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Abstract
Background This study evaluates the comprehensive impact of different exercise interventions on the quality of life 
in stroke patients through network meta-analysis, aiming to provide scientific evidence for developing more effective 
rehabilitation programs and improving patients’ physical, psychological, and social functions.

Methods This systematic review, registered in PROSPERO (CRD42024541517) and following PRISMA guidelines, 
searched multiple databases (PubMed, Web of Science, EMbase, Cochrane, Ebsco) until November 1, 2024. Studies 
were selected based on the PICOS criteria, including RCTs on stroke and exercise. Methodological quality was 
assessed using RoB 2. Data analysis involved effect size calculations and network meta-analysis in Stata 17.0, with 
publication bias detected via funnel plots.

Results This meta-analysis included 41 studies (2,578 stroke patients) from 15 countries, published between 2002 
and 2024. Participants aged 50–70 underwent interventions lasting 3 weeks to 6 months. DTOT (Dual-task oriented 
training)was most effective for Quality of Life, Mental Health, and Upper Limb Function; AQE (Aquatic Exercise) for 
Physical Health and Social Participation; ST(Strength Training) for Pain and Vitality; CIT(Constraint-Induced Therapy) for 
Mobility and Recovery; BCT for Memory and Thinking; ALCE(Aquatic and Land Combined Exercise) for Emotion and 
ADL; and ULT(Upper Limb Training) for Communication. No significant publication bias was found.

Conclusion This study indicates that different training methods have a significant impact on various dimensions of 
quality of life in stroke patients. Future research should focus on personalized rehabilitation programs, considering 
individual differences among patients, and explore multimodal integrated interventions to optimize outcomes. 
Long-term follow-up and outcome assessments should be strengthened to ensure the sustainability of interventions. 
Additionally, integrating mental health and social participation is essential to enhance overall quality of life. Emerging 
technologies such as VR, AI, and wearable devices can help optimize rehabilitation training. Interdisciplinary 
collaboration combining neuroscience, rehabilitation science, and psychology can provide more comprehensive 
rehabilitation solutions.
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Introduction
Cerebrovascular diseases are caused by changes in the 
intracranial or extracranial blood vessels (arteries or 
veins) [1]. Stroke is the most common cerebrovascu-
lar disease. A stroke can be triggered when the arteries 
supplying the brain are blocked or ruptured [2]. Qual-
ity of life is a multidimensional concept, encompassing 
physical health, material health, social health, emotional 
health, and development and activities. It takes into 
account both objective and subjective indicators, as well 
as personal values, emphasizing the impact of individual 
differences [3]. Stroke patients often face a range of func-
tional impairments, including limb paralysis, speech diffi-
culties, and cognitive decline [4–6], These issues severely 
limit the patients’ ability to perform daily activities [7]. 
At the same time, many patients experience emotional 
problems such as depression, anxiety, and emotional 
instability [8–10], further impacting their mental health. 
Due to functional impairments, many patients have to 
rely on others for care, losing their independence. This 
not only increases the burden on families and society but 
also exacerbates the psychological stress on patients [11]. 
Moreover, the high costs of long-term rehabilitation ther-
apy place significant financial pressure on many families 
[12], while inadequate social support makes it difficult 
for patients to return to normal life [13]. Under the influ-
ence of these multiple factors, the quality of life of stroke 
patients significantly declines, with their physical, psy-
chological, and social functioning severely affected.

Enhancing the quality of life for stroke patients is a 
key goal in promoting their health recovery and reduc-
ing the burden on healthcare systems. Current interven-
tions, including pharmacological treatment, physical 
rehabilitation, and psychological therapy, can alleviate 
functional impairments and psychological stress caused 
by post-stroke sequelae to a certain extent [14–17]. 
Among these, exercise rehabilitation has emerged as a 
vital approach due to its benefits in improving overall 
health, boosting confidence, and promoting social par-
ticipation, thereby significantly enhancing patients’ qual-
ity of life [18] Traditional exercise rehabilitation focuses 
on precise restoration of impaired functions through 
systematic physical activities, helping patients overcome 
physical disabilities. However, with advancements in 
rehabilitation medicine, an increasing number of studies 
have highlighted the unique advantages of diverse exer-
cise forms in improving patients’ quality of life. Unlike 
traditional rehabilitation, other types of exercise inter-
ventions have demonstrated more pronounced effects 
in addressing functional impairments and improving life 

quality for stroke patients. For instance, aerobic walking 
has been shown to improve the quality of life and endur-
ance of chronic stroke patients more effectively than 
routine massage therapy [19] ; strength training signifi-
cantly enhances upper limb motor function and mobil-
ity in stroke patients [20] aquatic exercises are superior 
to conventional land-based physical therapy in improv-
ing mood and quality of life [21] ; and traditional Chinese 
exercises, such as Tai Chi and Baduanjin Qigong, exhibit 
remarkable benefits in enhancing aerobic endurance and 
reducing fall risks [22]. These diverse exercise modalities 
not only enhance cardiorespiratory endurance, flexibility, 
and balance but also help alleviate psychological issues, 
improve social participation, and reduce pain and other 
discomforts. Based on these findings, diverse exercise 
interventions are recognized as an essential strategy for 
improving the overall health and quality of life of stroke 
patients.

