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Abstract 

Background Older adults experience age-related declines in physical and cognitive functions due to interactions 
between aging and chronic diseases. Tai Chi and Qigong (TCQ) might be beneficial in improving the physical function 
and delaying the cognitive decline of this population. The potential underlying mechanism was explored to deter-
mine the effects of TCQ on cognitive function via direct or indirect pathways.

Purpose The objective of this systematic review was to determine the effects of TCQ on cognitive and physical func-
tions in older adults using meta-analysis, and to determine the impact of TCQ on cognitive function while controlling 
for physical function using a meta-regression approach.

Methods A systematic search of 13 electronic databases (in English, Korean, and Chinese languages) identified 
10,292 potentially eligible studies published between inception and May 2022. The bias in individual studies was 
assessed using the Cochrane Risk of Bias (version 2.0) tool. The heterogeneity of the studies was evaluated using a 
95% prediction interval, and the meta-analysis and meta-regression were implemented using the Comprehensive 
Meta-Analysis (version 3) software.

Results Our search identified 17 randomized studies (n = 2,365, mean age = 70.3 years). The results of the meta-anal-
ysis that used a random-effects model indicated that TCQ had significant effects on both cognitive (Hedges’ g = 0.29, 
95% confidence interval [CI] = 0.17 to 0.42) and physical (Hedges’ g = 0.32, 95% CI = 0.19 to 0.44) functions. We used 
meta-regression to explore the effect size of TCQ in association with physical function level. The regression model 
was significant (Q = 25.01, p = .070), and 55% of the heterogeneity was explained by physical function as a moderator 
variable. The effects of TCQ on cognitive function remained significant in this model when controlling for the effect of 
physical function (β = 0.46, p = .011).

Conclusion This meta-regression of 17 randomized studies strongly suggests that TCQ has beneficial effects on 
physical and cognitive functions in older adults. The effect of TCQ on cognitive function remained significant after 
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taking into account the significant effects of physical function as a moderator. The findings imply the potential health 
benefits of TCQ by promoting cognitive function in older adults directly and indirectly through enhancing physical 
function.

PROSPERO registration number *PROSPERO international prospective register of systematic reviews, registration ID 
CRD42023394358.

Keywords Tai Chi and Qigong, Cognitive function, Physical function, Older adults, Meta-analysis, Meta-regression

Background
Aging is the progressive accumulation of time-related 
changes, and age-related cognitive decline has become a 
global public health problem [1, 2]. Older adults remem-
ber less and walk more slowly than younger adults, which 
is associated with generalized impairments of physical 
and cognitive functions [3]. As people age, some experi-
ence age-related declines in physical and cognitive func-
tioning from interactions between aging and disease [4], 
which increases their risks of dependence and premature 
death [5].

Tai Chi and Qigong (TCQ) is a popular mind–body 
intervention that shares the core features of Chinese 
martial arts and meditative movements through smooth 
and continuous body movements and breathing [6, 7]. 
There are many similarities between Tai Chi and Qigong 
in how they focus on the body (posture and movement), 
breath, and mind (meditation and mindfulness) [8, 9]. 
The mind–body exercise component of TCQ is a potent 
lifestyle factor playing a critical role in preserving and 
promoting healthy cognitive aging [8, 9]. Therefore, Tai 
Chi and Qigong were considered equivalent interven-
tions and were grouped together in the present review.

A key neurotrophin that influences cognitive function 
is brain-derived neurotrophic factors (BDNFs). In the 
cerebral cortex and hippocampus, BDNFs are shown to 
facilitate neurogenesis and promote synaptic plasticity 
[10]. Exercise has the potential to directly or indirectly 
affect the synthesis and release of hippocampal BDNFs’ 
production [11, 12]. TCQ as an alternative aerobic exer-
cise might be beneficial for delaying cognitive decline in 
older adults [13], possibly via the upregulation of BDNFs 
[14]. A randomized controlled trial (RCT) involving peo-
ple with mild dementia found that a TCQ program might 
improve cognitive function and mental well-being in this 
population [15]. A previous meta-analysis indicated that 
TCQ might improve the cognitive function of middle-
aged and older adults with mild cognitive impairment 
(MCI) [16].

TCQ could affect neural processes and cognitive 
performance via various pathways, such as aerobic 
exercises, by engaging learning processes through medi-
tative aspects and from a potential mechanism under-
lined in East Asian traditions. First, TCQ comprises 

mild-to-moderate exercise levels depending on specific 
features [17–19] that  are known to have clear cognitive 
benefits [20, 21]. Aerobic exercise has been found to 
induce changes in neurotransmitters, neural growth fac-
tors, and functional network properties that strengthen 
neuroplasticity [22, 23] and improve brain perfusion [24]. 
Consistent with these expectations, several systematic 
reviews of Tai Chi have shown structural [25, 26] and 
functional [25, 27, 28] changes as a result of neuroimag-
ing techniques, including in cortical thickness, functional 
connectivity, and homogeneity of the brain, and execu-
tive network neural function [21]. Previous intervention 
studies also demonstrated that TCQ improved cognitive 
functioning by changing neural activity [28, 29]. A ran-
domized trial reported that 15  min of Qigong training 
increased EEG alpha activity, leading to a relaxed state of 
mind, and theta activity, resulting in internalized atten-
tion [28]. Compared to general aerobic exercise, Tai Chi 
exercise improved cognitive flexibility among healthy 
adults by affecting brain functional specialization [29].

Second, because TCQ requires practitioners to learn 
and perform highly coordinated sequences of whole-
body postures and movements, cognitive and neural pro-
cesses involved in attention, sequence learning, and body 
coordination are heavily involved. TCQ may enhance the 
neural mechanisms activated during the learning and 
practice of those exercises and enhance the learning of 
other sequencing and body coordination activities con-
trolled by the same brain areas. Indeed, learning TCQ 
enhances growth-factor levels, such as those of BDNFs 
[22, 30], which in turn enhances learning [22, 31]. TCQ 
may strengthen specialized areas of the brain responsible 
for declarative and procedural learning that are utilized 
when learning the action sequences [32, 33].

Third, the meditative state is a central and unique 
aspect of mind–body exercises such as TCQ. Medita-
tion improves attention and executive functions [34, 
35]. The meditative aspect of TCQ would be expected 
to benefit older adults since meditation is associated 
with cognitive benefits in those with cognitive decline 
[36, 37] and structural brain changes in neurodegen-
erative disease [38]. The calm mental-focus charac-
teristic of TCQ is conducive to reducing stress, which 
negatively affects memory in both Tai Chi [39, 40] and 
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Qigong [28, 41]. The meditative aspect of TCQ may 
affect cognition by enhancing mood [42, 43], which 
influences perception, attention, and memory [44, 45]. 
The mindfulness and mental focus characteristics in 
TCQ would benefit cognition beyond what would be 
expected in other exercises with similar intensity.

Finally, TCQ was developed based on Taoist philoso-
phy and Traditional Chinese Medicine (TCM) and was 
designed to stimulate the flow of qi—a form of physi-
cal and mental energy—in the internal organs, muscu-
lature, and system of qi pathways, or meridians, and 
thereby improve physiological function [46]. Together, 
meditation and movements are postulated to stimulate 
acupuncture points and affect the qi and the efficiency 
of qi flow through the meridians [47]. Both Taoist the-
ories about ’life-nurturing’ and TCM postulate that 
strengthening the qi leads to mental and spiritual clar-
ity as well as improved body health and well-being [48, 
49]. However, the potential association between the 
cultivation and enhanced circulation of qi and cognitive 
benefits requires further exploration.

