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Abstract

Background Dementia is associated with cognitive and functional decline that significantly impacts quality of life.
There is currently no cure for dementia, thus, it is important to manage dementia in the early stages and delay dete-
rioration. Previous studies have documented a range of health benefits of Tai Chi in people with early-stage dementia,
however, none have systematically integrated these effects with their underlying mechanisms. The aims of this study
were to (1) identify the neurocognitive, psychological, and physical health benefits of Tai Chi oi people with early-
stage dementia, and (2) explore the underlying mechanisms of these effects.

Methods We searched systematic reviews (SRs) and randomised control trials (RCTs) on Tai Chi for adults aged
50 years and older with mild cognitive impairment (MCI) or early-stage dementia in MEDLINE, PubMed, Cochrane
Library, EMBASE, and major Chinese databases. No language or publication restrictions were applied. Risk of bias
was assessed.

Results Eight SRs with meta-analyses and 6 additional published RCTs revealed inconsistent findings of Tai Chi
on improving global cognitive function, attention and executive function, memory and language, and percep-
tual-motor function. There was no significant between-group difference in depressive symptoms. The results
from the RCTs showed that Tai Chi can reduce arthritis pain and slow the progress of dementia. No studies on MCl
or early-stage dementia investigating the underlying mechanisms of Tai Chi were identified. Instead, nine mecha-
nistic studies on healthy adults were included. These suggested that Tai Chi may improve memory and cognition
via increased regional brain activity, large-scale network functional connectivity, and regional grey matter volume.

Conclusion The effects of Tai Chi on neurocognitive outcomes in people with MCl and early-stage dementia are
still inconclusive. Further high-quality clinical trials and mechanistic studies are needed to understand if and how
Tai Chi may be applied as a successful intervention to delay deterioration and improve the quality of life in people
with an increased risk of cognitive decline.
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Background

Dementia is a syndrome associated with over 100 dif-
ferent diseases where cognitive impairment interferes
with physical and social functioning [1]. It is predicted
that dementia will affect as many as 139 million people
by 2050, compared to 55 million in 2020 [2]. The symp-
tomatic prodromal phase of dementia, mild cognitive
impairment (MCI), is characterised by a decline in cog-
nitive function and relatively intact instrumental activi-
ties of daily living and is considered a transitional phase
between neurotypical cognitive ageing and dementia
[3, 4]. There are other health problems associated with
MCI, such as increased falls risk [5], osteoarthritis and
pain [6], poor balance [7], depression [8], and loneliness
[9]. Approximately 35% of Australians aged 70 and older
are estimated to have MCI, amongst which~15% [10]
will go on to develop dementia within 1-2 years, and
up to 80% within 6 years [11]. MCI increases the risk of
dementia > fivefold [12] and represents a stage for early
intervention.

Currently, the benefits of pharmacological interven-
tions are limited to symptomatic relief for people with
dementia, with no approved pharmacological therapies
for MCI [2, 13]. Therefore, non-pharmacological inter-
ventions have gained much attention for cognitive reha-
bilitation in MCI and dementia. Tai Chi is a traditional
mind-body exercise originating in China in the seven-
teenth century A.D. that incorporates physical, cognitive,
social, and meditative components in the same interven-
tion [14, 15]. Traditionally, there are five major Tai Chi
styles (i.e. Chen, Yang, Wu, Wu/Hao, and Sun styles), and
with the development and broader use of Tai Chi, numer-
ous newer styles, hybrids, and extensions become avail-
able to suit different needs and contexts [14, 15]. The
intensity of Tai Chi practice is low to moderate with a set
of flowing movements that suit the capacity of adults and
older adults to practice for health and wellbeing [15].

Existing clinical studies investigating the benefits of
Tai Chi for people with MCI and early-stage dementia
have reported inconsistent findings. A systematic review
found that Tai Chi is one of the mind—body interventions
that can improve cognitive function (including memory)
and activities of daily living, and results in a moderate
reduction in falls risk, depression, stress, and dementia
risk in people with MCI [14]. Similar findings on global
cognitive function, memory, learning, and visuospa-
tial perception enhancements in people with MCI were
reported in another systematic review and meta-analysis
[4]. However, another two recent meta-analyses [2, 16]
found that Tai Chi was not superior to the control group
in improving depressive symptoms and executive func-
tion in this population. Furthermore, it remains unclear
which physical, psychological, and neurocognitive
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outcomes have and have not been investigated or well-
evidenced in the existing literature on Tai Chi for early-
stage dementia and MCI. Additionally, there is a gap in
the literature relating to the underlying mechanisms of
Tai Chi that may benefit older people with, or at risk of
cognitive decline.

The potential mechanisms of Tai Chi for MCI and
early-stage dementia have not been comprehensively
summarised. Currently, several studies have identified
the possible mechanisms of action of Tai Chi in other
populations. For example, Tao et al. [1] reported that
after practicing Tai Chi for 5 days per week for 12 weeks
with each session lasting 60 min, the resting-state func-
tional connectivity between the bilateral hippocampus
and medial prefrontal cortex (mPFC) was significantly
increased for healthy adults aged 50 to 70 years old com-
pared with the health education control group. Uncover-
ing the mechanisms of how Tai Chi works for people with
MCI and early-stage dementia may help to clarify the
relationship between intervention and diverse outcomes,
aid with tailoring and refining interventions, optimise
therapeutic effectiveness, and facilitate research transla-
tion to clinical practice [17].

This scoping review aimed to map the neurocognitive,
psychological, and physical outcomes assessed in system-
atic reviews and randomised controlled trials on Tai Chi
for people with MCI and early-stage dementia. In addi-
tion, we aimed to assess the effects and safety of Tai Chi
on neurocognitive, physical, and psychological outcomes
in these populations, and explore the underlying neu-
ronal mechanisms.

