Authors’ Contribution:

A Study Design

B Data Collection

C Statistical Analysis

D Manuscript Preparation
E Funds Collection

Background and Study Aim:

Material and Methods:

Results:

Conclusions:

Keywords:
Copyright:
Conflict of interest:

Ethical approval:

Em REVIEW ARTICLE

The effect of Chinese traditional exercise on cognitive
function improvement in the elderly - meta analysis

Xiaoquan Zhang () A°°E Yang Liu (%8¢ Wei Zhang (28, Ni Pan (2240,
Elena Cherkashin (238 Artur Kruszewski (> *, |lia Cherkashin (2)3:56.7ABC

! College of Sports Science, Shenyang Normal University, Shenyang, Liaoning Province, China

2School of Kinesiology and Health Promotion, Dalian University of Technology, Panjin, Liaoning Province, China
$North-Eastern Federal University in Yakutsk, Yakutsk, Russia

*Jozef Pilsudski University of Physical Education in Warsaw, Warsaw, Poland

SMoscow State University of Sports and Tourism, Moscow, Russia

® Arctic State Agrotechnological University in Yakutsk, Yakutsk, Russia

"Churapcha State Institute of Physical Culture and Sports in Churapcha, Churapcha, Russia

Received: 03 September 2021; Accepted: 01 October 2021; Published online: 12 October 2021

AoBID: 14723

Abstract

Chinese Traditional Exercise (CTE) can significantly improve the cognitive function of the elderly, but there
is no further evidence in different areas of cognitive function and exercise programs. Therefore, the purpose
of this review was to further discuss the current Randomized Controlled Trials (RCTs) of CTE on the improve-
ment of cognitive function in the elderly aged 60 years and older.

The databases were searched including Web of Science, PubMed, Cochrane Library, Scopus, CNYNET, VIP and
Wanfang. The Cochrane systematic evaluation method was followed, and 25 RCTs met the final inclusion criteria.

Of the 25 RCTs eventually included, 2 were of high quality and the rest were of medium quality; Quantitative
analysis showed that CTE intervention could significantly improve the cognitive function of the elderly, includ-
ing executive function, processing speed, long-term storage and retrieval, global cognition, cognitive-motor,
short-term and working memory and physiological signals. Intervention methods include Taijiquan, Baduanjin,
Wauginxi, Qigong and so on, among which the 24-form taijichuan has the best effect on the improvement of
cognitive function in the elderly. CTE intervention more than 3 times per week, each time 60min, interven-
tion for 12 weeks or more can achieve the best effect of improving cognitive function of the elderly.

CTE can significantly improve the cognitive function of the elderly aged 60 and above, but the improvement
effect of specific CTE on specific areas of cognitive function needs to be verified by further RCTs experiments.
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Review Article

Physical activity - noun
exercise and general movement
that a person carries out as
part of their day [49].

Cognitive - adjective relating
to the process of acquiring
knowledge by the use

of reasoning, intuition or
perception [49].

Exercise - noun 1. physical or
mental activity, especially the
active use of the muscles as

a way of keeping fit, correcting
a deformity or strengthening

a part 2. a particular
movement or action designed
to use and strengthen the
muscles m verb 1. to undertake
physical exercise in order

to keep fit and healthy 2. to
subject the body, or part of it,
to repetitive physical exertion
or energetic movement in
order to strengthen it or
improve [49].

Exercise intensity - noun the
degree to which a workout is
difficult for the exerciser [49].

Exercise intensity - in

order to improve physical
fitness, exercise must be

hard enough to require more
effort than usual. The method
of estimating appropriate
training intensity levels varies
with each fitness component.
Cardiovascular fitness, for
example, requires elevating the
heart-rate above normal [50].

INTRODUCTION

MATERIAL AND METHODS

The aging of the world population is increas-
ing, and cognitive impairment is a common phe-
nomenon in the aging process. The prevalence
of dementia in people over 60 years of age has
reached 5% to 7% [1], and it is estimated that
60 million people will be affected by demen-
tia by 2030 [2]. The decline of cognitive func-
tion affects the daily activity ability and quality
of life of the elderly and increases the burden of
the family [3]. Therefore, it is necessary to find
effective interventions to prevent and improve
the cognitive ability of the elderly.

Although cognitive ability decreases with the
aging of the elderly, their nervous system has
plasticity [4] and cognitive function can be
improved by participating in sports [5]. Therefore,
more and more scholars have carried out stud-
ies on the relationship between physical exercise
and cognitive function, especially low-intensity
and slow physical activities suitable for elderly
groups [6], such as taijichuan, Baduanjin and other
Chinese Traditional Exercise (CTE). Studies have
shown that the density of gray matter in the infe-
rior and medial temporal regions of the elderly
who participated in taijichuan exercise for a long
time was higher than that of the walking exercise
group [7]. Because CTE is a kind of multi-compo-
nent exercise that requires cognitive participation
and coordination with the changing body, it can
significantly improve the cognitive function [8, 9],
quality of life [8, 9], cardiovascular function [11]
and physical activity level [12] of the elderly with
different health levels. Besides, taijichuan can also
improve the psychological state and breathing
function of basketball players [13]. This kind of
CTE has become an important exercise method
in some western countries [14].

