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Effects of tai chi based on
information and communication
technology for patients with mild
cognitive impairment on
cognitive and physical function: a
systematic review and
meta-analysis

Yezi Li**, Qingjie Wang!', Yuanyuan Ren? and Xiaokun Mao'*

!School of Physical Education and Sports, Soochow University, Suzhou, Jiangsu, China, ?Suzhou City
University, Suzhou, Jiangsu, China

Objective: This study evaluated the effectiveness of tai chi, enhanced by
communication technologies, in improving cognitive and physical functioning
in patients with mild cognitive impairment, and to compare these effects with
traditional tai chi.

Methods: A systematic search across four academic databases identified 16
studies with 1,877 participants. Data were expressed as weighted or standardized
mean differences with 95% confidence intervals.

Results: A meta-analysis revealed significant improvements in Mini-Mental State
Examination scores and Timed Up and Go results in patients with mild cognitive
impairment following tai chi intervention. Subgroup analysis indicated that
both communication technology-based tai chi and traditional tai chi produced
varying improvements in cognitive and physical function.

Conclusion: This study confirms the importance of tai chi for cognitive and
physical functioning in patients with mild cognitive impairment. Compared with
traditional tai chi, communication technology-based tai chi showed greater
benefits in promoting rehabilitation. The effective and feasible interventions
could improve the physical health of many older adult patients, these findings
provide valuable insights and decision-making guidance for clinical practice and
public health with older patients with mild cognitive impairment.

Systematic review registration: PROSPERO, CRD42023449711, available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023449711.
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1 Introduction

According to the World Health Organization, dementia has become the leading mental
and neurological disorder among individuals aged 60 years, with the number of affected
individuals increasing annually. Mild cognitive impairment (MCI), which often precedes
dementia, is of particular concern and affects approximately 16% of the older adult
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population (1). Individuals with MCI are at high risk of progressing
to dementia unless appropriate preventive and therapeutic measures
are implemented.

Tai chi has been shown to effectively mitigate cognitive decline in
older adult patients by promoting the integration of body and mind
(2-8). Traditional tai chi, delivered through on-site instruction and
exercises, has commonly been used to improve cognitive function in
older adults. However, recent studies have explored the use of
information and communication technologies (ICT), such as virtual
reality, video games, and online platforms, to facilitate tai chi exercises
for older adult individuals, particularly those with cognitive
impairment. ICT interventions are non-pharmacological approaches
that utilize digital devices such as computers, touchscreens, and
virtual reality. For example, during the COVID-19 pandemic, a study
utilized video conferencing to guide tai chi exercises, preventing
offline gatherings. This ICT-based intervention effectively alleviated
anxiety and behavioral symptoms in individuals with MCI (9). Other
studies suggest that combining ICT with physical exercise and
physiotherapy can enhance patients’ ability to perform daily activities
(10, 11). Additionally, ICT-based tai chi exercises may be beneficial in
implementing exercise interventions for older adults (9, 12, 13). As
video game technologies such as virtual reality continue to gain
popularity, the development of rehabilitation training programs has
increased. However, few studies have compared the effects of
ICT-based tai chi to traditional tai chi on older adult individuals
with MCL

Therefore, this study aimed to further investigate the effect of
ICT-based tai chi on the cognitive and physical functions of individuals
with MCI, comparing its effectiveness with that of traditional tai chi.
The goal is to optimize tai chi rehabilitation programs for individuals
with MCI and provide new evidence and recommendations for
clinical treatments.

2 Methods

This systematic review and meta-analysis adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (14). The review protocol was registered with
PROSPERO (ID = CRD42023449711).

A systematic literature search was conducted up to November 7,
2024, using the terms “tai chi,” “online tai chi,” “VR-based tai chi,’

» <,
>

“exergaming-based tai chi,” “Mild Cognitive Impairment,” “Cognitive
Function,” and “Physical Function” Databases searched included
PubMed, Web of Science, Elsevier, Cochrane, and others, with results
limited to English-language publications.

Inclusion criteria were as follows: (1) patients with MCI, defined
by scores <25 on the Mini-Mental State Examination or < 0.5 on the
Clinical Dementia Rating; (2) randomized controlled trials and quasi-
experimental studies, where the experimental group received tai chi
intervention (traditional, online, VR-based, or exergaming-based),
and the control group had no intervention, routine intervention, or
daily physical activity; and (3) studies reporting one or more outcomes
related to cognitive function, physical function, balance, or falls.

The exclusion criteria were as follows: (1) Studies involving
individuals with Alzheimer’s disease, normal cognitive function, or
comorbidities such as cancer, degenerative neurological disorders, or
major depression; (2) Intervention programs that included
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confounding factors, such as cognitive training, vitamin supplements,
or medications, alongside exercise; (3) Articles classified as reviews,
systematic evaluations, or experimental studies that did not include
tai chi interventions; (4) Experimental studies failing to meet the
specified outcome metrics; and (5) Duplicate experimental studies not
meeting the outcome criteria.

All studies were initially imported into the literature
management system. After duplicates were removed, two
reviewers independently screened studies based on titles and
abstracts. The remaining articles were reviewed in detail and
assessed against the inclusion and exclusion criteria.
Disagreements were resolved through discussions with a
third reviewer.

Two reviewers independently extracted data from the selected
articles, which included basic study information, participant
demographics, methodology, frequency and duration of tai chi
interventions, control conditions, and outcomes. Methodological
quality was assessed using the revised PEDro scale, with 11 criteria
scored on a 2-point scale (1 for compliant, 0 for non-compliant). The
quality scoring was performed independently by two reviewers, and
disagreements were addressed through discussions with a third
reviewer. The assessed domains included randomization procedures,
intervention fidelity, handling of missing outcome data, outcome
measurement, and outcome reporting. Publication bias was evaluated
using funnel plots.

Data analysis was conducted using RevMan 5.3 software,
adhering to PRISMA guidelines. As the study data consisted of
continuous variables, results were presented as weighted or
standardized mean differences with 95% confidence intervals, using
a significance level of @ = 0.05. Heterogeneity was assessed with the
P test, and sensitivity analysis was performed if significant
heterogeneity was detected. If heterogeneity remained without
notable changes, a random-effects model was applied. When the
source of heterogeneity could not be identified, qualitative analysis
was used. Publication bias was assessed with Stata 16.0 software, and
its impact on the overall effect was evaluated using the cut-and-

patch method.