Methods

Inclusion/exclusion criteria

Type of participants

Adults aged 50 years and older diagnosed with MCI or
early-stage dementia, defined as mild Alzheimer’s dis-
ease or mild dementia, were included. No limitation on
gender, ethnicity, or duration of cognitive decline was
applied.

Type of interventions

All styles and forms of Tai Chi and training regimens
were eligible, including traditional, modified, or simpli-
fied Tai Chi, Tai Chi pushing hands, and Tai Chi prac-
ticed with instruments (i.e. Tai Chi sword, Tai Chi knife,
Tai Chi soft ball, and other forms). Single movement
of Tai Chi, Tai Chi gait, and wheelchair/seated Tai Chi
were also included. Limits on duration and frequency
were not applied. Interventions combining Tai Chi with
other practices with Tai Chi as the main component (e.g.
50 min of Tai Chi with 10 min of Qigong, meditation, or
other form of exercise) were also included.
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Type of controls

No intervention, wait-list control, usual care, and active
control were all eligible for inclusion. Co-interventions
were also included if all the study arms received the
same co-intervention.

Type of evidence sources
To analyse the efficacy and safety of Tai Chi, we
included systematic reviews (SRs) with meta-analyses
of randomised controlled trials (RCTs) and/or non-
randomised studies of interventions (NRSI). RCTs that
met the criteria for participants, interventions, and
controls, were also included if they were not identified
in any included SRs and/or explored other outcomes
which were not investigated by the included SRs.

To explore the potential mechanisms of Tai Chi,
we included all relevant studies including systematic
reviews, RCTs, and NRSIs.

Information sources

We searched major English and Chinese databases from
their inception to December 4, 2020, for potentially eli-
gible articles, including MEDLINE, PubMed, Cochrane
Library, EMBASE, China National Knowledge Infra-
structure (CNKI), Chinese Scientific Journal Database
(VIP), Sino-Med, and Wanfang Database. No language
or publication restrictions were applied. A continual
article search was conducted until January 10, 2022.
No new articles were detected, and searching ceased to
allow time for article finalisation.

The reference lists of all included articles were man-
ually searched for additional eligible studies. Con-
ference papers and dissertations were also searched
electronically.

Search strategy

Four reviewers (NJ, DB, HZ, and GYY) indepen-
dently conducted the literature search, before working
together in pairs. The search terms in English databases
included (Tai Chi OR Taichi OR Tai ji OR Taiji OR Tai-
jiquan OR Tai Chi Chuan) AND (Cognitive Impair-
ment OR Mild Cognitive Impairment OR Cognitive
Decline OR early-stage dementia OR mild dementia
OR dementia risk factors OR memory OR brain func-
tion), as shown in Table 1.

Study selection

The reference manager software EndNote (version X9)
was used to screen studies identified in English databases
by two reviewers (NJ and DB) and NoteExpress (version
3.2) to screen studies from Chinese databases by another
two reviewers (HZ and GYY). To maintain consistency,
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Table 1 An example of the search strategy of PubMed

Item Search terms

#1 (Tai chi[Title/Abstract] OR Taichi[Title/Abstract]
OR Taiji[Title/Abstract] OR Tai ji[ Title/Abstract]
OR Tai chi chuan([Title/Abstract] OR Taijiquan([Title/
Abstract])

#2 (Cognitive Impairment [Title/Abstract] OR Mild
Cognitive Impairment [Title/Abstract] OR Cog-
nitive Decline [Title/Abstract] OR early-stage
dementia [Title/Abstract] OR mild dementia
[Title/Abstract] OR dementia risk factors[Title/
Abstract] OR memory([Title/Abstract] OR brain
function[Title/Abstract])

#3 #1 AND #2

all reviewers performed calibration exercises according to
the eligibility criteria before commencing the study selec-
tion process. After removing duplicates, the four review-
ers worked in pairs and independently screened the titles/
abstracts, followed by the full texts of all the articles against
the eligibility criteria. The number and reasons for includ-
ing and excluding studies were recorded and the screening
results were compared. Any disagreements were resolved
by discussion until a consensus was reached.

Data extraction

A predefined form was used for data extraction. The
extracted items included bibliometric information, par-
ticipants’ characteristics, details of Tai Chi and con-
trol group/interventions, and the main findings. For the
mechanisms of Tai Chi, we extracted relevant quantita-
tive and narrative data.

To improve consistency, all reviewers performed cali-
bration exercises, as well as participated in the discussion
of results and the data extraction manual prior to com-
mencing the data extraction process. Four reviewers (NJ,
DB, HZ, and GYY) independently extracted data using
the pre-defined data extraction form. Any disagreements
were resolved by discussion and achieving consensus.

Quality assessment

The methodological quality of the included SRs was
assessed with the critical appraisal tool A Measurement
Tool to Assess systematic Reviews (AMSTAR 2) [18].
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach was used to
grade the certainty of the systematic reviews and their
reported measures of effect as ‘high; ‘moderate; ‘low, or
‘critically low quality’ [19]. The risk of bias for the indi-
vidual studies included in the SRs was evaluated accord-
ing to the assessment provided in the SRs themselves.
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The Cochrane risk of bias tool for randomised tri-
als (RoB) was used to rate the methodological quality of
included RCTs [20]. Here, RoB is structured into a fixed
set of domains of bias, focussing on different aspects of
trial design, conduct, and reporting. A proposed judge-
ment about the risk of bias from each domain is deter-
mined based on answers to the signalling questions.
Judgements can be ‘low’ or ‘high’ risk of bias or they can
be rated as ‘unclear’ if the relevant information provided
is not adequate to support the judgement.