Therefore, the purpose of this study was to fur-
ther compare the effect of different CTE on the
improvement of cognitive function in different
areas of the elderly by combining different ran-
domized controlled trials (RCTs) of CTE. In addi-
tion, it also includes the study of exercise dose,
and further development of detailed interven-
tion. So it is hypothesized that CTE has a signif-
icant advantage in improving cognitive function
in the elderly compared to the control group,
and may have a better effect in some cognitive
subdomains.

Search method

Web of Science (WQOS), PubMed, Cochrane Library,
Scopus, VIP, Wanfang and CNKI databases were
searched for CTE studies on the elderly, and
retrieved in titles and abstracts. The retrieval date
was from the self-built database to September
2021. Boolean operator “OR” is used to merge
the same search terms in title AND abstract, AND
“AND” is used to merge different search terms. For
example (“ older adults “OR elderly) [title/abstract]
AND (“Tai Chi Chuan” OR gigong OR Wuginxi OR
(cognition OR “cognitive functions” OR brain) [title/
abstract] AND (controlled OR trial OR randomized
OR randomised).

References from other sources, such as references
from other sources, will also be included in this ret-
rospective analysis if their content is consistent.

Inclusion and exclusion criteria

Included literatures: Subjects aged 260 years
were Randomized Controlled Trials (RCTs), in
which Tai Chi Chuan, Baduanjin and other CTE
intervention methods were used in the exper-
imental group, while other physical interven-
tion methods were used in the control group.
Outcome indexes included any data that could
evaluate cognitive function. Excluded literatures:
reviews, conferences, cross-sectional compari-
sons, and subjects <60 years old; the control
group adopted a special intervention designed to
improve cognitive function; the outcome indexes
did not include any data that could evaluate cog-
nitive functions and the literatures for which data
could not be quantitatively synthesized.

Study selection

The literatures will be screened strictly according
to the inclusion and exclusion criteria after the
search. The two researches will conduct screen-
ing separately, and then make a combined com-
parison. If there are differences, they will discuss
and solve them. If they couldn’t solve them, that
will discuss and evaluate with the third research.

Quality assessment and risk of bias

The two researches separately used the manual of
article quality evaluation criteria recommended by
Cochrane Manual 5.1.0 to evaluate the quality of
each included literatures [15], and evaluated each
sub-item as “low risk”, “unclear” and “high risk”.
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Data extraction

Two researches separately extracted the fol-
lowing information: First author, publication
year, sample size, age, disease degree, interven-
tion methods, intervention dose and outcomes,
according to Gavelin et al. [16], the methods
to test different cognitive functions of human
body are roughly divided into executive func-
tion, long-term storage and retrieval, short-term
working memory, processing speed, global cog-
nition, visual processing, fluid reasoning and
cognitive-motor.

Data analysis

Review Manager 5.3 software (Review Manager
2014) was used to plot forest maps for the included
literatures, and the calculated effect sizes were ana-
lyzed using standardized mean differences (SMD).
95% confidence intervals (95% Cl) for fixed and ran-
dom effect models were calculated. Heterogeneity
is mainly judged by I?, when I’<50%, heterogeneity
can be ignored and fixed model can be used. When
50%=1°<75%, the heterogeneity is moderate. When
1>>75%, the heterogeneity is large, and the random
effect model should be used, and the source of
heterogeneity should be discussed and analyzed.
When estimating the effect size, SMD=20.2 was
small, SMD=0.5 was medium, and SMD=0.8 was
large. Results p<0.05 was defined as having signif-
icant effect.
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RESULTS

Preliminary selection of articles

Total 1298 articles were retrieved from the data-
base, and 883 remained after removing the repe-
tition. After reading title and abstract, 838 articles
were excluded, and the remaining 45 articles
needed to be read in full. Twenty two articles were
excluded, including data unavailable (n = 9), incon-
sistent experimental design (n = 9), inconsistent test
subjects (n = 1), conference article (n = 1), and fail-
ure to download the full text (n = 2). And 2 articles
were retrieved from other ways, so 25 articles were
left and to be quantitatively synthesized and ana-
lyzed (Figure 1).

Methodological quality assessment for
included studies

A total of 25 RCTs [17-41] were included in this
study, among which two articles [22, 29] were of
high quality, and the rest were of medium quality,
as shown in (Figure 2. and Table 1).

