perform subject-level head motion correction, the
Friston 24-parameter model (Friston et al., 1996; Yan et al., 2013) was
used. Images were normalized using structural image unified segmen-
tation and then re-sampled to 3-mm cubic voxels. After smoothing with
an 8mm full width at half maximum (FWHM) kernel, the linear and
quadric trends of the time courses were removed. Similar to previous
studies, no temporal filtering was implemented during preprocessing
(Han et al., 2011).

In this study, we applied three frequency bands: classic low-fre-
quency (0.01–0.08 Hz), slow-4 (0.027–0.073Hz), and slow-5
(0.01–0.027 Hz). Since the classic low frequency band is widely applied
in resting state functional connectivity analysis, we defined the classic
low frequency band as the primary frequency band and slow-4 and
slow-5 bands as exploratory frequency bands in data analysis.

To explore the differences among the three groups after treatment,
we used a flexible factorial module in SPM12 with two factors for group
analysis. The first factor (group) had three levels (Baduanjin, brisk

walking, and non-exercise), and the second factor (time points) had two
levels (pre- and post-treatment). Age (years), gender, education, and
baseline MoCA scores were also included in the analysis as covariates of
non-interest. A threshold of voxel-wise p < .005 uncorrected with 20
continuous voxels was used for the main effect of group analysis, and
voxel-wise p < .005 uncorrected with cluster-level p < .05 false dis-
covery rate (FDR) corrected was applied for the post-hoc analysis.

To explore the association between the ALFF value changes ob-
served above and cognitive function changes, we extracted the ALFF
values of some key regions (brain regions involved in cognition and
memory) that showed significant differences after Baduanjin exercise as
compared with other groups and subsequently performed a multiple
regression analysis, including age (years), gender, education, group,
and baseline MoCA scores as covariates across all groups.

2.7. Region-of-interest Voxel-Based Morphometry (VBM) analysis

We found significantly decreased ALFF values in the right hippo-
campus in the Baduanjin group compared to the brisk walking groups in
our primary outcome band (classic low frequency band). Further, we
found significantly increased ALFF values in the bilateral ACC in the
slow-4 band in the Baduanjin group compared to the control group, and
the ALFF value changes in the right hippocampus and bilateral ACC
were significantly associated with corresponding MoCA score-changes
(see Results for more details). To investigate whether there were
structural changes in the two brain regions (right hippocampus and
bilateral ACC), similar to the methods of Andrew et al. (Andrew et al.,
2018), we conducted a region-of-interest voxel-based morphometry
(VBM) analysis.

The MRI data preprocessing in this study was identical to that of our
previous study (Tao et al., 2017c) Voxel-based morphometry (VBM)
analysis was performed with SPM12. After T1 images of all participants
were segmented into gray matter, white matter, and cerebrospinal
fluid, a group-specific template was created. The images were then
normalized using the high dimensional DARTEL algorithm into the
standard Montreal Neurological Institute (MNI) space. Spatial
smoothing was conducted with an 8mm FWHM kernel. To investigate
gray matter volume (GMV) differences among the three groups, a
flexible factorial design module with two factors (i.e., group with three
levels and time with two levels) was applied. Age (years), gender,
education, and baseline MoCA score were also included in the model as
covariates. An absolute threshold of 0.1 was used for masking. Total
intracranial volume was obtained by summing up the overall volumes
of gray matter, white matter, and cerebrospinal fluid. A threshold of
voxel-wise p < .005 uncorrected with 20 continuous voxels was used
for the main effect of group analysis, and voxel-wise p < .005 un-
corrected with cluster-level p < .05 false discovery rate (FDR) cor-
rected was applied for the post-hoc analysis. The two ROIs of right
hippocampus and bilateral ACC were defined from the ALFF results. We
extracted participant-specific raw GMV from the smoothed gray matter
images for all voxels within each ROI and performed ANCOVA analysis
to compare group changes (post-treatment minus pre-treatment) across
all groups with age (years), gender, education, baseline ROI volume,
and baseline MoCA scores as covariates.