To enhance consistency, all reviewers performed
calibration exercises and discussed the results prior to
appraising the quality of the included SRs and RCTs, as
well as rating the certainty of the overall evidence. Four
reviewers (NJ, DB, HZ, and GYY) collaborated in pairs
and independently assessed the quality of the included
studies. Any disagreements and discrepancies were
resolved by discussion and reaching a consensus.

Data synthesis and analysis

The Joanna Briggs Institute Manual for Evidence Syn-
thesis: Chapter 11 Scoping Review [21] and the GRADE
Handbook [19] were used to guide the data synthesis
process of this scoping review. Frequency counts of pop-
ulations, interventions, and characteristics of included
studies are mapped in Table 2. The final assessment
is reported in a summary of the key findings from the
included SRs. No further analyses (i.e. meta-, network-,
or re-analysis) were performed. The results are presented
in a narrative format and in tables which include the
important characteristics and the quality of the included
studies. In addition, a summary of the estimates of effect
for each main outcome, and the GRADE findings on the
certainty of the evidence are also included.

Results

Characteristics and quality of included studies
Characteristics

In total, 14 studies were included in this review, 8 SRs
[2—-4, 14, 16, 22—-24] and 6 RCTs [25-30], as displayed in
the flowchart in Fig. 1. A further 11 RCTs were identi-
fied within the included meta-analyses; however, these
were excluded for the reasons demonstrated in Table S1
in Supplementary Materials.

The characteristics of the included SRs are summarised
in Table 2. The 8 included SRs were published between
2017 and 2020, representing the most current evidence in
this area. All 8 SRs searched English databases, of which
2 did not apply language limitation [3, 23] for their lit-
erature search. One SR also searched French databases
[22] and 3 SRs also searched Chinese databases [2, 4, 24].
The majority of the searches were conducted from the
inception of databases up to a few months preceding the
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publication of the SRs. The most recent search was con-
ducted from inception to December 2019 [16].

Collectively, 5054 individuals were included in the 8
SRs, with the sample size of their included RCTs rang-
ing from 11 to 1061. The diagnosis of the participants
included were MCI (n=7) or early-stage dementia (n=1).
Participants were aged between 55 and 85 years old. Tai
Chi was included as part of an array of mind—body inter-
ventions (n=4) or exclusively as an intervention (n=4)
for the experimental group. The control interventions
included stretching and relaxation exercise (n=7), health
education (n=5), usual lifestyle (#=5), memory training
(n=4), no intervention (n=3), or handicraft (#=2). Each
Tai Chi session ranged from 30 to 120 min for a weekly
frequency that varied from 1 to 6 times. The duration
of the intervention lasted 8 to 52 weeks. The outcomes
that were most frequently reported across the 8 SRs were
global cognition, memory, executive function, and per-
ceptual-motor function.

The characteristics of the included 6 RCTs are sum-
marised in Table 3. These studies were conducted in
China (n=1), USA (n=2), Thailand (n=2), and Turkey
(n=1). A total of 535 participants were included, with
223 in the intervention group and 312 in the control
group. The sample size ranged from 42 to 261 individu-
als. All the included RCTs involved adults aged above
60 years old, with an average age ranging from 67.5 to
78.9 years. The participants were diagnosed with MCI,
amnestic-MCI, or mild dementia. A range of diagnostic
tools were used, including Mini-Mental State Examina-
tion (MMSE), Montreal Cognitive Assessment (MoCA),
Clinical Dementia Rating (CDR), Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-IV), and Peters-
en’s criteria for MCI subtypes. All included RCTs had Tai
Chi alone as the intervention, except one study in which
Tai Chi was part of an integrated cognitive training and
mind-body physical exercise plus nurse-led risk factor
modification program. The sessions for the Tai Chi train-
ing varied from 20 to 40 min, which were practiced 2 to
3 times per week. The duration of the Tai Chi interven-
tion ranged between 12 and 48 weeks. The prevalent
outcomes measured across the included RCTs were cog-
nitive function, pain, depression, balance, and falls risk.

Quality assessment

AMSTAR 2 Four SRs with meta-analyses were included
for data synthesis and their study quality was assessed by
AMSTAR 2. As shown in Table 4, 3 of the 4 included SRs
(75%) [4, 23, 24] were rated as critically low quality due
to serious concerns with their protocol, meta-analysis, or
study of RoB impacting their conclusions, as well as the
assessment and discussion of publication bias. The other
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Identification of studies via databases

Records identified from:
= PubMed (n = 364)
,g Cochrane Library (n = 216) Records removed before
< Embase (n = 177) | screening:
;é Medline (n = 175) Duplicate records removed
‘g CNKI (n = 39) (n =588)
-] VIP (n = 54)
Wanfang (n = 65)
SinoMed (n = 67)
Records screened > Records excluded
(n =569) (n = 466)
Reports sought for retrieval »| Reports not retrieved
(n=103) (n=15)
2
o
g For effectiveness, reports
(77] excluded (n = 65)
v SRs (n=12)
1 Duplicate
P 6 Tai Chi + co-intervention
gegosr;s) assessed for eligibility ——»{ 5 Irrelevant population
RCTs (n = 16)
2 Inincluded SRs
2 Tai Chi + co-intervention
12 Irrelevant population
- Others (n = 26)
) 10 Not RCTs
= Studies included in review 3 Other review
g For effectiveness: 8 SRs and 6 10 Irrelevant population
3 RCTs 3 Not Tai chi
2 For mechanisms: 5 RCTs and 4
= cross-sectional studies For mechanisms, reports

excluded (n = 11)

4 Irrelevant population
1 Not Tai Chi

5 Not mechanism study
1 Duplicate in content

Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

SR [2] was rated as low quality due to serious concerns
in the assessment and discussion of publication bias.
Regarding the protocol, only one SR [2] reported it was
established prior to conducting their review as well as
any deviations from the protocol, while the other 3 SRs
did not report this information. Regarding the search
strategy, only one SR [24] had a comprehensive literature
search strategy by searching trial registries and reference
lists of included studies, consulting content experts, as

well as conducting the search within 24 months of com-
pleting the review. Regarding publication bias, 2 studies
performed graphical tests and discussed its impact on the
results of their review, while the other 2 studies did not
report on publication bias.