3 Results

3.1 Literature search results and basic
characteristics

Initially, 878 articles were identified. After a preliminary screening
of titles and abstracts, followed by manual searches of selected works,
16 full articles were ultimately included in this study (Figure 1).

Sixteen studies conducted between 2010 and 2024, with a total of
1,877 participants, were included in the analysis (Table 1). Three of
these studies used videoconferencing for teaching and exercise, two
employed virtual reality or video games for tai chi interventions, and
the remaining 11 utilized traditional methods. The studies were
primarily conducted in Asia and North America, with 10 studies in
China, two in Thailand, three in the United States, and one in Brazil.
Intervention durations varied from 20 to 90 min, and cycles ranged
from 7 weeks to 1 year. Several studies (7, 15-20) reported outcomes
for different intervention cycles, with frequencies ranging from 1 to 5
times per week.
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FIGURE 1
Flow diagram of included and excluded studies.

3.2 Literature quality and risk of publication
bias

Table 2 displays the results of the literature quality assessment
based on the PEDro scale, with scores categorized as follows: 0-4 for
low-quality studies, 5-7 for medium-quality studies, and 8-10 for
high-quality studies.

Figure 2 shows the results of the publication bias assessment for
indicators of the 30-s STS, TUG, and TMT B. No significant
publication bias was found for the timed up-and-go (TUG) and trail
making test B (TMT B). However, there was significant publication
bias for the 30-s STS (t = —3.95; p = 0.003; 95% CI: —4.89 to —1.32).
To further assess the impact of publication bias, the cut-and-patch
method was applied. Figure 3 indicates that publication bias had
minimal effect on the 30-s STS results (MD = 1.61; 95% CI: 1.56 to
1.66), demonstrating the robustness of the findings.

3.3 Cognitive function

Figure 4 also depicts the effects of tai chi on global cognitive
function. Eight studies reported mini-mental state examination
(MMSE) outcomes, showing significant improvement following tai chi
intervention (MD: 0.88; 95% CI: 0.27 to 1.49; p = 0.005; I* = 82%).
Three studies reported MoCA results, indicating a substantial
improvement compared to the control group (MD: 2.13; 95% CI: 1.25
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to 3.02; p < 0.00001), although with high heterogeneity (I* = 90%,
P <0.00001). The heterogeneity may stem from differences in study
quality and design, suggesting the need for further subgroup analyses,
such as comparing different intervention types (e.g., communication
technology-based tai chi vs. traditional tai chi). Sensitivity analysis
revealed no significant changes when individual studies were
excluded, affirming the robustness of the results across all outcomes.

Trail Making Test A (TMT A) scores effectively assessed visuo-
spatial ability, showing significantly higher scores in the tai chi group
compared to controls (MD: —4.90; 95% CI: —9.26 to —0.53; p = 0.03;
I* = 95%). Heterogeneity was notably reduced by excluding the study
by Liu et al. (p = 0.11; I* = 44%). Regarding executive function, six
studies reported TMT B results (MD: —19.91; 95% CI: —24.03 to
—15.79; p < 0.00001; I = 95%), and three studies reported TMT B-A
results (MD: —15.56; 95% CI: —26.86 to —4.27; p = 0.007; I* = 66%).
Sensitivity analyses confirmed the robustness of these findings
(Figure 5).

Delayed recall, digital span forward, and digital span backward
tests assessed memory function (Figure 6). Delayed recall scores
were significantly higher after tai chi intervention (MD: 1.65; 95%
CI: 0.88 to 2.43; p < 0.0001; I* = 90%). Digital span forward and
backward tests assessed working memory storage capacity, with
both showing significant improvements (forward: MD: 0.98; 95%
CI: 0.47 to 1.48; p = 0.0001; I* = 99%; backward: MD: 0.61; 95% CI:
0.26 to 0.97; p = 0.0007; I* = 97%). High heterogeneity suggests the
need for further subgroup analyses to explore sources of variation.
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TABLE 1 Characteristics of included studies.

Studies Mean Age Sample Size  Intervention Control Outcomes
(Mean + SD) (Male/
Female)
1G:76.4+ 7.6 CG: 1G: 31 (7/24) CG: Usual daily physical Physical function: 30s STS,
Hsieh et al., 2018 (15) | Taiwan VR-based TC (ICTTC)
80+7.5 29 (10/19) activities TUG, GS.
1G: 35 (—/-) CG:
Hwang et al,, 2023 (41) | Taiwan IG: - CG: - 49(<1) Traditional TC Health education Physical function: TUG.
Cognitive function:
1G: 71.7 £ 3.9 CG: 1G: 29 (11/18) CG: Mindfulness
Jiayuan et al., 2022 (7) | Harbin Traditional TC MMSE; Physical function:
708 +4.2 30 (13/17) intervention
30s STS, TUG.
1G: 13 (0/13) Cognitive function: DSE,
Kasai et al., 2010 (42) Brazil 1G: 73.54 CG: 74.54 Traditional TC None
CG: 13 (0/13) DSB.
Cognitive function:
MMSE, DSE, DSB, TMT-A,
1G:77.2 + 6.3 CG: 1G: 171 (46/125) Muscle stretching
Lam et al., 2011 (43) Hong Kong Traditional TC TMT-B, delayed recall,
783+ 6.6 CG: 218 (46/172) exercise
VFT. Physical function:
BBS.
Cognitive function:
MMSE, DSE, DSB, TMT-A,
1G:77.2 £ 6.3 CG: 1G: 171 (46/125) Muscle stretching
Lam et al., 2012 (44) Hong Kong Traditional TC TMT-B, delayed recall,
783+ 6.6 CG: 218 (46/172) exercise

VEFT. Physical function:
BBS.