Recent empirical investigations of the benefits of TCQ 
have primarily focused on physical functions such as 
maintaining physical aerobic endurance, lower body 
strength, balance, mobility, gait speed [50, 51], and motor 
performance [52]. However, exercise-induced benefits 
on physical and cognitive functions are generally inter-
related. For example, previous cross-sectional studies 
found that older adults with better physical function, fre-
quently indicated by the stronger grip and faster gait, may 
present better cognitive performance in executive func-
tion, memory, and processing speed [53–58]. In addition, 
a previous meta-analysis also supported the associations 
between cognitive and physical functions and the impact 
of exercise training, indicating that exercise-induced 
improvements in physical function are often accompa-
nied by improvements in cognitive function [59].

As a mind–body exercise that is safely applicable to 
older adults with impaired physical and cognitive func-
tions, TCQ has been found to be beneficial for delay-
ing impairments in these functions in older adults [60]. 
Several meta-analysis studies have reported that TCQ is 
effective in improving cognitive functions [16, 61] and 
physical functions [62], but no studies have focused on 
the relationship between physical and cognitive func-
tions. Based on the close association between physical 
and cognitive functions, we hypothesized that the effects 
of TCQ on cognitive function could be induced both 
directly and indirectly via physical functions. While there 
is promising evidence for cognitive improvement from 
practicing TCQ, the potential mechanisms underlying 
the effect of TCQ on cognitive function via indirect or 
direct pathways have yet to be explored.

Meta-regression involves the integration of meta-anal-
ysis and linear regression and aims to explain heteroge-
neity at the study level rather than at the individual level 
[63]. Meta-regression can identify multiple covariates, 
including categorical and continuous variables, and both 
linear and nonlinear relationships with effect sizes can 
be assessed [64]. The present systematic review therefore 
aimed to use meta-regression to determine the effective-
ness of TCQ in improving cognitive and physical func-
tions in older adults and to determine if the effect of 
TCQ on cognitive function remains significant after con-
trolling for physical function.

Methods
Search strategy
The electronic literature published up to May 2022 was 
searched: six English literature databases (PubMed, 
Embase, Cochrane Library, CINAHL, ProQuest, and 
OVID), seven Korean databases (Research Informa-
tion Sharing Service [RISS], Korean Studies Information 
Service System [KISS], National Digital Science Library, 
DBpia, Korea Scholar, National Assembly Library, and 
Korean Citation Index), and four Chinese databases 
(Wanfang, China Science and Technology Journal Data-
base [VIP], and Chinese National Knowledge Infra-
structure [CNKI]). Three search term groups (Tai Chi, 
clinical trials, and cognition) were used to find studies 
that yielded results on both physical and cognitive func-
tions. These search terms were used in combination with 
their Medical Subject Headings (MeSH) terms, key-
words, and synonyms in the search.

The main search terms applied to the Chinese data-
bases were CNKI terms and simplified Chinese charac-
ters: “Taichi (太极)” OR “Qigong (气功)” OR “Taiji Quan  (
太极拳)” OR “Baduan jin (八段锦)”. All articles extracted 
from each database were screened for duplicates and 
organized using EndNote (version 20) reference man-
agement software. The following characteristics of the 
included studies were summarized in a Microsoft Excel 
spreadsheet: publication year, language, population, 
intervention types, outcome measurements, and com-
parison groups.

Eligibility criteria
Only RCTs were included in our analysis. The eligibil-
ity criteria included studies in which (1) participants 
are older adults (≥ 60  years) who  lived in community 
settings (i.e., nursing homes, assisted living facilities, or 
their own homes), (2) participants did not have any dis-
ease that affected cognitive function or only had MCI, 
(3) the intervention included Tai Chi or Qigong, (4) the 
article included results on both physical (ADL, balance, 
walking ability, muscle strength, flexibility, and physical 
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health) and cognitive functions (cognitive performance, 
attention/executive function, memory, and linguistic 
competence), and (5) the article was published in Eng-
lish, Korean, or Chinese. We excluded articles in which 
participants were hospitalized or residing in a rehabilita-
tion facility or had neurodegenerative disorders, such as 
cancer, dementia, Parkinson’s disease, or Alzheimer’s dis-
ease. We considered studies that included control groups 
participating in alternative exercises, usual care, or no 
treatment.

Data extraction and synthesis
The data that we extracted from the studies were general 
information (authors, publication year, language), basic 
characteristics (sample size, intervention type: Tai Chi 
or Qigong), and intervention length and duration (dura-
tion of one session or frequency of sessions). The pri-
mary outcome for this review was cognitive function (i.e., 
global cognitive function, memory and learning, visuos-
patial ability, and executive function), control condition 
(active or inactive), and physical function. Outcome data 
(e.g., means and standard deviations of raw data) were 
extracted and summarized to evaluate the effects of TCQ 
on cognitive and physical function.

Quality and risk‑of‑bias assessments
The quality and risk of bias for all included articles were 
assessed using the Cochrane’ Risk of Bias (version 2.0) 
tool (RoB 2.0) [65]. The Cochrane RoB 2.0 contains five 
domains of bias: bias arising from the randomization pro-
cess, bias due to deviations from intended interventions, 
bias due to missing outcome data, bias in the outcome 
measurements, and bias in the selection of the reported 
result. An algorithm judged the risk of bias that arose 
from each domain, leading to a final decision on ‘low 
risk of bias,’ ‘some concerns,’ or ‘high risk of bias’ [65]. 
All authors independently assessed the quality and risk 
of bias of all articles included in the final review. After 
dividing the authors into two groups, the outcomes of 
the review by each group’ were compared. Any disagree-
ments between two independent reviewers were resolved 
by the reviewers or, if necessary, a third expert reviewer 
to obtain a consensus.

Data analysis
Comprehensive Meta-Analysis (CMA V3.0, Biostat, 
USA) was used to combine effect sizes and assess hetero-
geneity and publication bias. The random-effects model 
was employed for the analysis to allow its results to be 
generalized to comparable studies [66]. Continuous vari-
ables were estimated using Hedges’s g effect sizes with 
95% confidence intervals (CIs). The absolute heteroge-
neity level among the effect estimates was assessed by 

calculating the between-studies standard deviation and 
95% prediction interval (PI). The 95% PIs described the 
expected range of true effects if a new study was con-
ducted. As the between-studies standard deviation and 
lower and upper limits of the 95% PI were in the same 
metric as the effect estimates, they offer a reasonable 
quantification of the heterogeneity level [63, 67–69]. A 
subgroup analysis was conducted to compare the effects 
of TCQ according to the intervention duration: short-
term (≤ 12 weeks) vs. long-term (> 12 weeks). The mod-
erators of interest included physical function, which was 
judged to have an influence on the effect size based on an 
outcome measure of cognitive function. We conducted 
meta-regression analyses to investigate the potential 
moderators of the effects of Tai Chi on cognitive function 
with physical functioning as a covariate. The publication 
bias was analyzed by constructing funnel plots to explore 
the possibility of publication bias resulting from the pref-
erential publication of prevalence reports with positive 
findings and amongst small studies that estimated high 
prevalence rates [70]. Egger’s regression test was used 
to evaluate the relationship between the effect size and 
the standard error [71] to determine the significance of 
asymmetry.

