
Zhang et al. 
Journal of NeuroEngineering and Rehabilitation          (2024) 21:227  
https://doi.org/10.1186/s12984-024-01507-6

REVIEW Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

Journal of NeuroEngineering
and Rehabilitation

Cognitive‑motor dual‑task training on gait 
and balance in stroke patients: meta‑analytic 
report and trial sequential analysis 
of randomized clinical trials
Lu Zhang1,3†, Jiangping Ma2,3†, Xiaoqing Liu4, Aiping Jin2, Kai Wang5 and Xiaobing Yin4* 

Abstract 

Objective  Cognitive-motor dual-tasking training (CMDT) might improve limb function and motor performance 
in stroke patients. However, is there enough evidence to prove that it is more effective compared with conventional 
physical single-task training? This meta-analysis and Trial Sequential Analysis of randomized clinical trials (RCTs) aimed 
to evaluate the effectiveness of CMDT on balance and gait for treating hemiplegic stroke patients.

Methods  The databases were searched in PubMed, Web of Science, Ovid Database and The Cochrane Library, 
SinoMed database, Chinese National Knowledge Infrastructure (CNKI), Wan Fang database, and VIP data-
base up to December 8, 2023. The Cochrane-recommended risk of bias (RoB) 2.0 tool was employed to assess 
risk of bias in trials. The statistical analysis was employed using R version 4.3.2. In addition, subgroup analyses 
and meta-regression were performed to explore the possible sources of heterogeneity. The evidence for each 
outcome was evaluated according to the Grading of Recommendations Assessment, Development, and Evaluation 
(GRADE) Working Group criteria. The Copenhagen Trial Unit’s Trial Sequential Analysis (version 0.9.5.10 Beta) was used 
for sequential analysis.

Results  Seventeen randomized clinical trials (RCTs) (n = 751 patients) were included. The results demonstrated 
that cognitive-motor dual-task training (CMDT) might be beneficial on stroke patients on Berg Balance Scale (BBS) 
(MD = 4.26, 95% CI 1.82, 6.69, p < 0.0001) (low-quality evidence). However, CMDT might not affect Time Up and Go 
test (TUG) (MD = −1.28, 95% CI −3.63, 1.06, p = 0.284); and single-task walking speed (MD = 1.35, 95% CI −1.56, 4.27, 
p = 0.413) in stroke patients (low-quality evidence). The Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) results indicated that all findings were very low to low certainty. Trial Sequential Analyses 
demonstrated larger sample sizes are required for confirming our findings.

Conclusion  Cognitive-motor dual-task training (CMDT) compared with conventional physical single-task training 
might be an effective intervention for improving static balance function in stroke patients (low-quality evidence), 
which should be interpreted cautiously due to heterogeneity and potential biases. Nevertheless, further research 
is required to support the abovementioned findings.

Trial Registration This protocol was registered in PROSPERO (CRD42023490530).
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Introduction
Stroke is an acute cerebrovascular disease that can cause 
cognitive, motor, and balance dysfunctions [9, 77]. These 
dysfunctions can significantly impact the patient’s qual-
ity of life and are leading causes of disability and death 
[44]. Motor dysfunction that affects the ability to walk is 
a significant factor in the reintegration of stroke survi-
vors into social activities. Evidence-based medicine con-
firms that early post-stroke rehabilitation is an effective 
method to reduce disability rates and improve patients’ 
limb dysfunction [13]. Stroke patients are typically 
treated with early rehabilitation under single-task (ST) 
conditions [69]. This approach improves patients’ limb 
function [69]. However, research has shown that only 
60%-80% of stroke patients who have undergone single-
task training can walk independently [69]. Additionally, 
A significant proportion of patients continue to exhibit 
reduced gait function and an increased risk of falls fol-
lowing their discharge from the hospital.

Cognitive-motor dual-task training (CMDT) involves 
performing cognitive tasks alongside motor training [70, 
85, 87], a novel rehabilitation tool to help stroke patients. 
Studies of the neural bases of the effects of CMDT have 
shown that there was an increase in brain activity dur-
ing dual-task (DT) especially in the pre-frontal cortex 
(PFC) [5, 36]. A meta-analysis of thirteen studies that 
utilized fNIRS to investigate cognitive challenges during 
dynamic balance control found that dual-tasking resulted 
in increased pre-frontal cortex activation compared with 
single-tasking [79]. It achieves this by accelerating central 
neural transduction, activating the higher cortex of the 
brain, optimizing the allocation of attentional resources, 
and facilitating neurological remodeling, which simulates 
a real-life environment for rehabilitation in both motor 
and cognitive domains [71, 75, 81]. Motor training is 
thought to promote synaptic plasticity and cell prolifera-
tion. In contrast, cognitive training seems to direct these 
newborn neurons into connection with pre-existing neu-
ral networks [6, 18, 25], which can increase the speed of 
information processing. CMDT can effectively strengthen 
the functional network connections between cognitive 
and motor regions, activating the cerebral cortex and 
facilitating the remodeling of brain functional networks. 
[56] CMDT enables the reorganization of cognitive task 
allocation strategies, optimizes the allocation of cogni-
tive resources, increases coordination between tasks, and 
increases the flexibility of resource allocation [11].

There are three main underlying theories of cognitive-
motor dual-task training (CMDT): the bottleneck, the 
cross-talk, and the capacity-sharing theory. The bottle-
neck theory indicates that encompassing the process of 
task training is sequential, not parallel [58]. the cross-
talk theory postulates that if two tasks are from the same 
cognitive domain and neuronal populations in the brain, 
they will not interfere with each other [52]. the capacity-
sharing theory postulates that humans have limited cog-
nitive capacity and that doing two tasks simultaneously 
decreases performance on one or both [27].