2.8. Seed-to-voxel correlational analyses

We found a significant association between the ALFF values and
corresponding MoCA scores in the right hippocampus in the
0.01–0.08 Hz band and in the bilateral ACC in the 0.01–0.027 Hz band.
We thus used the peak MNI coordinates of the right hippocampus
(24,−12,-21), which had significantly decreased values in the
Baduanjin group compared to the brisk walking group, and the peak
MNI coordinates of the bilateral ACC (3,12,36), which had significantly
increased ALFF values in the Baduanjin group compared to the control
group, as seeds with 4mm diameter for seed-to-whole brain voxel
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correlational analysis to investigate the effects of Baduanjin exercise on
long-range functional connectivity.

Seed-to-voxel correlational analyses were calculated by applying the
functional connectivity (CONN) toolbox v17.C (http://www.nitrc.org/
projects/conn) in MATLAB (Mathworks, Inc., Natick, MA, USA), similar
to our previous studies (Egorova et al., 2015; Liu et al., 2016, 2019;
Song et al., 2017; Tao et al., 2017a). The preprocessing included slice-
timing, realignment, coregistration to subjects' respective structural
images, normalization, and smoothing with an 8-mm FWHM kernel. We
employed segmentation of gray matter, white matter, and cerebrospinal
fluid (CSF) areas for the removal of temporal confounding factors
(Whitfield and Nieto, 2012). Band-pass filtering was performed with a
frequency window of 0.01–0.089 Hz. ART was used to identify outlier
time points in the motion parameters and global signal intensity. We
treated images as outliers if composite movement from a preceding
image exceeded 0.5mm, or if the global mean intensity was> 3 SDs
from the mean image intensity for the entire resting scan. Outliers were
included as regressors in the first-level general linear model along with
motion parameters.

First-level correlation maps were produced by extracting the re-
sidual BOLD time course from each seed and by computing Pearson's
correlation coefficients between that time course and the time courses
of all other voxels in the brain. Correlation coefficients were Fisher
transformed into “Z” scores to increase normality and improve second-
level General Linear Model analyses. Whole-brain group analysis was
applied using ANCOVA to compare the right hippocampus/bilateral
ACC functional connectivity changes between different groups adjusted
for age, gender, education, and baseline MoCA score. A threshold of
voxel-wise p < .005 uncorrected with 20 continuous voxels was used
for the main effect of group analysis, and voxel-wise p < .005 un-
corrected with cluster-level p < .05 false discovery rate (FDR) cor-
rected was applied for the post-hoc analysis.

Region-of-interest functional connectivity analysis: In our previous
study (Tao et al., 2016), we found significantly increased rsFC between
the left/right/bilateral hippocampus and medial prefrontal cortex
(mPFC) in Tai Chi Chuan (another popular mind-body exercise) and
Baduanjin groups (albeit at a lower threshold) compared to a health
education control group after 12 weeks of training in older adults. Using
the mPFC as a seed, we also found that compared with a health edu-
cation control, 12-week Baduanjin training can significantly alter rsFC
with other brain regions related to cognitive function, such as the ACC
and supramarginal gyrus in older adults (Liu et al., 2019). In this study,
we defined the mPFC as an a priori region of interest (ROI) using Au-
tomated Anatomical Labeling (AAL) (bilateral superior and orbital
medial frontal) based on a threshold of p < .005 to investigate whether
the rsFC between the hippocampus and mPFC can be modulated after
Baduanjin intervention in patients with MCI. To correct for multiple
comparisons, Monte Carlo simulations using 3dFWHMx and 3dClustSim
(AFNI (https://afni.nimh.nih.gov)) were applied for the ROI.

