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Background: Respiratory muscle training is a structured intervention targeting 
the respiratory muscles, yet its effect on chronic stroke patients remains unclear. 
The study evaluated the influence of this training on respiratory function, 
exercise capacity and quality of life among individuals who experienced 
chronic strokes.
Methods: This study adhered to the PRISMA statement guidelines. A 
comprehensive search of databases including PubMed, Embase, AMED, CINAHL, 
Cochrane Library, and Web of Science was conducted without date limitations, 
extending until 8 March 2025. The search targeted randomised controlled 
trials that involved: 1) chronic stroke patients (≥18 years, diagnosed for >3 
months), 2) respiratory muscle training encompasses both inspiratory and 
expiratory muscle training, and 3) outcomes measuring the strength and 
endurance of respiratory muscle, pulmonary function testing, exercise capacity, 
and quality of life. Two separate reviewers conducted the screening for eligibility, 
gathered data, and evaluated both the methodological quality and potential 
risk of bias. Meta-analyses utilized RevMan version 5.4 (Cochrane Collaboration, 
United Kingdom), applying random-effects models to calculate mean difference 
(MD), standardized mean difference (SMD), and corresponding 95% confidence 
intervals (95% CI).
Results: Nine studies were included, comprising 288 participants (143 males 
and 145 females) with a mean age of 58.5 years. For primary outcomes, 
respiratory muscle training significantly enhanced maximal inspiratory pressure 
(MD = 17.71 cmH2O, 95% CI: 10.19–25.23) and respiratory muscle endurance 
(MD = 20.58 cmH2O, 95% CI: 12.25–28.92) among chronic stroke patients, 
but no significant effects were observed for maximal expiratory pressure 
(MD = 11.37 cmH2O, 95% CI: −0.78–25.23). The subgroup analysis revealed 
that the combination of inspiratory muscle training and expiratory muscle
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training enhanced maximal inspiratory pressure (MD = 23.47 cmH2O, 95% CI: 
3.65–43.30) and respiratory muscle endurance (MD = 34.00 cmH2O, 95% CI: 
21.21–46.79), while inspiratory muscle training improved maximal inspiratory 
pressure (MD = 14.09 cmH2O, 95% CI: 7.57–20.62), maximal expiratory pressure 
(MD = 8.69 cmH2O, 95% CI: 0.63–16.75), and respiratory muscle endurance 
(MD = 16.69 cmH2O, 95% CI: 10.27–23.11). For secondary outcomes, significant 
improvements occurred in forced expiratory volume in 1s (MD = 0.25 L, 95% 
CI: 0.06–0.44) and peak expiratory flow (MD = 0.84 L/s, 95% CI: 0.31–1.37), but 
not in forced vital capacity (MD = 0.16 L, 95% CI: −0.08–0.41), exercise capacity 
(SMD = 0.29, 95% CI: −0.03–0.61), and quality of life.
Conclusion: Respiratory muscle training effectively enhances primary 
outcomes, including maximal inspiratory pressure and respiratory muscle 
endurance, as well as secondary outcomes such as forced expiratory volume 
in 1s and peak expiratory flow in chronic stroke patients, but does not improve 
maximal expiratory pressure, forced vital capacity, exercise capacity, and quality 
of life. The combination of inspiratory muscle training with expiratory muscle 
training, as well as inspiratory muscle training alone, can enhance maximal 
inspiratory pressure and the endurance of respiratory muscles. Furthermore, 
inspiratory muscle training alone can improve maximal expiratory pressure.
Systematic Review Registration: identifier, CRD42024517859.

KEYWORDS

chronic stroke, respiratory muscle training, respiratory function, exercise capacity, 
quality of life 

1 Introduction

Chronic stroke is a common neurological disease, usually 
caused by the consequences of acute stroke, leading to long-term 
functional impairment and disability, which significantly impacts 
the patients’ functional recovery and quality of life (Chan et al., 
2022; Aguilera-Rubio et al., 2024; Briggs and O'Neill, 2016). Studies 
have pointed out that chronic stroke refers to the period more 
than 3 months after stroke onset, when the condition stabilizes and 
functional recovery reaches a relatively stable stage (Srivastava et al., 
2010; Cameron et al., 2024). Chronic stroke patients often suffer 
from various functional disorders like motor dysfunction, cognitive 
dysfunction, and respiratory dysfunction, among which respiratory 
dysfunction is an important and common problem (Aguilera-
Rubio et al., 2024; Kim et al., 2017; Li M. et al., 2024). Chronic 
stroke patients often experience varying degrees of respiratory 
dysfunction, primarily manifested by decreased respiratory muscle 
strength and endurance, reduced vital capacity, and decreased 
cough effectiveness (Deme et al., 2022). These impairments can 