Cognitive functions include attention, working mem-
ory, and executive ability. The interaction between 
these two executive functions, working memory and 
attention, could promote neurological rehabilitation 
outcomes. Hard cognitive tasks (HC) distracted more 
attention and reduced attention to conscious postural 
control in stroke patients [28]. One possible explana-
tion may be that cognitive tasks require more complex 
mental processes such as working memory, mental 
tracking, and decision-making [2]. Working memory 
tasks are designed to retain things in the mind to per-
form complex tasks such as reasoning, understanding, 
and learning [3]. It has been found that working mem-
ory requires increased presynaptic glutamate release 
and changes in postsynaptic glutamate receptor activ-
ity [65]. The bottleneck theory assumes that all tasks 
involving stimulus–response associations depend on a 
central processor, i.e., only one task can be processed 
at a given moment, while the other waits, i.e., the cen-
tral processing stages of the two tasks cannot overlap. 
This means that the central processing stages of the 
two tasks cannot overlap, thus creating a central pro-
cessing bottleneck in the secondary task. Although the 
bottleneck theory emphasizes that the tasks are pro-
cessed in a strict serial order, and this serial process-
ing model will include some primitive requirements 
and possibly additional processing demands, it has 
also been found that these additional mental processes 
are closely related to working memory [53]. Attention 
is the ability of an individual to focus and concentrate 
on perception, thought, and behavior selectively. [66].
Attention is often considered to be the basis of cogni-
tive functioning. The capacity-sharing theory suggests 
that two tasks can run in parallel but compete for lim-
ited processing resources, resulting in reduced per-
formance. The extent to which a single task is affected 
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during dual-tasking ultimately depends on how one 
allocates attention to the corresponding task, so we 
must match appropriate attentional resources to each 
task [68]. During dual-task training, the decline in 
cognitive or motor performance ability in the cogni-
tive-motor dual-task training (CMDT) group at the 
beginning, which gradually diminished with the pro-
longation of the treatment time, may suggest that the 
patients were progressively able to allocate their atten-
tional resources appropriately during repeated training. 
So that the speed of synaptic signaling of brain neurons 
is accelerated, attention and executive function can be 
significantly improved [42].

After comparing the capacity-sharing theory with the 
bottleneck theory, it is easy to find that the two theories 
have different focuses. The former believes that there is 
sharing in multitasking and that tasks can be processed 
simultaneously so that attentional resources can be 
allocated appropriately. The latter, on the other hand, 
believes that there is no sharing in task processing and 
that tasks are processed in a strict order of priority, which 
also requires further research to clarify the mechanism of 
multitasking.

A previous meta-analysis demonstrated that cognitive-
motor dual-task training (CMDT) improves balance, gait, 
and upper limb function in patients with chronic-phase 
stroke. However, the sample size was relatively small, and 
the source of heterogeneity was not explored. Perform-
ing dual tasks requires more cognitive aspects includ-
ing attention and working memory [83], which requires 
meta-analyses to explore whether different elements of 
cognitive domains impact neurorehabilitation to meet 
the mental needs of stroke patients. To further elucidate 
the benefits of CMDT on balance and gait function in 
stroke patients, this study evaluated the clinical efficacy 
of CMDT based on moderator analysis and Trial Sequen-
tial Analysis (TSA) [78]. Furthermore, the study aimed to 
determine the necessary sample size.

A lack of precision characterizes the results of meta-
analyses with sparse data. Such meta-analyses are 
typically updated periodically to obtain additional experi-
mental data, necessitating repeated significance tests. 
The repetition of tests on accumulating data increases 
the overall risk of a type 1 error occurring. Applying Trial 
Sequential Analysis necessitates meticulous considera-
tion of statistical significance thresholds, trial size, het-
erogeneity, and potential random errors. This approach 
necessitates the calculation of the requisite information 
to ascertain the optimal sample size required to deter-
mine a specific effect size and achieve a specified level 
of statistical power. Trial Sequential Analysis (TSA) is a 
novel tool that can reduce the risk of inflated type one 

error to verify the robustness of the findings [78]. There-
fore, to extend previously available evidence, this study 
employed meta-analysis to evaluate and analyze the 
results of randomized controlled clinical trials of cogni-
tive-motor dual-task training (CMDT) applied to post-
stroke gait and balance disorders published by December 
8, 2023. The aim was to provide a basis for the future 
clinical practice of cognitive-motor dual-task training in 
gait and balance recovery in stroke patients.

Method
Study design and protocol registration
Our meta-analysis was aligned with the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA) statement [43] and was registered with 
PROSPERO (registration number CRD42023490530).

Search strategy
A comprehensive literature search was performed to 
find studies published up to December 8, 2023. The 
English databases were done with PubMed, Web of Sci-
ence, Ovid Database, and The  Cochrane Library, while 
the Chinese databases included the SinoMed database, 
Chinese National Knowledge Infrastructure (CNKI), 
Wan Fang database, and VIP database. English search 
terms included “Stroke”, “cerebral infarction”, “cerebral 
hemorrhage”, “cerebrovascular disease”, “cerebrovascu-
lar accident”, “apoplexy”, “cerebrovascular stroke”, “cer-
ebral ischemia”, “Cognitive motor dual-task training”, 
“cognitive-motor dual-task”, “cognitive-motor dual-task 
interference”, “cognitive and motor dual task”, “CMDT”, 
“cognitive dual task gait training”, “Cognitive-motor 
interference”, “Dual-task interference”, “Multitask-
ing Behavior”, “multitasking”, “Multi-tasking behavior”, 
“Dual-tasking”, “Dual Tasks”, “Dual Task”, “Dual-Task”, 
“Dual-Tasks”, “Dual-Tasking”, “Dual-Task paradigm”. The 
equivalent Chinese terms were used to search Chinese 
databases. A search formula was created by combining 
subject terms with free words. References to the included 
literature were supplemented by literature tracing and 
other methods. The search strategies for each database 
were presented in Supplementary Table S1.

Inclusion criteria and exclusion criteria
Study screening was conducted according to the PICOS 
principles [51]: (P: participant,I: intervention; C: con-
trol intervention; O: outcome indicator; S: study type). 
Selected studies were determined by the following crite-
ria:(1) Participants the patients (aged 18 and above) were 
diagnosed with stroke by clinically relevant examinations 
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(computed tomography, magnetic resonance imaging). 
(2) Intervention The experimental group underwent 
cognitive-motor dual-task training. (3) Control inter‑
vention The control group received conventional physi-
cal single-task training. (4) Outcome indicators Primary 
outcome indicators included static balance assessed by 
Berg Balance Scale (BBS), dynamic balance assessed by 
the Time Up and Go Test (TUG), and gait ability assessed 
by single-task walking speed. Secondary outcome indi-
cators included TUG time under dual-task conditions 
(DTUGT), dual-task walking speed, the ability to per-
form activities of daily living (ADL), and lower extremity 
motor function. (5) Study design randomized clinical tri-
als (RCTs).

The studies were excluded based on the following:(1) 
There were issues with duplicate publications or litera-
ture, incomplete research data or test data could not be 
extracted, and full text not available (0.2) Articles were 
written in languages other than Chinese and English.(3) 
Research data cannot be combined quantitatively.

Data extraction
Two researchers conducted independent literature search 
screening and extracted data if the inclusion criteria were 
met. Any disagreements were resolved through discus-
sion with a third researcher to reach a consensus.