3. Results

Sixty-nine MCI patients completed the baseline behavioral test and
fMRI scan (Baduanjin group n= 23, brisk walking group n=23, and
non-exercise group n=23). 57 subjects finished the whole study and
were included in data analysis (Baduanjin group n=20, brisk walking
group n=17, and non-exercise group n=20). Three subjects were
dropped from the Baduanjin group (one subject withdrew voluntarily
and two were unwilling to participate in the second MRI scan). Six
subjects were dropped from the brisk walking group (one withdrew
voluntarily, one was unwilling to participate in the second MoCA test,
one was lost to follow-up, and three had poor-quality MRI data). Three
subjects were dropped from the control group (one was lost to follow-
up and two were unwilling to participate in the second MoCA test). No
subject reported taking additional pharmacological treatment during
the training.

3.1. Behavioral results

Baseline characteristics and MoCA scores of participants are listed in
Table 1. There were no significant differences in age, gender, education,
GDS scores, or MoCA scores among the three groups at baseline. The
attendance rate (mean ± SD) for the Baduanjin and brisk walking
groups were 0.842 ± 0.100 and 0.838 ± 0.116, respectively. There
were no significant differences in attendance during training between
the two exercise groups (p= .927).

ANCOVA showed a significant difference in MoCA score changes
(post-treatment minus pre-treatment) among the three groups
(F2,50= 4.311, p= .019). Post-hoc analysis showed the Baduanjin
group had a significant increase in MoCA scores compared to the non-
exercise group (p= .050) and the brisk walking group (p= .037), and
there was no significant difference between the brisk walking group and
the non-exercise group after SIDAK correction (Table 1).

3.2. Resting-state fMRI data analysis results (ALFF value)

3.2.1. ALFF value in the classic low-frequency band (0.01–0.08 Hz)
We found a significant main effect of group in the left medial pre-

frontal cortex (mPFC), right hippocampus, and left dorsal lateral pre-
frontal cortex (DLPFC). Post-hoc analysis revealed that the Baduanjin
group had significantly decreased ALFF values in the right hippo-
campus compared to the brisk walking group and increased ALFF va-
lues in the left mPFC compared to the brisk walking group. No other
significant group difference was found above the threshold we set
(Fig. 1 A1, Table 2, and Supplementary Table 1).

Partial correlation analysis revealed a significant negative associa-
tion between the ALFF value change in the right hippocampus and the
corresponding MoCA score changes across all groups adjusted for age,
gender, education, groupID, and baseline MoCA score (r=−0.291,
p= .036; Fig. 1 A2).

Table 1
Demographics of study participants and clinical outcome results.

Characteristics Baduanjin (n= 20) Walking (n=17) Control (n= 20) F or chi-square value p value

Agea (mean (SD)) 66.17(4.17) 64.32(2.60) 65.97(5.66) 0.945 0.395
Genderb (male/female) 5/15 7/10 6/14 1.148 0.563
Educationb (1/2/3/4) 3/6/6/5 2/5/9/1 3/4/8/5 4.016 0.675
GDSa (mean (SD)) 6.05(2.84) 4.18(2.65) 5.50(2.76) 2.204 0.120
Pre-MoCAa (mean (SD)) 22.45(2.16) 21.47(2.27) 21.00(2.36) 2.035 0.141
MoCA changec (mean (SD)) 2.10(2.25) 0.88(1.96) 1.10(1.48) 4.311 0.019

a p values were calculated with one-way analysis of variance.
b p values were calculated with a chi-square test.
c p values were calculated with ANCOVA. Education 1: primary school; 2: middle school; 3: high school; 4: college and above. Baduanjin: Baduanjin group;

Walking: brisk walking group; Control: non-exercise group; MoCA change: post-treatment MoCA score minus pre-treatment MoCA score.
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3.2.2. ALFF value in the slow-4 band (0.027–0.073 Hz)
We found a significant main effect of group in the bilateral lingual

gyrus, left cerebellum, right angular gyrus, right mPFC, and left DLFPC.
Post-hoc analyses revealed that the Baduanjin group had significantly
increased ALFF values in the right mPFC and left DLPFC and decreased
ALFF values in the right lingual gyrus/hippocampus, left lingual gyrus,
and right superior temporal gyrus compared to the control group and
increased ALFF values in the left DLPFC compared to the walking
group. No other significant group difference was observed above the
threshold we set (Fig. 1 B1 and B2, Table 2, and Supplementary
Table 1).