Abbreviations: RCTs, Randomised controlled trials; PEDro, The physical 
therapy evidence database; PICOS, Population-Interventions-Comparison-
Outcomes of interest-Study design; IG, Intervention Group; CG, Control 
Group; RMT, Respiratory muscle training; IMT, Inspiratory muscle training; 
EMT, Expiratory muscle training; VC, Vital capacity; MIP, Maximal Inspiratory 
Pressure; MEP, Maximal Expiratory Pressure; RME, Respiratory muscle 
endurance; FEV1, Forced Expiratory Volume in 1 s; PEF, Peak Expiratory Flow; 
FVC, Forced Vital Capacity; 6MWT, Six-minute walk test; MAS, Maximum 
activity score; EQ5D, euroquol 5-dimensions; NHP, Nottingham health 
profile; MD, Mean difference; SMD, Standardized mean difference; 95% CI, 
95% Confidence intervals; JBI, The Joanna Briggs Institute; NR, Not reported 
in the source trial; N/A, Not available

easily lead to common problems such as decreased lung function, 
decreased activity tolerance, exertional dyspnea, and lung infections, 
making respiratory insufficiency a significant factor restricting the 
functional abilities and quality of life of this population (Deme et al., 
2022). Currently, accurate reports on the incidence of respiratory 
dysfunction in chronic stroke are scarce, with research indicating 
that 30%–50% of these patients experience varying degrees of 
respiratory dysfunction (Kim et al., 2017; Patrizz et al., 2023; 
Jung et al., 2014). Individuals often focus on restoring respiratory 
dysfunction to enhance survival rates in acute stroke patients, 
while the issue is frequently overlooked in the chronic phase as 
priority is given to the recovery of motor function (Park, 2020; 
Xiao et al., 2012). Research has indicated that functional recovery 
in stroke patients occurs within 3 months of stroke onset, but can 
also continue to take place after 3 months or even years of stroke 
onset (Hebert et al., 2016; Langhorne et al., 2011). This indicates 
that the recovery of respiratory dysfunction plays a crucial role 
in the comprehensive functional rehabilitation of stroke patients 
who suffered from strokes at least 3 months, because impaired 
respiratory function directly affects key aspects like respiratory 
reserve, ventilation, oxygen delivery during exercise, and daily 
endurance and strength. Therefore, the research would concentrate 
on respiratory impairments in individuals who experienced strokes 
at least 3 months prior.

Stroke can damage the respiratory centre or corticospinal 
tract pathway, affect the activation of respiration and the activity 
of respiratory muscles, reduce the central respiratory drive 
and respiratory drive reserve, and impair the integration and 
regulation of respiratory-related sensory input (Billinger et al., 
2012; Kim et al., 2014; Jo and Kim, 2017; Naghavi et al., 
2019). For patients, this damage manifests as reduced cough 
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efficiency, increased susceptibility to pneumonia, decreased 
respiratory reserve, inadequate ventilation, respiratory muscle 
fatigue, and decreased exercise tolerance, which together lead 
to respiratory dysfunction and an increased risk of respiratory 
failure (Spruit et al., 2013; Messaggi-Sartor et al., 2015; Wang et al., 
2017; Teixeira-Salmela et al., 2005). For healthcare workers, 
these impairments require increased respiratory monitoring 
and intervention, increased healthcare workload and burden, 
and long-term use of healthcare resources to control recurrent 
infections and prevent exacerbations (Wang et al., 2017; Teixeira-
Salmela et al., 2005). Studies have shown that chronic stroke 
respiratory dysfunction may be related to the existence of cortical-
respiratory conduction disorders in chronic stroke patients 
(Liu et al., 2017; Vaz et al., 2021; Khedr et al., 2000; Urban et al., 
2002). Besides, chronic stroke patients often experience decreased 
activity on the hemiplegic side, abnormal posture, and spasm 
of the chest wall muscle (Naghavi et al., 2019; Liu et al., 2017; 
Lima et al., 2014), which can lead to reduced lung volume, 
decreased chest wall compliance, and decreased coordination of 
respiratory muscle contraction, thus further worsening respiratory 
dysfunction (Martins et al., 2011; Lee et al., 2019). Respiratory 
dysfunction can increase the mortality rate of chronic stroke 
patients by 20%–40%, prolong hospitalization by one to 2 weeks, 
reduce cardiopulmonary fitness and endurance due to impaired 
inspiratory muscle coordination, reduced lung capacity and oxygen 
availability, and increased the load on respiratory muscles, aggravate 
motor dysfunction, and prolong recovery time (Finlayson et al., 
2011; Hannawi et al., 2013; Rhoda et al., 2014). Chronic stroke 
patients with respiratory dysfunction are prone to fatigue 
when they need higher physical demands, especially intensive 
rehabilitation training, which can hinder recovery of exercise 
capacity, limit quality of life, and reduce the opportunity to live 
independently (Teixeira-Salmela et al., 2005; Hannawi et al., 
2013). Thus, it is essential to investigate efficient respiratory 
rehabilitation strategies aimed at managing respiratory impairments 
in individuals who experienced chronic strokes, enhancing their 
overall functional recovery.