Extracted data included: (1) Sample characteristics: 
age, sex ratio, course of disease, sample size, author 
region, rehabilitation treatment, and publication year. 
(2) Motor cognitive Dual-task training characteristics: 
duration of each training session, training frequency, 
total training time. (3) The primary outcomes: a. balance: 
static balance measured by the Berg Balance Scale (BBS), 
dynamic balance measured by the Time Up and Go Test 
(TUG). b. gait: continuous statistics assessed by the 
single-task walking speed. (4) The secondary outcomes: 
a. activities of daily living (ADL): measured by Barthel 
Index (BI) or Functional Independence Measure (FIM). b. 
lower extremity motor function: measured by the Fugl-
Meyer Assessment (FMA). c. dynamic balance and gait 
under dual-task conditions: DTUGT and dual-task walk-
ing speed.

Quality assessment
Two reviewers independently evaluated the quality 
of the literature using the latest revised version of the 
Cochrane-recommended risk of bias (RoB) 2.0 evalu-
ation criteria [34, 88]. The tool is designed to provide a 
comprehensive assessment of five domains of bias includ-
ing the randomization process, deviations from intended 

interventions, missing outcome data, measurement of 
the outcome, and selection of the reported results. For 
randomized clinical trials (RCTs), a low risk of bias was 
assigned if all domains were rated as “Low”. If a domain 
received a rating of “Some concerns” and no domain was 
rated as “High risk”, the study was considered to have a 
medium risk of bias. If at least one domain was rated as 
’High risk’, the study was considered to have a high risk of 
bias. In cases of disagreement, the third researcher was 
consulted to reach a consensus.

Statistical analysis
The statistical analysis was conducted using R version 
4.3.2. The main process of meta-analysis was performed 
using the ‘meta’ package. Continuous variables were 
expressed as a mean difference (MD) if reported on the 
same scale, or as a standardized mean difference (SMD) 
if reported using different continuous scales. The 95% 
Confidence Intervals (CI)were calculated as well. Het-
erogeneity was tested using the chi-square test, and both 
fixed and random-effects models were reported. If the 
fixed-effect and the random-effects meta-analyses show 
different results, then the most conservative result (the 
analysis with the highest P-value) was chosen as the main 
result. To evaluate the quality and consistency of the 
combined results, sensitivity analyses were performed by 
excluding studies one by one to determine whether the 
changes significantly affected balance and gait ability in 
stroke patients. Begg test and Egger test were used to test 
whether publication bias was asymmetric. To detect het-
erogeneity, we have employed Moderator analysis with 
subgroup analysis and meta-regression [32]. The qual-
ity of the body of evidence for each outcome was evalu-
ated according to the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADEpro) 
(https://​www.​grade​pro.​org) Working Group criteria[30]. 
We conducted the Trial Sequential Analysis (TSA) in the 
present study and the required information size (RIS) 
was established using a two-sided alpha of 0.025 and a 
power of 80%, corresponding to a beta of 0.20, utilized 
software version 0.9.5.10 Beta (http://​www.​ctu.​dk/​tsa) for 
a conclusive finding. We searched for the minimally rele-
vant clinical effects (MRCI) [29, 47, 55, 60] and variances 
of the outcome measures (BBS, TUG, single-task walking 
speed, FMA) from previous literature for TSA. We used 
three random-effects models (DL, SJ & BT) for com-
parative analyses. Given that this study employed three 
primary outcome indicators, we conducted multiple cor-
rections for the alpha of meta-analysis and TSA following 
the guidelines set forth by Jakobsen and colleagues [35].

https://www.gradepro.org
http://www.ctu.dk/tsa
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Results
Literature search
A total of 868 relevant publications were identified in the 
literature search (PubMed: 185; Cochrane: 201; Web of 
Science: 280; Ovid: 27; SinoMed: 53; Chinese National 
Knowledge Infrastructure (CNKI): 60; WanFang Data-
base: 36; VIP Database: 26). There were 576 remaining 
articles after deduplication using EndNote 20, then read-
ing the titles and abstracts, 537 additional publications 
were excluded. Upon the completion of a comprehen-
sive review of the remaining 39 studies. 10 studies were 
excluded due to discrepancies in the intervention. 7 stud-
ies were excluded due to outcome indicators not avail-
able. 4 studies were excluded due to unavailability of the 
full text. 2 studies were excluded due to protocol. Mean-
while, 1 study was supplemented by reading references 
from the included articles.

Ultimately, only 17 studies met the pre-established 
inclusion criteria [4, 14–16, 19, 21, 23, 33, 37–39, 45, 
57, 62, 74, 82], PEI SHIXIU, 2023). Figure  1 displays 
the selection algorithm and the numbers of included 
and excluded studies. All titles, abstracts, and text were 
reviewed by the authors, blinded to the study authorship, 

based on the inclusion and exclusion criteria to minimize 
bias. The analytical strategy of the experimental group of 
studies is displayed in Supplementary Fig. S1.

Study characteristics
The study comprised 17 randomized clinical trials 
(RCTs), with 11 conducted in English and 6 in Chi-
nese. The total number of patients was 751, with 374 in 
the experimental groups and 377 in the control groups. 
Table 1 presents the basic features of the included studies.

Study quality
There is only one study [74]where the randomization 
process was unclear,  which used arrival time for ran-
domization,  eleven studies [14, 15, 19, 21, 23, 33, 37, 
38, 74, 82], PEI SHIXIU, 2023) reported that allocation 
concealment was unclear, Only one study[62] reported 
a significant difference at baseline. Seven studies[4, 15, 
16, 45, 57, 62, 82] were utilized for blinding, one[16] 
of which researchers, outcome assessors, and data 
analysts were blinded to the group assignments, and 
three[4, 57, 62] of which were blinded to the outcome 
assessors, and three[15, 45, 82], although blinding was 

Fig. 1  Flowchart for identification of studies
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mentioned, only participants were blinded. BBS assess-
ments are vulnerable to outcome assessors’ subjectiv-
ity and a fair assessment cannot be obtained without 
blinding the outcome assessors.  One study[37] had an 
attrition rate of = 12% and no intention-to-treat analy-
sis was performed, therefore it scored a high risk of 

attrition bias, eleven studies’ risk of reporting bias [14, 
15, 19, 21, 23, 33, 38, 39, 57, 74], PEI SHIXIU, 2023)
was unclear because there were no available proto-
cols or trial registries.  The risk of bias graph reflect-
ing a single study was shown in Fig. 2 and the average 
of all included studies was showed Fig.  3. Evidence of 

Fig. 2  The risk of bias graph in the single study

Fig. 3  The risk of bias graph in the average of all included studies
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different outcomes was qualified using the Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) in Table 2.  