GRADE certainty 'The GRADE certainty of effect
estimates from the included SRs and meta-analyses is
shown in Table 5. The evidence certainty for cognitive
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Table 5 GRADE certainty of SRs and meta-analyses by main outcomes and measurements

Page 16 of 26

Outcome Estimate of effect [95% CI] I No. of Total score Reason’ GRADE certainty
participants
(studies)

Global cognition

Tai Chi vs (health talk, muscle-stretching and ton-  SMD 0.4 [-0.13,0.93] 88% 574 (5) —4 a,h,d Very low
ing exercise, usual lifestyle, usual care, health 000
education)

Tai Chi vs (stretching and toning exercise, related  MD 1.98 (1.32, 2.65) 74% 780 (8) -1 a Moderate
health education, usual daily activities) 2 @)

Tai Chi vs (playing cards or singing, stretching SMD 040 (0.08,0.73) 79% 858 (5) -3 a,h Very low
and toning exercise, Escitalopram plus health eO00
education, education)

Tai Chi vs stretching and toning exercise SMD 0.38 (0.22,0.55) 0% 590 (2) -1 a Moderate

@)

Tai Chi vs (cognitive behaviour therapy, usual MD 0.29 (- 0.16, 0.74) 0% 785 (5) -1 d Moderate
care, stretching, health education, recreational @)
activities)

Tai Chi vs stretching and toning exercise SMD 0.44 (0.24, 0.64) 27% 590 (2) -1 a Moderate

G @)
Memory

Tai Chi vs (health talk, muscle-stretching and ton-  SMD 0.40 (- 0.10, 0.90) 75%  379(3) -3 a,b,d Very low
ing exercise, health education) e000

Tai Chi vs (educational class, unaltered lifestyle, ~ SMD 0.77 (0.45, 1.09) 23.8% 226 (4) -2 f Low @O0
memory training)

Tai Chi vs (stretching, daily activity, health educa- MD 0.37 (0.13,0.61) 7% 726 (4) 0 High &OOD
tion)

Attention

Tai Chi vs (maintain usual daily physical activities, SMD 0.57 (—0.25, 1.40) 74% 287 (2) -2 ad Low ®O0O
stretching and toning exercise)

Tai Chi vs (maintain usual daily physical activities, SMD 0.03 (—0.22,0.27) 0% 287 (2) -2 ad Low ®O0O
stretching and toning exercise)

Executive function

Tai Chi vs (muscle-stretching and toning exercise, SMD 0.10 (=0.16, 0.35) 13% 3272 -2 a,d Low &@80O0O
Health education)

Tai Chi vs (maintain usual daily physical activities, SMD 0.79 (- 1.08,0.51) 0% 209 (3) -2 ad Low @8O0
stretching and toning exercise)

Tai Chi vs (stretching, daily activity, health educa- MD 0.03 (-=0.16,0.22) 0% 726 (4) -1 d Moderate
tion) @)
Verbal fluency

Tai Chi vs stretching MD 047 (—0.76, 1.70) 0% 231 (2) -1 d Moderate

@)
Visual span

Tai Chi vs (stretching, health education, daily SMD 0.57 (0.23,0.91) 75% 726 (4) -1 b Moderate
activity) 2 @)
Depressive symptoms

Tai Chi vs (stretching, cognitive behaviour SMD 0 (—0.14,0.15) 0% 730 (4) -1 d Moderate
therapy, usual care) ¢ @)

1 Reasons: risk of bias (a— 1: serious, f— 2: very serious); inconsistency (b serious, h very serious); indirectness (c serious, i very serious); imprecision (d serious, j very

serious); publication bias (e serious, k very serious)

a, some concerns (one or two RoB categories > 75%); b heterogeneity I*>75% or NI and all RCTs favour one direction, d MA sample size: > 200 and 95%Cl overlaps
zero, f high risk of bias (all three RoB categories <75%), h heterogeneity /> 75% or NI and mixed direction of results +low overlap of Cl (confirm with a visual

inspection of Forest plot)

function and attention ranged from moderate to low, for
memory ranged from high to very low, and for language
and were moderate for perceptual-motor function and

depressive symptoms.

Risk of bias

The results of the risk of bias assessment

for the 6 included RCTs are presented in Table 6. For
random sequence generation, all 6 RCTs used appropri-
ate random sequence generation methods. Four RCTs
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Table 6 Risk of bias quality assessment of included randomised controlled trials

Author, year Random sequence Allocation Blinding of outcome Selective outcome Withdraw/
generation method concealment assessment reporting dropout
Lam 2012 [25] Y NI Y N Y
Okuyan 2020 [26] Y NI Y N Y
Sungkarat 2017 [27] Y Y Y N Y
Sungkarat (2018) [28] Y Y Y N Y
Tsai 2013 [29] Y Y Y N Y
Tsai 2015 [30] Y Y PY N NI

Abbreviations: Y yes, PY partial yes, N no, NI no information

had applied allocation concealment [27-30], while 2 [25,
26] did not report this information. All the RCTs had
reported blinding of the outcome assessment. None of
the studies were found to selectively report the outcome.
In terms of withdrawals and dropouts, 5 RCTs included
the reason, while one RCT did not provide any informa-
tion relating to this criterion.

Effects of Tai Chi: evidence from meta-analyses

The five included SRs with meta-analyses [2, 4, 16, 23, 24]
investigated the effects of Tai Chi on neurocognitive and
psychological outcomes for people with MCI (Table 7).

