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Abstract

The aim of this study is to investigate and compare how 12-weeks of Tai Chi Chuan and Baduanjin
exercise can modulate brain structure and memory function in older adults. Magnetic Resonance
Imaging(MRI) and memory function measurements (Wechsler Memory Scale-Chinese revised,
WMS-CR)were applied at both the beginning and end of the study. Results showed that both Tai
Chi Chuan and Baduanjin could significantly increase grey matter volume (GMV) in the insula,
medial temporal lobe (MTL), and putamen after 12-weeks of exercise. No significant differences
were observed in grey matter volume (GMV) between the Tai Chi Chuan and Baduanjin groups.
We also found that compared to healthy controls, Tai Chi Chuan and Baduanjin significantly
improved visual reproduction subscores on the WMS-CR. Baduanjin also improved mental
control, recognition, touch and comprehension memory subscores of the WMS-CR compared to
the control group. Memory quotient (MQ)and visual reproduction subscores were both associated
with GMV increases in the putamen and hippocampus. Our results demonstrate the potential of
Tai Chi Chuan and Baduanjin exercise for the prevention of memory deficits in older adults.
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1. Introduction

The average age of the world population is on the rise. By the year 2050, an estimated
21.1% (>2 billion) of the world’s population will be over the age of 60 [1]. As the
population grows older, age-related diseases such as cognitive impairment present huge
challenges to society [2]. Age-related memory loss, characterized by alterations affecting
memory, is very common in older adults [3,4]. Previous studies indicate that memory
dysfunctions are some of the first cognitive symptoms in mild cognitive impairment and
Alzheimer’s disease (AD) [5].

In addition, previous neuroimaging studies have shown that aging is associated with
reductions in brain volume, corticalthickness and white-matter integrity at various brain
regions [6]. For instance, in a five-year longitudinal study of structural brain images in older
adults, investigators [7] found both cross-sectional and longitudinal declines in brain
volume, as well as in brain regions associated with cognition and memory, such as the
prefrontal cortex, hippocampus, caudate, and cerebellum. Newberg et al. reported that an 8-
week meditation program can improve neuropsychological function such as verbal fluency
and logical memory in people with age-associated memory impairment and MCI. Functional
neuroimaging changes have also shown significant increases in baseline CBF ratios in the
prefrontal, superior frontal, and superior parietal cortices [8]. Additionally, Khalsa et al.
demonstrated that Kirtan Kriya (KK), an easy, cost effective meditation technique, can
significantly improve memory in people with subjective cognitive decline or mild cognitive
impairment [9].

Current pharmaceutical treatments for the prevention of age-related memory and cognitive
decline are far from satisfactory [10-12]. For instance, several large epidemiologic studies
have failed to find a significant association between the use of nonsteroidal anti-
inflammatory drugs and the development of AD [13]. In randomized drug trials in which
patients received 25 mg of rofecoxibor placebo daily for up to 4 years, rofecoxib did not
exhibit significant benefits in terms of reducing conversion to clinical AD [14]. In addition,
it has been reported that a clinical trial on mild cognitive impairment using galantamine was
terminated early due to the increased mortality in individuals receiving the experimental
drug [15]. Thus, effective pharmacological treatments to prevent aging and cognitive decline
are yet to be developed.

As a result, alternative low-cost, non-pharmacological methods are necessary and arising as
promising treatments for preventing cognitive decline. Accumulating evidence suggests that
physical activity and mental training exercises may decrease the risk of developing age-
related memory deficits [10,16-19], as well as increase grey and white matter volume in
older adults [16,17,19-24].