Respiratory muscle training (RMT) involves a therapeutic 
method that provides systematic and standardized training 
for respiratory muscles through handheld devices that provide 
pressure thresholds or flow-dependent resistance for inspiration 
or expiration, stimulate the respiratory muscles to respond and 
produce changes in muscle structure, improve maximum inspiratory 
pressure (MIP) and maximum expiratory pressure (MEP), thereby 
enhancing respiratory muscle strength and endurance, improving 
key respiratory functions including inspiratory capacity, ventilation 
function, breathing pattern efficiency, and cough peak flow, and 
increasing overall quality of life (Illi et al., 2012; Watson et al., 
2022). The physiological rationale for RMT application is to 
induce physiological adaptations by enhancing neural drive 
to improve motor unit recruitment and synchronization, and 
promoting structural remodeling including diaphragm muscle 
fiber hypertrophy and a transition to a fatigue-resistant phenotype, 
while increasing mitochondrial density and capillarization through 
metabolic enhancement (Illi et al., 2012; van K et al., 2024). RMT 
encompasses strength-focused techniques including inspiratory 
muscle training (IMT) and expiratory muscle training (EMT), 
endurance-oriented approaches such as voluntary isocapnic 

hyperpnea (VIH) involving sustained hyperpnea with maintained 
CO2 levels, and hybrid modalities like tapered flow resistance 
devices that deliver variable loading throughout the respiratory 
cycle (Illi et al., 2012; Kowalski et al., 2024). While existing 
RMT studies in stroke predominantly focus on strength training 
(Fabero-Garrido et al., 2022; Menezes et al., 2016), VIH and 
tapered flow resistance training have been shown to be effective 
in healthy and active subjects (Illi et al., 2012; Kowalski et al., 
2024). RMT has shown potential benefits in improving respiratory 
function, motor capacity and quality of life in multiple sclerosis, 
myasthenia gravis, and Parkinson’s disease (Ghannadi et al., 2022; 
Freitag et al., 2018; Zhuang and Jia, 2022). The findings suggest 
that RMT may have positive effects on functional recovery in 
neurological disorders by enhancing neuroplasticity through 
increased respiratory afferent input to the brainstem, improving 
cerebrovascular reactivity via CO2-mediated vasodilation, and 
optimizing oxygen delivery to neural tissues (Ghannadi et al., 2022; 
Zhuang and Jia, 2022). Additionally, RMT-induced enhancement of 
respiratory muscle strength and endurance can reduce respiratory 
oxygen consumption, potentially delaying muscle fatigue and 
redistributing blood flow from respiratory muscles to exercise 
muscles, leading to adaptive changes in respiratory muscles 
and thus redirecting cardiorespiratory resources to overall 
physical activity and recovery (Freitag et al., 2018; McConnell 
and Romer, 2004). If similar results are seen in patients with 
chronic stroke, it could provide a potential treatment. Preliminary 
clinical studies suggest that RMT may have the potential to 
improve respiratory muscle strength, exercise tolerance, and 
cardiorespiratory function after stroke (Sutbeyaz et al., 2010; 
Britto et al., 2011; Guillén-Solà et al., 2017). Nevertheless, the 
current evidence regarding the impact of RMT on patients 
with chronic stroke is still ambiguous. Consequently, it is 
essential to conduct a thorough review of existing clinical 
studies to assess the effects of RMT in this specific patient 
population.