Primary outcomes
In this subsection, we reviewed primary outcomes, 
including the Berg Balance Scale (BBS), Time Up and 
Go Test (TUG), and single-task walking speed. The 
Trial Sequential Analysis (TSA) results were visu-
ally depicted in Fig.  11. Comparison of the effect size 
of cognitive-motor dual-task training (CMDT) versus 
Control groups with minimal clinically important dif-
ference (MCID) values was visually depicted in Table 3.

Balance
Static balance‑berg balance scale (BBS)  In this study, the 
Berg Balance Scale (BBS)[8] assessed an individual’s abil-
ity to perform a range of balance tasks as one of the pri-
mary outcome indicators for static balance function. Eight 
studies involving 422 stroke patients used the Berg Bal-
ance Scale (BBS) as an outcome indicator. We conducted a 
meta-analysis of the change in mean scores in the experi-
mental and control groups by calculating the change in 
Berg Balance Scale (BBS) scores from baseline to the end 
of treatment. The findings indicated that cognitive-motor 
dual-task training (CMDT) significantly improved static 
balance function in stroke patients compared with con-

ventional rehabilitation training (random-effect model: 
MD = 4.26, 95% CI 1.82 to 6.69, p < 0.0001; fixed-effect 
model: MD = 4.61, 95% CI 3.95 to 5.27, p = 0.0006; see 
Fig. 4) (low-quality evidence).

The GRADE analysis showed that the overall quality of 
the evidence supporting this outcome was low. (Table 2).

In sensitivity analyses, where we excluded indi-
vidual studies one by one, the results did not change 
significantly.

Begg test (z = −0.12, p = 0.902) and Egger test (t = −0.22, 
p = 0.831) did not indicate publication bias.

Concerning the Berg Balance Scale (BBS), the Trial 
Sequential Analysis (TSA) showed that the position of 
the cumulative Z-curve crossed beyond the conventional 
threshold and did not reach the Trial Sequential Analysis 
monitoring boundary instead. Furthermore, the sample 
size did not meet the specified required information size. 
(Fig. 11A). Therefore, it may be a false-positive result that 
the CMDT can improve static balance in stroke patients 
and further trials are required to validate the above 
result.

In the meta-analysis of CMDT and control groups, 
BBS reached the minimal clinically important difference 
(MCID). (TABLE 3.)

Dynamic balance‑time up  and  go test (TUG)  In this 
study, the Time Up and Go Test (TUG) observed the 

Table 3  Comparison of the effect size of CMDT versus Control groups with MCID values

CMDT cognitive-motor dual-task training, TUG​ Time Up and Go Test, BBS Berg Balance Scale, MCID minimal clinically important difference

Primary outcomes CMDT with working memory CMDT Without working 
memory

CMDT MCID

BBS 3.50 4.43 4.26 1.90[29]

TUG(s) −1.64 0.47 −1.28 1.60[47]

Singe task walking speed(cm/s) 0.97 1.6 1.57 5.00[60]

Fig. 4  A forest plot for meta-analysis of Berg Balance Scale (BBS)



Page 12 of 24Zhang et al. Journal of NeuroEngineering and Rehabilitation          (2024) 21:227 

patient completing the complete movement of getting up, 
walking, and sitting down was only applicable to patients 
who can walk to reflect their dynamic balance [63]. There-
fore, TUG was one of the primary outcome indicators for 
the dynamic balance function. Six studies involving 242 
stroke patients used the Time Up and Go Test (TUG) as 
an outcome indicator. We conducted a meta-analysis of 
the change in mean scores in the experimental and con-
trol groups by calculating the change in the Time Up and 
Go Test (TUG) from baseline to the end of treatment. The 
current findings can not clarify the efficacy of cognitive-
motor dual-task training for dynamic balance function 
(measured by Time Up and Go Test) in stroke patients 
compared with conventional rehabilitation training (ran-
dom-effect model: MD = −1.28, 95% CI −3.65 to 1.06, 
p = 0.284; fixed-effect model: MD = −1.77, 95% CI −2.92 
to −0.62, p = 0.003; see Fig. 5). (low-quality evidence).

The GRADE analysis showed that the overall quality of 
the evidence supporting this outcome was low. (TABLE 
2).

In sensitivity analyses, where we excluded indi-
vidual studies one by one, the results did not change 
significantly.

Begg (z = 0.00, p = 1.00) and Egger test (t = 0.48, 
p = 0.658) did not indicate publication bias.

Concerning the Time Up and Go Test (TUG), the Trial 
Sequential Analysis (TSA) showed that the cumulative 
Z value had not crossed the traditional threshold or the 
Trial Sequential Analysis (TSA) threshold, and the sam-
ple size did not meet the specified required information 
size (Fig.  11B). Therefore, the meta-analysis of TUG is 
inconclusive and further trials are required to analyze the 
effects of cognitive-motor dual-task training (CMDT) on 
dynamic balance (measured by Time Up and Go Test) in 
stroke patients.

In the meta-analysis of CMDT and control groups, 
although there was no statistical significance in CMDT 
including working memory, the minimal clinically impor-
tant difference (MCID) was reached, which may be of 
some clinical importance. (Table 3.)

Gait‑Single task walking speed
In this study, single-task walking speed was one of the 
primary outcome indicators for gait functional outcomes. 
Four studies involving 112 stroke patients used single-
task walking speed as an outcome indicator. We con-
ducted a meta-analysis of the change in mean scores in 

Fig. 5  A forest plot for Time Up and Go Test (TUG)

Fig. 6  A forest plot for meta-analysis of single-task walking speed
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the experimental and control groups by calculating the 
change in single-task walking speed from baseline to the 
end of treatment. The current findings can not clarify the 
efficacy of cognitive-motor dual-task training for single-
task walking speed in stroke patients compared with con-
ventional rehabilitation training (random-effect model: 
MD = 1.35, 95% CI −1.56 to 4.27, p = 0.413; fixed-effect 
model: MD = 1.57, 95% CI −0.41 to 3.55, p = 0.119; see 
Fig. 6) (very low-quality evidence).

The GRADE analysis showed that the overall quality 
of the evidence supporting this outcome was very low. 
(Table 2).

In sensitivity analyses, where we excluded indi-
vidual studies one by one, the results did not change 
significantly.

Begg test (z = −0.34, p = 0.734) and Egger test (t = −0.83, 
p = 0.492) did not indicate publication bias.

Concerning single-task walking speed, the Trial 
Sequential Analysis (TSA) showed that the cumulative 
Z value had not cross the traditional threshold or the 
Trial Sequential Analysis (TSA) threshold, and the sam-
ple size did not meet the specified required information 
size (Fig.  11C). Therefore, the meta-analysis of single-
task walking speed is inconclusive and further studies 
are required to analyze the effects of cognitive-motor 

dual-task training (CMDT) on gait (measured by single-
task walking speed) in stroke patients.