No significant association was detected between the ALFF values of
the hippocampus and corresponding MoCA score changes across all
subjects adjusted for age, gender, education, groupID, and baseline
MoCA score.

3.2.3. ALFF Value in the Slow-5 Band (0.01–0.027 Hz)
We found a significant main effect of group in the bilateral ACC,

bilateral DLPFC, and right insula. Post-hoc analysis showed that the
ALFF values in the Baduanjin group were significantly increased in the
bilateral ACC compared to the non-exercise group and in the left DLFPC
compared to the brisk walking group. No other significant group dif-
ference was observed above the threshold we set (Fig. 1 C1, Table 2,
and Supplementary Table 1).

Regression analysis revealed a significant positive association be-
tween ALFF value change in the cluster of the bilateral ACC and cor-
responding MoCA score changes adjusted for age, gender, education,
groupID, and baseline MoCA score across all subjects (r=0.309,
p= .025; Fig. 1 C2).

3.3. Region-of-interest voxel-based morphometry (VBM) analysis results

For whole-brain VBM analysis, we found a significant main effect of
group in the left middle temporal gyrus, right middle orbital gyrus, left
superior parietal gyrus, bilateral DLPFC, right supramarginal gyrus, left
cerebellum, bilateral orbital prefrontal gyrus, right precentral gyrus,
right inferior temporal gyrus, and right precuneus (Supplementary
Table 2). For post-hoc analysis, we did not find any significant group
difference above the threshold we set among the three groups.

For region-of-interest VBM analysis, we found significantly GMV
changes in the right hippocampus among the three groups (p= .018,
F2,50= 4.31). Post-hoc analysis showed significantly increased GMV in
the Baduanjin group compared to the brisk walking group (p= .015)
after intervention, and no other significant group difference was found
after SIDAK correction [GMV change (post-treatment minus pre-treat-
ment), mean (SD), in Baduanjin group: 0.009(0.005); brisk walking
group: −0.013(0.05); control group: −0.002(0.005)]. There was also
significant GMV changes in the bilateral ACC among the three groups
(p= .002, F2,50= 7.32). Post-hoc analysis showed significantly in-
creased GMV in the Baduanjin group compared to the control group
(p= .001), and no other significant group difference was found after
SIDAK correction in the bilateral ACC [GMV change, mean (SD), in
Baduanjin group: 0.229(0.005); brisk walking group: 0.214(0.06);
control group: 0.201(0.005)].

In addition, we explored the association between the VBM results
and clinical outcomes and found no significant association between
baseline hippocampal/ACC volume and corresponding MoCA scores
and between the percentage changes of hippocampal/ACC volume and
corresponding MoCA scores (association between hippocampal volume
and corresponding MoCA score at baseline, p= .13; association

Fig. 1. Brain regions with significant ALFF value change in different bands and scatter plots showing the association between ALFF values of the significant cluster
and corresponding MoCA scores. (A) ALFF value changes in the classic-low frequency band (0.01–0.08 Hz). (A1) Compared to the brisk walking group, Baduanjin
significantly decreased ALFF value in the right hippocampus. (A2) Scatter plots showing the association between ALFF value change of the right hippocampus and
corresponding MoCA score changes adjusted for age, gender, education, groupID, and baseline MoCA score. (B) ALFF value changes at 0.027–0.073 Hz. (B1)
Baduanjin significantly increased ALFF value in the right mPFC compared to the control group; (B2) Baduanjin significantly decreased ALFF value in the right
hippocampus compared to the control group. (C) ALFF value changes at 0.01–0.027Hz. (C1) Compared to the control group, Baduanjin significantly increased ALFF
value in the bilateral anterior cingulate cortex. (C2) Scatter plots showing the association between ALFF value change of the anterior cingulate cortex and corre-
sponding MoCA score changes adjusted for age, gender, education, groupID, and baseline MoCA score.

Table 2
Comparison of ALFF values at different bands among experimental groups.