Cognitive function:

1G: 22 (7/15)

Lietal., 2014 (45) USA 1G: 75+ 11 CG: 77 £ 10 Traditional TC None MMSE. Physical function:
CG: 24 (7/17)

TUG, GS.
1G: 76.13 £ 6.2 CG: 1G: 15 (6/9) Physical function: 30s STS,
Lietal, 2021 (29) Hong Kong Online TC (ICTTC) Stretching
762+6.3 CG: 15 (3/12) TUG
Cognitive function:
1G: 74.5 + 5.6 CG: 1G: 22 (14/8)
Lietal, 2022 (8) USA Online TC (ICTTC) Stretching MoCA, DSE DSB, TMT-B,
749 +6.3 CG: 24 (9/15)
VFT.
Cognitive function: DSE,
1G: 75.9 + 5.1 CG: 1G: 107 (41/66) DSB, TMT-B, VFT,
Lietal., 2023 (16) USA Online TC (ICTTC) Stretching
76.0 £ 6.1 CG: 106 (35/71) Physical function: TUG,
30s STS
EXER-TC: 16
EXER-TC: 74.6 + 6.1 Cognitive function:
(4/12) EXER-TC (ICTTC)/
Liu et al., 2022 (17) Taiwan TC:73.2+6.3 CG: None MoCA, TMT-A, TMT-B,
TC: 17 (5/12) Traditional TC
73.4+6.5 delayed recall.
CG: 17 (6/11)
1G: - 1G: 80 (22/58) Cognitive function:
Siu and Lee. 2018 (46) | Hong Kong Traditional TC Recreational activity
CG: - CG: 80 (20/60) MMSE.

Cognitive function:
1G: 68.3 £ 5.9 CG: 1G: 72 (14/58) CG:

Sun et al., 2015 (47) Jilin Traditional TC Non-athletic activities = MMSE. Physical function:
70.1+57 66 (20/46)
GS
Sungkarat et al., 2017 1G: 68.3+6.7 1G: 33 (2/31) Cognitive function: TMT
Thailand Traditional TC None
(25) CG:675+7.3 CG: 33 (7/26) B-A, delayed recall.
Sungkarat et al., 2018 1G: 68.3 £ 6.7 1G: 33 (2/31) Cognitive function: TMT
Thailand Traditional TC None
(26) CG:675+7.3 CG: 33 (7/26) B-A, delayed recall.
Cognitive function:
TC: 10 (3/7)
TC: 67.3 +4.2 EX: Conventional MoCA, TMT-A, TMT-B,
Yu et al., 2022 (18) Hong Kong EX: 10 (3/7) Traditional TC
67.3+42CG:67.2+6.8 exercise/None TMT B-A, VFT. Physical

CG: 12 (2/10)
function: 30s STS.

IG, intervention group; CG, control group; TC, tai chi; ICTTC, information and communication technologies-based Tai Chi; EXER-TC, exergaming-based tai chi group; 30s-STS, 30s sit to
stand test; TUG, timed up to go; GS, gait speed; MMSE, mini-mental state examination; MoCA, montreal cognitive assessment; DSE, digital span forward; DSB, digital span backward; TMT-A,
trail making test A; TMT-B, trail making test B; TMT B-A, trail making test B-A; VFT, verbal fluency test; BBS, berg balance scale.
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Studies PEDro scale
1
Hsieh et al., 2018 (15) Yes 0 0 1 0 0 0 1 1 1 1 5
Hwang et al,,
Yes 1 1 1 0 0 0 1 1 1 1 7
2023 (41)
Jiayuan et al.,
Yes 1 1 1 0 0 0 1 1 1 1 7
2022 (7)
Kasai et al., 2010 (42) Yes 0 0 1 0 0 0 1 1 1 1 5
Lam et al., 2011 (43) Yes 1 1 1 0 0 1 1 1 1 1 8
Lam et al., 2012 (44) Yes 1 1 1 0 0 1 1 1 1 1 8
Lietal, 2014 (45) Yes 0 0 1 0 0 0 1 1 1 1 5
Lietal, 2021 (29) Yes 1 1 1 0 0 1 1 1 1 1 8
Lietal., 2022 (8) Yes 1 1 1 0 0 1 1 1 1 1 8
Lietal, 2023 (16) Yes 1 1 1 0 0 1 1 1 1 1 8
Liu et al,, 2022 (17) Yes 1 1 1 0 0 1 1 1 1 1 8
Siu and Lee, 2018 (46) Yes 0 0 1 0 0 0 1 1 1 1 5
Sun et al., 2015 (47) Yes 1 0 1 0 0 0 1 1 1 1 6
Sungkarat et al.,
Yes 1 1 1 0 0 1 1 1 1 1 8
2017 (25)
Sungkarat et al.,
Yes 1 1 1 0 0 1 1 1 1 1 8
2018 (26)
Yu et al., 2022 (18) Yes 1 1 1 0 0 1 1 1 1 1 8
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FIGURE 2
Funnel plots of 30 s STS, TUG and TMT B. 30 s-STS, 30 s sit to stand test; TUG, timed up to go; TMT-B, trail making test B.

The verbal fluency test, assessing language function, showed
significantly higher scores in the tai chi group, with no
heterogeneity observed (MD: 2.70; 95% CI: 2.63 to 2.76;
P <0.00001; I* = 0%).

3.4 Physical function

The 30-s sit-to-stand test is a validated measure of lower limb
muscle strength in older adults. Five studies examined the test,
revealing significant improvements in performance among patients
with mild cognitive impairment (MCI) compared to controls (MD:
0.77; 95% CI: 0.42 to 1.12; p < 0.0001). However, high heterogeneity
was observed (p < 0.00001; I* = 91%), likely due to variations in study
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characteristics. Sensitivity analysis showed no significant changes,
highlighting the need for further subgroup analysis (Figure 7).

The Timed Up and Go (TUG) test evaluates functional walking
ability in older adult individuals. The results demonstrated that tai chi
training significantly improved TUG performance in patients with
MCI compared to controls (MD: —1.06; 95% CI: —1.51 to —0.61;
p <0.00001; * =98%). Similarly, gait speed, another measure of
walking ability, showed significant improvement in the tai chi group
(MD: —1.14; 95% CI: —1.64 to —0.63; p<0.0001), with no
heterogeneity (Figure 8).

The Berg Balance Scale assesses dynamic and static balance in
sitting and standing positions. After tai chi training, the experimental
group showed significantly better Berg Balance Scale scores than the
control group (MD: 0.77; 95% CI: 0.09 to 1.46; p = 0.03) (Figure 9).
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Trim and fill funnel plot of 30s STS. 30 s-STS, 30 s sit to stand test.