Recently, Tai Chi Chuan, a mind-body exercise combining low to moderate intensity slow
movements, deep breathing and mental concentration, has drawn the attention of the public
and researchers alike [25-27]. Tai Chi Chuan has several components, including physical,
cognitive and social, which are believed to aid in maintaining cognition in older adults [28].
In a previous study [29], Zhang and colleagues compared the effects of 18 months of
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swimming, running, square dancing, and Tai Chi Chuan on cognitive function and emotion
in older adults. They found that all of the physical intervention groups showed
improvements in cognition and emotion, with the Tai Chi Chuan exercise group
demonstrating the most robust effect [30]. Studies have shown that cardiovascular fitness
plays an important role in the relationship between exercise and cognition [31]. Erickson and
colleagues found that higher fitness levels and physical activity are associated with greater
volume of the prefrontal cortex and the hippocampus in older adults [24]. However, Tai Chi
Chuan is not acardiovascular exercise, thus the increases in physical activity from practicing
Tai Chi Chuan may not be associated with improvements in cognition, and other factors such
as social interaction may also play a role in Tai Chi Chuan’s effect on cognitive
improvement [30], further supporting the assertion that the beneficial effects of Tai Chi
Chuan and physical exercise are due to different underlying mechanisms.

The social component of Tai Chi Chuan, that is, practicing Tai Chi Chuan in a group, also
seems to be an important factor in the effectiveness of Tai Chi Chuan on reducing the
cognitive aging process [32,33]. A longitudinal population-based study of aging and
dementia in Sweden found that social interactions were important for the prevention of
cognitive decline [34]. Similarly, in a community-based study, researchers also found that a
rich social network had a protective effect against dementia. Compared with married people
living with a spouse, single people and those living alone had an increased risk of
developing dementia [35].

Despite the individual significance of the social and physical components of Tai Chi Chuan,
the multimodal nature of Tai Chi Chuan seems to be crucial in preventing cognitive decline
and memory loss [28,36—43]. For instance, Mortimer and colleagues [44] compared the
effects of Tai Chi Chuan to walking, social interaction, and no intervention on brain volume
and cognition in older adults. They found that after 40 weeks of intervention, significant
increases in brain volume were observed in the Tai Chi Chuan and social intervention groups
compared to the no intervention group. The Tai Chi group also showed improvements in the
Mattis Dementia Rating Scale score, the Trail Making Test (TMT) Parts A and B, the
Auditory Verbal Learning Test, and verbal fluency. The social interaction group showed
improvements in fewer neuropsychological indices than the Tai Chi group, and no
significant differences in improvements were observed between the walking and no
intervention groups.

In addition to Tai Chi Chuan, Baduanjin is another popular mind-body exercise [45].
Baduanjin exercise consists of 10 postures (including the beginning and ending posture), and
is also a low-intensity exercise that can improve range of motion, strength, and general
health [46]. Both Tai Chi Chuan and Baduanjin are considered multi-component
interventions that integrate physical, psychosocial, emotional, spiritual, and behavioral
elements. The only difference between the two exercises is the complexity; unlike Tai Chi
Chuan, Baduanjin involves eight simple fixed movements of the arms with almost no
movement of the legs. Due to the simplicity of Baduanjin, at least for beginners, it is easy
for individuals to integrate the body movements with other techniques such as breathing.
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Memory is a complicated brain function, which involves information encoding, storage and
retrieval. Literature suggests that an expansive brain network is involved in different types
and aspects of memory [47]. Previous literature demonstrates that mind-body exercises such
as Tai Chi Chuan can modulate and improve verbal memory [38], working memory [48],
and memory retrieval processes [49]. However, very few studies have investigated if Tai Chi
Chuan and Baduanjin can improve global memory function, as well as how these exercises
can modulate different subtypes and aspects of memory [30].

In a previous study, we used this dataset to investigate how Tai Chi Chuan and Baduanjin
exercise modulates different aspects of cognition and memory using the Wechsler Memory
Scale - Chinese Revision (WMS-CR), and resting state functional connectivity changes at
the hippocampus [50] and dorsal lateral prefrontal cortex [51]. In this manuscript, we focus
on whether Tai Chi Chuan and Baduanjin exercise can modulate different brain structures as
measured by voxel-based morphometry (VBM). We also investigate how Tai Chi Chuan and
Baduanjin can regulate the WMS-CR subscores, as well as the association between the
GMV changes and WMS-CR score changes.