Over the past few years, there has been a rise in the number of 
systematic reviews focusing on RMT for individuals who suffered 
from strokes. Nine systematic reviews (Fabero-Garrido et al., 2022; 
Menezes et al., 2016; Li L. et al., 2024; Zhang et al., 2024; Pozuelo-
Carrascosa et al., 2020; Gomes-Neto et al., 2016; Menezes et al., 
2018; Wu et al., 2020; Zhang et al., 2020) support that RMT can 
improve respiratory function in stroke patients, and one study 
(Pollock et al., 2013) suggests that RMT may improve respiratory 
function in stroke patients, but further research is needed. Seven 
systematic reviews (Fabero-Garrido et al., 2022; Menezes et al., 
2016; Li L. et al., 2024; Zhang et al., 2024; Gomes-Neto et al., 
2016; Menezes et al., 2018; Wu et al., 2020) found that RMT can 
promote exercise capacity in stroke patients. However, Xiao et al. 
(2012) presented an alternative perspective, arguing that the current 
evidence is inadequate to substantiate the impact of RMT on 
both respiratory function and exercise capacity in stroke patients. 
Only two studies (Xiao et al., 2012; Pozuelo-Carrascosa et al., 
2020) investigated the effects of RMT on quality of life in stroke 
patients, but could not draw reliable conclusions. Unfortunately, 
these studies did not separately examine the impact of RMT on 
patients with chronic stroke. Only one meta-analysis focused on 
the impact of RMT on early-stage stroke patients, whereas other 
reviews incorporated findings from both acute and chronic stroke 
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TABLE 1  Inclusion criteria.

Population: Chronic stroke patients aged ≥ 18 years and diagnosed for >3 
months

Intervention: Respiratory muscle training encompasses both inspiratory and 
expiratory muscle training

Control: Placebo respiratory muscle training or rehabilitation program that does 
not incorporate respiratory muscle training

Primary outcomes: Maximal inspiratory pressure, maximal expiratory pressure, 
and respiratory muscle endurance

Secondary outcomes: Pulmonary function testing (peak expiratory flow, forced 
expiratory volume in 1s, forced vital capacity), exercise capacity (6-min walk test, 
maximum activity score), quality of life (euroquol 5-dimensions, nottingham 
health profile)

Study Design: Randomised Controlled Trials (RCTs)

populations. Thus, considering the variations in recovery trajectories 
between individuals with acute and chronic strokes, it is necessary 
to conduct a systematic review and meta-analysis focusing on the 
efficacy of RMT in chronic stroke patients based on the current 
literature.

Hence, the study aimed to evaluate the impact of RMT on 
respiratory function, exercise capacity, and quality of life in chronic 
stroke patients. 

2 Materials and methods

This systematic review and meta-analysis followed the preferred 
reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines (Page et al., 2021). 

2.1 Eligibility criteria

The inclusion criteria were established (as outlined in Table 1) 
based on the Population-Intervention-Comparison-Outcome-
Study Design (PICOS) framework. Notably, while cardiopulmonary 
exercise testing (CPET) is considered the gold standard for 
evaluating exercise capacity (Malhotra et al., 2016), the scarcity 
of CPET data in published studies investigating RMT for stroke 
survivors precluded its use as an inclusion criterion. Consequently, 
this review accepted standardized alternatives such as the 6-
min walk test (6MWT) to ensure sufficient study inclusion and 
quantitative synthesis. The exclusion criteria were: (1) abstracts, 
letters, case reports, reviews, protocol, and unusable full text; 
(2) chronic stroke patients with congestive heart failure; (3) 
inappropriate intervention methods for unclear description of the 
training program about the intensity, duration, and frequency of 
the training; (4) studies not reporting the interesting outcome 
variables; (5) insufficient data for effect size (ES) and 95% 
confidence interval (CI); (6) studies of insufficient methodological 
quality with a PEDro score below 6 (Fabero-Garrido et al., 2022; 
Pozuelo-Carrascosa et al., 2020; Wood et al., 2008).

2.2 Information sources

A comprehensive search was performed across various 
electronic databases including PubMed, Embase, AMED, CINAHL, 
Cochrane Library, and Web of Science without date limitations, 
extending up to 8 March 2025. 

