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Background: The rapidly aging Chinese population is showing an increase in age-related
illnesses, including mild cognitive impairment and Alzheimer disease. The best types of
physical activity for the improvement of cognition remain unknown. This study aimed to
compare the effectiveness of a tailored gigong exercise with that of stretching exercise
in the maintenance of cognitive abilities in Chinese elders at risk of cognitive decline.

Methods: Seventy-four community-dwelling adults aged >60 years were screened for
eligibility. Using a randomized control group design, participants with scores >19 on the
Chinese version of the Montreal Cognitive Assessment-Basic (MoCA) were allocated to
a 1-year gigong intervention (n = 33) and a stretching control exercise group (n = 33). The
primary outcome was the MoCA score, as a measure of global cognitive function, and
secondary outcomes were globe cognition and five domain scores on the Chinese version
of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS).
The MoCA and RBANS were administered at baseline and 1 year after intervention to
assess the effect of the exercises on cognitive decline.

Results: Twenty-five of 33 (75.8%) participants in the gigong group and 26 of 33 (78.8%)
participants in the control group completed the 1-year exercise programs. A bivariate test
revealed strong correlation between MoCA and RBANS total scores after the intervention
(r=0.517, p < 0.01). Generalized estimating equations revealed a lower risk of progression
of cognitive decline at 1 year in the gigong group than in the control group (odds ratio,
0.314; 95% confidence interval, 0.103-0.961; p = 0.04). Two-way repeated-measures
ANOVA followed by post hoc t tests with Bonferroni corrections indicated that MoCA and
RBANS scores were significantly higher in the gigong group than in the control group
(MoCA and RBANS global cognition, memory, visuospatial/constructional ability, and
language, all p < 0.01), with the exception of RBANS attention score (p > 0.05).
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Conclusions: One year of gigong practice was significantly superior to stretching exercise
not only for the prevention of cognitive decline progression, but also for the improvement
of several cognitive functions, among older Chinese adults at risk of cognitive decline.

Keywords: gigong, exercise, cognitive function, cognitive decline, aging, elderly

INTRODUCTION

The Chinese population is aging rapidly, bringing an inevitable
increase in illnesses related to aging, including cognitive decline
and impairment (World Health Organization, 2015), and more
specifically mild cognitive impairment (MCI) (Langa and Levine,
2014) and Alzheimer disease (Gao et al., 2019). This shift is of
great public-health and economic concern worldwide (Wimo et al.,
2017; Gao et al, 2019). No specific pharmacologic therapy for
these conditions can yet be recommended, as the efficacy of
such treatments has not been demonstrated adequately (Massoud
et al, 2007; Arvanitakis et al, 2019). Nonpharmacological
interventions, including cognitive training, physical exercise, and
non-invasive brain stimulation, are promising approaches to improve
cognition during healthy and pathological aging (Cespon et al.,
2018). Physical activity, a promising behavioral strategy, can improve
cognitive function (Angevaren et al., 2008; Stillman and Erickson,
2018) and protect against cognitive decline (Sofi et al, 2011),
especially MCI (Petersen et al., 2018). The most useful type of
activity, and whether everyone benefits similarly from the same
type of intervention, however, remains unknown (Miller et al., 2012).

Mind-body exercises, a slow, low-intensity type of physical
activity, is particularly suitable for older adults (Jahnke et al.,
2010; Guo et al, 2016). Qigong is a prime example of such
exercise and can improve the cognitive performance of older
adults with and without cognitive impairment (Zhang et al,
2018; Klein et al., 2019; Xia et al, 2019; Zheng et al., 2020).
Growing evidence indicates that they reduce the levels of
inflammatory markers, such as C-reactive protein and
interleukin-6, with a larger pooled effect size than that for
meditation (Morgan et al., 2014). Qigong involves the performance
of a static (stationary) or dynamic set of meditative exercises
with the intention of coordinating one’s mental energy, breathing,
and physical movement (Guo et al., 2016). It requires less physical
and cognitive effort than more complex practices and is a broad
area of practice; qigong intervention protocols can be varied
widely to benefit different aspects of cognitive performance (Guo
et al,, 2018; Chan et al., 2019). Qigong interventions have been
shown to benefit mental health, with improvements in global
cognition, thinking operations, brain processing speed, memory
function, and attention (Tsang et al., 2013; Ladawan et al., 2017;
Tao et al., 2017a,b; Myers et al,, 2019; Xia et al.,, 2019). Although
these results are promising, the potential benefit of gigong in
cognitive function domains such as language, attention, and
immediate/delayed memory have not been explored thoroughly.
In addition, no high-quality randomized controlled trial (RCT)
has examined the effects of qigong practice among older adults
with and without cognitive impairment.

Age-related cognitive decline is defined as the development
of typical performance decrements in various domains, including

memory, processing speed, and attention (Salthouse, 1996;
Glisky, 2007). Although this decline is normal, it has implications
for problem solving, accuracy, and the speed of execution
of everyday cognitive activities (Borella et al, 2017). In
addition, the rate of decline is predictive of the development
of clinical cognitive impairment (Plassman et al., 2010; Petersen,
2011). Neuropsychological tests have been developed to assess
overall cognitive function and performance in specific domains
(Smith et al., 2010). The Montreal Cognitive Assessment-Basic
(MoCA) test is used to assess global cognitive function
(Bernstein et al.,, 2011), and the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS) is used
to assess globe cognition and performance in five cognitive
domains (Randolph et al., 1998).

In the present study, we aimed to determine the effect of
tailored gigong exercise relative to that of stretching exercise
on the cognitive functions, assessed using the MoCA test and
RBANS, among older Chinese adults at risk of cognitive decline.
Our primary hypothesis for this cluster RCT was that gigong
would be more effective than stretching exercise in terms of
the delay of age-related cognitive decline and improvement of
several domains of cognitive function in our elderly population.