In the meta-analysis of CMDT and control groups, sin-
gle-task walking speed did not reach the minimal clini-
cally important difference (MCID). (Table 3.)

Secondary outcomes
TUG under dual‑task conditions (DTUGT)
In this study, TUG under dual-task conditions (DTUGT) 
reflected a dynamic balance function under dual-tasking 
[56]and was one of the primary outcome indicators for 
balance function outcome. Two studies involving 108 
stroke patients used DTUGT as an outcome indicator. 
We conducted a meta-analysis of the change in mean 
scores in the experimental and control groups by calcu-
lating the change in DTUGT from baseline to the end 
of treatment. The 2 studies were tested for heterogene-
ity, and the results showed insignificant heterogene-
ity among them (I^2 = 0% < 50%, p = 0.71). Therefore, a 
fixed-effect model was used to combine the effect sizes. 
The findings indicated that cognitive-motor dual-task 
training (CMDT) significantly improved dynamic bal-
ance function under dual-task conditions (measured by 
DTUGT) in stroke patients compared with conventional 
rehabilitation training (MD = −3.82, 95% CI −5.48 to 

Fig. 7  A forest plot for meta-analysis of DTUGT​

Fig. 8  A forest plot for meta-analysis of dual-task walking speed
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−2.15, p < 0.001; see Fig.  7) (low-quality evidence). We 
did not perform subgroup analyses, meta-regression, or 
sensitivity analyses because there was no significant het-
erogeneity between studies. Because of the small number 
of studies (n = 2), we did not perform publication bias 
testing.

The GRADE analysis showed that the overall quality of 
the evidence supporting this outcome was low (Table 2).

Dual‑task walking speed
Three studies involving 86 stroke patients used dual-task 
walking speed as an outcome indicator. We conducted a 
meta-analysis of the change in mean scores in the experi-
mental and control groups by calculating the change in 
dual-task speed from baseline to the end of treatment. 
The current findings can not clarify the efficacy of cogni-
tive-motor dual-task training for dual-task walking speed 
in stroke patients compared with conventional rehabili-
tation training (random-effect model: MD = 2.52, 95% CI 
−4.61 to 9.64, p = 0.489; fixed-effect model: MD = 3.09, 
95% CI = 0.03 to 6.16, p = 0.048; see Fig.  8) (very low-
quality evidence).

The GRADE analysis showed that the overall quality 
of the evidence supporting this outcome was very low 
(Table 2).

In sensitivity analyses, where we excluded individ-
ual studies one by one, the results change significantly 
sometimes.

Begg test (z = 0.00, p = 1.000) and Egger test (t = −0.21, 
p = 0.869) did not indicate publication bias.

Activities of daily living (ADL)
In this study, Activities of daily living (ADL) [80] was one 
of the secondary outcome indicators. Five studies involv-
ing 284 stroke patients used the Barthel Index (BI) or 
Functional Independence Measure (FIM) as an outcome 

indicator. We conducted a meta-analysis of the change in 
mean scores in the experimental and control groups by 
calculating the change in Barthel Index (BI)/Functional 
Independence Measure (FIM) scores from baseline to the 
end of treatment. The current findings can not clarify the 
efficacy of cognitive-motor dual-task training for Activi-
ties of daily living (BI/FIM) in stroke patients compared 
with conventional rehabilitation training (random-effect 
model: SMD = 1.09, 95% CI −0.02 to 2.20, p = 0.055; 
fixed-effect model: SMD = 1.03, 95% CI 0.764 to 1.294, 
p = 0.0001; see Fig. 9) (low-quality evidence).

The GRADE analysis showed that the overall quality of 
the evidence supporting this outcome was low (TABLE 
2).

In sensitivity analyses, where we excluded indi-
vidual studies one by one, the results did not change 
significantly.

Begg test (z = 0.24, p = 0.810) and Egger test (t = 0.29, 
p = 0.789) did not indicate publication bias.

The Trial Sequential Analysis (TSA) does not apply to 
ADL, as the included studies employed disparate out-
come metrics.

lower extremity motor function [Fugl‑Meyer Assessment 
(FMA)]
In this study, the Fugl-Meyer Assessment (FMA) was 
one of the secondary outcome indicators. Our stud-
ies used the Fugl-Meyer Assessment (FMA) as an out-
come indicator. We conducted a meta-analysis of the 
change in mean scores in the experimental and control 
groups by calculating the change in Fugl-Meyer Assess-
ment (FMA) scores from baseline to the end of treat-
ment. The current findings can not clarify the efficacy 
of cognitive-motor dual-task training for lower extrem-
ity motor function (FMA) in stroke patients compared 
with conventional rehabilitation training (random-
effect model: MD = 3.74, 95% CI 0.47 to 7.01, p = 0.025; 

Fig. 9  A forest plot for meta-analysis of Activities of daily living (ADL)
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fixed-effect model: MD = 5.01, 95% CI 4.22 to 5.80, 
p = 0.001; Fig. 10) (low-quality evidence).

The GRADE analysis showed that the overall qual-
ity of the evidence supporting this outcome was low 
(TABLE 2).

Further research is required to analyze the effects 
of cognitive-motor dual-task training on lower limb 
motor function in stroke patients as the results of sen-
sitivity analyses were found to be unstable.

Begg test (z = −0.34, p = 0.734) and Egger test 
(t = −0.99, p = 0.425) did not indicate publication bias.

Concerning Fugl-Meyer Assessment (FMA), the Trial 
Sequential Analysis (TSA)showed that the cumulative 
Z value had not crossed the traditional threshold or 
the Trial Sequential Analysis (TSA) threshold, and the 
sample size did not meet the specified required infor-
mation size (Fig. 11D). Therefore, the meta-analysis of 
FMA is inconclusive and further trials are required to 
analyze the effects of cognitive-motor dual-task train-
ing (CMDT) on lower limb motor function (measured 
by FMA) in stroke patients.

3.6. Subgroup analyses and meta‑regression analysis for 
primary outcomes [Berg Balance Scale (BBS), Time 
up and go test (TUG) and single‑task walking speed]
Because of the observed heterogeneity among studies in 
which the Berg Balance Scale (BBS), Time up and go test 
(TUG), and single-task walking speed were measured, we 
conducted subgroup analyses and meta-regression analy-
sis to explore potential sources of heterogeneity (Table 4).