2. Methods

2.1. Study participants

The Ethics Committee of the Affiliated Rehabilitation Hospital, Fujian University of
Traditional Chinese Medicine approved all study procedures. The experiment was performed
in accordance with approved guidelines. This study was registered in the Chinese Clinical
Trial Registry (ChiCTR, http://www.chictr.org, ChiCTR-IPR-15006131). We recruited
healthy volunteers aged 50-70 at the Sports Center Community, in Gulou District, Fuzhou
City, China. All participants provided written informed consent.

Inclusion criteria for the participants were: (1) 50 to 70 years old; (2) have not participated
in regular physical exercise for at least 1 year (regular physical exercise lasting for more than
3 months with a frequency of 3 to 4 times per week and at least 30 minutes per session); (3)
right-handed; (4) provided informed consent.

Exclusion criteria were: (1) have a history of stroke; (2) have suffered from severe
cerebrovascular disease, musculoskeletal system diseases, or other sports injury related
contraindications; (3) score of < 24 on the cognitive screening by the Chinese version of
Mini-Mental State Exam (MMSE) [52]; (4) Beck Depression Inventory(BDI-11) [53] scores
=14,

2.2. Experimental design

Two cohorts of participants were simultaneously and independently recruited from the same
community. Printed leaflets, brochures, and community recruitment stations were used to
recruit participants. In one cohort, participants were recruited and randomized to the Tai Chi
Chuan or control group. In another cohort, participants were recruited and randomized to the
Baduanjin or control group. We decided to choose two cohorts of participant to avoid the
potential cross practice of Tai Chi Chuan and Baduanjin, so that participants were aware of
only one exercise option. The two cohorts started and ended the interventions at the same
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time. In each cohort, the randomized treatment assignments were sealed in opaque envelopes
and were opened individually for each patient who agreed to be in the study. Study staff was
blinded to group randomizations.

2.3. Intervention

2.3.1. Tai Chi Chuan exercise group—The Tai Chi Chuan exercise was based on Yang-
style 24-form [54]. The participants in the Tai Chi Chuan group received 12-weeks of Tai
Chi Chuan exercise training at a frequency of 5 days per week for 60 minutes per day. Each
session included: 1) 10 min of warm-up (for example weight shifting, arm swinging, gentle
stretches of the neck)and a review of Tai Chi Chuan principles; 2) 30 min of Tai Chi Chuan
exercises; 3) 10 min of breathing techniques, and 4) 10 min of relaxation.

2.3.2. Baduanjin exercise group—The training scheme of Baduanjin was in accordance
with the Health Qigong - Baduanjin published by the General Administration of Sport of
China [55]. The participants in the Baduanjin group received 12-weeks of Baduanjin
exercise training at a frequency of 5 days per week for 60 minutes per day. Each session
included: 1) 10 min of warm-up (for example arm swinging and gentle stretches of the neck)
and a review of Baduanjin principles; 2) 30 min of Baduanjin exercises; 3) 10 min of
breathing techniques, and 4) 10 min of relaxation.

Two professional instructors at Fujian University of Traditional Chinese Medicine with more
than 5 years of training guided the Tai Chi Chuan and Baduanjin exercises. Participants
learned the movements and postures from the instructors. In addition, two staff members
were assigned to each training site to monitor participation in the Tai Chi Chuan and
Baduanjin exercise training.

2.3.3. Control group—~Participants in the control group received basic health education at
the start of the study, and were instructed to maintain their original physical activity habits
during the following 12-week period. They were also provided free Tai Chi Chuan or
Baduanjin training after participation in the study.

2.4. MRI Data Acquisition and analysis

2.4.1. MRI data acquisition—All MRI scans were applied using a 3.0 Tesla GE scanner
(General Electric, Milwaukee, WI, USA) with an 8-channel phased-array head coil. The T1-
weighted structural images were acquired with a Magnetization-prepared rapid gradient
echo sequence (MPRAGE). The scanning parameters were as follows: Echo time (TE) =
min, flip angle = 15 degree, slice thickness= 1mm, field of view=240 mm, 164 contiguous
slices.