Test for overall effect Z= 474 (P < 0.00001)

FIGURE 4

MMSE Experimental Control Mean Difference Mean Difference
—Study or Subgroup _ Mean SD Total Mean SD Total Weight IV.Random. 95% CI IV, , 95% Cl
Jiayuan et al 2022a 249 14 29 251 24 30 11.0% -0.20 [-1.20, 0.80) Rﬂl_lﬂ_ffl_
Jiayuan et al.2022b 247 18 29 254 23 30 10.9% -0701.71,031) w
Lam etal 2011 258 31 171 251 36 218 131% 070(003,1.37] e
Lam etal. 2012 254 33 171 242 34 218 131% 1.20(053,1.87) _—
Lietal 2014 2605 1.21 22 2379 114 24 13.0% 226 [1.58,294) S
Siu and Lee 2018 2674 242 80 247 29 80 121% 204 (1.21,287) o
Sun etal 20153 278 17 72 271 18 66 136% 070([011,1.29] B
Sun et al.2015b 28 2 72 273 1.9 66 13.2% 0.70(0.05, 1.35) [
Total (95% CI) 646 732 100.0% 0.88[0.27, 1.49] ->
Heterogeneity Tau*= 0.62; Chi*= 38.58, df= 7 (P < 0.00001), "= 82% 4 g . %
Testfor overall effsct Z= 2.83 (P = 0.005) Favours [experimental] Favours [contral)
MoCA Experimental Control Mean Difference Mean Difference
u IV, Random, 95% CI IV, Randomm, 95% CI
Lietal 2022 2682 184 22 2554 189 24 176% 1.2810.20, 2.36) =
Liu et al. 20223 245 038 16 227 039 17 233% 1.80[1.54, 2.06) o
Liu etal 2022b 234 038 17 227 039 17 233% 070(044,096) L
Yuetal 2022a 246 21 10 221 23 12 117% 250(0.66, 4 34) i
Yu et al 2022b 246 21 10 185 47 12 6.5% 6.10(3.14,906)
Yu et al 2022c 266 19 10 25 25 12 11.7% 1.60 [-0.24,3.44) i
Yu et al 2022d 266 19 10 189 52 12 59% 7.70[453,1087)
Total (95% CI) 95 106 100.0% 2.13[1.25,3.02) L 4
Heterogeneity: Tau*= 0.85, Chi*= 62.05, df= 6 (P < 0.00001), F= 90% o + ) A s

Forest plot of MMSE and MoCA after tai chi intervention. MMSE, mini-mental state examination; MoCA, montreal cognitive assessment.

Favours [exparimental] Favours [control)

3.5 Subgroup analysis

Subgroup analysis categorized studies by type of tai chi
intervention, including traditional tai chi and ICT-based interventions
(videoconferencing, video games, and virtual reality). Results
indicated that ICT-based tai chi interventions showed significant
improvements in all cognitive function indicators, while traditional
tai chi also yielded significant results, except for the backward digit
span test. This suggests that ICT-based interventions may outperform
traditional tai chi for cognitive function. However, the limited number
of ICT-based studies warrants further research. In terms of physical
function, ICT-based tai chi significantly outperformed traditional tai
chi in the 30-s sit-to-stand test and TUG scores, suggesting it may
be more effective in improving physical function in MCI patients
(Table 3).
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4 Discussion

This meta-analysis demonstrates the efficacy of tai chi
interventions in improving both cognitive and physical functions
in patients with MCI. In terms of cognitive function, significant
improvements were observed across various tests, including
Montreal Cognitive Assessment, Mini-Mental State Examination,
Digital Span Forward, Digital Span Backward, Trail Making Test
A, Trail Making Test B, Trail Making Test B-A, Verbal Fluency
Test and Delayed Recall. These improvements reflect enhanced
performance in key cognitive domains, such as visuospatial
ability, executive function, memory, and language. These findings
align with the results of previous meta-analyses (4-6, 21-24).
Regarding physical function, participants in the tai chi group
showed significant improvements in the 30-s sit-to-stand test,
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TMTA Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean __SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lam et al.2011 293 206 171 336 237 218 122% -430[-871,011]) i
Lam etal.2012 237 203 171 275 185 218 126% -3807.71,011) = &
Liu etal 20223 658 19 16 803 19 17 138% -1450[F1580,-13.20] ®
Liu etal. 2022b 717 19 17 803 19 17 138% -8.60(-9.88,-7.32) -
Yu et al 20223 12 4 10 112 54 12 126% 080[313,473) _[_
Yu et al. 2022b 12 4 10 16.7 103 12 108% -470-11.03,163) _—
Yu et al 2022¢c 19 34 10 107 38 12 131% 120F181,421) g i
Yu et al. 2022d 19 34 10 16 98 12 111% -410-10.03,183) T
Total (95% CI) 415 518 100.0% -4.90[-9.26, -0.53) <>
Heterogeneity: Tau®= 35.49; Chi*= 15245, df=7 (P < 0.00001); F=95% = 35 5 e P
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FIGURE 5
Forest plot of TMT A, TMT B and TMT B-A after tai chi intervention. TMT-A, trail making test A; TMT-B, trail making test B; TMT B-A, trail making test
B-A.

gait speed, and the Berg Balance Scale, indicating enhanced lower
limb muscle strength, mobility, and balance in patients with
MCI. Cognitive training through tai chi has been shown to
improve cognitive function (25, 26). Compared with aerobic
exercise, tai chi involves a greater number of specific movements
performed in sequence, requiring participants to maintain focus,
memorize, and repeatedly train, which enhances executive
function and memory (23). The semi-squatting posture in tai chi
increases the load on the lower limbs, inducing greater joint
compression, while controlling limb movement and maintaining
specific positions. This activates the tensor reflex, stimulating
joint proprioceptors and enhancing the neuromuscular system’s
responsiveness, enabling patients with mild cognitive impairment
to react swiftly and accurately to environmental risks (27).
Overall, tai chi improves physical function and enhances patients’
quality of life. The observed heterogeneity may be due to
variations in study quality and design, suggesting that further
subgroup analyses are needed to explore its sources, such as
comparing different intervention types (e.g., ICT-based tai chi vs.
traditional tai chi). Sensitivity analysis, after excluding studies
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one by one, showed no significant changes, confirming the
robustness of the findings across all outcomes.