These subgroup analyses were (1) whether the cogni-
tive components of cognitive-motor dual-task training 
(CMDT) were combined with working memory: Yes 
vs. No; (2) motor components of CMDT: Gait vs. Bal-
ance vs. Others;  (3) stroke  duration: Acute/subacute 
phase (< 6 months) vs. Chronic phase (> = 6months); 
(4)  frequency (week) of CMDT: Low (< = 4 sessions) 
vs. High (> 4 sessions); (5)  duration of each CMDT 

session:  Short(< = 30min)  vs. Long(> 30min); (6) Length 
of CMDT: Short (< = 4 weeks) vs. Long (> 4 weeks); 
(7) publication year: Before 2020 vs. After 2020.

In the meta-regression analysis, potential moderator 
variables included sex distribution (percentage of male 
and female participants), average age, and sample size. (A 
p-value for the moderator variable of < 0.05 was consid-
ered statistically significant.)

Regarding the sub-group analysis for Berg Balance 
Scale (BBS), stroke  duration  and frequency (week) of 
CMDT were statistically significant moderator variables 
(p < 0.05). The results of the meta-regression models 
revealed that only sample size (B = 0.13, p = 0.005) was a 
significant moderator variable.

Regarding the sub-group analysis for Time Up and 
Go test (TUG), motor components of CMDT, publica-
tion year, duration of each CMDT session, and Length of 
CMDT were statistically significant moderator variables 
(p < 0.05).

Regarding the sub-group analysis for single-task walk-
ing speed, frequency (week) of CMDT was a statistically 
significant moderator variable (p < 0.05).

Discussion
This meta-analysis included seventeen randomized clini-
cal trials involving 751 patients comparing the effec-
tiveness of cognitive-motor dual-task training (CMDT) 
with conventional interventions in stroke patients. The 
results showed that the CMDT might improve static bal-
ance function (measured by Berg Balance Scale) in stroke 
patients (low-quality evidence). Meta-regression analysis 
showed that sample size might be one of the important 
sources of heterogeneity and the course of disease  and 
frequency of CMDT might be the potential moderator 
variables in BBS. On the other hand, the current findings 
can not clarify the efficacy of cognitive-motor dual-task 
training for dynamic balance-TUG, gait ability, ADL, 
and lower extremity motor function in the meta-analysis 

Fig. 10  A forest plot for meta-analysis of Fugl-Meyer Assessment (FMA)
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Fig. 11  The Trial Sequential Analysis of Berg Balance Scale (A), Time Up and Go Test (B), Single-task walking speed (C), and Fugl-Meyer Assessment 
(D) D: Cumulative Z-curve (solid blue lines) were constructed using a random-effects model, with the light red line showing the traditional 
threshold and the dark red line representing the Trial Sequential Analysis (TSA)threshold
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(very low to low quality evidence). Trial Sequential Anal-
ysis of RCTs demonstrated that further RCTs will be 
required to reach conclusive evidence on BBS, TUG, sin-
gle-task walking speed and FMA. Notably, the effective-
ness of CMDT on BBS in the meta-analysis reached the 
minimal clinically important difference (MCID).

Mechanism of the effects of the cognitive-motor dual-
task training (CMDT).

CMDT improved balance function, and its neuro-
physiological mechanism may lie in the fact that CMDT 
interventions can induce plasma neurotransmitter 
Brain-derived neurotrophic factor (BDNF) and neuro-
structural plasticity variability [6, 12, 18, 25, 31]. Specifi-
cally, the motor regulates many growth factors, such as 
Brain-derived neurotrophic factor (BDNF), which plays 
a crucial role in neuroprotection and synaptic plastic-
ity [1]. The combination of motor and an enriched envi-
ronment induces more new neurons and has greater 
benefits for the brain than the motor alone [22] CMDT 
involves simultaneous cognitive and motor tasks. The 
combination of multiple stimuli such as cognitive and 
motor can generate new neuronal networks (synap-
togenesis) or cause enhanced synaptic activity, which 
increases brain plasticity. [26]Furthermore, the motor 
task-induced increases in BDNF are transient and usu-
ally return to baseline levels 10–60 min after cessation of 
the motor.[41]. If cognitive training is introduced concur-
rently before returning to baseline levels, these newborn 
neurons can be guided to establish connections with 
pre-existing neural networks [6, 18, 25]. Consequently, 
concurrent cognitive training and motor training are 
more effective. From this, it can be concluded that the 
simultaneity of cognitive and motor tasks is critical.

Furthermore, the mechanism by which dual-tasking 
affects balance is related to neuroplasticity, changes in 
neurotransmission and brain activity patterns after stroke 
[73], Animal research found that the addition of further 
cognitive loads may have resulted in the effective stimula-
tion of common cortical areas in the dorsomedial frontal 
cortex and prefrontal cortex, particularly the premotor 
and supplementary motor areas, which were involved 
in regulating balance and cognitive functions[48]. and 
dual-tasking training induces neuroplasticity through 
perceptual arousal activation of brain regions involved in 
central executive functions such as the dorsolateral pre-
frontal cortex. This promotes endogenous neural repair 
mechanisms, increases the number of neuronal synapses 
in the cerebral cortex, and facilitates axonal and dendritic 
transmission [54], thereby improving neurological con-
trol of the body and the patient’s balance function [5, 36, 
79].

Cognitive functions include attention, working mem-
ory, and executive ability. Working memory is highly 
correlated with other cognitive domains, particularly 
attention and executive function [64, 76], and working 
memory and attention often involve overlapping fron-
toparietal brain regions [7, 40].  Xiuen Chen’s  (CHEN 
[14]) results suggest that the Stroop paradigm and trunk-
controlled dual-task training improve cognitive func-
tioning in patients, particularly attention and executive 
ability. Attention is often considered to be the basis of 
cognitive functioning. The Stroop task has been used as 
the gold standard for attentional measures [49].  Stroop 
Conflict Inhibition Cognitive Training, which requires 
the  active participation of the subject, decreases activa-
tion in the anterior cingulate cortex, which monitors 

Fig. 11  continued
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conflict signals, and increases activation in the prefron-
tal cortex, which carries out conflict resolution thereby 
strengthening top-down cognitive control, which in turn 
leads to an increase in interference control.

Although single-task training programs can enhance 
balance function, they require a greater investment of 
resources, which in turn impairs the patient’s ability to 
utilize cognitive and control abilities during daily walking 
effectively. In other words, In the traditional rehabilita-
tion process, patients usually passively accept the thera-
pist’s ‘static’ functional training, at this time the patient’s 
attention is more concentrated, and the training effect 
seems to be good; but in fact, the patient’s ability to allo-
cate and manage their attention is reduced. [24, 67] Lord’s 
study [46] illustrated that patients in single-task training 
who returned to the community might experience falls 
and gait decline. In the future, CMDT may become a 
training tool for home rehabilitation to improve patients’ 
balance function, preventing the onset of falls.