2.4.2. VBM analysis—VBM [56,57] was performed using Statistical Parametric Mapping
(SPM12) (Welcome Department of Cognitive Neurology, University College, London, UK)
running under a MATLAB suite (Math works, Inc., Natick, Massachusetts). First, all images
were checked for artifacts, structural abnormalities and pathologies. Then, the images were
segmented into grey matter (GM), white matter and cerebrospinal fluid (CSF), and
normalized using the high dimensional DARTEL algorithm [58]. Subsequently, a group
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specific template was created to reduce variability between participants. The template was
then used to normalize the images into the standard Montreal Neurological Institute (MNI)
space using the “DARTEL Normalize to MNI Space” program, utilizing the “preserve
amount” option to retain the volumetric data of the original images. Finally, spatial
smoothing was performed with an isotropic Gaussian kernel of 8mm full-width at half
maximum [59,60].

Group analysis was applied using a random effects model. We first compared the pre-
treatment regional grey matter volume (GMV) differences between the Tai Chi Chuan,
Baduanjin and control groups using a one-way ANOVA. Then we performed second level
analyses using a full factorial design module in SPM12 (http://
www.fil.ion.ucl.ac.uk/spm/doc/manual.pdf) to explore the differences between the different
groups. There were two factors included in the analysis, the first factor had three levels (Tai
Chi Chuan group, Baduanjin group and the control group) and the second factor had two
levels (pre-treatment and post-treatment). Age (year), gender, and education (year) were also
included in the model as covariates. Similar to a previous study [61], an absolute threshold
of 0.1 was used for masking. Total intracranial volume was obtained by summing up the
overall volumes of GM, white matter, and CSF. A threshold of voxelwise p < 0.001
(uncorrected) and p< 0.05 family-wise error corrected at cluster level was applied for all the
analyses.

In addition, to explore the association between the GMV changes, MQ changes and WMS-
CR subscore changes that displayed significant differences in the above analyses, we
extracted the average GMV values of the significantly overlapped clusters (Tai Chi Chuan vs
Control, Baduanjin vs Control) and performed a multiple regression analysis including age,
gender, and education as covariates.

2.5. Behavioral outcomes and statistical analysis

Behavioral outcomes were measured with the Wechsler Memory Scale-Chinese Revised
(WMS-CR) [62,63]. The WMS-CR is a neuropsychological test that measures an
individual’s ability to learn and remember verbal and visual information. It is designed to
assess global 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, digit span) [63]. In this study, we focused on the
subscores of the WMS-CR since the modulation effect of Tai Chi Chuan and Baduanjin on
the MQ has been published in a previous study [64].

All measurements were taken at week 0 and week 12, and assessed by two blinded and

licensed WMS-CR specialists. In this study, we applied the MQ as a primary behavioral
outcome measure, and used the eight subscores of the WMS-CR as secondary outcome

measures.

SPSS 18.0 Software (SPSS Inc., Chicago, IL, USA) was applied for data analysis. One-way
ANOVA and Chi square tests were used to compare baseline characteristics of the
participants among the Tai Chi Chuan, Baduanjin and control groups. During the analysis,
we combined all controls from the two cohorts of participants to increase power. ANCOVA
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analysis was applied to compare the change of the subscores across the three groups
respectively. The age (years), gender, and education (years) were also included in the model
as covariates. To explore the difference between-groups, the post-hoc analysis (Sidak
correct) was applied. We also applied Bonferroni’s correction to adjust the p value for
multiple subscore comparisons; a p value of 0.0063(0.05/8) was applied.

102 older adults were recruited for this study. Of the 90 participants who passed screening
and finished baseline scans, 62 (21 in the Tai Chi Chuan group, 16 in the Baduanjin group,
25 in the control group) completed all study procedures. Four participants dropped out of the
Tai Chi Chuan group (1 due to movement, 1 due to contraindications to the MRI scan, 2 due
to scheduling conflicts). Nine participants dropped out of the Baduanjin group (8 due to
scheduling conflicts, 1 due to contraindications to the MRI scan). Fifteen participants
dropped out of the control group (11 due to scheduling conflicts, 4 due to inability to adhere
to the second scan). One additional participant in the control group was excluded from the
data analysis due to a technical issue during the post-treatment MRI scan. The flowchart of
this study can be found in the Supplemental Figure 1. The baseline characteristics of
participants who dropped out are shown in supplemental Table 1. There were no significant
difference in demographics and baseline memory function between the control and treatment
groups among those who were dropped from the study (supplemental Table 1).