Although numerous studies have focused on the effects 
of individual exercise interventions on stroke patients, 
comprehensive comparisons among various exercise 
modalities remain relatively scarce. Network meta-analy-
sis, an advanced statistical method, allows for the integra-
tion of multiple studies and the simultaneous comparison 
of various interventions across multiple outcome vari-
ables. For example, research by Anjos et al. demonstrated 
that high-intensity interval training was more effective 
than continuous aerobic training in improving patients’ 
cardiorespiratory fitness, balance, and gait speed [23]. 
Domínguez-Téllez et al. found that game-based virtual 
reality interventions significantly enhanced upper limb 
motor function and quality of life [24]. A meta-analysis by 
Saquetto et al. revealed that aquatic exercises improved 
muscle strength, balance, aerobic endurance, and quality 
of life [25]. Similarly, Yi et al. reported that Qigong exer-
cises positively impacted activities of daily living (ADL), 
neurological function, and quality of life [26].

However, most existing studies focus on the effects 
of a single exercise modality on quality of life or spe-
cific outcomes, lacking comprehensive comparisons 
across different interventions. For instance, Zhang et al. 
compared anaerobic exercises, resistance training, flex-
ibility exercises, and multi-component exercises with tra-
ditional controls. They found that task-oriented exercise 
programs were most effective in improving social par-
ticipation, while home-based mixed exercise interven-
tions excelled in enhancing social engagement [27]. Yet, 
systematic research evaluating multiple exercise inter-
ventions remains limited, particularly in terms of out-
come assessments, which often fail to comprehensively 
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reflect the overall impact of different exercise modalities 
on stroke patients’ quality of life.By employing network 
meta-analysis, which integrates data from various stud-
ies, it is possible to more comprehensively evaluate the 
effects of diverse exercise interventions. This approach 
can provide robust scientific evidence for developing 
more effective rehabilitation strategies.

Materials and methods
Study design and protocol registration
This systematic review was conducted in accordance 
with the recommendations of the Preferred Reporting 
Initiative for Systematic Reviews and Meta-Analyzes 
(PRISMA) [28]. The study was registered in the Inter-
national Prospective Systematic Evaluation Registry 
(PROSPERO) in 2024 (CRD42024541517) and a detailed, 
pre-specified protocol is available on request.

Literature retrieval
From the inception of the databases to November 1, 
2024, a search was conducted across four databases—
PubMed, Web of Science, EMbase, and The Cochrane 
Library, as well as Ebsco—using a combination of subject 
terms (e.g., Stroke, Exercise, Quality of Life, randomized 
controlled trial) and free-text terms (e.g., Strokes, Cere-
brovascular Accident, Physical Activity, Aerobic exercise, 
Aquatic Therapy, Taiji, controlled clinical trial, RCT, etc.). 
The detailed search strategy is provided in Appendix 3, 
specifically in Table S3.1–Table S3.5.

Eligibility criteria
Inclusion Criteria: Literature was included strictly based 
on the PICOS framework: P (Population): Participants 
aged over 18 years, clinically and neuroradiologically 
(via CT or MRI) diagnosed with stroke.I (Intervention): 
Any form of exercise intervention.C (Comparison): Com-
parison of the effects between different types of exercise 
interventions.O (Outcomes): Outcome measures focused 
on quality of life.S (Study Design): Randomized con-
trolled trials (RCTs).

Exclusion Criteria:1.Studies where both the experi-
mental and control groups received the same type of 
intervention.2.Reviews, case reports, study protocols, or 
conference abstracts.3.Duplicate publications, studies 
without accessible full texts, or studies with incomplete 
data.

Data extraction
Two researchers independently performed literature 
screening and data extraction, ensuring consistency 
through cross-checking. Discrepancies were resolved 
through mutual consultation. The literature screening 
process involved an initial exclusion of irrelevant stud-
ies based on titles and abstracts, followed by a thorough 

review of the full text to determine eligibility according 
to inclusion criteria. The extracted data included key 
information such as: the first author’s name, the country 
and year of the study, basic characteristics of participants 
(e.g., age, gender, type of stroke), sample sizes in the 
experimental and control groups, frequency and duration 
of interventions, intervention measures for both experi-
mental and control groups, outcome indicators, and 
result data.