MATERIALS AND METHODS

Participants
In March-April 2018, community-dwelling individuals were
voluntarily recruited from a community center in the
Wujiaochang area of Shanghai, China. All participants had
good physical and functional abilities and no evidence of
substantial cognitive impairment and were living independently
at the time of enrollment. Study eligibility criteria were: (1)
Chinese ethnicity, (2) age 60-80 years, (3) Around >1 year
formal education, and (4) willingness to be randomly allocated
to an intervention or control condition and to complete the
12-month intervention or control exercise. Exclusion criteria
were: (1) participation in daily and/or structured qigong or
other mind-body exercise for >15 min or muscle-strengthening
activities (e.g., weight lifting) on 2 or more days a week in
the previous 6 months; (2) severe cognitive impairment (MoCA
score < 19; Chen et al, 2016); and (3) major medical or
physical condition recorded on a case report form or reported
by a healthcare provider that preclude exercise (e.g., high blood
pressure, diabetes, obesity, cancer, brain tumor, stroke,
malnutrition, major depressive disorder, schizophrenia, current
chemotherapy/radiotherapy, disability or difficulty in hearing,
vision, or communication).

Individuals who responded to the study recruitment materials
were invited to present at a research facility for a detailed,
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face-to-face intake process, including consent form signing and
completion of the MoCA and other baseline measures. Prior
to providing written informed consent, participants were given
sufficient time in a private room to ask questions about the
study protocol and qigong exercise. Research assistants who
were trained and monitored by the first author performed the
screening and outcome assessments. The study was approved
by the Ethics Advisory Committee at Shanghai University of
Sport, China. Written informed consent was obtained from
all participants before their inclusion in the study.

Study Design

The observation period for this single-blind cluster RCT was
1 year. The eligible participants were randomly assigned to
intervention group and control group by a computer-generated
randomization. The group randomization was separated into
opaque envelopes. This procedure was conducted by an independent
researcher. Another researcher opened the envelope and proceeded
with allocation. Treatment allocation was revealed to the participants
after collection of baseline outcomes. The intervention group
received qigong training, while the control group performed
stretching exercise. Comprehensive cognitive function assessments
were conducted at baseline and 1 year after intervention.

Intervention and Control Exercises
The 12-month intervention was conducted in two phases. The
induction phase comprised 2-3 weeks of exercise instruction,
with regular weekly sessions held at the training centers until
the participants were familiar with the logistics of exercises.
During this period, participants had access to the centers for
practice. In the maintenance phase, the participants were given
videos of the programs to which they had been allocated on
CD. The participating training centers provided facilities and
arranged practice sessions for participants with the videos.
The gigong masters provided monthly refresher lessons to both
study groups, to boost adherence and ensure correct performance.

The qigong intervention involved the practice of 10 core
exercises (two movements imitating each of five animals; Guo
et al., 2018): (1) tiger raising and seizing, (2) deer colliding
and running, (3) bear swaying and rubbing, (4) ape being
alert and plunking, and (5) bird stretching and flying (Figure 1).
Four sets (~11 min/set) were performed in every exercise time,
with each set includes two repetitions of each of the 10 exercise.
Each practice set included musical accompaniment with the
videos. The intervention also involved a static (stationary) or
dynamic set of meditative exercises that is particularly suitable
for and appealing to older adults (Guo et al., 2016, 2018).
The qigong practice emphasized synchronized breathing,
controlled weight shifting, mediation, and coordinated eye-head-
hand movements with self-initiated (proactive) and self-induced
(reactive) movement perturbations. The stretching exercise,
serving as an exercise control group, consisted primarily of
breathing, stretching, and relaxation activities, with most
performed in a seated position.

The intervention and control exercises were performed on
>2 days a week in >60-min sessions (10-15 min warm-up,
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FIGURE 1 | Ten movements of the gigong exercise (selected illustrations).
(A) Tiger raising; (B) Tiger seizing; (C) Deer colliding; (D) Deer running;

(E) Bear swaying; (F) Bear rubbing; (G) Ape being alert; (H) Ape plunking;
(I) Bird stretching; (J) Bird flying.

40-45 min core exercises, 5 min cool-down). During the core
exercises, participants wore heart rate telemeters (RS800XSD;
POLAR, Finland) and exercise intensity was controlled so that
their heart rates remained in the range of (220 - age) x (60-80%).
Most participants in the control group practiced in groups at
the training centers; only two practiced alone being supervised
remotely and kept exercise logs. In addition, all participants
were asked to keep their original physical activity habits.
We defined serious adverse events (SAE) as death or the
development of medical conditions requiring >1 day of
hospitalization. All SAEs occurring during the 12-month study
period were reported to the Ethics Advisory Committee at
Shanghai University of Sport. No SAE or other serious event
related to the intervention occurred during the study period.

Measures

MoCA Test

The original English MoCA test (Bernstein et al., 2011; available
at www.mocatest.org for clinical use) was translated to Chinese,
with subtle linguistic and cultural modifications. The MoCA
test is administered over about 10 min and has 30 items
covering nine cognitive domains (executive function, language,
orientation, calculation, conceptual thinking, memory,
visuospatial perception, attention, and concentration). Total
scores range from 0 to 30, with higher scores indicating better
global cognitive function. The MoCA test is most suitable for
the quantification of cognitive impairment (Bernstein et al,
2011), and has been shown to be reliable for MCI screening
among Chinese elderly adults of all educational levels, with a
high degree of acceptance and good reliability (Chen et al., 2016).