To explore whether Tai Chi Chuan and Baduanjin dropouts differed, we re-compared the
dropouts with those who were included in the analyses using an independent t-test
(supplemental Table 2, Table 3, Table 4). There were no significant differences between the
subjects included in the analyses and the dropouts in the Tai Chi Chuan, Baduanjin and
control groups in terms of age, gender, education, MQ and the sub-components of memory
(mental control, picture, recognition, visual reproduction, associative learning, touch,
comprehension memory and digit span) (p<0.05).

3.1. Baseline Characteristics of the Participants

Baseline characteristics and BDI/MMSE scores of included participants are listed in Table 1.
There were no significant differences in age, gender, average years of education, MMSE and
BDI-11 scores between the three groups. The average attendance rates in the Tai Chi Chuan
group were 95%, ranging from 88% to 100%. The average attendance rates in the Baduanjin
group were 97%, ranging from 92% to 100%. The physical activity of participants in the
control group was also orally asked at the end of the study, and no participants reported
significant changes in their daily activity.

The subscores of the Wechsler Memory Scale (WMS-CR) and general memory function as
indicated by the memaory quotient (MQ) are shown in Table 2. There were no significant
differences between the three groups at baseline (pre-treatment). ANCOVA analysis
demonstrated that the Tai Chi Chuan group showed a significant increase in their visual
reproduction subscore compared with the control group after Bonferroni correction(0.0063).
The Baduanjin group showed significant increases in mental control, recognition, visual
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reproduction touch, and comprehension memory subscores compared with the control group
following Bonferroni correction (0.0063).

3.2 VBM analysis results

To explore the baseline difference of GMV, we first applied a comparison between all groups
using a one-way ANOVA analysis. No significant differences were observed between the
baseline of the Tai Chi Chuan group, Baduanjin group and control group. VBM analysis on
GMV changes before and after Tai Chi Chuan and Baduanjin exercise are shown in Table 3.
After 12-weeks of the designated exercise, we observed significant GMV increases in the
Tai Chi Chuan group compared to the control group at the left insula, left putamen, left
parahippocampus/hippocampus, left amygdala, and left inferior temporal. We also found
significant GMV increases at the left insula, left hippocampus, left amygdala, bilateral
putamen in the Baduanjin group compared to the control group. No significant differences
were observed between Tai Chi Chuan and Baduanjin groups.

To investigate the association between the GMV changes, MQ changes and WMS-CR visual
reproduction subscore changes (the only subscores that showed a significant difference in
both Tai Chi Chuan and Baduanjin groups when compared with the control group), we
extracted the average GMV values of the significantly overlapped clusters (left putamen and
left hippocampus) and performed a multiple regression analysis including age, gender and
education as covariates. We found a significant positive association between the GM
increase at the overlapped cluster and the corresponding MQ increase (p = 0.002, r=0.406)
(Fig 1B)) across all participants. In addition, a significant positive association was found
between the GMV increase (left hippocampus and left putamen) and the corresponding
visual production subscore increase(p = 0.007, r=0.349) (Fig 1C) across all participants.

4. Discussion

We investigated the modulation effect of 12-weeks of Tai Chi Chuan and Baduanjin exercise
on GMV, and differenttypes and aspects of memory. The results showed that compared with
the control group, both Tai Chi Chuan and Baduanjingroups showed significantly increased
GMV at the medial temporal lobe (MTL), putamen, and insula. We also found that both Tai
Chi Chuan and Baduanjin improved the visual reproduction subscore compared with the
control group, and Baduanjin also improved mental control, recognition, touch and
comprehension memory subscores compared with the control group. Finally, we found a
positive association between memory improvement and GMV increases at the left putamen
and hippocampus across all participants.