Risk of bias
This study used the standards from the Cochrane Hand-
book for Systematic Reviews of Interventions version 6.3 
(2022) to assess the risk of bias in the included studies. 
The bias assessment was conducted using the Revised 
Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 
2), which covers different study designs such as parallel, 
crossover, and cluster designs, and clarifies concepts that 
may lead to confounding. The assessment items include: 
① bias from the randomization process; ② bias from 
deviations from the intended interventions; ③ bias due to 
missing outcome data; ④ bias in outcome measurement; 
⑤ bias from selective reporting of results. Two research-
ers independently assessed each signal question as “Y” 
(Yes), “PY” (Probably Yes), “N” (No), “PN” (Probably No), 
or “NI” (No Information) and summarized the findings 
into categories of high risk, low risk, or some risk of bias. 
The final overall risk of bias for the included studies was 
then determined [29].

Data analysis
This study evaluates the average summary estimate of 
the differences in changes between the two groups by 
calculating the effect size of each intervention. To par-
tially adjust for variability among subjects, the analysis 
uses change scores relative to baseline. When the mean 
and standard deviation (M ± SD) are available, the change 
scores are directly extracted. If the change values cannot 
be obtained, a baseline-to-endpoint correlation coeffi-
cient (R) of 0.5 is assumed for calculations between the 
baseline and endpoint measurements. For data where the 
standard deviation (SD) is not reported, the p-value or 
confidence interval (CI) is used for estimation. If the data 
are provided in the form of medians with interquartile 
ranges or medians with the maximum and minimum val-
ues, a conversion method based on the five-number sum-
mary and sample size is used to transform the data into 
(M ± SD) to adjust for skewed distributions and address 
skewness issues [30, 31]. In the network meta-analysis, 
the network relationship diagram is first drawn using the 
gemtc package in R 4.3.3 software to show the direct and 
indirect comparisons between interventions [32]. Then, 
consistency testing (network meta c) and inconsistency 
testing (network meta i) are performed in Stata 17.0. If 
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the p-value is less than 0.05, the inconsistency model is 
selected; otherwise, the consistency model is used. Local 
consistency is tested using the node splitting method 
to examine the consistency between direct and indi-
rect comparisons within a specific loop. If the p-value 
is greater than 0.05, it indicates consistency between 
direct and indirect results, which is generally considered 
to be good consistency. The SUCRA ranking method is 
used to assess the effectiveness of interventions, gener-
ating a priority ranking and creating a ranking of overall 
interventions. The effectiveness of each intervention is 
intuitively compared through the forest plots and league 
tables of pairwise comparisons. The significance of the 
effect size is assessed using the 95% CI, with both the 
upper and lower limits greater than 0 indicating posi-
tive significance, and both less than 0 indicating negative 
significance [33]. Finally, funnel plots are used to detect 
publication bias and small sample effects [34].

Results
Literature search process and results
During the literature search, a total of 5602 articles were 
initially identified. After preliminary screening, duplicate 
articles, systematic reviews, and study protocols were 
excluded, leaving 1954 articles. After further reviewing 
the titles or abstracts, 173 articles were selected. Finally, 
after reading the full texts, articles that could not provide 
valid outcome data or were not randomized controlled 
trials (RCTs) were excluded, and 49 articles that met the 
inclusion criteria were retained for analysis (The specific 
screening process is shown in Fig. 1).

Characteristics of the included studies
Appendix 4 Table S4 details the baseline characteristics 
of 49 studies, involving 2,578 stroke patients from 15 
countries. Published between 2002 and 2024, the studies 
included 4 three-arm trials with sample sizes from 15 to 
243 patients, and participants’ average age ranged from 
50 to 70 years. Interventions varied in frequency (1 to 
5 times per week), duration (20 min to 2 h per session), 
and length (3 weeks to 6 months). Two studies did not 
distinguish gender. There were 24 intervention measures 
and 13 outcome indicators, including total quality of life 
score (SIS scale total score, SS-QOL scale total score, 
EQ-5D scale total score, WHOQOL-BREF total score, 
SF-12 total score, SF-36 total score, effect size was SMD), 
physical health (SIS subscale physical domain total score, 
SF-12 subscale physical domain total score, SF-36 sub-
scale physical domain total score, WHOQOL-BREF 
subscale Physical Healthy, effect size was SMD), mental 
health (SF-12 subscale psychological domain total score, 
SF-36 subscale psychological domain total score), social 
participation (SF-36 subscale Social Function, WHO-
QOL-BREF subscale Social Relationship, SIS subscale 

participation, SS-QOL subscale Social Role, effect size 
is SMD), daily activities (SF-36 subscale Role-Physical, 
SS-QOL subscale Work/Practivity, SIS subscale ADL, 
effect size is SMD), pain (SF-36 subscale Body pain, SIS 
subscale pain, SS-QOL subscale pain), mental state (SF-
36 subscale vitality, SS-QOL subscale energy, effect size 
is SMD), emotion (SF-36 subscale Role-emotion, SIS 
subscale emotion, SS-QOL subscale Mood, effect size is 
SMD), memory and thinking (SIS subscale memory and 
thinking, SS-QOL subscale thinking, effect size is SMD), 
communication (SIS subscale Communication, SS-QOL 
subscale Communication, effect size is SMD), mobility 
(SIS subscale Mobility, SS-QOL subscale Mobility, effect 
size is SMD), upper limb function (SIS subscale Hand 
Function, SS-QOL subscale Upper Extremity), physical 
recovery (SIS subscale Recovery), Bias risk assessment 
in Fig. 2 highlighted lack of blinding as a primary source 
of bias, affecting data authenticity. Ultimately, 49 studies 
were included, with no selective reporting bias identified. 
Detailed bias assessments for each study are in Appendix 
8 Figure S2.1.