Regarding physical function, ICT interventions offer greater
benefits than traditional approaches. Previous reviews have not
examined the impact of ICT interventions on physical function,
likely because most ICT interventions combine cognitive and
exercise training, making it difficult to analyze due to the variety
of intervention types. This study focused on a specific program,
ICT-based tai chi, with strict inclusion criteria that excluded
non-tai chi interventions. Tai chi itself serves as both a cognitive
training and aerobic exercise process. Several studies (8, 16, 28)
have integrated cognitive training with tai chi, and while findings
suggest that ICT-based tai chi outperforms traditional tai chi, it
complicates understanding the source of the intervention’s effect.
The ICT modalities in this research included virtual reality,
exergames, and videoconferencing. Virtual reality and exergames
increased patient interest and exercise enjoyment, while
videoconferencing was less engaging and had lower patient
adherence. In three studies using videoconferencing, one study
(29) found no significant improvement in physical function, while
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FIGURE 6
Forest plot of delayed recall, DSF, DSB, VFT after tai chi intervention. DSF, digital span forward; DSB, digital span backward; VFT, verbal fluency test.

two reported positive outcomes (8, 16). Further analysis suggests
that supervision and evaluation methods played a crucial role in
these results. The two studies with better outcomes provided more
detailed supervision and assessed factors such as exercise safety,
enjoyment, intensity appropriateness, brain health benefits, and
overall satisfaction—criteria that should exceed 70% satisfaction.
This highlights the potential of ICT not only for treatment but also
for monitoring and evaluating therapeutic effects (30). Various
ICT-based monitoring and evaluation tools, such as fitness
trackers, have been developed and can promote patient self-
management, helping delay declines in cognitive and physical
function (31, 32). As technology advances and costs decrease, more
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benefit from refined ICT-based

rehabilitation programs.

patients  could

Subgroup analysis results indicate that ICT-based tai chi is
more effective in enhancing cognitive and physical performance
compared to traditional teaching and exercise methods. The study
concludes that information and communication technologies
(ICT) can activate and improve the cognitive functions of patients
with mild cognitive impairment by fostering increased interaction.
In virtual environments such as virtual reality (VR) and exergames,
patients must remain alert to feedback on situational changes and
adjust their posture in response to commands. ICT-based tai chi
interventions provide an immersive experience that enhances

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1495645
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lietal

10.3389/fpubh.2024.1495645

30s STS Experimental Control Mean Difference

Study or Subgroup __Mean D al_Mean D g ei : :

Hsieh et al.2018a 955 336 31 976 3.02 29 39% -0.21 [1.82,1.40]
Hsieh et al. 2018b 924 389 31 897 215 29 40% 0.27 [-1.31,1.85)
Jiayuan et al 2022a B70 2 36 167 19 38 9.0% 0.80[-0.09,1.69)]
Jiayuan et al.2022b T 074 74 36 168 2 38 8.8% 0.90[-0.01,1.81)
Lietal.2021 1307 08 15 116 1.06 15 121% 1.47(0.80, 2.14)
Lietal 2023a 126 03 107 111 03 106 215% 1.50(1.42,1.58]
Lietal.2023b 129 03 107 112 02 106 216% 1.70[1.63,1.77]
Yu etal.2022a 5 1.2 10 = |22 12 46% -0.20 [-1.65,1.25)
Yu etal.2022b 78 13 10 11.6 28 12 37% -4.00[-565,-2.35)
Yu etal.2022¢ A 1.2 10 89 1 12 8.1% 0.20[-0.77,117)
Yu etal.2022d A 1:2 M 13 33 12 27% -420[-6.21,-219)
Total (95% CI) 403 409 100.0% 0.77[0.42,1.12]

Heterogeneity: Tau*=0.15; Chi*=117.34, df=10 (P < 0.00001); F=91%
Test for overall effect Z= 4.29 (P < 0.0001)

FIGURE 7
Forest plot of 30 s STS after tai chi intervention. 30 s-STS, 30 s sit to stand test.
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FIGURE 8
Forest plot of TUG and GS after tai chi intervention. TUG, timed up to go; GS, gait speed.
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FIGURE 9
Forest plot of BBS after tai chi intervention. BBS, berg balance scale.
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TABLE 3 Subgroup comparison results of traditional and ICT-based tai chi.

10.3389/fpubh.2024.1495645

Indicators No of studies Effect model MD/SMD (95% Cl)

ICTTC

Cognitive function

MoCA 2 RE 1.38 [0.62, 2.14] 0.0004%
TMT-B 2 RE —40.06 [~57.07, —23.05] <0.00001%
DSF 2 RE 1.44[0.73,2.16] <0.0001%*
DSB 2 RE 1.64 [0.84, 2.44] <0.0001%*
Physical function

30s STS 2 RE 0.71 [~0.40, 1.83] 0.21
TUG 2 RE 2.56 [-2.39,7.51] 0.31
TC

Cognitive function

MoCA 1 RE 4.20 [1.59, 6.81] 0.002+#
TMT-B 4 RE —13.98 [-22.45, =5.52] 0.001%*
DSF 3 RE 0.26 [—0.12, 0.64] 0.17
DSB 3 RE 0.37[0.19, 0.55] <0.0001%*
Physical function

30s STS 2 RE ~0.91 [~2.40, 0.57] 0.23
TUG 2 RE -0.62 [—0.95, —0.29] 0.00027

ICTTC, information and communication technologies-based tai chi; TC, tai chi; RE, random effect; MoCA, Montreal Cognitive Assessment; TMT-B, trail making test B; DSE, digital span
forward; DSB, digital span backward; 30s-STS, 30s sit to stand test; TUG, timed up to go. *p < 0.1; *¥p < 0.01.

motivation and interest in the activity. VR, in particular, can
integrate a complex array of stimuli—such as vivid imagery and
realistic sounds—that help users feel physically present in an
engaging environment (9), thus enhancing enjoyment. These
virtual interactions simulate real physical, visual, and auditory
sensations, creating a sense of immersion that alleviates anxiety
and reduces behavioral symptoms (9). This process activates the
brain’s sensorimotor integration function and stimulates attention-
related brain networks (33). Virtual environments provided by
computers or VR devices improve attention in patients with mild
cognitive impairment, stimulating brain areas responsible for
cognitive and neuromuscular control, which strengthens brain
circuits (34). While fewer studies focus on remote instruction
through videoconferencing, evidence supports its effectiveness in
cognitive rehabilitation (8, 29). Multiple studies have reinforced
this conclusion (35-37), suggesting that emerging technologies can
achieve therapeutic effects comparable to or even surpassing those
of traditional treatments. However, it is important to note that
prolonged use of such devices may induce nausea and motion
sickness, particularly among older adults susceptible to these
effects. Future research should explore ways to mitigate these
potential negative outcomes. Moreover, researchers and
practitioners are encouraged to use the RE-AIM framework to
design dissemination, evaluate interventions, and set up the
relevant dimensions of factors with a beginning-end in mind (38-
40). Such judicious application of RE-AIM will facilitate the
replicability and generalizability of program interventions for
optimal public health impact.