Band Contrast Brain region Cluster T value Z value MNI coordinates

X Y Z

0.01–0.08 Hz (classic low-frequency band) Baduanjin > Control No brain region above the threshold
Control > Baduanjin No brain region above the threshold
Baduanjin > Walking Left mPFC 166 4.26 3.94 -12 45 30
Walking > Baduanjin Right hippocampus 127 3.86 3.61 24 -12 −21
Walking > Control No brain region above the threshold
Control > Walking No brain region above the threshold

0.027–0.073 Hz (Slow-4 band) Baduanjin > Control Right mPFC 76 4.49 4.12 9 66 0
Left DLPFC 80 3.95 3.68 −18 33 48

Control > Baduanjin Right lingual gyrus/hippocampus 111 4.87 4.42 21 −45 −9
Left lingual gyrus 65 5.8 5.09 −21 −48 −9
Right superior temporal gyrus 64 3.75 3.52 54 −30 9

Baduanjin > Walking Left DLFPC 80 3.86 3.61 −21 54 9
Walking > Baduanjin No brain region above the threshold
Walking > Control No brain region above the threshold
Control > Walking No brain region above the threshold

0.01–0.027Hz (Slow-5 band) Baduanjin > Control Bilateral ACC 172 4.94 4.46 3 12 36
Control > Baduanjin No brain region above the threshold
Baduanjin > Walking Left DLFPC 182 4.52 4.14 −36 45 27
Walking > Baduanjin No brain region above the threshold
Walking > Control No brain region above the threshold
Control > walking No brain region above the threshold

mPFC: medial prefrontal cortex; ACC: anterior cingulate cortex; DLPFC: dorsal lateral prefrontal cortex; Baduanjin: Baduanjin group; Walking: Brisk walking group;
Control: non-exercise group.
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between the percentage changes of hippocampal volume and corre-
sponding MoCA score, p= .85; association between ACC volume and
corresponding MoCA score at baseline, p= .51; association between the
percentage changes of ACC volume and corresponding MoCA score,
p= .29). Age, gender, education, and groupID were also adjusted for
during the analysis.

3.4. Seed-based resting state functional connectivity results

3.4.1. Results using right hippocampus as seed
Seed-to-voxel rsFC analysis using the right hippocampus as a seed

showed a significant main effect of group in the left insula, left inferior
temporal gyrus, and right angular gyrus among the three groups
(Supplementary Table 3). Post-hoc analysis showed increased rsFC
between the hippocampus and right angular gyrus in the Baduanjin
group compared to the control group, and no other significant group
difference was found above the threshold we set (Table 3). We did not
find significant rsFC changes between the mPFC and hippocampus
among the three groups above the threshold we set. At a lower
threshold (voxel-wise p < .005 uncorrected), we found significantly
increased rsFC between the left mPFC and hippocampus in the Ba-
duanjin group compared to the control group (peak MNI coordinate: -6
69 24, 6 continuous voxels).

We did not find any significant association between the significantly
increased rsFC and corresponding MoCA scores adjusted for age,
gender, education, groupID, and baseline MoCA score.

3.4.2. Results using bilateral ACC as seed
We found a significant main effect of group in the left central op-

erculum and bilateral cerebellum among the three groups
(Supplementary Table 3). For post-hoc analysis, we did not find any
group difference above the threshold we set using the bilateral ACC as a
seed.

4. Discussion

In this study, we investigated the effects of 24 weeks of Baduanjin,
brisk walking, and a non-exercise control in patients with MCI. We
found that, compared to brisk walking and no exercise, Baduanjin
significantly increased cognitive function as measured by MoCA.
Resting state functional MRI data analysis showed that Baduanjin can
produce frequency-specific ALFF changes. Specifically, Baduanjin sig-
nificantly decreased ALFF value in the right hippocampus compared to
the brisk walking group in the classic low-frequency band and increased
ALFF value in the bilateral ACC compared to the control group in the
slow-5 band. Brain activity changes at the right hippocampus and bi-
lateral ACC were associated with corresponding MoCA score changes
across all groups. In addition, we found that Baduanjin produced

significantly increased GMV in the right hippocampus compared to the
brisk walking group and increased GMV in the bilateral ACC compared
to the control group. Finally, seed-to-whole-brain voxel analysis
showed significantly increased hippocampus-right angular gyrus rsFC
in the Baduanjin group compared to the control group.