Network meta-analysis results
Quality of life
A total of 23 studies assessed overall quality of life 
(QoL) scores. The network evidence diagram (Figure 
S3.1) formed a closed loop, and a fixed-effect model 
was used for the subsequent network meta-analysis. 
The local inconsistency test (Table S5.1) showed no sig-
nificant differences between direct and indirect compari-
sons (P > 0.05). SUCRA rankings (Figure S5.1) indicated 
that DTOT (SUCRA = 95.6) and CT(Cognitive Train-
ing) (SUCRA = 78.3) were the most effective interven-
tions for improving QoL, while BT(Boxing Training) 
(SUCRA = 12.0) was likely the least effective. Pairwise 
comparisons showed significant differences: DTOT vs. 
CIT (1.71 [0.51, 2.91], P < 0.05), DTOT vs. BT (2.38 [0.56, 
4.21], P < 0.05), and CT vs. BT (1.47 [0.02, 2.91], P < 0.05). 
Additional significant results are presented in Figure 
S4.1 and Table S6.1. The funnel plot (Figure S6.1) did not 
reveal evidence of significant publication bias.

Physical health
A total of 24 studies evaluated Physical Health. The net-
work evidence diagram (Figure S3.1) formed a closed 
loop, and a fixed-effect model was used for subsequent 
network meta-analysis. The local inconsistency test 
(Table S5.2) indicated no significant differences between 
direct and indirect comparisons (P > 0.05). SUCRA rank-
ings (Figure S5.2) showed that AQE (SUCRA = 90.5) and 
BST (Balance and Stability Training)(SUCRA = 83.4) were 
the most effective interventions for improving Physical 
Health, while CS(Community Sports) (SUCRA = 7.1) was 
likely the least effective. Significant pairwise comparisons 
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Fig. 2 Cochrane risk of bias percentile chart

 

Fig. 1 Literature screening flow chart
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included CS vs. AQE (-2.89 [-4.50, -1.28], P < 0.05), S vs. 
AQE (-1.73 [-2.96, -0.49], P < 0.05), and S vs. BST (-1.33 
[-2.32, -0.33], P < 0.05). Additional significant results are 
presented in Figure S4.2 and Table S6.2, and the funnel 
plot (Figure S6.2) showed no evidence of significant pub-
lication bias.

Mental health
A total of 19 studies evaluated Mental Health. The net-
work evidence diagram (Figure S3.3) formed a closed 
loop, and a fixed-effect model was used for the subse-
quent network meta-analysis. The local inconsistency test 
(Table S5.3) showed no significant differences between 
direct and indirect comparisons (P > 0.05). SUCRA rank-
ings (Figure S5.3) indicated that DTOT (SUCRA = 85.8) 
and AQE (SUCRA = 80.4) were the most effective inter-
ventions for improving Mental Health, while HIVT(High-
intensity vibration training) (SUCRA = 24.0) was likely 
the least effective. In pairwise comparisons, DTOT vs. 
CIT showed a significant effect size (1.55 [0.27, 2.83], 
P < 0.05). Additional comparative results can be found in 
Figure S4.3 and Table S6.3. The funnel plot (Figure S6.3) 
did not indicate evidence of significant publication bias.

Social participation
A total of 21 studies assessed Social Participation. The 
network evidence diagram (Figure S3.4) formed a closed 
loop, and a fixed-effect model was used for subsequent 
network meta-analysis. The local inconsistency test 
(Table S5.4) showed no significant differences between 
direct and indirect comparisons (P > 0.05). SUCRA rank-
ings (Figure S5.4) indicated that AQE (SUCRA = 91.1) 
and BCT (SUCRA = 75.5) were the most effective inter-
ventions for improving Social Participation, while ULT 
(SUCRA = 12.5) was likely the least effective. Pairwise 
comparisons showed significant effects for ULT vs. AQE 
(-1.10 [-1.92, -0.29], P < 0.05), S vs. AQE (-0.75 [-1.28, 
-0.23], P < 0.05), and CS vs. AQE (-0.73 [-1.31, -0.16], 
P < 0.05). Additional results are presented in Figure S4.4 
and Table S6.4, and the funnel plot (Figure S6.4) showed 
no evidence of significant publication bias.