2.3 Search strategy

The keywords and associated mesh terms combined with 
Boolean operators and truncations were used to conduct 
comprehensive searches without language restrictions in the 
retrieval process to ensure that the retrieved outcomes were 
associated with the topic. The structured search strategies were 
formulated as follows. Following the main database search, the 
reference documents from all obtained studies were hand-examined 
to verify comprehensive resource identification. The detailed 
retrieval process for these databases can be found in Appendix 1.

(“stroke” OR “chronic stroke” OR “cerebrovascular accident” 
OR “CVA” OR “cerebral stroke” OR “brain vascular accident” 
OR “cerebrovascular stroke” OR “cerebrovascular apoplexy”) AND 
(“respiratory strength training” OR “inspiratory strength training” OR 
“expiratory strength training” OR “respiratory muscle training” OR 
“RMT” OR “inspiratory muscle training” OR “IMT” OR “expiratory 
muscle training” OR “EMT” OR “breathing muscle training” OR 
“breathing exercises”) AND (“respiratory function” OR “respiratory 
muscle strength” OR “maximum inspiratory pressure” OR “MIP” OR 
“maximum expiratory pressure” OR “MEP” OR “respiratory muscle 
endurance” OR “pulmonary function testing” OR “peak expiratory 
flow” OR “PEF” OR “forced expiratory volume in 1s” OR “FEV1” 
OR “forced vital capacity” OR “FVC” OR “exercise capacity” OR “6-
min walk test” OR “6MWT” OR “maximum activity score” OR “MAS” 
OR “Quality of life” OR “euroquol 5-dimensions” OR “EQ5D” OR 
“nottingham health profile” OR “NHP”) 

2.4 Selection process

The identified literature was imported into Endnote 20 
for management, followed by the removal of duplicate entries. 
Subsequently, the researchers (LH and JM) independently evaluated 
titles and abstracts against predefined eligibility criteria during 
initial screening. Articles failing to meet inclusion requirements 
were systematically excluded before retrieving full-text documents 
for comprehensive quality assessment.

Full-text articles underwent systematic eligibility verification 
using pre-established selection parameters, with documented 
exclusion criteria for studies failing to meet inclusion criteria. 
Eventually, the reviewers (LH and JM) conducted joint validation 
for the final results. Inter-rater discrepancies were resolved through 
iterative deliberation with an independent reviewer (YS). 

2.5 Data collection process

To minimize potential biases and errors, two independent 
investigators (YM and ZT) conducted data extraction from the 
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included studies utilizing structured collection templates adapted 
from the Joanna Briggs Institute (JBI) tool. Since this tool is not only 
suitable for extracting data from various research designs including 
randomised controlled trial (RCT), but also can present the data 
clearly, making comparison and analysis easier (Aromataris et al., 
2022). The extracted content encompassed: study identification 
(author/year/country), epidemiological constructs(design/sample 
size/participant profiles), interventional details (type of RMT/training 
load/frequency/length/device/supervision/progressive overload), 
outcome parameters, and other relevant information according to 
the suggestion of “Cochrane Handbook for Systematic Reviews of 
Interventions” (Cumpston et al., 2019). Any disagreements regarding 
data extraction content between the reviewers (YM and ZT) were 
mediated via consensual dialogue by an independent evaluator (JH). 
Additionally, the extracted content was verified by a third reviewer 
(JH). When some information was lacking, the investigator (JX) got 
in touch with the authors for acquiring. 