4.1. Baduanjin training can improve cognitive function in patients with MCI

Our finding of Baduanjin's ability to improve MoCA scores com-
pared to other intervention groups is consistent with previous studies
that demonstrated the benefits of Baduanjin on cognitive function. For
instance, Chen et al. found that 8 weeks of Baduanjin was more effec-
tive than a relaxation exercise program in improving executive control
in college students (Chen et al., 2017). Studies from our group also
found that, compared to a health education control, 12 weeks of Ba-
duanjin practice could significantly prevent memory decline in older
adults (Liu et al., 2019; Tao et al., 2016, 2017a, 2017b, 2017c).

We did not find significant group differences between the brisk
walking group and control group in MoCA score change. This may be
related to the short duration of training, the frequency of the training,
and the small sample size. An earlier meta-analysis from Colcombe and
colleagues reported that aerobic fitness training enhances the cognitive
vitality of healthy but sedentary older adults (Colcombe and Kramer,
2003). The modulation effect of physical training on cognition has also
been recently investigated by several studies. However, the sample size
of these studies are generally small, and results have been inconsistent
(Baker et al., 2010; Colcombe et al., 2004; Smiley et al., 2008;
Themanson et al., 2006). For instance, a study from Baker showing that
aerobic exercise had sex-specific effects on cognition included only 29
adults in the primary analysis (n= 19 in the aerobic group and n=10
in the control group)(Baker et al., 2010). Colcombe et al. found that 6-
month aerobic exercise resulted in an 11% reduction in behavioral
conflict while control participants demonstrated only a 2% reduction in
interference (Colcombe et al., 2004). In a recent large-sample clinical
trial, researchers found that compared to the usual care, 12months of
high intensity aerobic and strength exercise training resulted in no
significant group differences in slowing cognitive impairment in people
with mild to moderate dementia (Sarah et al., 2018). Further study is
needed to confirm these results.

4.2. Baduanjin training significantly decreased ALFF value and increased
gray matter volume in the hippocampus

Current literature suggests that the hippocampus plays a critical role
in information storage and retrieval (Buckner et al., 2008). Studies have
demonstrated that brain morphometry, functional activity, and con-
nectivity at the hippocampus are altered in patients with MCI. For in-
stance, Ni et al. reported that, compared to cognitively normal subjects,

Table 3
Brain regions showing significant functional connectivity changes (post-treatment minus pre-treatment) with right hippocampus and bilateral ACC as seeds.

Seed Contrast Brain region Cluster T value Z value MNI coordinates

X Y Z

Hippocampus Baduanjin > Control Right angular gyrus 185 4.59 4.02 54 −51 24
Control > Baduanjiin No brain region above the threshold
Baduanjin > Walking No brain region above the threshold
Walking > Baduanjin No brain region above the threshold
Walking >Control No brain region above the threshold
Control >Walking No brain region above the threshold

Bilateral ACC Baduanjin >Control No brain region above the threshold
Control > Baduanjin No brain region above the threshold
Baduanjin >Walking No brain region above the threshold
Walking >Baduanjin No brain region above the threshold
Walking > Control No brain region above the threshold
Control > Walking No brain region above the threshold
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non-lacunar stroke patients with MCI have increased ALFF in the bi-
lateral hippocampus (Ni et al., 2016). Hyperactivity in the hippocampal
region during memory encoding was also found in task-related fMRI
studies of MCI patients (Kolling et al., 2016; Mayada et al., 2017). We
found that after 24 weeks of Baduanjin, hippocampal ALFF value was
decreased compared to the brisk walking group, while hippocampal
volume was increased. In addition, the decreased ALFF value in the
right hippocampus was significantly associated with the corresponding
MoCA score. This result is in line with the results of the aforementioned
studies, as well as a previous study in which we found that 12 weeks of
Baduanjin increased functional connectivity between the bilateral hip-
pocampus and other brain regions (Tao et al., 2016). These results
suggest that Baduanjin improves cognitive function by enhancing the
intrinsic function of the hippocampus, increasing hippocampal volume,
and further normalizing (decreasing) the abnormal hyperactivity of the
hippocampus, as indicated by a decrease in ALFF value.