ADL
A total of 14 studies assessed ADL. The network evi-
dence diagram (Figure S3.5) formed a closed loop, and 
a fixed-effect model was used for subsequent network 
meta-analysis. The local inconsistency test (Table S5.5) 
showed no significant differences between direct and 
indirect comparisons (P > 0.05). SUCRA rankings (Fig-
ure S5.5) indicated that ALCE (SUCRA = 86.9) and AQE 
(SUCRA = 83.9) were the most effective interventions 
for improving ADL, while S(Control, Standard Care, and 
Conventional Rehabilitation Training) (SUCRA = 25.2) 
was likely the least effective. Pairwise comparisons 

showed significant effects for S vs. AQE (-1.26 [-2.27, 
-0.24], P < 0.05) and S vs. ALCE (-1.47 [-2.83, -0.12], 
P < 0.05). Additional results can be found in Figure S4.5 
and Table S6.5, and the funnel plot (Figure S6.5) showed 
no evidence of significant publication bias.

Pain
A total of 7 studies assessed Pain. The network evidence 
diagram (Figure S3.6) formed a closed loop, and a ran-
dom-effects model was used for the subsequent network 
meta-analysis. The local inconsistency test (Table S5.6) 
showed differences between direct and indirect compari-
sons for AQE vs. BST (P < 0.05), AQE vs. S (P < 0.05), and 
BST vs. S (P < 0.05). SUCRA rankings (Figure S5.6) indi-
cated that ST (SUCRA = 95.9) and TCMT (Traditional 
Chinese Medicine Exercise Therapy)(SUCRA = 83.8) 
were the most effective interventions for managing pain, 
while AQE (SUCRA = 2.3) was likely the least effec-
tive. Significant pairwise comparisons included ST vs. S 
(1.42 [0.37, 2.47], P < 0.05), ST vs. AQE (4.24 [2.61, 5.88], 
P < 0.05), and TCMT vs. AQE (3.67 [2.05, 5.28], P < 0.05). 
Additional significant results can be found in Figure S4.6 
and Table S6.6, and the funnel plot (Figure S6.6) showed 
no evidence of significant publication bias.

Vitality
A total of 9 studies assessed Vitality. The network evi-
dence diagram (Figure S3.7) formed a closed loop, and a 
fixed-effect model was used for the subsequent network 
meta-analysis. The local inconsistency test (Table S5.1) 
showed differences between direct and indirect compari-
sons for AQE vs. BST (P < 0.05), AQE vs. S (P < 0.05), and 
BST vs. S (P < 0.05). SUCRA rankings (Figure S5.7) indi-
cated that ST (SUCRA = 96.7) and MST(Multidisciplinary 
supervised training) (SUCRA = 68.9) were the most effec-
tive interventions for improving vitality, while ALCE 
(SUCRA = 9.4) was likely the least effective. Significant 
pairwise comparisons included ST vs. S (1.05 [0.17, 1.92], 
P < 0.05), ST vs. AQE (1.57 [0.41, 2.73], P < 0.05), and 
TCMT vs. ALCE (1.74 [0.58, 2.91], P < 0.05). Additional 
significant results can be found in Figure S4.7 and Table 
S6.7, and the funnel plot (Figure S6.7) showed no evi-
dence of significant publication bias.

Emotion
A total of 16 studies assessed Emotion. The network evi-
dence diagram (Figure S3.8) formed a closed loop, and a 
fixed-effect model was used for the subsequent network 
meta-analysis. The local inconsistency test (Table S5.8) 
showed no significant differences between direct and 
indirect comparisons (P > 0.05). SUCRA rankings (Fig-
ure S5.8) indicated that ALCE (SUCRA = 73.3) and AQE 
(SUCRA = 63.7) were the most effective interventions for 
improving emotion, while BST (SUCRA = 17.2) was likely 
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the least effective. No significant differences were found 
in the pairwise comparisons, with additional results pre-
sented in Figure S4.8 and Table S6.8. The funnel plot (Fig-
ure S6.8) showed no evidence of significant publication 
bias.

Memory and thinking
A total of 9 studies assessed Memory and Thinking. The 
network evidence diagram (Figure S3.9) did not form a 
closed loop, and a fixed-effect model was used for the 
subsequent network meta-analysis. SUCRA rankings 
(Figure S5.1) indicated that BCT (SUCRA = 86.9) and 
TCMT (SUCRA = 85.2) were the most effective inter-
ventions for improving memory and thinking, while 
CIST(Circuit Station Training) (SUCRA = 19.7) was likely 
the least effective. In pairwise comparisons, a significant 
effect was found between TCMT and CIST (0.77 (0.04, 
1.51), p < 0.05). Additional results are presented in Figure 
S4.9 and Table S6.9. The funnel plot (Figure S6.9) showed 
no evidence of significant publication bias.