Study characteristics

Among the 23 RCTs included, there was one four-
arm experiment [41] and 2 three-arm exper-
iments [32, 40], and the specific age of subjects
was not described in the two studies [24, 39].
Except for two studies [18,34], the other studies
presented the baseline cognitive scores of subjects
in different ways, including MoCA, MMSE or years

Records identified through
database searching (n=1298)

Records identified through other
sources (n=2)

|l
vE

Records after duplicates removed
(n=885)

|

Records screened (n=885)

|

Full-text articles assessed for
eligibility (n=47)

|

Studies included in the current
review: (n=25)

Figure 1. The selection of studies

——3 | specialized cognitive intervention

Records excluded (n=837)
a) Non-RCT
b)The subjects were not healthy
elderly people
c) The control group received a

d) The outcome measures did not
mention the cognitive component

Full-text articles excluded (n=22)
a) Article quality is too low

b) Outcome data unavailable

c¢) Inconsistent experimental
design

d) Inconsistent test subjects
e)conference papers

f) Full text unavailable
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Random sequence generation (selection bias) -

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

orertios MM 1§

0% 25% 50% 75% 100%

. Low risk of bias D Unclear risk of bias . High risk of bias

Figure 2. Percentage of text bias items

Table 1. Incorporate the quality of the article (from older year of publication).

Random
First author/year Sequence
Generation

Blinding Incomplete
of outcome outcome
Assessment Data

Allocation Blinding
concealment of participants

Selective Other  The quality
reporting bias fraction

Hall 2009 [17] U U U L

Taylor-Piliae 2010 [18] L

Mortimer 2012 [19]

N
(=)
=

Nguyen 2012 [20]

Sun 2015 [21]

Walsh 2015 [22]

Lu2016 23]

Ta0 2016 [24]

Ta0 2017 [ 25]

You 2018 [26]

Wu 2018 [27]

Xiaolin H2018 [28]

Shaohua L 2019 [30]

YuanY 2019 [31]

ZiyiY 201932

Chewning 2020 [33]

Yang 2020 [34]

Gerritsen 2021 [35]

Qi2021[36]

Solianik 2021 [37]

Su 2021 [38]
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Yi 2021 [40]
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Note: U unclear; H high bias; L low bias; A high quality; B medium quality
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of education. The intervention methods of the
experimental group included taijichuan, Baduanijin,
Wouginxi, Qigong, etc., while the intervention meth-
ods of the control group included no intervention,
health education, social interaction, physical activ-
ity, etc. The intervention dose ranged from once
every two weeks to more than five times a week,
with each intervention lasting from 30 minutes to
120 minutes and the intervention period from 6
weeks to 40 weeks. See Table 2 for details.

Zhang X et al. - The effect of Chinese traditional...

Summary of evidence

Various direction of cognitive

Executive function 13 RCTs [17-21, 23, 24,
27-31, 34, 35, 41] examined the effect of CTE
on executive function in older adults. The results
were statistically significant [SMD = -0.72,
95CI% (-0.48, -0.96), p<0.00001], and the ran-
dom effect model (p<0.00001, I> = 87%) was

adopted (Figure 3a).

Table 2. Include basic information of the article (from older year of publication).