4.3. Baduanjin training increased rsFC between the hippocampus and
angular gyrus

We found increased rsFC between the hippocampus and angular
gyrus in the Baduanjin group compared to the control group. Previous
studies have suggested that the angular gyrus plays a critical role in
episodic simulation and episodic memory (Thakral et al., 2017), effi-
cient automatic retrieval of specific semantic information (Davey et al.,
2015), and the encoding and retrieval of memory (Van et al., 2017).
The angular gyrus is also a key target region in the progression of MCI.
Griffith et al. reported that for amnestic MCI patients, angular gyrus
volume can significantly predict financial abilities by modulating ar-
ithmetic ability (Griffith et al., 2010). A study on the conversion be-
tween MCI and AD also found that, compared to non-converters, con-
verters showed significantly decreased regional cerebral blood flow in
the left angular gyrus (Hirao et al., 2005). This result supports that
Baduanjin may improve cognitive function in patients with MCI by
enhancing the activity of the angular gyrus and hippocampus and in-
creasing the resting state functional connectivity between the two
areas.

4.4. Baduanjin training increased ALFF value in the ACC

We also found increased ALFF value in the Baduanjin group at the
ACC, which showed a positive correlation with cognitive function im-
provement. In addition, we found significantly increased GMV in the
ACC of the Baduanjin group compared to the control group.
Neuroimaging research has indicated that the ACC plays an important
role in cognition and attention (Bush et al., 2000). Lesion studies have
also found that the ACC is required for learning instrumental tasks
(Mayada et al., 2017) and is active during decision-making (Kolling
et al., 2016). Neurophysiological and task-performance studies have
suggested that physical activity exerts substantial influence on the ACC
(Hillman et al., 2008). These findings are consistent with our results,
indicating that Baduanjin can significantly enhance cognition in MCI
patients by modulating the function and structure of the ACC.

4.5. Baduanjin training increased the ALFF value in the mPFC

Baduanjin increased mPFC ALFF value compared to the brisk
walking group in the classic low-frequency band and compared to the
control group in the slow-4 band. A series of studies have confirmed
that the mPFC plays an important role in cognitive processes such as
social cognitive processing (Bos et al., 2007), cognitive control, in-
hibition, and memory (Alejandro et al., 2016). Previous studies have
suggested that, compared to healthy elderly controls, MCI patients
demonstrate deactivation of the mPFC (Rombouts et al., 2005). This
deactivation can be countered by increasing the resting-state functional
connectivity between the mPFC and medial temporal lobe as well as the

volume of the prefrontal cortex through exercise (Colcombe et al.,
2006). These results provide direct support for our findings.

4.6. Limitations

There are several limitations to this study. First, the sample size is
small, and future studies with larger sample sizes are needed to validate
our results. Second, we only measured cognitive function via MoCA in
our present study. Further research is needed to investigate the mod-
ulation effect of Baduanjin training on different cognitive domains,
such as memory function and attention- in patients with MCI. Finally,
we did not include the GDS score as a covariate in data analysis because
we excluded patients with depression (GDS score≥ 10), and there were
no significant group differences among the three groups at baseline.

5. Conclusions

In summary, we found that 24 weeks of Baduanjin exercise can
significantly improve cognitive function and modulate regional fluc-
tuation and gray matter volume in the hippocampus and anterior cin-
gulate cortex. In addition, we found increased hippocampal resting
state functional connectivity with the angular gyrus. Our results de-
monstrate the potential of Baduanjin in preventing the progression of
mild cognitive impairment.
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