Communicate
A total of 9 studies assessed Communication. The net-
work evidence diagram (Figure S3.10) did not form a 
closed loop, and a fixed-effect model was used for the 
subsequent network meta-analysis. SUCRA rankings 
(Figure S5.10) showed that ULT (SUCRA = 67.9) and CIT 
(SUCRA = 67.7) were the most effective interventions for 
improving communication, while CIST (SUCRA = 24.5) 
was likely the least effective. No significant differences 
were observed in pairwise comparisons. Additional 
results can be found in Figure S4.10 and Table S6.10. The 
funnel plot (Figure S6.10) showed no evidence of signifi-
cant publication bias.

Mobility
A total of 9 studies assessed Mobility. The network evi-
dence diagram (Figure S3.11) did not form a closed 
loop, and a fixed-effect model was used for the subse-
quent network meta-analysis. SUCRA rankings (Fig-
ure S5.11) showed that CIT (SUCRA = 75.9) and TCMT 
(SUCRA = 72.5) were the most effective interventions 
for improving mobility, while S (SUCRA = 27.0) was 
likely the least effective. No significant differences were 
observed in pairwise comparisons. Additional results can 
be found in Figure S4.11 and Table S6.11. The funnel plot 
(Figure S6.11) showed no evidence of significant publica-
tion bias.

Upper limb function
A total of 8 studies assessed BBS balance ability. The 
network evidence diagram (Figure S3.12) did not form 
a closed loop, and a fixed-effect model was used for the 
subsequent network meta-analysis. SUCRA rankings 

(Figure S5.12) indicated that DTOT (SUCRA = 84.1) 
and CIT (SUCRA = 72.1) were the most effective inter-
ventions for improving balance ability, while CIST 
(SUCRA = 30.0) was likely the least effective. No signifi-
cant differences were observed in pairwise comparisons. 
Additional results can be found in Figure S4.12 and Table 
S6.12. The funnel plot (Figure S6.12) showed no evidence 
of significant publication bias.

Recover
A total of 6 studies assessed Recovery. The network evi-
dence diagram (Figure S3.13) did not form a closed loop, 
and a fixed-effect model was used for the subsequent net-
work meta-analysis. The SUCRA rankings (Figure S5.13) 
showed that CIT (SUCRA = 81.5) and CS (SUCRA = 67.2) 
were the most effective interventions for improving 
recovery, while CIST (SUCRA = 19.4) was likely the least 
effective. No significant differences were found in pair-
wise comparisons. Additional results can be found in Fig-
ure S4.13 and Table S6.13. The funnel plot (Figure S6.13) 
showed no evidence of significant publication bias.

Discussion
This study conducted a network meta-analysis on the 
effects of different training methods on various dimen-
sions of quality of life, systematically evaluating 13 
dimensions, including Quality of Life, Physical Health, 
Mental Health, and others. The results showed that 
DTOT had the best effect on Quality of Life, Mental 
Health, and Upper Limb Function; AQE was most effec-
tive for Physical Health and Social Participation; ST had 
the best effect on Pain and Vitality; CIT was most effec-
tive for Mobility and Recovery; BCT showed the best 
results for Memory and Thinking; ALCE was most effec-
tive for Emotion and ADL; and ULT had the best effect 
on Communication.

Stroke patients experience a significant decline in 
quality of life due to neurological impairments, mani-
fested in worsening psychological health issues and the 
impact of upper limb dysfunction on daily activities and 
independence. Previous meta-analyses have indicated 
that Dual-task-oriented training (DTOT) is an effective 
intervention that can significantly improve postural sta-
bility and gait function in stroke patients, especially in 
chronic stroke patients, with notable improvements in 
balance, gait patterns, and upper limb function [35–37]. 
The results of this study show that DTOT has the best 
effect in improving quality of life, psychological health, 
and upper limb function. DTOT involves simultaneous 
cognitive tasks (such as memory, attention, decision-
making, etc.) and motor tasks (such as gait, balance, 
coordination, etc.), promoting dynamic brain network 
reorganization, enhancing neural plasticity and execu-
tive function, thereby optimizing resource allocation, and 
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enabling patients to better handle unexpected situations 
in complex daily tasks [38, 39]. Moreover, continuous 
dual-task training can effectively manage cognitive load, 
reduce stress and anxiety caused by improper resource 
allocation, particularly enhancing multitasking and atten-
tion [40, 41], making patients more adept in multitask-
ing situations, thus improving daily activity efficiency, 
confidence, and life satisfaction. In contrast, Constraint-
Induced Therapy (CIT) is a single-task training method 
that restricts the use of the healthy limb, forcing patients 
to repeatedly use the affected limb to complete specific 
tasks [42]. This training aims to promote functional activ-
ity of the affected limb by strengthening the motor cortex 
remodeling, thereby improving motor control and func-
tional performance of the affected limb [43, 44]. Previous 
studies have shown that CIT has a positive effect on mus-
cle strength, gait-related activities, and upper limb func-
tions (such as arm movement ability) in stroke patients, 
drawing similar conclusions [45–47]. However, this study 
further found that CIT not only significantly improves 
mobility but also shows significant differences in overall 
physical recovery. This is because CIT enhances the func-
tional activity of the affected limb, significantly activat-
ing proprioceptive feedback mechanisms, improving foot 
load perception, as well as step stability and coordination 
[48–50]. Additionally, by strengthening the lower limb 
strength and balance ability [51], and indirectly activating 
the core muscle group, CIT further optimizes standing 
and walking abilities [52]. In real-life scenarios, CIT helps 
patients incorporate the recovery of the affected limb 
into daily activities, such as gait training and mobility 
tasks, gradually improving their independence in home, 
community, and social environments.