Repeatable Battery for the Assessment of
Neuropsychological Status

The RBANS (Randolph et al, 1998) consists of 12 subtests
administered over 30-40 min that yield five age-adjusted index
scores (immediate memory, visuospatial/constructional, language,
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attention, and delayed memory), as well as a total cognitive
function score. The RBANS is designed to evaluate disease
progression and intervention efficacy, and has been shown to
be sensitive for the detection and characterization of abnormal
cognitive decline in older adults (Randolph et al., 1998). The
original RBANS has shown high degrees of reliability and validity
in elderly community populations (Duff et al.,, 2005), and the
Chinese version has shown good reliability and validity in a
community-dwelling older adult population (Cheng et al., 2011).

Statistical Analysis

Baseline characteristics (e.g., age, sex, educational level) and
cognitive ability (MoCA and RBANS scores) were compared
between groups using the independent-sample ¢ tests to identify
differences for matching at baseline. The independent-sample
t test was also used to detect difference in MoCA scores
between males and females in each group at baseline and
1 year after intervention. Bivariate correlation of MoCA scores
and RBANS total scores was examined. Using a cutoff MoCA
score of 26 (Nasreddine et al., 2005), the number of participants
with no cognitive impairment and MCI at baseline and 1 year
after intervention was determined. Then, a generalized estimating
equation was used to account for the effect of the intervention
relative to the control on cognitive decline. The effects of the
exercises on cognitive function were examined using two-way
repeated-measures ANOVA, with the group (qigong, stretching)
serving as the between-subject factor and time (baseline, 1 year)
serving as the within-subject factor. Post hoc independent and
paired ¢ tests, respectively, were conducted with Bonferroni
correction to examine differences between groups and time
points. The SPSS software (version PASW Statistics 18, SPSS
Inc.) was used for all statistical analyses, with the significance
threshold set at p < 0.05.

RESULTS

Participants and Baseline Characteristics
Of 74 individuals screened, 66 were enrolled and randomized,
while eight subjects refused to participate prior to randomization.
Thirty-three individuals were randomly assigned to each group.
The reasons given for refusal in the study included lack of
enthusiasm and time and unwillingness to attend the training
sessions. Fifty-one participants (25 in the intervention group,
26 in the control group) completed the exercise programs.
The flow of study participants is illustrated in Figure 2.

Baseline characteristics and cognitive profiles were no
significant differences in age, sex, educational level, MoCA
score, and RBANS score between two groups at baseline
(Table 1). The mean (SD) age of the participants was 66.1
(4.4) years; participants had a mean of 11.0 (2.2) years of
education, and 43 (83.3%) were female.

MoCA Score
For the MoCA score, two-way repeated-measures ANOVA
revealed a significant main effect of time [F,, = 13.256,

| 74 Assessed for eligibility ‘

4|

l 66 Randomized J

8 Refused randomization

[ 33 Randomized to intervention group ‘ l 33 Randomized to control group ‘

[ [

8 Lost to follow-up 7 Lost to follow-up
6 Lack of enthusiasm and time 4 Lack of enthusiasm and time
2 Unwillingness 3 Unwillingness

[ [

[ 25 Completed outcome assessment ‘ ‘ 26 Completed outcome assessment ‘

26 Analyzed ‘

[ 25 Analyzed J ‘

FIGURE 2 | Flowchart showing participant recruitment and follow-up status.

p = 0.001] and a significant interaction between time and
group [F4 = 19.208, p < 0.001], but no significant main
effect of group [F = 2.939, p = 0.09]. Post hoc analyses
showed that the MoCA score at 1 year was significantly higher
in the qigong group than in the control group (p = 0.001).
The MoCA score increased significantly between baseline and
1 year in the qigong group (p < 0.001), but not in the
control group (Figure 3). MoCA scores did not differ
significantly between males and females in each group at
baseline and 1 year.

Rate of Cognitive Decline

The intervention group contained six (24.0%) individuals with
no cognitive impairment at baseline and 14 (56.0%) individuals
with no such impairment at 1 year; these numbers were 6
(23.1%) and 3 (11.5%), respectively, in the control group
(Table 2). The numbers of participants with MCI at baseline
and 1 year were 19 (76.0%; 95% CI, 0.549-0.906) and 11
(44.0%; 95% CI, 0.244-0.651), respectively, in the intervention
group and 20 (76.9%; 95% CI, 0.564-0.910) and 23 (88.5%;
95% CI, 0.698-0.976), respectively, in the control group.
Generalized estimating equations controlled for baseline
differences revealed a lower risk of MCI development at
1 year in the intervention group than in the control group
(intention-to-treat analyses: odds ratio, 0.314; 95% CI, 0.103-
0.961, p = 0.04).

RBANS Scores

Global Cognitive Ability

For the RBANS total score, two-way repeated-measures ANOVA
revealed a significant main effect of time [F;., = 39.100,
p < 0.001] and significant interaction between time and group
[Fua9 = 32.310, p < 0.001], but no significant main effect of
group [F( 4 = 1.892, p = 0.18]. Post hoc analyses showed that
this score was significantly higher in the intervention group
than in the control group (p = 0.001) at 1 year. The RBANS
total score was significantly higher at 1 year than at baseline
in the intervention group (p < 0.001), but not in the control
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TABLE 1 | Participant characteristics and cognitive profiles at baseline.