In conclusion, the study confirmed the effectiveness of tai chi

intervention, especially ICT-based tai chi interventions, on the
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cognitive and physical functioning aspects of patients with mild
cognitive impairment, and these findings provide valuable
guidance programs for clinical practice and public health with
older adult patients. However, there are some limitations exist.
First, the variability in ICT-based tai chi interventions across
studies necessitates further research into how different VR
techniques and ICT modalities impact outcomes, along with the
development of detailed intervention protocols to maximize
therapeutic efficacy. Second, the combination of traditional and
ICT-based tai chi complicates the isolation of the specific effects of
ICT-based tai chi, which may result in conclusions that require
cautious application. Third, as tai chi is both a physical and mental
exercise, the instructor’s teaching philosophy, level of expertise,
and methodology can significantly influence intervention
outcomes. Future research should explore the integration of
traditional and ICT-based tai chi to leverage the strengths of both,
creating an effective tai chi rehabilitation program. In addition,
subsequent studies need to learn more about the framework for the
use of RE-AIM in a variety of contexts, assessing the relevant
dimensions of the intervention and setting factors to help plan the
replicability and generalizability of the intervention for optimal
public health impact.

5 Conclusion

Tai chi interventions have positive improvement benefits for
patients with mild cognitive impairment, and tai chi integrated with
communication-based technologies in particular further improves the
effectiveness of their cognitive and physical functioning. Better
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treatment protocols could improve the health of an increasing number
of patients with mild cognitive impairment, which provides a scientific
basis for the development of intervention programs and clinical
practice for older adults.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

YL: Conceptualization, Methodology, Writing - original
draft. QW: Writing - original draft, Investigation, Software,
Writing - review & editing. YR: Investigation, Writing - review
& editing, Visualization. XM: Writing - review & editing,
Conceptualization, Supervision.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the Jiangsu University Philosophy and Social Science

References

1. Hu C, Yu D, Sun X, Zhang M, Wang L, Qin H. The prevalence and progression of
mild cognitive impairment among clinic and community populations: a systematic
review and meta-analysis. Int Psychogeriatr. (2017) 29:1595-608. doi: 10.1017/
$1041610217000473

2. Nuzum H, Stickel A, Corona M, Zeller M, Melrose R], Wilkins SS. Potential benefits
of physical activity in MCI and dementia. Behav Neurol. (2020) 2020:1-10. doi:
10.1155/2020/7807856

3. Liu E Chen X, Nie P, Lin S, Guo J, Chen J, et al. Can tai chi improve cognitive
function? A systematic review and meta-analysis of randomized controlled trials. J
Altern Complement Med. (2021) 27:1070-83. doi: 10.1089/acm.2021.0084

4. Yang ], Zhang L, Tang Q, Wang E, Li Y, Peng H, et al. Tai chi is effective in delaying
cognitive decline in older adults with mild cognitive impairment: evidence from a
systematic review and meta-analysis. Evid Based Complement Alternat Med. (2020)
2020:3620534. doi: 10.1155/2020/3620534

5. Gu R, Gao Y, Zhang C, Liu X, Sun Z. Effect of tai chi on cognitive function among
older adults with cognitive impairment: a systematic review and meta-analysis. Evid
Based Complement Alternat Med. (2021) 2021:1-9. doi: 10.1155/2021/6679153

6. Cai Z, Jiang W, Yin J, Chen Z, Wang J, Wang X. Effects of tai chi Chuan on cognitive
function in older adults with cognitive impairment: a systematic and meta-analytic
review. Evid Based Complement Alternat Med. (2020) 2020:6683302. doi:
10.1155/2020/6683302

7. Jiayuan Z, Xiang-Zi J, Li-Na M, Jin-Wei Y, Xue Y. Effects of mindfulness-based tai
chi Chuan on physical performance and cognitive function among cognitive frailty older
adults: a six-month follow-up of a randomized controlled trial. J Prev Alzheimers Dis.
(2022) 9:104-12. doi: 10.14283/jpad.2021.40

8. Li E Harmer P, Fitzgerald K, Winters-Stone K. A cognitively enhanced online tai Ji Quan
training intervention for community-dwelling older adults with mild cognitive impairment: a
feasibility trial. BMC Geriatr. (2022) 22:76. doi: 10.1186/s12877-021-02747-0

9. Domenicucci R, Ferrandes F, Sarlo M, Borella E, Belacchi C. Efficacy of ICT-based
interventions in improving psychological outcomes among older adults with MCI and
dementia: a systematic review and meta-analysis. Ageing Res Rev. (2022) 82:101781. doi:
10.1016/j.arr.2022.101781

10. Maselli M, Fiorini L, Cecchi E, Castro E, Esposito R, Cavallo F, et al. Can physical
and cognitive training based on episodic memory be combined in a new protocol for
daily training? Aging Clin Exp Res. (2019) 31:1615-23. doi: 10.1007/s40520-018-1107-6

Frontiers in Public Health

11

10.3389/fpubh.2024.1495645

Research Project (2024SJYB1019); Management Project of Sports
Scientific Research Bureau of Suzhou Sports Bureau (No. TY2024-
406); Humanities and Social Science Research Youth Foundation
Project, Ministry of Education (No. 18YJC890001).

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.

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1495645/
full#supplementary-material

11.Fiorini L, Maselli M, Esposito R, Castro E, Mancioppi G, Cecchi F, et al. Foot
inertial sensing for combined cognitive-motor exercise of the sustained attention
domain. IEEE Trans Biomed Eng. (2019) 66:2413-20. doi: 10.1109/
TBME.2019.2906758.