Means of intervention

Sample Cognitive Intervention dose
The first author L size standard The experimental ~ The control (treatment group) Outcomes
group group
90 min each session,
Hall 2009 [17] 722477 8 MMSE 24-form Health education 2 sessions perweek  Cognitive-motor
7 >24 Yang-style TCC
for 12 weeks
Taylor-Piliae 70.6+£5.9 37 Education years 45 min each session, Long-Term Storage and Retrieval
2010[18] 68‘515 ' 39 15.9+2.7 Yang-style TCC Western Exercise 2 sessions per week Short-Term and Workin Memor’
S 16.1+19 for 24 weeks g Memory
Education years
Zggigg gé 15.9+2.7 Health education
T 16.3£1.6
Education years 50 min each session Executive function, Short-term memory,
Mortimer 2012 [19] g;;ig‘;’ g? 11.8£2.6 TCC Walking 3 sessions per week :rrl(:jceRSeStlrr;gvsaﬁeel(:;bLeflr]c%_TsirtriT:) ﬁtorage
T 114433 for 40 weeks "9 9
Education years
gggfgg g?l 11.8+£2.6 No intervention
B 12.5+3.8
60 min each session
69.23£530 48 MMSE . . . ! . .
Nguyen 2012 [20] 24-form TCC No intervention 2sessions perweek  Executive functions
68.73+4.95 48 >25 for 24 weeks
Education years
Zggf; 2 ;; 15.9+2.7 Yang-style TCC Western Exercise
T 16.1£1.9
683459 7 MMSE 60 min each session,
Sun 2015 [21] 70'1 N 5'7 66 264+24 24-form TCC Social interaction 2 sessions per week  global cognition
T 268+1.7 for 24 weeks
Education years
A 118+26 TC Walking
o 10.9£3.9
63.944800 27 MMSE 30 min each session,  Executive function, Long-Term
Walsh 2015 [22] 6 4' 45;7' o 23 29.03+1.17 TCC usual care 2sessions per week  Storage and Retrieval, Short-Term
e 29.21+0.82 for 24 weeks and Working Memory
90 min each session,
Lu 2016 [23] 728267 13 CMMSE Yang-style TCC Social interaction 3 sessions per week Executive function
67.6%6.6 14 >21
for 16 weeks
Education years
gg;zﬁgg %; 9.61+3.02 24-form TCC
T 8.5243.65
62384455 21 Education years 60 min each session,
Tao 2016 [24] P 9.61+3.02 24-form TCC Health education 5 sessions per week  Short-Term and Working Memory
59.76+4.83 25
8.5243.65 for 12 weeks
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PUNS— Means of intervention | -
ample Cognitive ntervention dose
The first author S size standard The experimental  The control (treatment group) Outcomes
group group
MMSE
62.18£2.75 16 .
6i6eass a0 o805 Baduanjin
MMSE 60 min each session,
Ta0 2017 [25] 6238455 21 27.67+2.34 24-form Yang- non-intervention 5 sessions per week  Short-Term and Working Memory
60.16+4.48 24 794192 style TCC for 12 weeks
MMSE
62.18+2.75 16 .
60.16:448 24 e Baduanjin
MMSE h . 60 min each session,
You 2018 [26] ;i%f;;‘? g 27.59+1.82 ?&orm Yang-style nggtcﬂ Zysmal semiweekly for 12 executive function, Processing Speed
T 28.3+1.99 weeks
Wu 2018 [27] 64.9+2.8 16 g/l;gL 5 24-form Yang- non-intervention ?gmr;;?kle;ggrsf 255'0"’ executive function, Electrophysiological
64.9+3.2 15 28'4;1'5 style TCC weeks signals in the brain
MMSE ) 35-45 min each
Xiaolin H 2018 [28] gggiﬁ;; ;g 23.47£333 Baduanjin |Rn etse":\t"::;ﬁm session, triweekly for  Global Cognition
e 23.54+2.48 12 weeks
67.843.6 3 60 min each session,
Jinjin 22019 [29] 6 6'313'2 1 None data 24-form TCC non-intervention  triweekly for 12 Cognitive-motor
T weeks
MoCA . ) executive function, Global Cognition,
gg?gh[gg]l' ggggfﬁg ;2 22.32+3.86 Wuginxi non-intervention Sv()ererll(lln ?;:2(;35,:?& Long-Term Storage and Retrieval, Processing
T 23.94+2.03 y Speed, Short-Term and Working Memory
MMSE I : ) . )
66.31+4.25 13 24-form simplified ) . 45 min each session,  executive function,
YuanY2019(31) 65.92+3.48 13 2673263 TCC NON-INETVENtion 41 yeekly for 8 weeks  Brain physiological signal
27.47+169 y physiologicalsig
Education years 75 min each session, . .
ZiyiY 2019 [32] 64.5%39 16 7.5+1.2 TCC non-intervention  noless than 5times  CXCcHtve f.unctllon, .
63.245.3 17 72408 per weeks, 24 weeks Brain physiological signal
7547 4 04 90 min each session,
Chewning 2020 [33] 78 +'7 103 None data Yang-style TCC non-intervention  semiweekly for 6 executive function
o weeks
Yang 2020 [34] 66312425 13 2M6M753E+2 63 24-form simplified non-intervention 45 min each session, executive function
65.92+3.48 13 i TCC triweekly for 8 weeks
27.47£1.69
MMSE . 45 min each session,
Gerritsen 2021 [35] gg?;i;%g gg 29.45+0.89 EE_%S%G in Q6 \I:iedaelf)t educational semiweekly for 10 executive function
A 29.17+1.15 y weeks
120 min each session,
MoCA semiweekly for first 6 .
Qi 2021 [36] 23135144(1]6 %2 27.6421.56 Q6 Healthy education  weeks; 120 min each ‘a’;‘:jﬁ;'r'l‘(?nsp,\‘jfe‘:;]so':"”'Te’m
T 26.96+1.46 session, weekly for 9 y
second 6 weeks
60 min each session, )
Solianik 2021[37] =60 15 MMSE 8-form Yang-style non-intervention  Once every two Processing Speed, Short—Term and.
15 >24 TCC weeks. 10 weeks Working Memory, executive function
MoCA . . ) . )
64.4+6.57 32 " physical education 60 min each session,  Long-Term Storage and Retrieval,
Su2021(38] 65374631 33 %g%ﬂ }‘5‘ Baduanjin classes 5sessions perweek  Processing Speed, executive function
MoCA 60 min each session,
Wu 2021 [39] 63.6:+4 19 283+14 24-form Yang- non-intervention  triweekly for 12 executive function
Yy
63.2+4.4 19 style TCC
285+14 weeks
MMSE 120 min each "
Yi 2021 [40] ;35;41;1[519 %g 26.8+2 Forest QG Forest Walking session, semiweekly global f]°9f‘ |It|op, Isianal
+5. %2422 for 6 weeks rain physiological signa

Note: MoCA Montreal Cognitive Assessment; MMSE Mini-mental State Examination; TCC taijichuan; QG gigong
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Brain physiological signal 5 RCTs [20, 21, 26, 29, 31]
examined the effect of CTE on the improvement of
physiological signals in the brain of the elderly. The
results were statistically significant [SMD = 0.50,
95Cl1% (0.28, 0.71), p<0.00001], using a random
effect model (p<0.00001, I* = 74%) (Figure 3b).