Results
Study selection
A literature search was performed from inception 
through May 2022 in accordance with the PRISMA 2020 
guidelines [72]. Of the 10,292 citations identified in the 
databases, 2,820 were from English databases (Embase, 
PubMed, OVID, ProQuest, and CINAHL), 7,154 from 
Korean databases (KISS, RISS, DBpia, Korea Scholar, and 
National Assembly Library), and 318 from Chinese data-
bases (Wanfang, VIP, and CNKI). Of the 646 citations 
identified in the registers, 627 were from CENTRAL and 
19 from ClinicalTrials. Manual searches identified two 
additional citations.

Duplicate documents were removed using EndNote, 
and 105 studies were selected according to the inclu-
sion criteria by reviewing titles and abstracts. These 105 
studies were screened to exclude non-geriatric (k = 25) or 
neurodegenerative (e.g. Alzheimer’s disease, Parkinson’s 
disease, or stroke survivors) studies (k = 4), non-RCTs 
(k = 20), non-Tai-Chi intervention studies (k = 5), stud-
ies that did not evaluate cognitive or physical function 
as outcomes (k = 28), studies for which data were not 
available (k = 6), and studies with duplicate participants 
(k = 1), leaving 17 studies for inclusion in the final analy-
sis. Among the 17 RCTs, one study had two comparison 
groups (the usual-care and active-control groups); the 
data of each comparison group were separately entered 
into the analysis. Two additional studies were found 
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through manual searches, but both were subsequently 
excluded due to a lack of specific data or not matching 
the eligibility of the present study. In summary, the quali-
tative synthesis and quantitative analysis were conducted 
on 17 studies (Fig. 1).

Quality of studies and risk of bias
The quality assessment of the 17 included studies 
revealed that 6 were low risk (35%) and 11 had some 
concerns (65%); none were considered high risk. When 
analyzed by domain, 16 studies (94%) were low risk, 
and 1 (6%) was considered to have some concerns in the 
domain that presented the bias, according to the ‘ran-
domization process.’ For the ‘deviation from intended 
intervention’ domain, there were 10 low-risk studies 
(58.8%) and 7 with some concerns (41.2%). The risks of 
bias in the ‘missing outcome data’ and ‘measurement of 
the outcome’ domains were low in 16 studies (94.1%) 
and uncertain in 1 (5.9%). Among ‘the selection of the 
reported result’ domain, there were 13 low-risk studies 
(76.5%) and 4 (23.5%) with some concerns (Fig. 2).

Modality and medium
The 17 included RCTs involved 2,235 participants, with 
20–456 in each trial, and their mean age was 61–84 years 
(overall mean age = 70.9  years and 71.8% females). The 
main characteristics of the studies are listed in Table  1. 

The subjects included older adults who were healthy 
(k = 6), prefrail or frail (k = 2), with MCI or amnes-
tic MCI (k = 5), with geriatric depression (k = 2), and 
who had a risk of falls (k = 2). The intervention was Tai 
Chi (k = 14) or Qigong (k = 3) applied for a mean dura-
tion of 19.7  weeks (range = 4–52  weeks). The control 
groups received either an alternative intervention (k = 13, 
health education or alternative exercise) or no treatment 
(k = 4, usual care or no treatment). All but one study was 
reported in English (k = 16), with the remaining report 
written in Chinese. Most intervention settings (k = 12) for 
older adults were in the community. The non-community 
settings were described as an elderly service unit from a 
hospital (k = 1), and a residential home or housing facil-
ity (k = 2), or the intervention setting was not reported 
(k = 2).

The physical-function outcomes were activities of daily 
living (ADLs), dynamic balance, static balance, walking 
ability, muscle strength, flexibility, and physical health. 
ADLs were measured using the modified Barthel Index, 
and dynamic balance was measured using the Berg Bal-
ance Scale, Tinetti balance test, or functional reach test. 
Walking ability was measured using the Timed Up-and-
Go test, computerized gait analysis, 6-min walk tests, gait 
velocity, Tinetti gait test, and 5-m or 10-m walking speed 
test. Static balance was measured using the one-leg-
standing test or four-stage balance test. Muscle strength 

Fig. 1 Flow diagram of the study selection process
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Fig. 2 Assessment of risk of bias in the included studies



Page 7 of 16Park et al. BMC Geriatrics          (2023) 23:352  

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
in

cl
ud

ed
 s

tu
di

es

St
ud

y 
au

th
or

, 
ye

ar
(C

ou
nt

ry
/

La
ng

ua
ge

)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Co

m
pa

ri
so

n
O

ut
co

m
e 

m
ea

su
re

m
en

t
Sa

fe
ty

m
on

ito
ri

ng
D

is
ea

se
‑

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s

E 
(M

:F
)

C 
(M

:F
)

A
ge

, y
ea

rs
 

(g
ro

up
)b

TC
Q

 ty
pe

In
te

ns
it

y
(t

im
e 
× 

se
ss

io
n/

W
 ×

 d
ur

at
io

n)
Se

tt
in

g
Ph

ys
ic

al
 

fu
nc

tio
n

Co
gn

iti
ve

 
fu

nc
tio

n

Ta
yl

or
-P

ili
ae

, 
20

10
 [4

0]
(U

SA
/

En
gl

is
h)

a

A
ge

 ≥
 6

0 
ye

ar
s, 

he
al

th
y

37
 (1

3:
24

)
A

C
: 3

9 
(1

1:
28

)
U

C
: 5

6 
(1

6:
40

)

70
.6

 ±
 5

.9
 (E

)
68

.5
 ±

 5
.0

 
(A

C
)

68
.2

 ±
 6

.2
 

(U
C

)

Ta
i C

hi
, 

12
-fo

rm
 

Ya
ng

 s
ty

le

1)
 A

do
pt

io
n 

ph
as

e:
 1

 h
 ×

 5
/W

 
(g

ro
up

 ×
 2

 +
 h

om
e 
× 

3)
 ×

 1
2 

W
s

2)
 M

ai
nt

en
an

ce
 p

ha
se

: 1
 h

 ×
 

4/
W

(g
ro

up
 ×

 1
 +

 h
om

e 
× 

3)
 ×

 
12

 W
s

Co
m

m
un

ity
1)

 W
es

te
rn

 
ex

er
ci

se
2)

 H
ea

lth
y-

ag
in

g 
ed

uc
a-

tio
n

O
LS

FR
T

A
rm

 c
ur

ls
C

ha
ir-

st
an

d 
te

st
Ba

ck
-s

cr
at

ch
 

te
st

Si
t-

an
d-

re
ac

h 
te

st

A
ni

m
al

-
na

m
in

g 
te

st
D

ig
it 

sp
an

 
fo

rw
ar

d
D

ig
it 

sp
an

 
ba

ck
w

ar
d

N
I

La
vr

et
sk

y,
 

20
11

 [7
3]

(U
SA

/E
ng

-
lis

h)

A
ge

 ≥
 6

0 
ye

ar
s, 

ge
ria

tr
ic

 d
ep

re
s-

si
on

36
 (1

3:
23

)
37

 (1
5:

22
)

69
.1

 ±
 7

.0
 (E

)
72

.0
 ±

 7
.4

 (C
)