12. Charchat-Fichman H, Uehara E, Santos CE. New technologies in assessment and
neuropsychological rehabilitation. Temas em Psicologia. (2014) 22:539-53. doi: 10.9788/
TP2014.3-01

13. Ri G-B, Mf C-U, Mt A. Computerized neurocognitive interventions in the context
of the brain training controversy. Rev Neurosci. (2018) 29:55-69. doi: 10.1515/
revneuro-2017-0031

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:n71. doi: 10.1136/bmj.n71

15. Hsieh C-C, Lin P-S, Hsu W-C, Wang JS, Huang YC, Lim AY, et al. The effectiveness
of a virtual reality-based tai chi exercise on cognitive and physical function in older
adults with cognitive impairment. Dement Geriatr Cogn Disord. (2018) 46:358-70. doi:
10.1159/000494659

16. Li F, Harmer P, Eckstrom E, Fitzgerald K, Winters-Stone K. Clinical effectiveness
of cognitively enhanced tai Ji Quan training on global cognition and dual-task
performance during walking in older adults with mild cognitive impairment or self-
reported memory concerns: a randomized controlled trial. Ann Intern Med. (2023)
176:1498-507. doi: 10.7326/M23-1603

17. Liu C-L, Cheng F-Y, Wei M-], Liao YY. Effects of exergaming-based tai chi on
cognitive function and dual-task gait performance in older adults with mild cognitive
impairment: a randomized control trial. Front Aging Neurosci. (2022) 14:761053. doi:
10.3389/fnagi.2022.761053

18. Yu AP, Chin EC, Yu DJ, Fong DY, Cheng CP, Hu X, et al. Tai chi versus conventional
exercise for improving cognitive function in older adults: a pilot randomized controlled
trial. Sci Rep. (2022) 12:8868. doi: 10.1038/s41598-022-12526-5

19. Huang N, Li W, Rong X, Champ M, Wei L, Li M, et al. Effects of a modified tai chi
program on older people with mild dementia: a randomized controlled trial. J
Alzheimers Dis. (2019) 72:947-56. doi: 10.3233/JAD-190487

20. Cheng S-T, Chow PK, Yu ECS, Chan ACM. Leisure activities alleviate depressive
symptoms in nursing home residents with very mild or mild dementia. Am J Geriatr
Psychiatry. (2012) 20:904-8. doi: 10.1097/JGP.0b013e3182423988

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1495645
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1495645/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1495645/full#supplementary-material
https://doi.org/10.1017/S1041610217000473
https://doi.org/10.1017/S1041610217000473
https://doi.org/10.1155/2020/7807856
https://doi.org/10.1089/acm.2021.0084
https://doi.org/10.1155/2020/3620534
https://doi.org/10.1155/2021/6679153
https://doi.org/10.1155/2020/6683302
https://doi.org/10.14283/jpad.2021.40
https://doi.org/10.1186/s12877-021-02747-0
https://doi.org/10.1016/j.arr.2022.101781
https://doi.org/10.1007/s40520-018-1107-6
https://doi.org/10.1109/TBME.2019.2906758.
https://doi.org/10.1109/TBME.2019.2906758.
https://doi.org/10.9788/TP2014.3-01
https://doi.org/10.9788/TP2014.3-01
https://doi.org/10.1515/revneuro-2017-0031
https://doi.org/10.1515/revneuro-2017-0031
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1159/000494659
https://doi.org/10.7326/M23-1603
https://doi.org/10.3389/fnagi.2022.761053
https://doi.org/10.1038/s41598-022-12526-5
https://doi.org/10.3233/JAD-190487
https://doi.org/10.1097/JGP.0b013e3182423988

Lietal.

21. Wang S, Yin H, Jia Y, Zhao L, Wang L, Chen L. Effects of mind-body exercise on
cognitive function in older adults with cognitive impairment: a systematic review and
Meta-analysis. ] Nerv Ment Dis. (2018) 206:913-24. doi: 10.1097/
NMD.0000000000000912

22.Song D, Yu D, Zhou J, Zeng L, Fan T. Effects of traditional Chinese medicine-based
exercises on cognitive function in older people with mild cognitive impairment: a
systematic review and meta-analysis. Geriatr Nurs. (2022) 46:98-104. doi: 10.1016/j.
gerinurse.2022.05.005

23. Lim KH-L, Pysklywec A, Plante M, Demers L. The effectiveness of tai chi for short-
term cognitive function improvement in the early stages of dementia in the elderly: a
systematic literature review. Clin Interv Aging. (2019) 14:827-39. doi: 10.2147/
CIA.S202055

24. Wayne PM, Walsh JN, Taylor-Piliae RE, Wells RE, Papp KV, Donovan NJ, et al.
Effect of tai chi on cognitive performance in older adults: systematic review and meta-
analysis. ] Am Geriatr Soc. (2014) 62:25-39. doi: 10.1111/jgs.12611

25. Sungkarat S, Boripuntakul S, Chattipakorn N, Watcharasaksilp K, Lord SR. Effects
of tai chi on cognition and fall risk in older adults with mild cognitive impairment: a
randomized controlled trial. ] Am Geriatr Soc. (2017) 65:721-7. doi: 10.1111/jgs.14594

26. Sungkarat S, Boripuntakul S, Kumfu S, Lord SR, Chattipakorn N. Tai chi improves
cognition and plasma BDNF in older adults with mild cognitive impairment: a
randomized controlled trial. Neurorehabil Neural Repair. (2018) 32:142-9. doi:
10.1177/1545968317753682

27. Hutton RS, Atwater SW. Acute and chronic adaptations of muscle proprioceptors
in response to increased wuse. Sports Med. (1992) 14:406-21. doi:
10.2165/00007256-199214060-00007

28.Li B, Tang H, He G, Jin Z, He Y, Huang P, et al. Tai chi enhances cognitive training
effects on delaying cognitive decline in mild cognitive impairment. Alzheimers Dement.
(2023) 19:136-49. doi: 10.1002/alz.12658

29.Li E Harmer P, Voit J, Chou LS. Implementing an online virtual falls prevention
intervention during a public health pandemic for older adults with mild cognitive
impairment: a feasibility trial. Clin Interv Aging. (2021) 16:973-83. doi: 10.2147/
CIA.S306431

30. Eghdam A, Scholl J, Bartfai A, Koch S. Information and communication
technology to support self-management of patients with mild acquired cognitive
impairments: systematic review. ] Med Internet Res. (2012) 14:e159. doi: 10.2196/
jmir.2275

31. Rookes T, Frost R, Barrado-Martin Y, Marston L, Cooper C, Gardner B, et al. Type
of goals set and progress towards these goals, as part of a behaviour change intervention,
in people with mild cognitive impairment: a secondary analysis. Lancet. (2023) 402:S80.
doi: 10.1016/50140-6736(23)02112-8

32.Mc R, Jabbar KA, del S, Thomas A, Robinson L, Kerse N, et al. Using digital
technology to quantify habitual physical activity in community dwellers with cognitive
impairment: systematic review. ] Med Internet Res. (2023) 25:e44352:e44352. doi:
10.2196/44352

33.Vecchiato G, Tieri G, Jelic A, de Matteis F Maglione AG, Babiloni E
Electroencephalographic correlates of sensorimotor integration and embodiment during
the appreciation of virtual architectural environments. Front Psychol. (2015) 6:1944. doi:
10.3389/fpsyg.2015.01944