Short-term and working memory 8 RCTs [19, 24,
25, 32, 33, 38, 40, 41] examined the effect of CTE
on short-term working memory in the elderly. The
results were statistically significant [SMD = 0.44,
95Cl% (0.25, 0.64), p<0.00001], using a random
effect model (p<0.00001, I> = 75%) (Figure 3c).

Processing speed 8 RCTs [19, 23-25, 30, 33, 37,
41] examined the effect of CTE on improving
processing speed in older adults. The results
were statistically significant [SMD= -0.32, 95CI1%
(-0.49, -0.15), p = 0.0003] using a random effect
model (p<0.00001, I* = 61%) (Figure 3d).

Cognitive-motor 3 RCTs [18, 30, 39] examined
the effect of CTE on the improvement of cogni-
tive-motor in the elderly. The results were statis-
tically significant [SMD=0.48, 95CI% (0.17, 0.78),
p = 0.002] using a random effect model (p = 0.02,
I = 52%) (Figure 3e).

Long-Term Storage and Retrieval 5 RCTs [19, 23, 33,
38, 41] examined the effect of CTE on long-term

Zhang X et al. - The effect of Chinese traditional...

memory and retrieval in older adults. The results
were statistically significant [SMD = 0.31, 95CI%
(0.15, 0.48), p = 0.0002] using a random effect
model (p = 0.003, I> = 52%) (Figure 3f).

Global cognitive 6 RCTs [17, 19, 22, 26, 36, 41]
examined the effect of CTE on overall cogni-
tion in older adults. The results were not sta-
tistically significant [SMD = 0.26, 95CI% (0.16,
0.35), p<0.00001], and the fixed-effect model
was adopted (p = 0.02, I> = 38%) (Figure 3g).

Subgroup analysis

Age In age subgroup analysis, compared with the
control group, CTE had the best effect on the
improvement of cognitive function in the elderly
aged 60-65 years [SMD = 0.77, 95CI% (0.53,
1.01), p<0.00001], followed by the elderly aged
65-70 years [SMD = 0.23, 95CI% (0.13, 0.33),
p<0.00001], and there was no significant dif-
ference in age 70 years and older [SMD = 0.12,
95Cl1% (-0.08, 0.32), p = 0.25].

Means of intervention In the subgroup analysis of
intervention methods in the experimental group,
it was found that 24-form taijichuan had the best
effect on the improvement of cognitive function
in the elderly [SMD = 1.15, 95CI% (0.86, 1.44),
p<0.00001], followed by other CTE [SMD = 0.44,
95C1% (0.31, 0.57), p<0.00001], other forms