Characteristic All Qigong group Control p value
group

Number 51 25 26 ND
Sex, No. (%) 0.14
Male 8(15.7) 2 (8.0) 6 (23.1)

Female 43 (83.3) 23 (92.0) 20 (76.9)
Age, mean (SD), y 66.1 (4.4) 66.7 (4.5) 66.4 (4.3) 0.57
Education level, 11.0(2.2) 11.1(2.3) 109 (2.2) 0.67
mean (SD), y

Cognitive profile, mean (SD), score

MoCA 23.8 (2.4) 23.7 (2.8) 23.8(2.0) 0.85
RBANS total 177.9(18.6) 175.1(13.9) 180.7 (13.0) 0.14
Immediate memory 33.2(5.9) 32.6 (6.7) 33.8 (4.8) 0.47
Visuospatial/

Constructional 30.7 (4.2) 30.3 (3.5) 31.2 (4.8) 0.46
Language 27.0 (3.4) 26.8 (3.9) 27.2(2.9) 0.71
Attention 46.6 (8.9) 45.2 (10.3) 48.0 (7.3) 0.25
Delayed memory 40.4 (4.8) 40.3 (4.8) 40.4 (4.8) 0.83

MoCA, Montreal Cognitive Assessment-Basic, Chinese version;, ND, not determined;
RBANS, Repeatable Battery for the Assessment of Neuropsychological Status.

MoCA Score
Kk
30 ' P
| — |
25 I I
20
£15
9
172}
10
5
0 .
Baseline At 1 year
Stretching control Em  (Qigong intervention
FIGURE 3 | MoCA scores at baseline and at 1-year follow-up for the gigong
intervention and stretching control group. MoCA, Montreal Cognitive
Assessment-Basic, Chinese version. ““p < 0.001 for the indicated
comparisons.

group (p = 0.69; Figure 4A). The MoCA and RBANS total
scores correlated significantly at baseline (r = 0.500, p < 0.001)
and 1 year (r = 0.517, p < 0.001).

Memory

For the RBANS immediate and delayed memory indices, two-way
repeated-measures ANOVA revealed significant main effects
of time [F 4, = 15.983 and 23.296, respectively; both p < 0.001]
and significant interactions between time and group
[Fi149) = 13.600 and 6.362, p = 0.001 and p = 0.02, respectively],

TABLE 2 | Rate of progression to mild cognitive impairment among participants
from baseline to the 1-year follow-up.

Participants, No, (%)

Cognitive Qigong group Control group
status (n = 25 completers) (n = 26 completers)

Baseline At 1 year Baseline At 1 year
No impairment 6 (24.0) 14 (56.0) 6 (23.1) 3(11.5)
MCI (MoCA 19 (76.0) 11 (44.0) 20 (76.9) 23 (88.5)
score < 26)

MCI, mild cognitive impairment; MoCA, Montreal Cognitive Assessment-Basic, Chinese
version.

but no significant main effect of group [F4) = 1.335 and
1.648, p = 0.25 and p = 0.20, respectively]. Post hoc analyses
showed that means of these scores were significantly higher
in the intervention group than in the control group at 1 year
(p =0.003 and p = 0.03, respectively). The scores were significantly
at 1 year than at baseline in the intervention group (both
p < 0.001), but not in the control group (both p = 0.83;
Figures 4B, C).

Attention

For the RBANS attention index, two-way repeated-measures
ANOVA revealed significant interaction between time and group
[Fua = 4434, p = 0.04], but no significant main effect of
time [F(; 49 = 0.001, p = 0.98] or group [F; 4, = 0.028, p = 0.87].
Post hoc analyses showed no significant group difference
(Figure 4D).

Visuospatial/Constructional Abilities

For the RBANS visuospatial/constructional index, two-way
repeated-measures ANOVA revealed a significant main effect
of time [Fj ) = 32.920, p < 0.001] and significant interaction
between time and group [F4) = 7.271, p = 0.01], but no
significant main effect of group [F ) = 0.475, p = 0.49]. Post
hoc analyses showed that the mean of this score was significantly
higher in the intervention group than in the control group
at 1 year (p = 0.04). It was significantly higher at 1 year than
at baseline in the intervention group (p < 0.001), but not in
the control group (p = 0.69; Figure 4E).

Language Ability

For the RBANS language index, two-way repeated-measures
ANOVA revealed a significant main effect of time [F; 4, = 11.849,
p = 0.001] and significant interaction between time and group
[Fua9 = 12.309, p = 0.001], but no significant main effect of
group [F = 3.971, p = 0.05]. Post hoc analyses showed that
mean of this score was significantly higher in the intervention
group than in the control group at 1 year (p = 0.001). It was
significantly higher at 1 year than at baseline in the intervention
group (p < 0.001), but not in the control group (p = 0.96;
Figure 4F).
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FIGURE 4 | Comparison of the RBANS total and index scores between baseline and 1-year follow-up in the gigong intervention and stretching control group.
(A) RBANS Total Score; (B) RBANS Immediate Memory; (C) RBANS Delayed Memory; (D) RBANS Attention; (E) RBANS Visuospatial/Constructional; (F) RBANS
Language. RBANS indicates Repeatable Battery for the Assessment of Neuropsychological Status. “p < 0.05, “p < 0.01, and *“p < 0.001 for the indicated comparisons.

DISCUSSION

This study showed that 1 year of qigong exercise delayed
cognitive decline and promoted cognitive functions more
effectively than did 1 year of stretching exercise among
community-dwelling older Chinese adults at risk of cognitive
decline.

Our MoCA score findings are in line with those of systematic
reviews and meta-analyses, which have shown decreased
age-related cognitive decline in older adults practicing qigong
than in those participating in other interventions (Guo et al.,
2016, 2018; Cheng, 2018; Zou et al., 2018; Chan et al., 2019).
We found that the RBANS total score correlated strongly with
the MoCA score, meaning that the RBANS is effective and
valid for the assessment of cognitive function. Our findings
for the RBANS domain scores extend the current body of
knowledge based on RBANS indices, providing new evidence

for the effectiveness of qigong interventions in the improvement
of cognitive functions among older adults.