Neurocognitive outcomes

Global cognitive function Global cognitive func-
tion was measured by Mini-Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), and
Alzheimer’s Disease Assessment Scale-Cognitive Sub-
scale (ADAS-Cog) to investigate the effects of Tai Chi
intervention compared to the control groups in four
meta-analyses [2, 4, 16, 23]. The control groups include
stretching and toning exercise, relevant health education,
maintaining usual daily physical activities, playing cards,
or singing, and Escitalopram plus health education. Tai
Chi improved global cognition compared to control
groups in two meta-analyses [2, 4], but no statistically
significant differences between the groups were found in
the other two meta-analyses [16, 23].

Attention and executive function One meta-analysis
[2] measuring attention and working memory used digit
span forward and digit span backwards. The meta-analy-
sis identified improved attention in the Tai Chi and con-
trol groups; however, this was not statistically significant.
Furthermore, attention and executive function that was
measured by Digit Span (forward and backward) [16,
23], processing speed and cognitive control by the Chi-
nese Trail-Making Test (TMT) A and B [23], and verbal

fluency by Category Verbal Fluency Test (CVFT) [23]
were improved in the intervention groups compared
to the control groups; again the improvement was not
statistically significant. In contrast, processing speed
and cognitive control (TMT) in the other meta-analysis
[2] was statistically significant, favouring the Tai Chi
intervention.

Memory In addition, short-term memory that was meas-
ured by Logical Memory Delayed Recall Test [16, 24] and
Rivermead Behavioural Memory Test [24] reported statis-
tically significant improvement in the intervention groups.
However, when it was measured by Logical Memory
Delayed Recall Test, the between-group differences of the
changes in memory were not statistically significant [23].

Language and perceptual-motor function Moreover,
one meta-analysis [16] reported that Tai Chi improved
verbal fluency that was measured by Category Verbal
Fluency Test (CVFT) and executive function that was
measured by Digit Span (forwards and backwards), but
the between-group differences were not statistically sig-
nificant. In contrast, Tai Chi was superior to the control
group in improving the Visual Span Test (visuospatial
ability and visual attention) that was measured by Visual
Span Test or Block Design Test [16].

Psychological outcomes

One meta-analysis reported beneficial effects of Tai Chi
for depressive symptoms that were measured by the
Geriatric Depression Scale (GDS) or Cornell Scale for
Depression in Dementia (CSDD) in people with MCIL
However, the between-group differences were not sta-
tistically significant [16].

Effects of Tai Chi: evidence from RCTs

Six RCTs evaluating the effects of Tai Chi on people with
MCI, which were not included in any of the included SRs,
were identified and analysed in this review (Table 8).
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Table 8 Clinical evidence summary for main outcomes of RCTs
Study ID Intervention vs control (no. of participants) Outcome/instrument(s) Pvalue
Lam et al. (2012) [25] TC (n=92) vs muscle-stretching and toning exercises 1) Progression to dementia: DSM-IV criteria .06/.04*
(n=169) 2) Depressive symptoms: The Cornell Scale 177.02%
for Depression (CSDD)
3) Changes in neuropsychiatric symptoms: The A41/.14%
Chinese Neuropsychiatric Inventory (NPI)
4) Balance: The Berg Balance Scale (BBS) 05/.02*
Okuyan and Deveci (2020) [26] TC (n=20) vs not subjected to any physical practice 1) Risk of falling in people with MCI: TAT includes:
(n=22) - Tinetti balance assessment 0.000
- Tinetti gait assessment 0.000
2) Status of physical activity in people with MCI: PASE  0.000
3) Fear of movement: TSK with 17 items 0.000
4) Behaviours related to falls in people with MCl: The  0.000
FaB scale
Sungkarat et al. (2017) [27] TC (n=33) vs educational material covering informa- 1) Executive function was assessed using:
t!on related to cognitive impairment and fall preven-  _ Digit Span forward 043
ton (n=33) - Digit Span backward 043
- Block design score 0.01
2) Composite fall-risk and component scores: Physi- ~ 0.015
ological Profile Assessment (PPA) comprises a series
of 5 sensorimotor assessments:
- Edge contrast sensitivity 0.21
- Lower limb proprioception 0.002
- Knee extension strength 0.008
- Hand reaction time 0.04
- Postural sway 0.009
Sungkarat et al. (2018) [28] TC (n=29) vs educational material covering informa- 1) Memory: Logical Memory (LM) delayed recall 0.01
t?on related to cognitive impairment and fall preven- 2) Visuospatial ability: Block Design Test 0.06
tion (n=27) 3) Secondary outcomes:
- Plasma BDNF (Brain-derived neurotrophic factor) 0.04
- TNF-a (tumor necrosis factor-a) 0.50
- IL-10 levels (interleukin-10) 0.29
Tsai et al. (2013) [29] TC (n=28) vs health education, culture-related activi- 1) WOMAC was used to measure:
ties, a_nd other soci'al activities (e.g. sharing travel - subjective pain 0.006
experiences, hobbies, and collections) (n=27) ] o
- physical functioning 0.021
- stiffness 0.010
2) A modified Get Up and Go (GUG) test 0.126
3) Sit-to-Stand (STS) test 0.728
Tsai et al. (2015) [30] TC (n=28) vs attention control education group 1) The verbal descriptive scale (VDS) 0.032
(instructor-led educational activities) (n=27) 2) Observation of pain behaviour 0522
3) Analgesic intake 0.062

Abbreviations: ADAS-cog Alzheimer’s Disease Assessment Scale-cognitive, CDR-SOB Clinical Dementia Rating Scale Sum of Boxes, FaB The Falls Behavioural scale, PASE
Population Physical Activity Scale for the Elderly, TSK The Tampa Scale for Kinesiophobia, WOMAC The Western Ontario and McMaster Universities Arthritis Index