The continuous shift of patients’ attention from the bal-
ance task to the cognitive task during training has been 
shown to promote the automated regulation of postural 
control, effectively improving patients’ balance and lower 
limb motor function. Dual-task training requires indi-
viduals to perform two tasks simultaneously, allocating 
attention rationally to the primary and secondary tasks, 
with different goals. The capacity-limited process move-
ment pattern will tend to be automated with practice, 
which can reduce the influence of limited attention on 
postural control, reduce the proportion of postural con-
trol components, and improve the efficiency of postural 
control. Individuals can complete the task when the dif-
ficulty of the dual task is within the central processing 
capacity; if it is beyond the central processing range, 
the two tasks interfere with each other [72]. In stroke 
patients, brain damage leads to prolonged dual-task 
reaction times, increased dual-task consumption, and 
increased error rates. Training can enhance the function-
ing and processing efficiency of executive centers, move-
ment patterns tend to be automated, optimize cognitive 
allocation strategies, improve coordination between cog-
nition and balance, improve dual-tasking skills, reduce 
unnecessary muscle contractions and muscle tension, 
and increase the stability of postural control [10].

The mechanism by which CMDT can improve static 
equilibrium is that the cognitive load theory suggests 
that when the total cognitive load does not exceed the 
cognitive load possessed by the organism, there is excess 
cognitive load available for use. This provides a theo-
retical basis for the completion of dual-task training in 
stroke patients. However, when the total cognitive load 
exceeds the cognitive load possessed by the organism, 
insufficient cognitive load can result in a reduction in 

task performance [50]. The walking process is initially 
based on the ability to maintain balance and subse-
quently requires a certain level of executive functioning, 
which entails the simultaneous performance of several 
tasks [67]. When limited attentional resources are avail-
able, the performance of two attentively demanding tasks 
simultaneously is likely to result in a decline in perfor-
mance on at least one of them [67, 83].

Effectiveness of cognitive-motor dual-task training 
(CMDT) in improving gait and balance performance.

The present results demonstrated that CMDT might 
improve balance function [Static balance-Berg Balance 
Scale (BBS)] in stroke patients (low-quality evidence). 
Furthermore, the results of sensitivity analyses con-
firmed the robustness of the results. This was consistent 
with the findings of previous meta-analyses of studies on 
dual-task training to improve balance function in stroke 
patients [70]. Dual-task training typically consists of a 
motor or balance task and a secondary task required for 
distraction and is divided into two main types: motor-
motor dual tasks and cognitive-motor dual tasks. Motor-
motor dual-task refers to performing both motor training 
and postural control training, such as walking while tap-
ping or kicking a ball. In contrast, cognitive-motor dual-
task training refers to performing motor training as well 
as cognitive training tasks, such as counting or reciting 
poetry while walking. Different dual-task strategies had 
different intervention effects, with the motor-motor dual 
task reducing gait changes during walking and cognitive-
motor dual-task training reducing dual support time dur-
ing walking. [17, 86]

However, previous studies have not analyzed cognitive-
motor dual-task training separately from motor-motor 
dual-task training in depth. Furthermore, their inclu-
sion of only English-language literature did not reflect 
the true representation of intervention effects. Although 
there was no statistically significant impact on dynamic 
balance-TUG outcomes in this study, we found that 
stroke patients benefited from improved static balance-
BBS with CMDT. Nevertheless, across the studies, the 
dose effect of the intervention specifically combining the 
cognitive tasks and motor tasks concurrently was diffi-
cult to perform as the intensity of the CMDT was poorly 
described in the methods, and the timing of the CMDT 
was different. Efforts to address the intensity of the pre-
scribed CMDT and provision of detailed CMDT protocol 
should be considered in future studies.

Subgroup analyses of the effects of CMDT on static 
balance-BBS showed that a frequency of intervention 
greater than four times per week, implemented within 
six months of symptom onset, was more effective in 
improving BBS. In general, the period of neuroplasticity 
following a brain injury in a stroke patient lasts between 
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one and three months [84], after which neuroplasticity 
decreases. Consequently, early cognitive-motor dual-task 
training is of paramount importance for the functional 
recovery of stroke patients.

CMDT has shown an impact in terms of clinical out-
comes in stroke patients. However, much remains to be 
explored regarding the potential benefits of this reha-
bilitation tool in stroke patients with different cognitive 
needs. For example, it may be valuable to examine the 
effectiveness of different cognitive-motor dual-task train-
ing programmes among stroke patients. However, inter-
pretation of the results remains challenging due to the 
limited number of available studies and the heterogeneity 
of intervention programs. Therefore, further studies with 
larger sample sizes and standardized protocols are neces-
sary to fully elucidate the potential benefits of combining 
different cognitive training with different motor training.

Subgroup analyses of the effects of CMDT on dynamic 
balance-TUG demonstrated that sessions greater than 30 
min per session and intervention lengths greater than 4 
weeks helped to improve TUG. While CMDT combined 
with regular gait or balance exercise training did not 
improve TUG, CMDT engaged in simultaneous station-
ary bike cycling and cognitive training helped to improve 
TUG (but only this study of T. T. Yeh demonstrated this 
result). CMDT in the literature published after 2020 
helped to improve TUG, considering the possibility that 
CMDT programmes have progressed and been opti-
mized over time.

The results of this study indicated that cognitive-motor 
dual-task training did not significantly improve gait (sin-
gle-task and dual-task walking speed) (very low-quality 
evidence), Activities of daily living (ADL) (low-quality 
evidence), and lower extremity motor function (low-
quality evidence) in stroke patients compared to conven-
tional rehabilitation. In comparison to the findings of a 
previous meta-analysis, our results did not indicate a dis-
cernible advantage for CMDT to gait speed [61]. Previous 
studies have demonstrated that dual-task walking speed 
predicts post-stroke mobility more accurately than sin-
gle-task walking speed. Additionally, dual-task gait speed 
more closely resembles real-world walking, suggesting 
that dual-task walking speed may offer a more accu-
rate representation of post-stroke mobility [20]. Con-
sequently, cognitive-motor dual-task training (CMDT) 
does not demonstrably enhance dual-task step speed, 
and thus, it is similarly ineffective in significantly improv-
ing Activities of daily living (ADL). Hence, it is vital for 
rehabilitation physicians and clinicians to meticulously 
consider the intensity of CMDT. Detailed, comprehensive 
protocols are required for promoting gait, lower extrem-
ity motor function and activities of daily living. However, 

CMDT is a cost-effective, non-pharmacological treat-
ment that can improve patients’ quality of life.