Ta
i C

hi
G

ro
up

: 2
 h

 ×
 1

/W
 ×

 1
0 

W
s

Co
m

m
un

ity
H

ea
lth

 
ed

uc
at

io
n

SF
-3

6 
(p

hy
si

-
ca

l h
ea

lth
)

M
M

SE
C

VL
T

TM
T 

B–
A

N
o 

ad
ve

rs
e 

ev
en

ts

Ts
ai

, 2
01

3 
[7

4]
(U

SA
/E

ng
-

lis
h)

A
ge

 ≥
 6

0 
ye

ar
s, 

m
ild

-t
o-

m
od

er
-

at
e 

C
I w

ith
 k

ne
e 

O
A

28
 (6

:2
2)

27
 (9

:1
8)

78
.9

 ±
 6

.9
 (E

)
78

.9
 ±

 8
.3

 (C
)

Ta
i C

hi
, 

12
-fo

rm
 S

un
 

st
yl

e

G
ro

up
: 2

0–
40

 m
in

 ×
 3

/W
 ×

 2
0 

W
Co

m
m

un
ity

H
ea

lth
 

ed
uc

at
io

n,
 

cu
ltu

re
-

re
la

te
d 

ac
tiv

iti
es

, 
an

d 
so

ci
al

 
ac

tiv
iti

es

W
O

M
A

C
 

(p
hy

si
ca

l 
fu

nc
tio

ni
ng

)
TU

G
 te

st
Si

t-
to

-s
ta

nd
 

te
st

M
M

SE
N

o 
ad

ve
rs

e 
ev

en
ts

Ts
an

g,
 2

01
3 

[7
5]

(H
on

g 
Ko

ng
/E

ng
-

lis
h)

A
ge

 ≥
 6

0 
ye

ar
s,

fra
il

61
 (1

4:
47

)
55

 (1
5:

40
)

83
.3

 ±
 6

.3
 (E

)
84

.9
 ±

 6
.0

 (C
)

N
ov

el
 h

ea
lth

 
Q

ig
on

g
G

ro
up

: 1
 h

 ×
 2

/W
 ×

 1
2 

W
s

El
de

rly
 

se
rv

ic
e 

un
it 

at
 h

os
pi

ta
l

N
ew

sp
ap

er
 

re
ad

in
g

H
an

dg
rip

 
st

re
ng

th
TU

G
 te

st

LO
TC

A
-G

N
o 

ad
ve

rs
e 

ev
en

ts

La
m

, 2
01

4 
[7

6]
(H

on
g 

Ko
ng

/E
ng

-
lis

h)

A
ge

 ≥
 6

5 
ye

ar
s, 

M
C

I o
r a

m
ne

st
ic

 
M

C
I

17
1 

(4
6:

12
5)

21
8 

(4
6:

17
2)

77
.2

 ±
 6

.3
 (E

)
78

.3
 ±

 6
.6

 (C
)

Ta
i C

hi
, 2

4 
st

yl
e

1)
 A

do
pt

io
n 

ph
as

e:
 g

ro
up

,
30

 m
in

 ×
 3

/W
 ×

 4
–6

W
s

2)
 M

ai
nt

en
an

ce
 p

ha
se

: h
om

e,
30

 m
in

 ×
 3

/W
 ×

 4
6–

48
 W

s, 
re

fre
sh

er
 le

ss
on

s 
ev

er
y 

m
on

th

Re
si

de
nt

ia
l 

ho
m

e
St

re
tc

h-
in

g 
an

d 
re

la
xa

tio
n 

ex
er

ci
se

s

BB
S

A
D

A
M

M
SE

D
ig

it 
sp

an
 

ba
ck

w
ar

d
Vi

su
al

 s
pa

n 
ba

ck
w

ar
d

D
el

ay
 re

ca
ll

Ve
rb

al
 fl

u-
en

cy

N
I



Page 8 of 16Park et al. BMC Geriatrics          (2023) 23:352 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y 
au

th
or

, 
ye

ar
(C

ou
nt

ry
/

La
ng

ua
ge

)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Co

m
pa

ri
so

n
O

ut
co

m
e 

m
ea

su
re

m
en

t
Sa

fe
ty

m
on

ito
ri

ng
D

is
ea

se
‑

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s

E 
(M

:F
)

C 
(M

:F
)

A
ge

, y
ea

rs
 

(g
ro

up
)b

TC
Q

 ty
pe

In
te

ns
it

y
(t

im
e 
× 

se
ss

io
n/

W
 ×

 d
ur

at
io

n)
Se

tt
in

g
Ph

ys
ic

al
 

fu
nc

tio
n

Co
gn

iti
ve

 
fu

nc
tio

n

Su
n,

 2
01

5 
[7

7]
(C

hi
na

/E
ng

-
lis

h)

A
ge

 ≥
 6

0 
ye

ar
s, 

he
al

th
y

72
 (1

4:
48

)
66

 (2
0:

46
)

68
.3

 ±
 5

.9
 ©

70
.1

 ±
 5

.7
 (C

)
Ta

i C
hi

, 
24

-fo
rm

 
Ya

ng
 s

ty
le

G
ro

up
: 1

 h
 ×

 2
/W

 ×
 6

 M
s

Co
m

m
un

ity
N

on
at

hl
et

ic
 

ca
re

O
LS

5-
m

 h
ig

h 
w

al
ki

ng
 

sp
ee

d
10

-m
 n

or
m

al
 

w
al

ki
ng

 
sp

ee
d

H
an

dg
rip

 
st

re
ng

th
 

(b
ot

h)

M
M

SE
N

I

H
w

an
g,

 
20

16
 [7

8]
(T

ai
w

an
/

En
gl

is
h)

A
ge

 ≥
 6

0 
ye

ar
s, 

fa
ll 

ris
k

22
8 

(7
5:

15
3)

22
8 

(7
7:

15
1)

72
.0

 ±
 8

.1
 (E

)
72

.7
 ±

 8
.1

 (C
)

Ta
i C

hi
, 

18
-fo

rm
 

Ya
ng

 s
ty

le

In
di

vi
du

al
: 1

 h
 ×

 1
/W

 ×
 6

 M
s, 

se
lf-

pr
ac

tic
e 

ev
er

y 
da

y
Co

m
m

un
ity

Lo
w

er
 

ex
tr

em
ity

 
tr

ai
ni

ng

H
an

dg
rip

 
st

re
ng

th
 

(r
ig

ht
 h

an
d)

Ti
ne

tt
i b

al
-

an
ce

 te
st

Ti
ne

tt
i g

ai
t 

te
st

M
M

SE
N

o 
ad

ve
rs

e 
ev

en
ts

Lu
, 2

01
6 

[7
9]

(H
on

g 
Ko

ng
/E

ng
-

lis
h)

H
ea

lth
y 

fe
m

al
e 

ol
de

r a
du

lts
15

 (0
:1

5)
16

 (0
:1

6)
72

.8
 ±

 6
.7

 (E
)

67
.3

 ±
 6

.6
 (C

)
Ta

i C
hi

, 
12

-fo
rm

 
Ya

ng
 s

ty
le

G
ro

up
: 9

0 
m

in
 ×

 3
/W

 ×
 1

6 
W

s
Co

m
m

un
ity

U
su

al
 c

ar
e

Co
m

pu
te

r-
iz

ed
 g

ai
t 

an
al

ys
is

A
ud

ito
ry

 
St

ro
op

 te
st

: 
si

ng
le

/d
ua

l 
ta

sk

N
o 

ad
ve

rs
e 

ev
en

ts

Su
ng

ka
ra

t, 
20

17
 [2

1]
(T

ha
ila

nd
/

En
gl

is
h)