The precise mechanism(s) underlying the improvement in
cognitive functions measure in this study is unclear. The breathing
exercise combined with mental concentration and relaxation
that is performed during qigong practice may help to improve
cardiorespiratory and autonomic nervous system functions,
which might in turn contribute to improvements in cognitive
performance (Ladawan et al, 2017). Given the relationship
between physical and mental health, general improvements in
physical health or reductions of chronic disease symptoms may
help to improve mental health (Abbott and Lavretsky, 2013).
The combined physical and mental challenges tax physiological
and neurophysiological processes, driving positive adaptations
in the brain. Qigong has been shown to benefit specific aspects
of cognitive functioning in frail elderly adults (Tsang et al,
2013). Previous studies showed the effects of qigong practice
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among older adults have focused on global cognitive function
(Tsang et al,, 2013; Ladawan et al., 2017; Tao et al, 2017a),
memory function (Tao et al., 2017a,b) or attention (Xia et al,
2019). In this study, the tailored qigong intervention had stronger
effects not only on global cognition, but also immediate/delayed
memory, visuospatial/constructional ability, and language (but
not attention) than did the control exercise.

Attention, which is highly sensitive to age-related decline
(Braver and Barch, 2002), is a cognitive domain unrelated to
memory that is impaired in the early stages of Alzheimer disease
(Posner and Petersen, 1990) and deteriorates before other functions
in patients with MCI who display significant declines in reaction
time (Saunders and Summers, 2011). Attention can be enhanced
by various methods, including the awareness of breathing and
the body parts that is commonly involved in meditation and
mindfulness training (Tang et al, 2007; Kozasa et al., 2012).
Eight weeks of qigong training effectively improved attention
in middle-aged participants, but these improvements disappeared
12 weeks after gigong practice cessation (Ladawan et al., 2017).
Twenty-four weeks of mind-body exercise (60 min three times
per week) was shown to improve attention in elderly adults
with MCI (Xia et al,, 2019). In our study, the RBANS attention
index did not differ significantly between groups at baseline or
1 year but tended to be higher after 1 year of qigong practice
and lower after 1 year of the control exercise. With very early
age-related cognitive deficits, attention decline may be very
serious; thus, significant improvement of this cognitive aspect
may require lengthier gigong practice, although the intensity of
qigong may not sufficient to significantly improve attention.
Future studies could examine whether more rapid qigong
movements (i.e., decreased reaction time) improve the attention
aspect of cognitive function.

To our knowledge, this RCT is the first to evaluate the
effectiveness of 1 year of qigong exercise on the cognitive
function of older Chinese adults at risk of cognitive decline
using the RBANS. Although substantial communication gaps
exist between clinicians and community service providers,
we have provided evidence that gigong, a mind-body exercise,
is accessible and effectively delays some aspects of cognitive
dysfunction among community-dwelling older adults.

This study has several limitations. First, the sample was
small which could have reduced the accuracy of the results
(Wittes, 2002). The participants in this study were screened
by eligibility and exclusion criteria, and it is difficult to let
the participants maintain 1-year qigong intervention. Second,
the sample was predominantly female. We detected no sex-based
difference in MoCA score between two groups, but biological
sex is important variable when identifying optimal exercise
prescriptions for the maintenance of cognitive health (Barha
et al., 2020). Thus, future studies with a larger, sex-balanced
samples are needed to further confirm the findings of our
study. Third, we used stretching exercise as the control. Additional
studies in which the control conditions are more comparable
to the intervention, such as those consisting of another type
of traditional Chinese exercise (e.g., tai chi, baduanjin), aerobic
exercise (e.g., walking) or resistance exercise, may be needed
to validate our findings.

CONCLUSION

Among community-dwelling older Chinese adults at risk of
cognitive decline, 1 year of qigong exercise was associated
with decreased progression of cognitive decline and improved
cognitive function relative to 1 year of stretching exercise.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request
to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethical Committee of Shanghai University
of Sport (No. 2016013). The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual
for the publication of any potentially identifiable images or
data included in this article.

AUTHOR CONTRIBUTIONS

J] conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/
analysis tools, wrote the paper, prepared figures and/or tables,
and reviewed drafts of the paper. YW analyzed the data, prepared
figures and/or tables, and reviewed drafts of the paper. SJ and
SL performed the experiments and contributed reagents/materials/
analysis tools. LW and JZ reviewed drafts of the paper. YG
analyzed the data, prepared figures and/or tables, and reviewed
drafts of the paper. CZ and ZW conceived and designed the
experiments and reviewed drafts of the paper. All authors
contributed to the article and approved the submitted version.

FUNDING

The work presented in this paper is supported by grant 16PJC076
from the Shanghai Pujiang Talent Program, grant 17080503100
from Shanghai Science and Technology Commission, and grant
18ZR1437000 from the National Natural Science Foundation
of Shanghai. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

ACKNOWLEDGMENTS

The authors are grateful to the Wujiaochang community for
supporting the project. We also thank all participants who
made this research possible and all individuals who took the
time to complete the questionnaires.

Frontiers in Psychology | www.frontiersin.org

October 2020 | Volume 11 | Article 546834


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Jinetal.