In this study, we found significant GMV increases at the left medial temporal lobe (MTL),
including the parahippocampus, hippocampus, and amygdala afterTai Chi Chuan and
Baduanjin practice. The MTL, including the hippocampus and adjacent parahippocampal,
perirhinal, and entorhinal cortices, are vital for memory processing [65-68]. Studies suggest
that the MTL is involved in the retrieval and encoding of memory [69]. A humber of brain
imaging studies have also shown that age-related memory deficits often a result of a loss of
MTL volume [70-72]. Studies suggest that a decrease in grey matter volume in the MTL
may contribute to subsequent cognitive decline and conversion from mild cognitive
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impairment to AD [73], and that the preservation of GMV may be important for maintaining
memory function [67].

In a previous study, Bugg and colleagues found that low levels of exercise were associated
with age-related decreases in the volume of the MTL, while higher levels of exercise were
associated with greater superior frontal lobe volume in older adults [74]. Erickson and
colleagues found that after one year of moderate-intensity exercise(3 days/week),
individual’s spatial memory and hippocampal volume significantly increased as compared
with the control group [16]. Niemannand colleagues found that increases in motor fitness
and regular exercise increased hippocampal volume in older adults [75]. As a further support
of our findings, we found that Tai Chi Chuan exercise significantly enhanced the resting
state functional connectivity between the hippocampus and medial prefrontal cortex (mPFC)
[76]. Li and colleagues also found that a multimodal intervention including cognitive
training, Tai Chi Chuan exercise, and group counseling improved the resting-state
connectivity between the mPFC and MTL[77].

We also found that the left parahippocampal volume increased in the Tai Chi Chuan group
compared to the control group. Previous studies showed that the parahippocampal cortex is
associated with many cognitive processes, including visuospatial processing and episodic
memory [78]. Our results are consistent with these previous findings [79], which found that
compared with controls, long-term Tai Chi Chuan practitioners (average 14 years of
exercise) showed significantly thicker cortices in the temporal gyrus relative to the control
group.

Significant GMV increases in the putamen were observed in both Tai Chi Chuan and
Baduanjin groups as compared with the control group. Accumulating evidence suggests the
role of the putamen in movement related functions [80-82], executive functions, working
memory[83,84], and the learning of associations between stimuli, responses, and outcomes.
The contribution of the putamen in cognition may be due to the existence of circuits
connecting the basal ganglia to non-motor regions in the frontal lobe[85]that are associated
with a variety of cognitive functions [86]. In our study, we found a positive correlation
between GMV changes in the putamen and both the MQ and visual reproduction subscore
changes after12-weeks of Tai Chi Chuan and Baduanjin practice. We speculate that the
putamen may play a key role linking mind-body exercises to improve cognitive function.
Specifically, we speculate Tai Chi Chuan and Baduanjin may first modulate the motor
related network of the putamen, then strengthen the circuits connecting the putamen to
memory related regions such as frontal lobe.

We also found GMV increases in the insula after Tai Chi Chuan and Baduanjin exercise. The
insula is a brain structure involved in cognitive, affective, and regulatory functions, including
interceptive awareness and emotional responses [87,88]. Studies report that the insula is a
crucial hub of many human brain networks that play important roles in memory processes
[89,90]. Tang and colleagues [91] found that five days of integrative body mind training
increased brain activity in the ventral left insula, anterior cingulate cortex, and striatum.
Previous studies showed that both yoga [92], meditation [93,94] and physical
exercise[95,96] may also increasecortical thickness of the insula [97-99]. Our result is
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consistent with these previous findings suggesting an important role of the insula in the
modulation effect of Tai Chi Chuan and Baduanjin exercise.

In this study, we found 12-weeks of both Tai Chi Chuan and Baduanjin practice (5 days/per
week) increased MTL volume, although there was no significant difference between the two.
Despite this, the GMV increase evoked by Baduanjin was more expansive. This result is also
consistent with the behavioral outcomes, i.e. both Tai Chi Chuan and Baduanjin improved
the visual reproduction subscore compared with the control group, but Baduanjin also
improved mental control, recognition, touch and comprehension memory subscores
compared with controls. We speculate this may due to the fact that the Tai Chi Chuan is a
complicated exercise, and therefore 12-weeksof intervention may not be a sufficient amount
oftime to demonstrate all of the positive effects of Tai Chi Chuan exercise in Tai Chi Chuan
naive older adults. Longer trials with a larger sample size are needed to test this hypothesis.