A
ge

 ≥
 6

0 
ye

ar
s, 

M
C

I
33

 (2
:3

1)
33

 (7
:2

6)
68

.3
 ±

 6
.7

 (E
)

67
.5

 ±
 7

.3
 (C

)
Ta

i C
hi

, 
10

-fo
rm

 
st

yl
e

1)
 G

ro
up

: 5
0 

m
in

 ×
 3

/W
 ×

 3
 W

s
2)

 H
om

e:
 5

0 
m

in
 ×

 3
/W

 ×
 1

2 
W

s
Co

m
m

un
ity

Ed
uc

at
io

na
l 

m
at

er
ia

l
PP

A
W

ec
hs

le
r 

M
em

or
y 

Sc
al

e;
 

de
la

ye
d 

re
ca

ll
Bl

oc
k-

de
si

gn
 te

st
D

ig
it 

sp
an

 
fo

rw
ar

d/
ba

ck
w

ar
d

TM
T 

B–
A

N
o 

ad
ve

rs
e 

ev
en

ts



Page 9 of 16Park et al. BMC Geriatrics          (2023) 23:352  

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y 
au

th
or

, 
ye

ar
(C

ou
nt

ry
/

La
ng

ua
ge

)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Co

m
pa

ri
so

n
O

ut
co

m
e 

m
ea

su
re

m
en

t
Sa

fe
ty

m
on

ito
ri

ng
D

is
ea

se
‑

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s

E 
(M

:F
)

C 
(M

:F
)

A
ge

, y
ea

rs
 

(g
ro

up
)b

TC
Q

 ty
pe

In
te

ns
it

y
(t

im
e 
× 

se
ss

io
n/

W
 ×

 d
ur

at
io

n)
Se

tt
in

g
Ph

ys
ic

al
 

fu
nc

tio
n

Co
gn

iti
ve

 
fu

nc
tio

n

va
n 

W
es

t, 
20

18
 [8

0]
(N

ew
 

Ze
al

an
d/

En
gl

is
h)

A
ge

 ≥
 6

0 
ye

ar
s, 

he
al

th
y

43
 (1

1:
32

)
36

 (7
:2

9)
69

.1
 [6

0-
86

] (
E)

67
.6

 [6
0-

80
] (

C
)

Ta
i C

hi
, 

18
-fo

rm
 

Ya
ng

 s
ty

le

G
ro

up
:1

 h
 ×

 2
/W

 ×
 4

 W
s

N
I

In
te

rn
at

io
na

l 
PO

I
FR

T
Fo

ur
-s

ta
ge

 
ba

la
nc

e 
te

st
Pi

nc
h 

an
d 

ha
nd

gr
ip

 
st

re
ng

th
C

ha
ir-

st
an

d 
te

st
RO

M
; w

ris
t, 

el
bo

w
, a

nd
 

sh
ou

ld
er

N
C

I; 
av

er
-

ag
e 

of
 fi

ve
 

do
m

ai
n 

sc
or

es
 

(c
om

po
si

te
 

m
em

or
y,

 
ps

yc
ho

m
o-

to
r s

pe
ed

, 
re

ac
tio

n 
tim

e,
 c

om
-

pl
ex

 a
tt

en
-

tio
n,

 a
nd

 
co

gn
iti

ve
 

fle
xi

bi
lit

y)

N
I

Li
, 2

01
8 

[8
1]

(C
hi

na
/C

hi
-

ne
se

)

A
ge

 
60

–7
0 

ye
ar

s, 
M

C
I

10
10

61
.4

 ±
 1

.8
4 

(E
)

62
.1

 ±
 2

.0
8 

(C
)

Q
ig

on
g,

 
Ba

du
an

jin
1)

 A
do

pt
io

n 
ph

as
e:

 g
ro

up
 

60
 m

in
 ×

 5
/W

 ×
 2

 W
s

2)
 M

ai
nt

en
an

ce
 p

ha
se

: g
ro

up
 

60
 m

in
 ×

 5
/W

 ×
 1

4 
W

s

Co
m

m
un

ity
U

su
al

 c
ar

e
C

M
-P

PT
Co

m
pu

te
r-

iz
ed

 g
ai

t 
an

al
ys

is

Er
ik

so
n 

fla
nk

er
 ta

sk
M

or
e-

od
d 

sh
ift

in
g 

ta
sk

2-
ba

ck
 ta

sk

A
dj

us
t t

he
 

ex
er

ci
se

 in
te

n-
si

ty
 a

cc
or

di
ng

 
to

 h
ea

rt
 ra

te

Li
ps

itz
, 2

01
9 

[8
2]

(U
SA

/E
ng

-
lis

h)

A
ge

 ≥
 6

0 
ye

ar
s, 

he
al

th
y

93
 (3

0:
63

)
87

 (3
0:

57
)

75
.9

 ±
 9

.1
 (E

)
74

.6
 ±

 8
.6

 (C
)

Ta
i C

hi
, 

9-
fo

rm
 Y

an
g 

st
yl

e

G
ro

up
 in

te
rv

en
tio

n 
× 

2/
W

 a
nd

ho
m

e 
pr

ac
tic

e 
20

 m
in

 ×
 3

/W
 ×

 5
2 

W
s

(6
-m

on
th

 e
ffe

ct
 re

po
rt

ed
 a

s a
 

re
co

m
m

en
da

tio
n 

to
 e

nd
 th

e 
tr

ia
l 

by
 th

e 
D

at
a 

an
d 

Sa
fe

ty
 M

on
ito

r-
in

g 
Bo

ar
d)

H
ou

si
ng

 
fa

ci
lit

y
H

ea
lth

 
ed

uc
at

io
n 

(m
on

th
ly

)

SP
PB

SF
-1

2 
(p

hy
si

-
ca

l h
ea

lth
)

PA
SE

G
ai

t v
el

oc
ity

TM
T:

 B
–A

M
in

or
 m

us
-

cu
lo

sk
el

et
al

 
co

m
pl

ai
nt

s

C
he

w
ni

ng
, 

20
20

 [8
3]

(U
SA

/E
ng

-
lis

h)

A
ge

 ≥
 6

5 
ye

ar
s, 

Fa
ll 

ris
k

94
 (1

8:
76

)
10

3 
(1

3:
90

)
75

.0
 ±

 7
.4

 (E
)

72
.8

 ±
 7

.0
 (C

)
Ta

i C
hi

, Y
an

g 
st

yl
e

G
ro

up
: 1

.5
 h

 ×
 2

/W
 ×

 6
 W

s 
an

d
ho

m
e-

pr
ac

tic
e 

co
ac

hi
ng

Co
m

m
un

ity
N

o 
tr

ea
t-

m
en

t
TU

G
 te

st
C

ha
ir-

st
an

d 
te

st
Fo

ur
-s

ta
ge

 
ba

la
nc

e 
te

st

TM
T 

B
N

I

Zh
en

g,
 2

02
0 

[8
4]

(C
hi

na
/E

ng
-

lis
h)