Qigong Exercise on Cognitive Function

REFERENCES

Abbott, R, and Lavretsky, H. (2013). Tai chi and qigong for the treatment
and prevention of mental disorders. Psychiatr. Clin. North Am. 36, 109-119.
doi: 10.1016/j.psc.2013.01.011

Angevaren, M., Aufdemkampe, G., Verhaar, H. J., Aleman, A., and Vanhees, L.
(2008). Physical activity and enhanced fitness to improve cognitive function
in older people without known cognitive impairment. Cochrane Database
Syst. Rev. 16:CD005381. doi: 10.1002/14651858.CD005381.pub3

Arvanitakis, Z., Shah, R. C., and Bennett, D. A. (2019). Diagnosis and management
of dementia: review. JAMA 322, 1589-1599. doi: 10.1001/jama.2019.4782

Barha, C. K., Best, J. R., Rosano, C., Yaffe, K., Catov, ]. M., and Liu-Ambrose, T.
(2020). Sex-specific relationship between long-term maintenance of physical
activity and cognition in the health ABC study: potential role of hippocampal
and dorsolateral prefrontal cortex volume. J. Gerontol. A Biol. Sci. Med. Sci.
75, 764-770. doi: 10.1093/gerona/glz093

Bernstein, 1. H., Lacritz, L., Barlow, C. E., Weiner, M. E, and DeFina, L. E
(2011). Psychometric evaluation of the Montreal cognitive assessment (MoCA)
in three diverse samples. Clin. Neuropsychol. 25, 119-126. doi:
10.1080/13854046.2010.533196

Borella, E., Cantarella, A., Joly, E., Ghisletta, P, Carbone, E., Coraluppi, D.,
et al. (2017). Performance-based everyday functional competence measures
across the adult lifespan: the role of cognitive abilities. Int. Psychogeriatr.
29, 2059-2069. doi: 10.1017/S1041610217000680

Braver, T. S., and Barch, D. M. (2002). A theory of cognitive control, aging
cognition, and neuromodulation. Neurosci. Biobehav. Rev. 26, 809-817. doi:
10.1016/50149-7634(02)00067-2

Cespon, J., Miniussi, C., and Pellicciari, M. C. (2018). Interventional programmes
to improve cognition during healthy and pathological ageing: cortical
modulations and evidence for brain plasticity. Ageing Res. Rev. 43, 81-98.
doi: 10.1016/j.arr.2018.03.001

Chan, J. S. Y, Deng, K., Wu, ], and Yan, J. H. (2019). Effects of meditation
and mind-body exercises on older adults' cognitive performance: a meta-
analysis. Gerontologist 59, e782-e790. doi: 10.1093/geront/gnz022

Chen, K., Xu, Y., Chu, A, Ding, D., Liang, X., Nasreddine, Z., et al. (2016).
Validation of the Chinese version of Montreal cognitive assessment basic
for screening mild cognitive impairment. J. Am. Geriatr. Soc. 64, €285-€290.
doi: 10.1111/jgs.14530

Cheng, FE K. (2018). The traditional Chinese baduanjin exercise for the
enhancements in health of older adults: a narrative review. Geriatr. Care
4, 41-45. doi: 10.4081/gc.2018.7449

Cheng, Y., Wu, W,, Wang, J., Feng, W,, Wu, X,, and Li, C. (2011). Reliability
and validity of the repeatable battery for the assessment of neuropsychological
status in community-dwelling elderly. Arch. Med. Sci. 7, 850-857. doi: 10.5114/
aoms.2011.25561

Duff, K., Beglinger, L. J., Schoenberg, M. R., Patton, D. E., Mold, J., Scott, J. G.,
et al. (2005). Test-retest stability and practice effects of the RBANS in a
community dwelling elderly sample. J. Clin. Exp. Neuropsychol. 27, 565-575.
doi: 10.1080/13803390490918363

Gao, S., Burney, H. N., Callahan, C. M., Purnell, C. E,, and Hendrie, H. C.
(2019). Incidence of dementia and Alzheimer disease over time: a meta-
analysis. . Am. Geriatr. Soc. 67, 1361-1369. doi: 10.1111/jgs.16027

Glisky, E. L. (2007). “Changes in cognitive function in human aging” in Brain
aging: Models, methods, and mechanisms. ed. D. R. Riddle (Boca Raton
(FL): CRC Press/Taylor and Francis).

Guo, Y., Shi, H,, Yu, D., and Qiu, P. (2016). Health benefits of traditional
Chinese sports and physical activity for older adults: a systematic review
of evidence. J. Sport Health Sci. 5, 270-280. doi: 10.1016/j.jshs.2016.07.002

Guo, Y, Xu, M., Wei, Z., Hu, Q., Chen, Y., Yan, J., et al. (2018). Beneficial
effects of gigong wuqinxi in the improvement of health condition, prevention,
and treatment of chronic diseases: evidence from a systematic review. Evid.
Based Complement. Alternat. Med. 2018:3235950. doi: 10.1155/2018/3235950

Jahnke, R., Larkey, L., Rogers, C., Etnier, ], and Lin, E (2010). A comprehensive
review of health benefits of gigong and tai chi. Am. J. Health Promot. 24,
el-e25. doi: 10.4278/ajhp.081013-LIT-248

Klein, P. J., Baumgarden, J., and Schneider, R. (2019). Qigong and tai chi as
therapeutic exercise: survey of systematic reviews and meta-analyses addressing
physical health conditions. Altern. Ther. Health Med. 25, 48-53.