34. Torpil B, $ahin S, Pekgetin S, Uyanik M. The effectiveness of a virtual reality-based
intervention on cognitive functions in older adults with mild cognitive impairment: a

Frontiers in Public Health

12

10.3389/fpubh.2024.1495645

single-blind, randomized controlled trial. Games Health J. (2021) 10:109-14. doi:
10.1089/g4h.202040086

35.Jung A-R, Kim D, Park E-A. Cognitive intervention using information and
communication technology for older adults with mild cognitive impairment: a
systematic review and meta-analysis. Int ] Environ Res Public Health. (2021) 18:11535.
doi: 10.3390/ijerph182111535

36. Dove E, Astell AJ. The use of motion-based technology for people living with
dementia or mild cognitive impairment: a literature review. ] Med Internet Res. (2017)
19:e3. doi: 10.2196/jmir.6518

37.di C, Bosco A, Rai H, Craven M, McNally D, Todd C, et al. A systematic
literature review and meta-analysis on digital health interventions for people living
with dementia and mild cognitive impairment. Int ] Geriatr Psychiatry. (2022) 37:6.
doi: 10.1002/gps.5730

38. Harden SM, Lee SM, Ory MG, Smith-Ray RL, Estabrooks PA, Glasgow RE. RE-
AIM in clinical, community, and corporate settings: perspectives, strategies, and
recommendations to enhance public health impact. Front Public Health. (2018) 6:71.
doi: 10.3389/fpubh.2018.00071

39.Glasgow RE, Harden SM, Gaglio B, Rabin B, Smith ML, Porter GC, et al. RE-
AIM planning and evaluation framework: adapting to new science and practice
with a twenty-year review. Front Public Health. (2019) 7:64. doi: 10.3389/
fpubh.2019.00064

40. Estabrooks PA, Glasgow RE. Developing a dissemination and implementation
research agenda for aging and public health: the what, when, how, and why? Front Public
Health. (2023) 11:1123349. doi: 10.3389/fpubh.2023.1123349

41. Hwang H-FE, Tseng K-C, Chen S-J, Yu WY, Chen CY, Lin MR. Effects of home-
based computerized cognitive training and tai chi exercise on cognitive functions in
older adults with mild cognitive impairment. Aging Ment Health. (2023) 27:2170-8. doi:
10.1080/13607863.2023.2225430

42.Kasai JYT, Busse AL, Magaldi RM, Soci MA, Rosa PM, Curiati JAE, et al. Effects
of tai Chi Chuan on cognition of elderly women with mild cognitive impairment.
Einstein. (2010) 8:40-5. doi: 10.1590/s1679-45082010a01470

43.Lam LCW, Chau RCM, Wong BML, Fung AWT, Lui VWC, Tam CCW, et al.
Interim follow-up of a randomized controlled trial comparing Chinese style mind
body (tai chi) and stretching exercises on cognitive function in subjects at risk of
progressive cognitive decline. Int J Geriatr Psychiatry. (2011) 26:733-40. doi:
10.1002/gps.2602

44.Lam LCW, Chau RCM, Wong BML, Fung AWT, Tam CWC, Leung GTY, etal. A
1-year randomized controlled trial comparing mind body exercise (tai chi) with
stretching and toning exercise on cognitive function in older Chinese adults at risk of
cognitive decline. ] Am Med Dir Assoc. (2012) 13:568.e15-20. doi: 10.1016/j.
jamda.2012.03.008

45. Li E, Harmer P, Liu Y, Chou LS. Tai Ji Quan and global cognitive function in older
adults with cognitive impairment: a pilot study. Arch Gerontol Geriatr. (2014) 58:434-9.
doi: 10.1016/j.archger.2013.12.003

46. Siu M-Y, Lee DTE. Effects of tai chi on cognition and instrumental activities of
daily living in community dwelling older people with mild cognitive impairment. BMC
Geriatr. (2018) 18:37. doi: 10.1186/s12877-018-0720-8

47. Sun ], Kanagawa K, Sasaki J, Ooki S, Xu H, Wang L. Tai chi improves cognitive and
physical function in the elderly: a randomized controlled trial. J Phys Ther Sci. (2015)
27:1467-71. doi: 10.1589/jpts.27.1467

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1495645
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1097/NMD.0000000000000912
https://doi.org/10.1097/NMD.0000000000000912
https://doi.org/10.1016/j.gerinurse.2022.05.005
https://doi.org/10.1016/j.gerinurse.2022.05.005
https://doi.org/10.2147/CIA.S202055
https://doi.org/10.2147/CIA.S202055
https://doi.org/10.1111/jgs.12611
https://doi.org/10.1111/jgs.14594
https://doi.org/10.1177/1545968317753682
https://doi.org/10.2165/00007256-199214060-00007
https://doi.org/10.1002/alz.12658
https://doi.org/10.2147/CIA.S306431
https://doi.org/10.2147/CIA.S306431
https://doi.org/10.2196/jmir.2275
https://doi.org/10.2196/jmir.2275
https://doi.org/10.1016/S0140-6736(23)02112-8
https://doi.org/10.2196/44352
https://doi.org/10.3389/fpsyg.2015.01944
https://doi.org/10.1089/g4h.2020.0086
https://doi.org/10.3390/ijerph182111535
https://doi.org/10.2196/jmir.6518
https://doi.org/10.1002/gps.5730
https://doi.org/10.3389/fpubh.2018.00071
https://doi.org/10.3389/fpubh.2019.00064
https://doi.org/10.3389/fpubh.2019.00064
https://doi.org/10.3389/fpubh.2023.1123349
https://doi.org/10.1080/13607863.2023.2225430
https://doi.org/10.1590/s1679-45082010ao1470
https://doi.org/10.1002/gps.2602
https://doi.org/10.1016/j.jamda.2012.03.008
https://doi.org/10.1016/j.jamda.2012.03.008
https://doi.org/10.1016/j.archger.2013.12.003
https://doi.org/10.1186/s12877-018-0720-8
https://doi.org/10.1589/jpts.27.1467

	Effects of tai chi based on information and communication technology for patients with mild cognitive impairment on cognitive and physical function: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	3 Results
	3.1 Literature search results and basic characteristics
	3.2 Literature quality and risk of publication bias
	3.3 Cognitive function
	3.4 Physical function
	3.5 Subgroup analysis

	4 Discussion
	5 Conclusion

	References