In recent years, AQE (Aquatic Exercise) has emerged 
as an innovative treatment method and is increasingly 
applied in stroke rehabilitation [53, 54]. Studies have 
shown that AQE has the most significant effect on physi-
cal health and social participation. Previous meta-analy-
ses indicated that compared to land-based interventions, 
water therapy has shown superior effects in balance, mus-
cle strength, proprioception, health-related quality of life, 
physiological indicators, and cardiovascular health [25, 
55]. This study also found significant advantages in social 
participation, primarily due to the unique physical prop-
erties of the water environment and its combined effects 
on neural plasticity and psychosocial function. The buoy-
ancy of water can significantly reduce the patient’s body 
weight load, lowering exercise stress, making it easier 
to perform movements, reducing the risk of injury, and 
promoting muscle strength recovery and motor pattern 
reshaping. The viscous resistance of water provides uni-
form load, enhancing core muscle strength and balance 
ability. Warm water temperature and water pressure 
improve blood circulation, relieve spasms, and enhance 

cardiovascular function [54]. Moreover, water-based 
exercises combined with repetitive functional move-
ment training can stimulate neural network remodeling, 
enhance axonal connection density, and improve synaptic 
transmission efficiency, which improves the brain’s con-
trol over muscles [56]. Additionally, multimodal inputs 
from touch, temperature, and pressure promote sen-
sory integration and recovery of motor perception [57]. 
The buoyant properties of water reduce the risk of falls 
[58], enhance the patient’s sense of safety, exercise confi-
dence, and willingness to participate, while group water 
exercise sessions reduce feelings of loneliness through 
social interaction, strengthening a sense of belonging and 
social support [59]. As exercise ability improves, patients 
gradually regain their ability to participate in family and 
community activities, improving quality of life. Aquatic-
Land Combined Exercise (ALCE) combines water-based 
exercises with land-based training to provide a multidi-
mensional approach to functional recovery for stroke 
patients. This study found that ALCE was particularly 
effective in improving mood (Emotion) and daily activ-
ity abilities (ADL), because land-based training focuses 
on restoring the patient’s practical daily functions, such 
as standing, walking, and climbing stairs, strengthening 
the affected limb’s muscle strength, standing stability, and 
upper limb grip ability, thereby enhancing the patient’s 
ability to live independently [60]. The complementary 
training approach of ALCE maximizes the physical func-
tional recovery of stroke patients, improving their emo-
tional stability and daily living capabilities.

Strength Training (ST) is a rehabilitation method 
that enhances muscle strength and endurance through 
high-intensity, repetitive weight-bearing or resistance 
exercises. In recent years, the role of ST in stroke reha-
bilitation has garnered increasing attention. This study 
found significant effects on pain management and mental 
health improvement, aligning with conclusions from pre-
vious studies [61, 62]. Stroke patients often experience 
pain in the shoulder, lower back, and joints due to hemi-
plegia, muscle weakness, and muscle imbalance [63]. ST 
alleviates pain by strengthening muscles, improving joint 
dynamic stability, and correcting movement patterns 
[64], thereby reducing joint overload and pain caused 
by abnormal movements. It also balances the tension 
between spastic muscles and weak antagonist muscles, 
optimizing the body’s adaptation to external forces and 
gravity [65], and mitigating pain from muscle imbalance.
Additionally, ST increases local blood flow, improves 
metabolic states, and accelerates waste clearance [66], 
effectively relieving chronic pain. By modulating cen-
tral nervous system sensitivity, ST activates endogenous 
analgesic systems, such as the release of endorphins and 
serotonin [67, 68], significantly reducing pain percep-
tion. Regarding mental health, ST promotes the secretion 
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of dopamine, serotonin, and endorphins [68], markedly 
enhancing emotional regulation, and alleviating anxi-
ety, depression, and mood swings. Its role in promoting 
neuroplasticity improves axonal connectivity and inter-
regional brain coordination [69], particularly activating 
the prefrontal cortex and hippocampus [70, 71], which 
substantially enhances emotional control and cogni-
tive function.ST also offers positive feedback by quanti-
fying progress indicators, boosting patient confidence 
and rehabilitation adherence. Moreover, it lowers stress 
hormone levels, alleviating anxiety and tension. Conse-
quently, ST provides broader benefits for pain relief and 
mental health improvement.