" Group difference at 1 year (p values, intention to treat analysis/per protocol analysis)

Neurocognitive outcomes

Global cognitive function Tai Chi significantly improved
visuo-spatial reasoning (block design) (p=0.01) but
was not superior in improving digit span (forward or

backward) (p=0.43) [27]. In addition, Tai Chi improved
memory (p=0.01), as measured by Logical Memory

Delayed Recall [28]. Although the Tai Chi group had
higher block design scores than the control group, this
difference was not significant (p=0.06) [28].
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Physical outcomes

Pain  Components of the Western Ontario and McMas-
ter Universities Arthritis Index (WOMAC) were signifi-
cantly enhanced after the Tai Chi intervention compared
to the control group [29]. The WOMAC components of
subjective pain, physical functioning, and stiffness gradu-
ally improved over the 21-week intervention (p=0.01,
0.02, and 0.01, respectively) [29]. The pain measured
by the Verbal Descriptive Scale (VDS) in people with
moderate, mild, or subtle cognitive impairment was sig-
nificantly reduced in the Tai Chi compared to the con-
trol group (p=0.03) [30]. However, the Tai Chi group’s
observation of pain behaviour, measured by an observant
assessor, and their analgesic intake did not significantly
differ from the control group [30].

Balance Tai Chi significantly improved balance for peo-
ple with MCI (measured by the Berg Balance Scale; BBS),
compared to the control group (p=0.02), for both inten-
tion-to-treat and per-protocol analyses [25]. In addition,
Tai Chi intervention significantly reduced the risk of fall-
ing and fear of movement while improving the Status of
Physical Activity and Falls Behavioural Scale (FaB) scores
in people with MCI with p<0.01 [26]. Moreover, Tai
Chi can potentially reduce falls for people with MCI, as
assessed with the Physiological Profile Assessment (PPA)
indicating the proprioception, muscle strength, reaction
time, and postural sway, the overall PPA scores were sig-
nificantly improved after the intervention (p=0.02) [27].
The Get Up and Go (GUG) test used to measure partici-
pants’ speed of getting up from an armchair, walking as
fast as possible for 50 feet, and then returning to the chair
and sitting down, did not significantly change after treat-
ment (p=0.13) [29]. Sit-to-Stand (STS) test was modi-
fied for participants by asking them to rise 5 times from a
chair as fast as possible with arms across the chest, which
did not yield a significant difference at the end of the
intervention [29].

Blood tests

Plasma brain-derived neurotrophic factor (BDNF) level
was significantly increased for the Tai Chi group com-
pared to that of the control (p =0.04); whereas the plasma
levels of the pro-inflammatory cytokine, tumor necrosis
factor-a (TNF-a), and anti-inflammatory cytokine, inter-
leukin-10 (IL-10), did not significantly differ between the
2 groups, p=0.50 and 0.29, respectively [28].

Psychological outcomes
Cornell Scale for Depression in Dementia (CSDD) scores
lowered by 49% for the intervention group (p=0.02)
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per-protocol analysis, which statistically signifies an
improvement in depressive symptoms [25].

Progression of dementia

After 1 year of practicing Tai Chi for at least 30 min per
session and at least three sessions per week, Tai Chi was
found to be superior to the control group (stretching and
toning exercise) in slowing the progress of dementia as
characterised by the DSM IV in people with amnestic
MCI (p=0.04) [25]. The authors reported that there were
no changes in Neuropsychiatric Inventory (NPI) scores
across time [25].

Mechanisms

Our search (Table 1) did not produce any studies that
investigated the mechanisms underlying the effects of Tai
Chi in MCI or early-stage dementia. However, within the
search terms, nine studies investigating the mechanisms
in healthy adults were found. The potential mechanisms
that underlie the effects of Tai Chi on neurocognitive,
physical, and psychological outcomes were explored in
five RCTs, one quasi-experiment, and three cross-sec-
tional studies, as presented in Table S2 in Supporting
Materials. We report the outcomes here in the inter-
est of extending knowledge on how Tai Chi might con-
fer neurocognitive, psychological, and physical benefits,
that may be of use for the design and implementation of
future Tai Chi dementia research.

Three broad categories of imaging protocols were used
in the studies to identify Tai Chi-related brain changes:
brain activity, functional connectivity, and structural
changes. It should be noted that the participants in the
nine studies were healthy adults without MCI or demen-
tia. All nine studies investigated older participants,
except for one RCT involving college students [31] and
one cross-sectional study involving long-term Tai Chi
practitioners aged 18 to 35 years old [32].

Brain activity

Two studies investigated whether Tai Chi modulated
changes to the fractional amplitude of low-frequency
fluctuations (fALFF) using functional magnetic reso-
nance imaging (fMRI) to prevent age-related memory
decline. One found, compared to the control group that
received basic health education, that 12 weeks of Tai
Chi increased fALFF in the dorsolateral prefrontal cor-
tex (DLPEC) of participants in both the typical low fre-
quency (0.010-0.080 Hz) and slow-5 (0.010-0.027 Hz)
ranges [33]. Improved memory was associated with
greater low-frequency and slow-5 fALFF changes in the
medial PFC (mPFC), and the DLPFC (for low-frequency
fALFF only). The second study revealed that there was a
significant decrease in the fALFF values in the bilateral
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frontoparietal network, default mode network (DMN),
and the anterior cingulate-dorsal prefrontal-angular
gyri network of Tai Chi practitioners compared to con-
trols [34]. Further, larger fALFF values in the frontopari-
etal network were linked with greater cognitive control
(measured by reaction time in the attention network
task) in Tai Chi practitioners and the intensity of Tai Chi
practice was associated with higher fALFF values in the
DMN. Another fMRI study showed that older women
with 6 years of Tai Chi experience (vs. 6 years walking
control group) had greater spontaneous regional homo-
geneity activation in temporal regions including the
fusiform gyrus and hippocampus [35]. A functional near-
infrared spectroscopy (fNIRS) study found increased
activity (wavelet amplitudes) in both resting and move-
ment states in the PFC, motor cortex, and occipital
cortex in long-term Tai Chi practitioners compared to
controls [36].