Experimental Contral Std. Mean Difference Std. Mean Difference
tudy or Subgroup D Total Mean 5D Tolal Weight IV, Random, 35%Cl . Random, 95% C1
Chewning 2020 845 404 84 923 436 130 21% 0.18 (0.45,0.08] 1
Garrisen 2021 612 94 20 6w 123 23 19%  021[081,030 _ Experimental Control Std. Mean Difference
Lu20t6 16 04 16 16 06 15 18%  000[070.070] -+
e PR I S S A — W 2016 489 097 16 191 077 15 17% 330 (217, 4.43]
Lu2016 104 18 102 15 18w 0.30 [-040, 1.01] I Wu 2018 616 121 16 33 078 15 1.9% 272(1.71,3.73]
L2016 463 145 16 156 53 15 18%  -006[077,064] T W 2018 56 089 16 243 077 15 16% 370 (249, 4.91]
Lu2016 2201 824 18 2569 595 15 1.8% -0.64 [-1,37,0.08] ] Yang 2020 009 011 13 0 o012 13 2.2% 0.76 [-0.04, 1.56]
Morimer 2012 30T 641 28 274 58T 2 1%  0.05[049.059] T Yang 2020 001 001 13 001 01 13 23%  0.00[-077,077
Morimer 2012 307 641 28 095 262 21 20%  042(011.09] - Yang 2020 004 002 13 003 005 13 Z1% 1.52 (063, 241]
Mrtimer 2012 Sor SaeomoouMzosmomoa% 08065081 Yang 2020 004 002 13 009 012 13 23%  -0.56[-135 022
Norimr 012 R R R v e e I - ang 2020 0 003 13 002 003 13 22%  142M281%)
Mortimer 2012 3621 6335 29 033 6551 27 1%  -059[1.13,-008] - Yang 2020 012 014 13 0 007 13 22% 105022, 1.88]
Nuyen 2012 10205 501 3 11832 636 4 18%  284[349,-218) — Yang 2020 0 o 13 0 009 13 23%  000[0.77.0.77]
Shaohua L 2018 004 026 38 004 023 36 20%  -0.92[0.78,0.14] - ‘Yang 2020 005 004 13 0 054 13 23% -0.13 [-0.90, 0.64]
‘Shaohua L 2019 087 22037 38 5607 22002 36 20% 0.20[-0.20,0.71) r i 2021 008 031 25 004 018 18  26% 0.15 [-0.46, 0.76]
‘Shaohua L 2019 002 022 38 002 029 36 20%  -0.15[-061.0.30] i iz021 009 058 25 004 037 18 26% 0.10 0,51, 0.70]
Snaoms L2019 401 009 3005 0@ M 204 042008000 ! ¥i2021 039 095 25 019 058 18 25% 0.70(007,1.32]
Shaohua L 2019 427 33498 38 5095 28805 36 20% -0, as:—o 51,0 ﬂ;]\ T Yizo21 026 08 28 035 05 18 25% 0.67[0.23,1.50]
Shaohua L 2018 7618 42627 38 6343 25492 36  20% 0.04 [-0.42, 0.49] T YuanY 2019 0 005 13 011 04 13 23% 0.38 [:0.40. 1.15]
Shaohua L2019 3896 9 I 676 20477 I 20%  -0.02(048,043] T Yuan ¥ 2019 004 003 13 008 05 13 23%  0.191058,0.96
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Experimental Control
Mortimer 2012 041 143 29 022 128
Mortimer 2012 028 103 20 048 1.08
Mortimer 2012 028 103 29 033 118
Mortimer 2012 041 143 29 048 125
Mortimer 2012 041 143 29 059 104
Mortimer 2012 028 103 29 007 092
Qi2021 641 174 22 577 182
Shaohua L 2019 55 607 3B 036 615
Solianik 2021 95 68 15 946 7.1
Solianik 2021 95 42 15 95 85
Salianik 2021 097 136 15 -113 027
Solianik 2021 064 011 15 068 0.11
Tao 2016 12506 10.87 16 9776 13.92
Tao 2016 123.57 1142 21 97.76 13.92
Tao 2017 713 51 16 0 744
Tao 2017 25 237 16 013 313
Tao 2017 0 371 16 088 3342
Tao 2017 5 276 16 129 451
Tao 2017 538 555 21 0 7.4
Tao 2017 475 252 16 029 337
Tao 2017 244 352 16 083 332
Tao 2017 344 241 21 129 451
Tao 2017 219 351 16 024 412
Tao 2017 119 316 21 043 343
Tao 2017 233 208 21 083 332
Tao 2017 4 197 16 021 362
Tao 2017 095 322 21 029 337
Tao 2017 071 426 21 -0.88 3342
Tao 2017 338 385 21 024 412
Tao 2017 276 277 21 021 362
Taylor-Piliae 2010 003 18 37 005 16

08 17 37 47 19
Taylor-Piliae 2010 08 17 37 01 16
Taylor-Piliae 2010 003 18 37 05 16
‘Walsh 2015 728 15 31 76 158
‘Walsh 2015 611 15 31 6 158

Total (95% CI)
Heterogeneity: Tau? = 0.
Test for overall effect: Z = 4.44 (P < 0.00001)

Experimental Control
Mortimer 2012 243 391 29 244 391
Mortimer 2012 243 391 29 1 298
Mortimer 2012 243 391 29 148 287
Mortimer 2012 466 327 29 316 45
Mortimer 2012 448 317 29 326 322
Mortimer 2012 327 29 265 32
Mortimer 2012 327 29 338 326
Mortimer 2012 222 29 248 221
Mortimer 2012 222 29 344 201
Mortimer 2012 317 29 369 326
Mortimer 2012 317 29 39 3589
Mortimer 2012 222 29 242 264
Shaohua L 2019 533 38 103 51
Su 2021 539 30 3626 553
Su 2021 206 30 746 199
Su 2021 21 30 78 184
Su 2021 185 30 1043 2
Taylor-Piliae 2010 41 37 2 47
Taylor-Piliae 2010 41 37 06 41
Walsh 2015 1077 31 48.08 1065
Total (95% CI) 611

Heterogeneity: Tau® = 0.08; Chi* = 39.92, df = 19 (P = 0.003);

Test for overall effect: Z = 3.67 (P = 0.0002)