A
ge

 
45

–7
5 

ye
ar

s, 
st

ro
ke

 s
ur

vi
vo

rs
 

w
ith

 M
C

I

24
 (1

9:
5)

24
 (2

2:
2)

61
.6

 ±
 9

.2
 (E

)
62

.8
 ±

 6
.4

 (C
)

Q
ig

on
g,

 
Ba

du
an

jin
G

ro
up

: 4
0 

m
in

 ×
 3

/W
 ×

 2
4 

W
s

Co
m

m
un

ity
N

o 
tr

ea
t-

m
en

t
M

BI
M

oC
A

TM
T:

 B
–A

AV
LT

TA
P

D
SC

C
D

T

N
o 

ad
ve

rs
e 

ev
en

ts



Page 10 of 16Park et al. BMC Geriatrics          (2023) 23:352 

Ta
bl

e 
1 

(c
on

tin
ue

d)

St
ud

y 
au

th
or

, 
ye

ar
(C

ou
nt

ry
/

La
ng

ua
ge

)

Po
pu

la
tio

n
In

te
rv

en
tio

n
Co

m
pa

ri
so

n
O

ut
co

m
e 

m
ea

su
re

m
en

t
Sa

fe
ty

m
on

ito
ri

ng
D

is
ea

se
‑

re
la

te
d 

ch
ar

ac
te

ri
st

ic
s

E 
(M

:F
)

C 
(M

:F
)

A
ge

, y
ea

rs
 

(g
ro

up
)b

TC
Q

 ty
pe

In
te

ns
it

y
(t

im
e 
× 

se
ss

io
n/

W
 ×

 d
ur

at
io

n)
Se

tt
in

g
Ph

ys
ic

al
 

fu
nc

tio
n

Co
gn

iti
ve

 
fu

nc
tio

n

W
u,

 2
02

1 
[8

5]
(C

hi
na

/E
ng

-
lis

h)

A
ge

 
50

–8
5 

ye
ar

s, 
H

ea
lth

y

19
 (4

:1
5)

19
 (1

:1
8)

63
.6

 ±
 4

.0
 (E

)
63

.2
 ±

 4
.4

 (C
)

Ta
i C

hi
, 

24
-fo

rm
 

Ya
ng

 s
ty

le

G
ro

up
: 6

0 
m

in
 ×

 tr
i-

w
ee

kl
y ×

 1
2 

W
s

N
I

Te
le

ph
on

e 
co

ns
ul

ta
tio

n 
(e

ve
ry

 o
th

er
 

w
ee

k)

Kn
ee

 e
xt

en
-

so
r s

tr
en

gt
h,

6M
W

T

IE
D

N
I

Jia
yu

an
, 

20
22

 [8
6]

(C
hi

na
,/E

ng
-

lis
h)

A
ge

 ≥
 6

5 
ye

ar
s,

Pr
ef

ra
il 

an
d 

fra
il

31
 (1

1:
18

)
30

 (1
3:

17
)

71
.7

 ±
 3

.9
 (E

)
70

.8
 ±

 4
.2

 (C
)

Ta
i C

hi
, 

24
-fo

rm
 

Ya
ng

 s
ty

le

1)
  1

st
 s

ta
ge

: G
ro

up
 

60
 m

in
 ×

 2
/W

 ×
 3

 M
s

2)
  2

nd
 s

ta
ge

: I
nd

iv
id

ua
l p

ra
ct

ic
e 

60
 m

in
 ×

 2
/W

 ×
 3

 M
s

Co
m

m
un

ity
Bo

ok
le

t 
ab

ou
t m

in
d-

fu
ln

es
s 

sk
ill

SP
PB

TU
G

 te
st

C
ha

ir-
st

an
d 

te
st

M
M

SE
N

I

La
vr

et
sk

y,
 

20
22

 [8
7]

(U
SA

/E
ng

-
lis

h)

A
ge

 ≥
 6

0 
ye

ar
s, 

ge
ria

tr
ic

 d
ep

re
s-

si
on

89
 (2

7:
62

)
89

 (2
2:

67
)

69
.2

 ±
 6

.9
 (E

)
69

.4
 ±

 6
.2

 (C
)

Ta
i C

hi
1)