Impact of small trial sizes on the efficacy of CMDT.
An important limitation was the small trial sizes of the 

included studies, as small trials tend to over- or under-
estimate the underlying treatment effect. The pooled 
intervention effect can be dramatically overestimated in 
combination with publication bias (preferred publica-
tion of positive results). However, in the current meta-
analysis publication bias seems not to play a role in most 
of the outcomes. Nevertheless, evidence was limited by 
the  indirectness of effect estimates. As small trials also 
tend to have limited heterogeneity in their patient pop-
ulation and/or implemented intervention (low within-
study clinical heterogeneity) the estimated treatment 
effects of meta-analyses including solely small trials pos-
sess lower external validity and generalizability.

Interpretation of random-effect and fixed-effect 
models.

One of the key reasons for the discrepancy between 
the findings of the random-effect and fixed-effect models 
was the presence of inter-study heterogeneity.

The inconsistency between the random-effect model 
and the fixed-effect model in the meta-analysis of TUG 
was due to significant heterogeneity across the studies. 
Firstly, the inconsistency in the design of the intervention 
programme, namely the motor task of CMDT in Ting-
ting Yeh’s study, which comprised cycling resistance aero-
bic training, differed from the design of the motor task 
of CMDT in other studies. This resulted in clinical het-
erogeneity. Secondly, the duration and frequency of the 
CMDT intervention might be also influential in causing 
heterogeneity in the results and some clues can also be 
found in the subgroup analyses results. Finally, the small 
sample size of the included studies, the varying degree of 
risk bias, and the variable quality of the studies may also 
contribute to the above results.

The discrepancies in the outcomes of the fixed-effect 
and random-effect models in the meta-analyses of ADL 
and FMA can be attributed to the following factors. The 
number of participants in the RCT studies included for 
these two outcome indicators was too small, and the 
majority of studies were classified as high-risk in ROB, 
exhibiting significant methodological heterogeneity. Fur-
thermore, concerning the measures of ADL, there are 
two indicators, namely the MBI and FIM, which might 
cause clinical heterogeneity. The significant differences 
in the results of the aforementioned outcome metrics 
between the two models can be attributed to the severe 
heterogeneity caused by the aforementioned reasons.

The results of the meta-analysis on dual-task walking 
speed, as visualized in the forest plot, revealed that the 
results of Plummer P’s study and the results of the other 
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two RCTs exhibited minimal overlap in the confidence 
intervals. This may be a significant source of heterogene-
ity. In the risk of bias assessment, the study conducted 
by Plummer P was identified as having a high risk of bias 
due to the loss of outcome data. Conversely, the other 
two RCTs were classified as having a low to medium risk 
of bias. Furthermore, the inclusion of only three RCTs 
and the very small sample size in the present results may 
also contribute to significant heterogeneity in the study 
results. Accordingly, the aforementioned results should 
be presented conservatively.

Limitations
It is important to consider the following limitations when 
interpreting the results of this study. Firstly, it should be 
noted that this study only included literature from rand-
omized clinical trials (RCTs) in English and Chinese, and 
did not take into account literature in other languages 
and relevant studies from non-RCTs. Second, the quality 
of the study data determines the quality of the findings. 
Based on our quality assessment of this meta-analysis, it 
has to be acknowledged that some of the included studies 
had some concerns or high risk of bias, such as not being 
explicitly blinded or implementing an allocation conceal-
ment process, or high attrition rates without intention-
to-treat analysis, or no registration of the protocol. In 
addition, different assessment tools can have a potential 
impact on the heterogeneity of results. Therefore, it is 
crucial for researchers who should firstly have no knowl-
edge about the implementation of the trial and secondly 
carefully select objective assessment tools, preferably 
gold standard tools, to ensure the  robustness of future 
findings. Thirdly, the relatively small sample sizes of sev-
eral studies included in this meta-analysis may affect the 
precision and robustness of the pooled effect sizes, limit-
ing the internal validity of the findings. Finally, the trial 
sequential analyses also indicated that the current sample 
sizes may not be as expected. Therefore, to obtain more 
comprehensive and reliable evidence, larger sample sizes 
are needed in the future to determine the effectiveness of 
the intervention. Given these limitations, it is suggested 
that future meta-analyses will also need to include some 
grey literature. It is emphasized that future trials clearly 
state the randomization, allocation concealment, and 
blinding procedures, and strictly follow the requirements 
of randomized controlled trials. To enhance the robust-
ness of future studies, we advocate larger, more homog-
enous RCTs, including large sample sizes, and extended 
short- and long-term follow-up periods, and recommend 
the inclusion of clinically meaningful outcomes such as 
relapses and readmissions. They can also be applied to 
different populations and settings or studies focusing on 
specific subtypes of CMDT to obtain more high-quality 

information, thereby strengthening evidence-based prac-
tice in the field.

Conclusion
In conclusion, the findings of this study suggested that 
cognitive-motor dual-task training (CMDT) might 
improve static balance function (measured by Berg Bal-
ance Scale) in stroke patients (low-quality evidence). 
Nevertheless, the effectiveness of CMDT on dynamic 
balance and gait in stroke patients was inconclusive. Trial 
Sequential Analysis (TSA) demonstrated that further 
RCTs would be required to reach conclusive evidence on 
BBS, TUG, and single-task walking speed. The low-qual-
ity evidence observed in Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
systematic reviews highlighted the need for more tar-
geted randomized clinical trials (RCTs). Meanwhile, 
further studies are required to corroborate these find-
ings through large-scale, multicenter, high-quality rand-
omized clinical trials (RCTs). Furthermore, future studies 
should be conducted to ascertain the differences in the 
effects of various types of CMDT on the gait and balance 
of stroke patients.

Others
There are several flaws in the content of this article 
and some differences from that of PROSPERO, includ-
ing PROSPERO register times, inclusion and exclusion 
criteria, subgroup analyses, meta-regression analyses, 
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) assessments, and Trial 
Sequential Analysis (TSA).

What is already known

•	 Conventional physical single-task training can be 
beneficial in improving gait and balance in stroke 
patients.

•	 The efficacy of cognitive-motor dual-task train-
ing plus conventional physical single-task training 
in enhancing gait and balance in stroke patients 
remains uncertain compared with conventional 
physical single-task training.

What this paper adds

•	 Cognitive-motor dual-task training plus conven-
tional physical single-task training may enhance 
static balance function in stroke patients com-
pared with conventional physical single-task train-
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ing (low-quality evidence), which did not reach the 
required information size In the Trial Sequential 
Analysis.

•	 The Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) analysis 
revealed low-quality evidence supporting Cogni-
tive-motor dual-task training in improving Static 
Balance in stroke patients.

•	 Regarding the effectiveness of cognitive-motor 
dual-task training on static balance, the disease 
course  and frequency of CMDT might be the 
potential moderator variable.
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