Breathing Coordination Training (BCT) effectively 
regulates the brain’s autonomic nervous system through 
deep breathing and coordination exercises, balancing 
sympathetic and parasympathetic activity to promote 
brain function recovery. This study found that BCT had 
the most significant effects on memory and thinking, 
consistent with previous findings [72, 73]. Deep breath-
ing helps increase oxygen supply to the brain, enhancing 
cerebral blood flow and oxygenation, which improves 
neuronal activity in central brain regions, including the 
limbic system, hypothalamus, and medulla [74]. Addi-
tionally, the improved sympathetic and vagal outflow 
enhances cerebral circulation and cognitive abilities [75], 
particularly memory and thinking [76] BCT significantly 
improves memory by strengthening brain network con-
nectivity. Improvements in verbal memory are linked to 
enhanced connectivity within the Default Mode Network 
(DMN), specifically in areas like the medial frontal cor-
tex and anterior cingulate cortex, as well as increased 
collaboration in the language processing network involv-
ing the left inferior frontal gyrus. Visual-spatial memory 
improvements are associated with reduced connectiv-
ity in the superior parietal network and medial parietal 
cortex, reflecting more efficient information processing 
mechanisms. By optimizing neural interactions related 
to language and visual-spatial memory, BCT enhances 
cognitive functions [77] For stroke patients, BCT stimu-
lates high-order cognitive regions of the cerebral cortex, 
improving decision-making, attention, and short-term 
memory. Previous studies have shown that upper limb 
training not only restores motor control [78] but also 
enhances non-verbal communication abilities, such as 
gestures and facial expressions [79], facilitating clearer 
interactions with others. Furthermore, upper limb exer-
cises indirectly activate brain areas associated with 
language processing, promoting language function 
recovery [80],. This is especially beneficial for patients 
with speech difficulties due to stroke, as improved upper 
limb motor skills play a crucial role in restoring language 
fluency. Additionally, upper limb training enhances 
patients’ motor abilities, boosting their self-efficacy and 

confidence, encouraging active participation in social 
interactions and improving language communication 
efficiency [81].

Limitations of this study
The strengths of this study are the large evidence base (49 
RCT studies, 2578 patients), reliable statistical methods 
with multiple intervention modalities and outcome indi-
cators. To ensure a good level of evidence, we followed 
strict inclusion and exclusion criteria. Our study is the 
first reticulated meta-study comparing different exer-
cise interventions with regard to quality of life in stroke 
patients, providing a basis for further detailed research 
in this area. There are also some limitations to this study. 
Firstly, the intensity, duration, frequency and timing of 
the exercise interventions included in the study were 
inconsistent, potentially limiting the results. Further 
subgroup analyzes based on the intensity, duration, fre-
quency and timing of the intervention are needed in the 
future. Secondly, too little literature on quality of life sub-
scales was included. Finally, adverse events may not be 
captured accurately enough in the included randomized 
controlled trials. Therefore, the safety of exercise inter-
ventions needs further investigation.

Conclusions
This study conducted a network meta-analysis to evalu-
ate the effects of different training methods on various 
dimensions of quality of life in stroke patients and drew 
several important conclusions. Future research should 
focus on the development of personalized rehabilitation 
plans, taking into account factors such as the patient’s 
disease course, severity of damage, age, and other indi-
vidual differences, in order to tailor the most appropriate 
intervention measures to further improve rehabilitation 
outcomes. At the same time, multimodal integrated 
interventions should be further explored, as combin-
ing various training methods (such as DTOT with CIT, 
ST with BCT) may produce greater synergistic effects 
and optimize overall rehabilitation outcomes. Moreover, 
stroke rehabilitation is a long-term process, and future 
research should strengthen long-term follow-up and 
effectiveness assessments to understand the durability 
of interventions and ensure that rehabilitation outcomes 
are not diminished over time. On the other hand, mental 
health and social participation should progress alongside 
physical function recovery. Future research should focus 
more on how to integrate mental health interventions 
with social participation to improve the overall qual-
ity of life of patients. With advancements in technology, 
the application of emerging technologies such as vir-
tual reality (VR), artificial intelligence (AI), and wear-
able devices holds great promise. Future research could 
combine these technologies to optimize rehabilitation 
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training and enhance patients’ self-management abilities. 
Finally, stroke rehabilitation involves multiple disciplines, 
and future research should strengthen interdisciplinary 
cooperation, integrating knowledge from neuroscience, 
exercise rehabilitation, and psychology, to provide more 
comprehensive and scientific rehabilitation solutions for 
patients.
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