 G
ro

up
: 6

0 
m

in
 ×

 1
/W

 ×
 6

 W
s

an
d 

ho
m

e 
pr

ac
tic

e 
fo

r 2
0 

m
in

/
da

y 
us

in
g 

ha
nd

ou
ts

2)
 V

irt
ua

l: 
60

 m
in

 ×
 1

/W
 ×

 6
 W

s
an

d 
ho

m
e 

pr
ac

tic
e 

fo
r 2

0 
m

in
/

da
y 

us
in

g 
ha

nd
ou

ts

Co
m

m
un

ity
H

ea
lth

 
ed

uc
at

io
n 

an
d 

w
el

ln
es

s 
tr

ai
ni

ng

SF
-3

6
C

VL
T

RO
C

FT
TM

T:
 B

–A
St

ro
op

 
in

te
rf

er
en

ce
CO

W
AT

 
A

ni
m

al
 fl

u-
en

cy
Bo

st
on

 
N

am
in

g 
Te

st

N
o 

ad
ve

rs
e 

ev
en

ts

Ab
br

ev
ia

tio
ns

: M
 M

al
e,

 F
 F

em
al

e,
 E

 E
xp

er
im

en
ta

l g
ro

up
, C

 C
on

tr
ol

 g
ro

up
, A

C 
Ac

tiv
e 

co
nt

ro
l g

ro
up

, U
C 

U
su

al
 c

ar
e 

gr
ou

p,
 T

CQ
 T

ai
 C

hi
 a

nd
 Q

ig
on

g,
 M

 M
on

th
, W

 W
ee

k,
 N

I N
o 

in
fo

rm
at

io
n,

 M
CI

 M
ild

 c
og

ni
tiv

e 
im

pa
irm

en
t, 

6M
W

T 
6-

m
in

 w
al

k 
te

st
, A

D
A 

A
lz

he
im

er
’s 

D
is

ea
se

 A
ss

es
sm

en
t S

ca
le

, A
VL

T 
Re

y 
Au

di
to

ry
 V

er
ba

l L
ea

rn
in

g 
Te

st
, B

BS
 B

er
g 

Ba
la

nc
e 

Sc
al

e,
 C

D
T 

Cl
oc

k-
dr

aw
in

g 
ta

sk
, C

I C
er

eb
ra

l i
nf

ar
ct

io
n,

 C
M

-P
PT

 C
hi

ne
se

 M
in

i P
hy

si
ca

l P
er

fo
rm

an
ce

 Te
st

, 
CO

W
AT

  C
on

tr
ol

le
d 

O
ra

l W
or

d 
A

ss
oc

ia
tio

n 
Te

st
, C

VL
T 

Ca
lif

or
ni

a 
Ve

rb
al

 L
ea

rn
in

g 
Te

st
, D

SC
 D

ig
it 

sy
m

bo
l c

od
in

g,
 F

RT
 F

un
ct

io
na

l r
ea

ch
 te

st
, I

ED
 In

tr
a-

Ex
tr

a 
D

im
en

si
on

al
 S

et
 S

hi
ft

, L
O

TC
A-

G
 L

oe
w

en
st

ei
n 

O
cc

up
at

io
na

l T
he

ra
py

 
Co

gn
iti

ve
 A

ss
es

sm
en

t–
G

er
ia

tr
ic

, M
BI

 M
od

ifi
ed

 B
ar

th
el

 In
de

x,
 M

CI
 M

ild
 c

og
ni

tiv
e 

im
pa

irm
en

t, 
M

M
SE

 M
in

i M
en

ta
l S

ta
tu

s 
Ex

am
in

at
io

n,
 M

oC
A 

M
on

tr
ea

l C
og

ni
tiv

e 
A

ss
es

sm
en

t, 
N

CI
 N

eu
ro

co
gn

iti
on

 in
de

x,
 O

A 
O

st
eo

ar
th

rit
is

, 
O

LS
 O

ne
-le

g-
st

an
di

ng
 te

st
, P

AS
E 

Ph
ys

ic
al

 A
ct

iv
ity

 S
ca

le
 fo

r t
he

 E
ld

er
ly

, P
PA

 P
hy

si
ol

og
ic

al
 p

ro
fil

e 
as

se
ss

m
en

t, 
RO

CF
T 

Re
y 

Co
m

pl
ex

 F
ig

ur
e 

Te
st

, R
O

M
 R

an
ge

 o
f m

ot
io

n,
 S

F-
12

 1
2-

Ite
m

 S
ho

rt
-F

or
m

 H
ea

lth
 S

ur
ve

y,
 S

F-
36

 
36

-It
em

 S
ho

rt
-F

or
m

 H
ea

lth
 S

ur
ve

y,
 S

PP
B 

Sh
or

t P
hy

si
ca

l P
er

fo
rm

an
ce

 B
at

te
ry

, T
AP

 Te
st

 o
f A

tt
en

tio
n 

Pe
rf

or
m

an
ce

, T
M

T 
Tr

ai
l-M

ak
in

g 
Te

st
, T

U
G

  T
im

ed
 U

p-
an

d-
G

o 
Te

st
, W

O
M

AC
 W

es
te

rn
 O

nt
ar

io
 a

nd
 M

cM
as

te
r U

ni
ve

rs
iti

es
 

O
st

eo
ar

th
rit

is
 In

de
x

a   A
na

ly
ze

d 
fo

r e
ac

h 
co

nt
ro

l g
ro

up
;

b   D
at

a 
ar

e 
m

ea
n 
±

 st
an

da
rd

-d
ev

ia
tio

n 
[r

an
ge

] v
al

ue
s



Page 11 of 16Park et al. BMC Geriatrics          (2023) 23:352  

was measured using arm curls, chair-stand test, sit-to-
stand test, pinch or handgrip strength, or knee extensor 
strength. Flexibility was measured using a back-scratch 
test, sit-and-reach test, or range of motion. Physical 
health was measured using the physical health domains 
of the 36- or 12-Item Short-Form Health Survey, or the 
physical functioning domains of the Western Ontario 
and McMaster Universities Osteoarthritis Index, Physi-
ological Profile Assessment, Short Physical Performance 
Battery, Physical Activity Scale for the Elderly, or Chinese 
Mini Physical Performance Test.

The cognitive-function outcomes were cognitive per-
formance, attention/executive function, memory, and 
linguistic competence. Cognitive performance was meas-
ured using the Mini-Mental State Examination (MMSE), 
Montreal Cognitive Assessment (MoCA), Loewenstein 
Occupational Therapy Cognitive Assessment–Geriatric 
(LOTCA-G), or the cognitive subscale of the Alzheimer’s 
Disease Assessment Scale (ADA). Attention/executive 
functions were measured using the animal-naming test, 
digit span (forward/backward), visual span, Trail-Making 
Test, Test of Attentional Performance, digit symbol cod-
ing, clock-drawing task, Eriksen flanker task, More-odd 
shifting task, or Stroop test. Memory was measured using 
the California Verbal Learning Test, Rey Auditory Verbal 
Learning Test, 2-back task, Intra-Extra Dimensional Set 
Shift, or delayed recall (e.g., Wechsler Memory Scale or 
Rey Complex Figure Test). Linguistic competence was 
measured using verbal fluency, the Controlled Oral Word 
Association Test, the animal-naming test (fluency), or 
Boston Naming Test.

Safety monitoring
Safety monitoring was reported in 10 of the 17 studies 
(58.8%). There were no adverse events in eight studies 

and minor musculoskeletal complaints in one. In another 
study, exercise intensity was adjusted according to the 
monitored heart rate. There were no safety monitoring 
reports in 7 studies.

Meta‑analysis: synthesis of results
Effects of TCQ on cognitive function
The meta-analysis of the 17 studies using the random-
effects model indicated that TCQ had a small effect size 
in improving cognitive function (Hedges’ g = 0.35, 95% 
CI = 0.20 to 0.51) (Fig.  3A). Potential heterogeneity was 
indicated by a 95% PI of − 0.21 to 0.92. There was a risk of 
publication bias according to the funnel plots and Egger’s 
regression test (p = 0.049) (Fig. 4A).

A subgroup comparison was conducted between long-
term (k = 11) and short-term (k = 6) interventions. The 
effect sizes of TCQ on cognitive function were indi-
cated by Hedges’ g values of 0.39 (95% CI = 0.16 to 0.63; 
95% PI =  − 0.40 to 1.19) and 0.26 (95% CI = 0.11 to 0.42; 
95% PI = 0.04 to 0.49) for long- and short-term inter-
ventions, respectively. No significant differences were 
found between the effect sizes according to the inter-
vention duration (Q = 0.82, p = 0.364) (Fig. 3A). The fun-
nel plot of the overall effect size for cognitive function 
was symmetrical, and there was no publication bias for 
long-term interventions according to Egger’s regression 
test (p = 0.152). However, the funnel plot for short-term 
interventions was asymmetrical, so publication bias may 
have been present.

Effects of TCQ on physical function
The meta-analysis of the 17 studies using the random-
effects model indicated that TCQ had a small effect size 
in improving physical function (Hedges’ g = 0.29, 95% 

Fig. 3 Forest plots of the effects of TCQ on cognitive and physical functions. SE, standard error; CI, confidence interval; LL, lower limit; UL, upper 
limit



Page 12 of 16Park et al. BMC Geriatrics          (2023) 23:352 

CI = 0.17 to 0.40) (Fig.  3B). Potential heterogeneity was 
indicated by a 95% PI of − 0.02 to 0.60. Publication bias 
was suspected according to the funnel plots and Egger’s 
regression test (p = 0.004) (Fig. 4B).

A subgroup comparison was conducted between long-
term (k = 11) and short-term (k = 7) interventions. The 
effect sizes of TCQ on physical function were indicated 
by Hedges’ g values of 0.28 (95% CI = 0.15 to 0.41; 95% 
PI =  − 0.02 to 0.57) and 0.32 (95% CI = 0.08 to 0.56; 95% 
PI =  − 0.37 to 1.01) for long- and short-term interven-
tions, respectively. No significant differences were found 
between the effect sizes according to the intervention 
duration (Q = 0.081, p = 0.776) (Fig. 3B). The funnel plot 
of the overall effect size for physical function was sym-
metrical, but Egger’ s regression test indicated publica-
tion bias for the long-term interventions (p = 0.042). The 
funnel plot for short-term interventions was asymmetri-
cal, suggesting publication bias.