Functional connectivity

Six studies explored the effects of Tai Chi on functional
connectivity to test potential mechanisms underpinning
changes in cognition. Xie et al’s [36] fNIRS study found
increased global functional connectivity (phase coherence,
coupling strength, and direction) in both resting and move-
ment states in the Tai Chi compared to the control group.
Another study showed that Tai Chi was associated with a
significant increase in resting state functional connectiv-
ity between the posterior cingulate cortex (PCC) and the
right putamen/caudate, in comparison to the control group
[37]. Tai Chi-related improvements in overall memory
(Weschler Memory Scale memory quotient; WMS MQ)
and visual memory were associated with increased connec-
tivity in the right temporal pole and mPFC [37]. Another
showed that 12 weeks of Tai Chi Chuan improved resting
state functional connectivity between the bilateral hip-
pocampus and mPFC compared to the control group; this
was positively associated with improved memory function
(WMS-MQ) across all participants [1]. Compared with
general aerobic exercise, 8 weeks Tai Chi practice enhanced
resting state functional connectivity between the left mid-
dle frontal gyrus and the left superior parietal lobule [31].
Conversely, [38] fMRI study found that, compared to
the control, the Tai Chi group demonstrated a significant
decrease in resting state functional connectivity between
the DLPFC and the left superior frontal gyrus (SFG) and
anterior cingulate cortex (ACC) after 12 weeks training.
Additionally, mental control scores were negatively associ-
ated with functional connectivity between the DLPFC and
the left putamen. Another study showed that there was no
significant difference between long-term Tai Chi practi-
tioners and a Tai Chi-naive control group in resting state
DMN functional connectivity [32].
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Structural changes

Three MRI studies reported the effects of Tai Chi exer-
cise on brain plasticity by measuring changes in grey
and white matter volume, and white matter tracts. The
first study found that compared to the control group
and general aerobic exercise, 8 weeks of Tai Chi train-
ing significantly increased the grey matter volume of the
left middle occipital gyrus, left precuneus, left superior
temporal gyrus, and the right middle temporal gyrus in
college students [31]. One study above also reported that
healthy older women who had practiced Tai Chi for over
6 years had higher grey matter density in inferior and
medial temporal regions, including the hippocampus,
compared to the walking control group [35]. Another
study observed no significant difference in white matter
tract integrity (measured by fractional anisotropy using
MRI diffusion-weighted imaging) between Tai Chi and
control groups [32].

Discussion

Summary of evidence

To the best of our knowledge, this scoping review is the
first to comprehensively evaluate SRs, meta-analyses,
and RCTs on the effects of Tai Chi on neurocognitive,
physical, and psychological outcomes in individuals with
MCI and early-stage dementia and explore its underly-
ing mechanisms. The health outcomes investigated in
the included SRs and RCTs were mainly neurocognitive
outcomes, including global cognition function, attention
and executive function, memory and language, and per-
ceptual-motor function. Several psychological and physi-
cal outcomes were also assessed. The findings from the
meta-analyses suggested that Tai Chi has positive effects
on global cognition (moderate to very low certainty),
memory (high to very low certainty), attention and exec-
utive function (moderate to low certainty), language and
perceptual-motor function (moderate certainty), and
depressive symptoms (moderate certainty) amongst peo-
ple with MCI and early-stage dementia; the meta-analy-
ses did not assess the physical outcomes.

The meta-analysis showed that Tai Chi had a favourable
effect on improving global cognition and various cogni-
tive domains. For example, Tai Chi was superior to mus-
cle stretching and toning exercises in improving global
cognition [2, 4, 16] and superior to educational classes
in improving memory and executive functions in peo-
ple with MCI. A potential explanation of Tai Chi’s effects
is that mind-body exercise outperforms conventional
physical exercise and health education in regulating
mood and depression which are crucial risk factors for
cognitive decline in people with MCI [23]. Discrepancies
in the results might be caused by the variations of con-
trol groups, targeted populations, intervention designs of



Jasim et al. Systematic Reviews (2023) 12:200

the included studies, and measurements used to evaluate
these outcomes. For example, one meta-analysis included
studies that utilised playing cards, singing, stretching and
toning exercise, Escitalopram plus health education or
education as their control groups [4]; whereas another
utilised health education muscle stretching and ton-
ing exercise, usual lifestyle, and usual care [23]. Another
possible reason for the discrepancy could be due to the
type of the included studies. For example, 2 meta-anal-
yses included only RCTs [4, 16], while other meta-anal-
yses included both RCTs and non-RCTs [2, 23, 24]. One
more possible reason for the results’ discrepancy is the
targeted populations, which varied from MCI [2, 24] to
early-stage dementia [4], and a combination of cogni-
tive impairment, MCI, or dementia [23]. The variety of
the measurements utilised in the meta-analyses can be
another reason for the inconsistent results. There were
various global cognition measures were used across stud-
ies (MMSE, MoCA, ADAS-Cog); however, not all these
measures have good sensitivity and specificity in the
populations of interest. For instance, the MoCA has the
strongest evidence to discriminate people with MCI from
cognitively normal older people and those with demen-
tia, yet it was only adopted by 2 studies [2, 23].