Figure 3. Meta-analysis of the effect of Traditional Chinese excercise on the
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Experimental
Study or Subgroup  Mean  SD_Total
Mortimer 2012 017 038 29
Morimer 2012 047 038 29
Mortimer 2012 103 216 29
Martimer 2012 102 216 29
Mortimer 2012 103 216 29
Morlimer 2012 147 1747 29
Mortimer 2012 147 1747 20
Mortimer 2012 117 1747 29
Wortimer 2012 047 038 28
Nguyen 2012 3505 431 39
Qi 2021 6391 782 22
Qi 2021 4 05 2
Shaohua L 2019 876 891 a8
Shaohua L 2019 4293 16842 38
Shachua L 2019 011 023 38
Solianik 2021 039 004 15
Solianik 2021 67 41 15
Solianik 2021 201 027 15
Solianik 2021 4217 188 15
Solianik 2021 1798 415
Solianik 2021 161 023 15
Su2021 6 a0
Walsh 2015 2748 82 31
You 2018 05 251 22
You 2018 061 166 22
You 2018 168 1233 22
You 2018 024 835 22
You 2018 015 086 22
You 2018 012 084 22
Total (95% CI)

Control
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Heterogeneity. Tau® = 0.13; Ch* = 72.15, df = 28 (P < 0.00001); I*= 61%
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Hall 2009 827 7 1
Hall 2009 947 15 1
Hall 2009 912 49 11
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Hall 2009 568 326 11
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Jinjin Z 2019 2675 681 13
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You 2018 003 011 22
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You 2018 004 008 22

Total (95% CI)
Heterogeneity: Tau® =
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Experimental
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Mortimer 2012 673 29
Mortimer 2012 201 29
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Yaqi L 2020 508 30
Yizoz 2 2
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cognitive improvement of the elderly (a executive function; b psyhological

signals; ¢ short-term and working memory; d processing speed; e cognitive-motor; f long-term storage and retrieval; g global cognition).
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of taijichuan had the least effect [SMD = 0.09,
95Cl% (0.02, 0.16), p = 0.008]. Subgroup analy-
sis of the control group showed that the improve-
ment effect of CTE compared with no physical
activity intervention [SMD = 0.46, 95CI% (0.35,
0.57), p<0.00001] was stronger than that with
physical activity intervention [SMD = 0.25,
95Cl% (0.13, 0.37), p<0.0001).

Intervention dose Subgroup analysis of exercise fre-
guency of intervention dose showed that the effect
of CTE more than 3 times a week [SMD = 0.53,
95Cl1% (0.39, 0.67), p<0.00001] was the best, and
the effect of CTE 3 times a week, 2 times a week,
and less than 2 times a week decreased, respec-
tively [SMD = 0.49, 95CI% (0.33, SMD = 0.23,
95CI% (0.05,0.42), p = 0.01; SMD = 0.31, 95CI%
(0.22, 0.41), p<0.00001]. Subgroup analysis of
exercise duration of intervention dose showed
that exercise duration of 60min per session had
the best effect [SMD = 0.71, 95CI% (0.54, 0.88),
p<0.00001], and the effect of less than 60min
or greater than 60min [SMD = 0.13, 95CI%
(0.036, 0.22), p = 0.009; SMD = 0.31, 95CI%
(0.17, 0.45), p<0.0001] was lower and the low-
est less than 60min. Subgroup analysis of the
exercise cycle of the intervention dose found

Zhang X et al. - The effect of Chinese traditional...

that the effect of 12 weeks of each intervention
was the largest [SMD = 0.94, 95CI% (0.67, 1.22),
p<0.00001], and the effect of less than or greater
than 12 weeks [SMD = 0.33, 95CI% (0.15, 0.51),
p = 0.0003; SMD = 0.18, 95CI% (0.09, 0.27),
p<0.0001] was lower (Table 3).

DISCUSSION

This review found that compared with the con-
trol group, CTE significantly improved most cog-
nitive abilities of the elderly, including executive
function, processing speed, long-term mem-
ory and retrieval, short-term working memory,
brain physiological signals, and overall cogni-
tive function. Subgroup analysis found that com-
pared with the control group, CTE significantly
improved the cognitive function of the elderly
aged 60-65 years, while the elderly aged 65-70
years had a smaller improvement, while the
elderly aged 70 years and above had only a slight
improvement and was not significant. Compared
with the control group with no physical activity,
the 24-form taijichuan significantly improved the
cognitive function of the elderly, while the other
methods had little significant effect. More than

Table 3. Subgroup analysis of CTE on cognitive function improvement in the elderly