Meta‑regression analysis of the effect of TCQ on cognitive 
function
Since TCQ had significant effects on cognitive and physi-
cal functions, we used meta-regression to explore the 
effect size of TCQ on cognitive function in association 
with the level of physical functions. The regression model 
was significant (Q = 9.06, p = 0.002), indicating that phys-
ical function significantly impacts the effects of TCQ on 
cognitive function. The variance that was explained by 
the model was 0.035 within the total of 0.056, indicating 
that 63% of the heterogeneity was explained by the model 
that used physical function as a moderator (Table  2). 
This confirmed that changes in physical function were 
associated with changes in cognitive function. The good-
ness-of-fit test also addressed whether there was hetero-
geneity that could not be explained by physical function 

as a covariate.  Qresid was used to estimate the variance 
of the unexplained heterogeneity. The variance that was 
not explained by the model was 0.021, and the goodness-
of-fit test indicated that the unexplained variance was 
not zero (Q = 26.04, df = 16, p = 0.05). In conclusion, the 
effects of TCQ on cognitive function remained signifi-
cant when controlling for the effect of physical function 
in this model.

Discussion
This study evaluated the effect of TCQ on cogni-
tive function with physical function as a covariate 
among older adults with cognitive impairments. The 
obtained evidence supported the beneficial effects of 
TCQ on cognitive functions, including global, mem-
ory, and executive functions in individuals with or 
without cognitive impairments [16, 88]. Tai Chi or 
Qigong was administered for at least 12  weeks and 
was considered to be a promising alternative mind–
body intervention for older adults with MCI [61]. 
The present review included 17 studies (14 Tai Chi 
and 3 Qigong interventions) with a mean duration of 
19.7  weeks (range = 4–52  weeks). The meta-analysis 
with the random-effects model also confirmed the sig-
nificant effects of TCQ on cognitive function for short-
term (≤ 12  weeks) and long-term interventions. The 

Fig. 4 Publication bias in the included studies

Table 2 Meta regression random-effects model: test of the 
model

Simultabneous test that all coefiicients (excluding intercept) are zero
Qmodel = 9.06, df = 1, p = 0.0026

Goodness of fit: Test that unexplained variance is zero
T2 = 0.0208, Tau = 0.1442,  I2 = 38.56%,  Qresid = 30.766, df = 16, p = 0.0534

Proportion of total between-study variance explained by the model
R2 =  T2

explained/T2
total = 0.0352/0.0560 = 0.63
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difference in effect sizes between the intervention dura-
tions was also not significant in our study.

A recent meta-analysis of 14 studies on the effect 
of aerobic or resistance exercise on older adults with 
MCI confirmed the beneficial effects of TCQ, includ-
ing improvement in cognitive function, and in the 
grip strength of physical function [13]. The associa-
tion between cognitive and physical functions under the 
impact of exercise training indicates that exercise-induced 
improvements in physical function are associated with 
improved cognitive function [59]. One of the common 
mechanisms underlying exercise-induced benefits in cog-
nitive function is related to neuroplasticity being facili-
tated in certain brain structures by physical activity [23]. 
Rogers and colleagues [24] conducted a 4-year prospec-
tive longitudinal study to examine the effects of different 
physical activity levels on cerebral perfusion and found 
that physically inactive, retired older adults presented 
significant declines in cerebral blood flow throughout 
four years of follow-up compared with those who regu-
larly engaged in physical activity. It is well established that 
physical activity can increase circulating levels of a BDNF 
with cognitively beneficial properties. However, the type, 
intensity, and duration of physical exercise that would 
induce this mechanism are still under debate [89].

The typical features of TCQ as a mind–body exercise 
are physical and cognitive-stimulating activities [90]. A 
previous systematic review based on seven randomized 
trials proposed that changes in cognitive function dur-
ing TCQ training may be associated with structural and 
functional changes in the cortex related to cognition [88]. 
In addition to the common mechanism through conven-
tional exercise, TCQ as a mind–body exercise could also 
induce improvements in brain neuroplasticity through its 
motor complexity and multiple components combined 
with meditation training and relaxation practice [91, 
92]. The aerobic exercise components of TCQ can delay 
age-related brain atrophy and improve cerebral blood 
circulation [23, 24], while the tranquility of mindfulness 
and Qigong breathing can improve attentional focus and 
executive function [34, 36]. A randomized trial com-
pared the effects of Tai Chi with conventional exercise 
on cognitive function, and found a significant improve-
ment in older adults from the Tai Chi group at 12 weeks. 
Both groups achieved clinically relevant improvements at 
24 weeks [91].

Given that exercise-induced benefits on physical and 
cognitive functions are interrelated, TCQ intervention 
has been hypothesized as a beneficial mind–body exer-
cise that may affect cognitive function either directly or 
indirectly via improving physical function. In order to 
confirm the direct pathway of TCQ on cognitive func-
tion, the present study used meta-regression analysis to 

explore further the effect of TCQ on cognitive function 
with physical function as a moderator. This meta-regres-
sion was conducted on the 17 studies in the review, since 
the recommended minimum number of studies for meta-
regression analysis is 10 [63]. Including physical function 
as a moderator in the model resulted in explaining 63% of 
the variance in the true effects of TCQ. In other words, 
physical function as a moderator was significantly related 
to the effect size from TCQ. Although no previous study 
has examined the effect of TCQ on cognitive function 
using meta-regression, the available evidence supports the 
effect of TCQ on physical function in various populations 
including older adults with or without chronic conditions 
[93]. The next step was to explore whether the model with 
physical function as a moderator explained all of the vari-
ance in the effect size. The unexplained variance was still 
significant, leading to the conclusion that TCQ still have 
significant effects on cognitive function even after con-
trolling for the effects from physical function.

The meta-regression suggested that TCQ acts benefi-
cially on cognitive function via various mechanisms, not 
just in its aerobic components but also in the cognitive 
process of memorizing movements and paying attention 
to meditation. Therefore, further studies are warranted 
to explore the underlying mechanisms of TCQ-induced 
health benefits on physical and cognitive functions. This 
might reveal the rationale for exercise interventions such 
as TCQ to improve quality of life by slowing down the 
decline in cognitive function among those with cognitive 
impairment.

Some strengths and limitations should be considered 
when interpreting the present results. The strengths 
of the study were that we included 17 randomized tri-
als searched from databases in 3 different languages 
with both cognitive and physical functions as outcomes, 
which enabled us to conduct the meta-regression analy-
sis. However, the heterogeneity of the studies was also 
noted due to the range of older adults with varying health 
and cognitive statuses. The types of Tai Chi or Qigong, 
although all based on theoretical principles of traditional 
Chinese medicine, were different in intervention dura-
tions or intensity. Moreover, physical and cognitive func-
tions were assessed using various measurement methods. 
Considering the heterogeneity of the studies, we used 
random-effect model for the main analysis and subgroup 
analysis on intervention duration with more than 5 stud-
ies. The sensitivity analysis with excluding outliers was 
also conducted to confirm the effects of TCQ.

Conclusions
The findings of this review suggest that TCQ effec-
tively improves cognitive and physical functions among 
older adults with or without cognitive impairment 



Page 14 of 16Park et al. BMC Geriatrics          (2023) 23:352 

when implemented as both short-term and long-term 
programs. The effect of TCQ on cognitive function 
remained significant after taking into account the sig-
nificant effects of physical function as a moderator. The 
findings imply the potential health benefits of TCQ by 
promoting cognitive function in older adults directly 
and indirectly through enhancing physical function.
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