Kozasa, E. H., Sato, J. R, Lacerda, S. S., Barreiros, M. A., Radvany, J., Russell, T. A.,
et al. (2012). Meditation training increases brain efficiency in an attention
task. Neuroimage 59, 745-749. doi: 10.1016/j.neuroimage.2011.06.088

Ladawan, S., Klarod, K., Philippe, M., Menz, V., Versen, 1., Gatterer, H., et al.
(2017). Effect of qigong exercise on cognitive function, blood pressure and
cardiorespiratory fitness in healthy middle-aged subjects. Complement. Ther.
Med. 33, 39-45. doi: 10.1016/j.ctim.2017.05.005

Langa, K. M., and Levine, D. A. (2014). The diagnosis and management of
mild cognitive impairment: a clinical review. JAMA 312, 2551-2561. doi:
10.1001/jama.2014.13806

Massoud, E, Belleville, S., Bergman, H., Kirk, J., Chertkow, H., Nasreddine, Z.,
et al. (2007). Mild cognitive impairment and cognitive impairment, no
dementia: part B, therapy. Alzheimers Dement. 3, 283-291. doi: 10.1016/j.
jalz.2007.07.002

Miller, D. 1., Taler, V., Davidson, P. S., and Messier, C. (2012). Measuring the
impact of exercise on cognitive aging: methodological issues. Neurobiol.
Aging 33, 622.e629-643.629. doi: 10.1016/j.neurobiolaging.2011.02.020

Morgan, N., Irwin, M. R, Chung, M., and Wang, C. (2014). The effects of
mind-body therapies on the immune system: meta-analysis. PLoS One
9:e100903. doi: 10.1371/journal.pone.0100903

Myers, J. S., Mitchell, M., Krigel, S., Steinhoff, A., Boyce-White, A., Van
Goethem, K., et al. (2019). Qigong intervention for breast cancer survivors
with complaints of decreased cognitive function. Support Care Cancer 27,
1395-1403. doi: 10.1007/s00520-018-4430-8

Nasreddine, Z., Phillips, N., Bédirian, V., Charbonneau, S., Whitehead, V.,
Collin, I, et al. (2005). The Montreal cognitive assessment, MoCA: a brief
screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53,
695-699. doi: 10.1111/j.1532-5415.2005.53221.x

Petersen, R. C. (2011). Clinical practice. Mild cognitive impairment. N. Engl.
J. Med. 364, 2227-2234. doi: 10.1056/NEJMcp0910237

Petersen, R. C., Lopez, O., Armstrong, M. J., Getchius, T. S. D., Ganguli, M.,
Gloss, D., et al. (2018). Practice guideline update summary: mild cognitive
impairment: report of the guideline development, dissemination and
implementation subcommittee of the American academy of neurology.
Neurology 90, 126-135. doi: 10.1212/WNL.0000000000004826

Plassman, B. L., Williams, J. J., Burke, J. R., Holsinger, T., and Benjamin, S.
(2010). Systematic review: factors associated with risk for and possible
prevention of cognitive decline in later life. Ann. Intern. Med. 153, 182-193.
doi: 10.7326/0003-4819-153-3-201008030-00258

Posner, M. I, and Petersen, S. E. (1990). The attention system of the human
brain. Annu. Rev. Neurosci. 13, 25-42. doi: 10.1146/annurev.ne.13.030190.
000325

Randolph, C., Tierney, M. C., Mohr, E., and Chase, T. N. (1998). The repeatable
battery for the assessment of neuropsychological status (RBANS): preliminary
clinical validity. J. Clin. Exp. Neuropsychol. 20, 310-319. doi: 10.1076/
jcen.20.3.310.823

Salthouse, T. A. (1996). The processing-speed theory of adult age differences
in cognition. Psychol. Rev. 103, 403-428. doi: 10.1037/0033-295x.
103.3.403

Saunders, N. L., and Summers, M. J. (2011). Longitudinal deficits to attention,
executive, and working memory in subtypes of mild cognitive impairment.
Neuropsychology 25, 237-248. doi: 10.1037/a0021134

Smith, P. J., Blumenthal, J. A., Hoffman, B. M., Cooper, H., Strauman, T. A,,
Welsh-Bohmer, K., et al. (2010). Aerobic exercise and neurocognitive
performance: a meta-analytic review of randomized controlled trials. Psychosom.
Med. 72, 239-252. doi: 10.1097/PSY.0b013e3181d14633

Sofi, E, Valecchi, D., Bacci, D., Abbate, R., Gensini, G. E, Casini, A., et al.
(2011). Physical activity and risk of cognitive decline: a meta-analysis of
prospective studies. J. Intern. Med. 269, 107-117. doi: 10.1111/j.1365-
2796.2010.02281.x

Stillman, C. M., and Erickson, K. I. (2018). Physical activity as a model for
health neuroscience. Ann. N. Y. Acad. Sci. 1428, 103-111. doi: 10.1111/
nyas.13669

Tang, Y. Y, Ma, Y., Wang, J., Fan, Y., Feng, S., Lu, Q., et al. (2007). Short-
term meditation training improves attention and self-regulation. Proc. Natl.
Acad. Sci. U. S. A. 104, 17152-17156. doi: 10.1073/pnas.0707678104

Tao, J., Chen, X,, Liu, J., Egorova, N., Xue, X,, Liu, W,, et al. (2017a). Tai chi
chuan and baduanjin mind-body training changes resting-state low-frequency