From individual RCTs, Tai Chi was demonstrated to
be beneficial in slowing the progress of dementia and
improving depressive symptoms in people with MCI
[25]. However, the effects of Tai Chi on global cognition
function outcomes [27, 28, 30], and physical outcomes,
including pain [29, 30], balance [25-27, 29], and blood
test outcomes [28] yielded inconsistent results. This dis-
crepancy could be due to the differences in outcome
measurements, duration of practice in each session, or
variety of controls (Table 3).

Tai Chi was found to consistently increase frontal activ-
ity, fronto-temporal functional connectivity, and hip-
pocampal volume across most studies. Improvements in
memory and cognitive control associated with Tai Chi
were driven by increased activity in the mPFC, DLPEC,
and fronto-parietal network (which encompasses the
PEC) [34, 36, 38, 39]. Tai Chi-related memory enhance-
ments were also related to increased mPFC and tempo-
ral/hippocampal functional connectivity [1, 37]. Further,
Tai Chi practice was linked to greater grey matter volume
across occipital, parietal, and temporal regions includ-
ing the hippocampus [31, 35], and enhanced fusiform
gyrus and hippocampal activation [35]. Together, find-
ings suggest that Tai Chi enhances frontal cognitive con-
trol mechanisms, most likely due to focused attention on
motor sequence learning and introspection (meditation,
breathing) [40, 41] and this may strengthen learning and
memory processes, reflected in neuroplastic changes in
fronto-temporal connectivity and hippocampal volume.
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Deterioration in frontal executive functions is strongly
linked with loss of instrumental activities of daily living
[42], suggesting that Tai Chi may confer benefits that sup-
port older people to maintain independence with every-
day activities through frontal cortical changes (e.g. larger
DLPEC volumes as demonstrated for physical activity in
older people [43]). Tai Chi’s capacity to upregulate func-
tional brain plasticity in fronto-hippocampal networks
may be underpinned by increases in neurogenic mecha-
nisms such as brain-derived neurotrophic factor (BDNF)
[44], which should be measured in future research along
with hippocampal subfield analysis to determine the role
of the dentate gyrus (a key regulator of neurogenesis).

Limitations of this study

There are some limitations in the present review that
should be acknowledged. First, although there was no
language limitation of included studies, the search was
only conducted from major English and Chinese data-
bases so there is a potential language bias involved with
the included studies in this review. Second, as our sum-
mary of findings is based on the effect estimates extracted
from included SRs with meta-analyses, it limits our abil-
ity to appraise the quality of RCTs or non-RCTs pooled
in the meta-analyses. This was mitigated by conducting
AMSTAR ratings for SRs and GRADE certainty for these
effect estimates, which can minimise the bias when inter-
preting the results.

Methodological challenges and implications for future
research

There are several methodological challenges identified in
this review and recommendations for future research to
draw stronger conclusions about the effectiveness of Tai
Chi on the physical, mental, and neurocognitive outcomes
of people with MCI and early-stage dementia. It is worth
noting that the meta-analyses about Tai Chi for cogni-
tion were not exclusively studies on people with MCI. The
combination of people with cognitive impairment, healthy
adults, and early-stage dementia increased the clinical
and statistical heterogeneity. It is recommended for future
systematic reviews and meta-analyses to investigate the
effect of Tai Chi exclusively on people with MCI or early-
stage dementia. In addition, some of the meta-analyses
included non-RCTs and quasi-experiments in their analy-
ses. Considering more RCTs on Tai Chi for MCI are avail-
able, it is recommended for future researchers to analyse
high-quality RCTs to increase the certainty of their con-
clusions. There was also only one meta-analysis investigat-
ing the effect of Tai Chi on depressive symptoms and one
RCT investigating the effect on anxiety and depressive
symptoms for people with MCI. It is recommended for
future studies to conduct more RCTs and meta-analyses
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to investigate this effect for people with MCI and early-
stage dementia to draw stronger conclusions. The avail-
able literature investigating the mechanisms of Tai Chi
and its benefits on neurocognitive changes assessed by
MRI and fMRI has only included indirect populations,
such as healthy adults and college students, but not peo-
ple with MCI or early-stage dementia. Future research
should conduct RCTs involving direct populations using
MRI and fMRI procedures to investigate the effect and
mechanism of Tai Chi, particularly for people with MCI
and early-stage dementia. Finally, the general methodo-
logical quality of included RCTs and those included in
the SRs and meta-analyses was low, due to unclear bias of
randomisation, which decreased the certainty of the evi-
dence. Future studies should follow the reporting guide-
line CONSORT statement [39] to report RCTs, especially
the methods of randomisation.

Implications for clinical practice

This present review identified the positive effects of Tai Chi
for a set of neurocognitive outcomes including cognition
and memory, as well as several physical and mental health
outcomes in people with MCI. Collectively, we found that
an intervention period of at least 12 weeks with a frequency
of 2 to 3 sessions a week, each lasting 30 to 60 min, was
the most common duration reported in the included stud-
ies. However, no specific Tai Chi program can be recom-
mended until more longer-term, higher-quality studies for
the target population are available. It is noteworthy that,
due to the poor methodological quality, small sample size,
and inconsistent findings among included studies, we could
not make a conclusive recommendation about the effects
of Tai Chi on the management of cognitive and memory
decline in people with MCI and early-stage dementia.

Conclusion

Tai Chi seems to be beneficial in improving a set of neu-
rocognitive outcomes, including global cognitive function,
memory and attention, and several physical and psycho-
logical outcomes in adults with MCI. However, the find-
ings are inconclusive because of poor quality of evidence
and inconsistent findings. The mechanisms of how Tai Chi
works remain unclear due to indirect evidence. More well-
designed, large-scale, and transparently reported RCTs and
meta-analyses for people with MCI or early-stage dementia
are needed to inform clinical decision-making.
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