Since both Tai chi and Baduanjin focus on the body positions during exercise, we
hypothesize they will be efficient in improving spatial related memory function, as
demonstrated by the significant improvement in visual reproduction subscores. Nevertheless,
our results also suggest the two may work through multiple mechanisms related to the mind-
body interaction including meditation, exercise, and social interaction [100-102], the
mechanisms underlying Tai Chi Chuan and Baduanjin exercise may differ. Compared with
Tai Chi Chuan which requires a considerable degree of dynamic balance and complexity,
Baduanjin exercise is much simpler, therefore, it is easier for participants to concentrate on
the coordination of both the body and mind. Due to their low physical intensity, both are
well suited for older adults that have been advised not to participate in intense exercise.
However, Baduanjin may be more appropriate for those with cognitive impairment due to its
relative simplicity.

There are several limitations in this study. First, the sample size was relatively small,
therefore a future study with a larger sample size is needed to further confirm the findings of
our study. Secondly, both Tai Chi Chuan and Baduanjin are considered mind-body exercises.
We do not know whether physical activity, mental exercise, or a combination of the two are
crucial for memory improvement and brain volume changes in the Tai Chi Chuan and
Baduanjin groups. Literature suggests that both body and mind exercises are important, and
our study corroborates with these claims. In a previous study, Erickson and colleagues [16]
found significant hippocampal volume increases and spatial memory improvements after
one year of exercise. Our study showed that 12-weeks of Tai Chi Chuan and Baduanjin
exercise can significantly improve memory function and increase GMV in the MTL. We
speculate that the combination of physical activity and mental exercise could be more
effective than physical activity or mental exercise alone. Future studies investigating the
effects of exercise, meditation, Tai Chi Chuan and Baduanjin separately are needed. Finally,
we only used basic health education as a control. A more comparable control condition such
as a mild to moderate exercise regimen may be needed to validate our findings.

In summary, we found that 12-weeks of intensive group Tai Chi Chuan or Baduanjin
exercise can modulate global memory, as well as improve specific types and aspects of
memory function. The brain mechanisms underlying the effects of both Tai Chi Chuan and
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Baduanjin seem to be slightly different, although both increase GMV at the MTL, putamen
and insular, which are regions essential for memory and cognition. Our results imply that Tai
Chi Chuan and Baduanjin might be effective methods for delay in memory decline.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Increased gray matter volume in Tai Chi Chuan and Baduanjin groups compared with the

control group. Red indicates increased GMV in the Tai Chi Chuan group compared with the
control group after 12-weekof training; Yellow indicates increased GMV in theBaduanjin
group compared with the control group after 12-weekof training. B. C.Scatter plots show
thesignificant association between GMV increases and improvements in MQ scores and
visual reproduction corrected for age, gender and education. L: left.
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Table 1

Demographics of the study participants for PP analysis.

Characteristics Control (n=24) Tai Chi Chuan (n=21) Baduanjin (n=16) P value
Age(y)” 60.16(58.28; 62.06)  62.38(60.31; 64.45) 62.18(60.16; 64.21)  0.180
Mean (95%Cl)

Average years of education(y) 8.37(6.83; 9.92) 9.61(8.24; 11.00) 9.06(7.67; 10.46) 0.430
Mean (95%Cl)

Female n(%) "™ 18.00(75.00%) 13.00(61.90%) 10.00(62.50%) 0.580
BDI* 7.60(6.13;9.07) 7.19(5.49;8.89) 8.40(6.50;10.30) 0.609
Mean (95%Cl)

MMSE ™ 27.20(26.39;28.01)  27.67(26.79;28.55) 27.87(27.15;28.59)  0.485

Mean (95%Cl)

*
P values were calculated with one-way analysis of variance,

HAA
P value was calculated with the use of the chi-square test.
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