Number of

Sectionalization researcher Effectiveness  95%Cl The effect of Pvalues  Heterogeneity (I*/P)
60<n<65 8 0.77 0.53~1.01 <0.00001 86%, <0.00001
Age 65<n<70 8 0.23 0.13~0.33 <0.00001 73%, <0.00001
70<n 5 0.12 —0.08~0.32 0.25 60%, <0.0001
24's tai chi 9 1.15 0.86~1.44 <0.00001 88%, <0.00001
Intervention mode )
of experimental group Other chi 9 0.09 0.02~0.16 0.008 47%, <0.00001
Other sports 7 0.44 0.31~0.57 <0.00001 60%, <0.00001
_Control group No physical activity intervention 18 0.46 0.35~0.57 <0.00001 80%, <0.00001
intervention There are physical activity interventions 9 0.25 0.13~0.37 <0.0001 66%, <0.00001
n<2 3 0.31 0.22~0.41 <0.00001 29%, 0.06
2 9 0.23 0.05~0.42 0.01 79%, <0.00001
Frequency
3 8 0.49 0.33~0.64 <0.00001 84%, <0.00001
n>3 5 0.53 0.39~0.67 <0.00001 61%, <0.00001
<60 7 0.13 0.03~0.22 0.009 62%, <0.00001
Intervention dose
Time 60 11 0.71 0.54~0.88 <0.00001 85%, <0.00001
>60 6 0.31 0.17,0.45 <0.0001 53%, <0.0001
<12 6 0.33 0.15~0.51 0.0003 61%, <0.00001
Duration 12 9 0.94 0.67~1.22 <0.00001 88%, <0.00001
>12 8 0.18 0.09~0.27 <0.0001 67%, <0.00001
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3 times a week, 60min each time, 12 weeks of CTE
can significantly improve the cognitive function of
the elderly, other exercise dose mode also has sig-
nificant effect but small.

CET and cognitive function

Individual cognitive functions include several
aspects, such as mentioned in this paper, the exe-
cution of the function, the overall cognitive func-
tion, cognitive and other sports, and executive
function is one of the important part of individual
cognitive functions, including a number of import-
ant functions, such as memory, processing power,
attention, thought control and motion control, etc.,
that is a function of individual behavior control [41].
Our results show that CTE can significantly improve
multiple cognitive functions in the elderly, which is
similar to previous reviews [42, 43]. In the process
of CTE exercise, body posture is constantly chang-
ing, so it is necessary to control the speed of action,
meet the consistency of action, and keep in mind
the essentials of action, so as to successfully com-
plete the action with high quality. Among them, the
frontal lobe, as one of the important brain regions
of executive function, is fully exercised during this
process [44]. Therefore, in the process of CTE, not
only physical activities are involved, but also cogni-
tive activities are combined in the process of con-
tinuous movement of the body. Gavelin et al. [16]
also discussed the exercise relationship between
physical activity and cognitive function in their
review, and believed that the exercise effect was
best if the two were combined.

According to studies, hippocampus is significantly
correlated with individual memory[45], and hip-
pocampus can be shaped through physical exer-
cise [46]. For example, Erikson et al. [44] found
that aerobic exercise can significantly increase hip-
pocampus volume and enhance memory ability.
Yue et al. ‘s [7] study found that the density of
gray matter in the hippocampus of the taijichuan
exercise group was higher, so the CTE intervention
involving a large amount of taijichuan and physi-
cal activities similar to taijichuan could significantly
improve the long-term memory and retrieval and
short-term working memory of the elderly.

Physiological signals mainly refer to the signals
that directly record the brain activity of individu-
als in the process of cognitive tasks, including brain
waves and activation of brain regions. In this study,
it was found that after CTE intervention, the signal
intensity in the brain region of the elderly was sig-
nificantly improved during cognitive activities. For

example, Yuan Y et al. [31] found oxygenated hemo-
globin concentrations in the left inferior left area
and left superior right area increased significantly
in the Flanker task after 8 weeks of taijiquan. Wei et
al. [47] also found in the study that the group that
participated in taijichuan exercise for a long time
had a significantly thicker structure of gyri in some
brain regions. In addition, Pan et al. [48] also found
in their review that after tai chi intervention, indi-
vidual cerebral cortex thickness and functional con-
nectivity of brain areas showed significant changes.
Ziyi Y [32] found that after taijichuan intervention
for 24 years, the amplitude of early negative wave
in frontal region, central region and top region sig-
nificantly increased and the incubation period was
significantly shorter in the elderly during the n-back
task, while the amplitude of late positive wave sig-
nificantly increased and the incubation period was
significantly shortened.

Exercise prescription

According to the results of this study, the pre-
ferred exercise method for CTE is 24-form taijich-
uan, which is performed in the elderly group aged
70 and below, more than 3 times a week, 60 min-
utes each time, and the optimal exercise effect can
be obtained only after at least 12 weeks of exercise.

Limitations

Although we have further clarified the application
scheme of CTE in the elderly group, there are still
some problems to be solved in the future exper-
imental scheme. Firstly, which CTE can improve
which cognitive fields in the elderly better, which
we cannot accurately judge due to the current
limitations of RCTs. Secondly, exercise prescrip-
tion for the elderly in different age groups needs
to be more accurate. Finally, the number of
high-quality RCTs is insufficient, and some sub-
jective evaluation process may cause some inter-
ference to the research results.

CONCLUSIONS

The results of this review show that traditional
Chinese exercise has a significant effect on the
cognitive function of the elderly, but it should
be noted that with the increase of individual age,
this effect may decrease or even have no signifi-
cant effect. Older can choose 24-form taijichuan
as the first intervention method, and more than
2 times a week, 60 min each time, at least 12 weeks
to achieve the maximum effect of cognitive func-
tion improvement.
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