Frontiers in Psychology | www.frontiersin.org

October 2020 | Volume 11 | Article 546834


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.psc.2013.01.011
https://doi.org/10.1002/14651858.CD005381.pub3
https://doi.org/10.1001/jama.2019.4782
https://doi.org/10.1093/gerona/glz093
https://doi.org/10.1080/13854046.2010.533196
https://doi.org/10.1017/S1041610217000680
https://doi.org/10.1016/s0149-7634(02)00067-2
https://doi.org/10.1016/j.arr.2018.03.001
https://doi.org/10.1093/geront/gnz022
https://doi.org/10.1111/jgs.14530
https://doi.org/10.4081/gc.2018.7449
https://doi.org/10.5114/aoms.2011.25561
https://doi.org/10.5114/aoms.2011.25561
https://doi.org/10.1080/13803390490918363
https://doi.org/10.1111/jgs.16027
https://doi.org/10.1016/j.jshs.2016.07.002
https://doi.org/10.1155/2018/3235950
https://doi.org/10.4278/ajhp.081013-LIT-248
https://doi.org/10.1016/j.neuroimage.2011.06.088
https://doi.org/10.1016/j.ctim.2017.05.005
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1016/j.jalz.2007.07.002
https://doi.org/10.1016/j.jalz.2007.07.002
https://doi.org/10.1016/j.neurobiolaging.2011.02.020
https://doi.org/10.1371/journal.pone.0100903
https://doi.org/10.1007/s00520-018-4430-8
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1056/NEJMcp0910237
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.7326/0003-4819-153-3-201008030-00258
https://doi.org/10.1146/annurev.ne.13.030190.000325
https://doi.org/10.1146/annurev.ne.13.030190.000325
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.1037/0033-295x.103.3.403
https://doi.org/10.1037/0033-295x.103.3.403
https://doi.org/10.1037/a0021134
https://doi.org/10.1097/PSY.0b013e3181d14633
https://doi.org/10.1111/j.1365-2796.2010.02281.x
https://doi.org/10.1111/j.1365-2796.2010.02281.x
https://doi.org/10.1111/nyas.13669
https://doi.org/10.1111/nyas.13669
https://doi.org/10.1073/pnas.0707678104

Jinetal.

Qigong Exercise on Cognitive Function

fluctuations in the frontal lobe of older adults: a resting-state fMRI study.
Front. Hum. Neurosci. 11:514. doi: 10.3389/fnhum.2017.00514

Tao, J., Liu, J., Liu, W,, Huang, J., Xue, X., Chen, X, et al. (2017b). Tai chi
chuan and baduanjin increase grey matter volume in older adults: a brain
imaging study. J. Alzheimers Dis. 60, 389-400. doi: 10.3233/JAD-170477

Tsang, H. W, Lee, J. L, Au, D. W,, Wong, K. K,, and Lai, K. W. (2013).
Developing and testing the effectiveness of a novel health qigong for frail
elders in Hong Kong: a preliminary study. Evid. Based Complement. Alternat.
Med. 2013:827392. doi: 10.1155/2013/827392

Wimo, A., Guerchet, M., Ali, G. C, Wu, Y. T, Prina, A. M., Winblad, B,
et al. (2017). The worldwide costs of dementia 2015 and comparisons with
2010. Alzheimers Dement. 13, 1-7. doi: 10.1016/j.jalz.2016.07.150

Wittes, J. (2002). Sample size calculations for randomized controlled trials.
Epidemiol. Rev. 24, 39-53. doi: 10.1093/epirev/24.1.39

World Health Organization. (2015). China country assessment report on ageing
and health. Available at: https://www.who.int/ageing/publications/china-
country-assessment/en/ (Accessed August 12, 2019).

Xia, R, Qiu, P, Lin, H., Ye, B.,, Wan, M., Li, M., et al. (2019). The effect of
traditional Chinese mind-body exercise (baduanjin) and brisk walking on
the dorsal attention network in older adults with mild cognitive impairment.
Front. Psychol. 10:2075. doi: 10.3389/fpsyg.2019.02075

Zhang, Y., Li, C., Zou, L., Liu, X,, and Song, W. (2018). The effects of mind-
body exercise on cognitive performance in elderly: a systematic review and

meta-analysis. Int. J. Environ. Res. Public Health 15:2791. doi: 10.3390/
ijerph15122791

Zheng, G., Zheng, Y., Xiong, Z., and Ye, B. (2020). Effect of Baduanjin exercise
on cognitive function in patients with post-stroke cognitive impairment: a
randomized controlled trial. Clin. Rehabil. 34, 1028-1039. doi: 10.1177/
0269215520930256

Zou, L., Pan, Z., Yeung, A., Talwar, S., Wang, C, Liu, Y, et al. (2018).
A review study on the beneficial effects of baduanjin. J. Altern. Complement.
Med. 24, 324-335. doi: 10.1089/acm.2017.0241

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest. Written informed consent was obtained from
the Yuanyuan Lv (she was an undergraduate in school of martial arts, Shanghai
University of Sport) for the publication of any potentially identifiable images or
data included in this article.

Copyright © 2020 Jin, Wu, Li, Jin, Wang, Zhang, Zhou, Gao and Wang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

October 2020 | Volume 11 | Article 546834


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.3389/fnhum.2017.00514
https://doi.org/10.3233/JAD-170477
https://doi.org/10.1155/2013/827392
https://doi.org/10.1016/j.jalz.2016.07.150
https://doi.org/10.1093/epirev/24.1.39
https://www.who.int/ageing/publications/china-country-assessment/en/
https://www.who.int/ageing/publications/china-country-assessment/en/
https://doi.org/10.3389/fpsyg.2019.02075
https://doi.org/10.3390/ijerph15122791
https://doi.org/10.3390/ijerph15122791
https://doi.org/10.1177/0269215520930256
https://doi.org/10.1177/0269215520930256
https://doi.org/10.1089/acm.2017.0241
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Effect of 1 Year of Qigong Exercise on Cognitive Function Among Older Chinese Adults at Risk of Cognitive Decline: A Cluster Randomized Controlled Trial
	Intro duction
	Materials and Methods
	Participants
	Study Design
	Intervention and Control Exercises
	Measures
	MoCA Test
	Repeatable Battery for the Assessment of Neuropsychological Status
	Statistical Analysis

	Results
	Participants and Baseline Characteristics
	MoCA Score
	Rate of Cognitive Decline
	RBANS Scores
	Global Cognitive Ability
	Memory
	Attention
	Visuospatial/Constructional Abilities
	Language Ability

	Discussion
	Conclusion
	Data Availability Statement
	Ethics statement
	Author contributions

	References