2.6 Methodological quality and risk of bias 
assessment

The quality of retrieved studies can be identified through 
a critical assessment of methodological quality and the risk of 
bias, thus incorporating good quality research into the main 
review to ensure the effectiveness and rigour of the review itself 
(Morris et al., 2012; Tod et al., 2021). There are several tools to assess 
methodological quality and risk of bias, like the Cochrane Risk of 
Bias tool (Cumpston et al., 2019) and the PEDro score (Herbert et al., 
1998). The methodological appraisal implemented the PEDro scale 
for quality assessment, with pre-specified evidence thresholds 
(≥6/10) systematically governing study eligibility determinations. 
Since the PEDro scale is not only an effective and reliable 
scoring tool for evaluating methodological quality but is also 
widely recognized in physical therapy (Herbert et al., 1998; 
Maher et al., 2003; Cashin and McAuley, 2020). The PEDro 
scale includes 11 items, including one external validity (eligibility 
criteria and source), eight items assessing the risk of bias (random 
allocation, concealed allocation, baseline comparability, blinding of 
participants, blinding of therapists, blinding of assessors, adequate 
follow-up (>85%), intention-to-treat analysis), and two items 
assessing the completeness of the statistical report on the risk of bias 
(between-group statistical comparisons, reporting of point measures 
and measures of variability) (Moseley et al., 2019). The total score 
ranges from 0 to 10 (the first item is not included), and higher 
scores indicate superior methodological quality (Maher et al., 2003). 
Studies with scores between 9 and 10 are considered ‘excellent’, and 
scores from six to 8 are assessed as good, whereas scores of 5 and 
4 are classified as fair quality, and scores below 4 are considered 
poor quality (Foley et al., 2003; Gonzalez et al., 2018). Besides, 
the items of the Cochrane Risk of Bias tool were used to assess 
the risk of bias for the included studies, which were recorded in 
Review Manager 5.4 (Cochrane Collaboration, United Kingdom) 
(Cumpston et al., 2019). The Cochrane Risk of Bias tool contains 
six aspects of bias: selection bias, performance bias, detection bias, 
attrition bias, reporting bias, and other bias (Cumpston et al., 2019). 
Bias is evaluated as a judgment of various elements in the field (high, 
low, or unclear) (Cumpston et al., 2019). The methodological rigour 

and potential bias were independently appraised by two evaluators 
(JH and CS) through the PEDro criteria and the Cochrane Risk of 
Bias instruments. Any discrepancies in the assessment results were 
resolved by a third reviewer (YD). 

2.7 Data synthesis and analysis

The outcome indicators were synthesized and analysed 
using RevMan 5.4 (Cochrane Collaboration, United Kingdom) 
(Cumpston et al., 2019). A meta-analysis was conducted solely 
when at least three RCTs were available for the variables studied 
(Fabero-Garrido et al., 2022). If meta-analysis was not available for 
each study outcome data, descriptive analysis would be performed. 
The heterogeneity among the studies was evaluated by the Cochrane 
Q statistic and the I2 test (Cumpston et al., 2019). According to the 
Cochrane Handbook, an I2 of 0%–40% is likely to be insignificant, 
30%–60% may represent moderate heterogeneity, 50%–90% may 
indicate significant heterogeneity, and 75%–100% may illustrate 
considerable heterogeneity (Huedo-Medina et al., 2006). The study 
could be considered heterogeneous if the Cochran’s Q statistic tested 
significance (p < 0.1) or I2 > 50% (Bown and Sutton, 2010). Due to 
concerns regarding the validity of the Q statistic in scenarios where 
the meta-analysis comprises a limited number of studies and exhibits 
substantial within-study variance (Fabero-Garrido et al., 2022), 
along with the unavoidable heterogeneity resulting from variations 
in participant demographics and intervention methods across the 
included studies, this research implemented a random effects model. 
Aggregated data for all findings were presented as either mean 
difference (MD) or standardized mean difference (SMD), alongside 
their corresponding 95% CI confidence intervals (95% CI). When 
the evaluation tools for outcome indicators were consistent, MD 
was used. Conversely, when the assessment tools were inconsistent, 
SMD was used. The difference was deemed significant at a test level 
of p < 0.05. When the mean and standard deviation (SD) were not 
available, and only the median along with the interquartile range 
(IQR) was provided, the CI estimates were adjusted by dividing the 
IQR by a factor of 1.35.

Subgroup analyses were conducted with an adequate number 
of studies to evaluate the impact of various forms of RMT, like 
IMT combined with EMT versus IMT alone. Additionally, a 
sensitivity analysis was carried out by sequentially excluding 
individual studies to examine the stability and dependability of 
the aggregated results pertaining to each variable. Furthermore, 
statistical assessment of publication bias through formal tests 
(e.g., Egger’s regression or Begg’s test) was not performed 
for any outcome, as the limited number of included studies 
(k < 10) renders such analyses statistically underpowered 
(Cumpston et al., 2019; Cumpston et al., 2022). 

3 Results

The comprehensive search yielded a total of 588 studies, 
comprising 546 articles sourced via electronic databases, 28 studies 
obtained from registries, and 14 studies identified through websites 
and citation searches. Subsequently, 248 studies with duplicates 
were removed, leaving 326 studies. Following the examination of 
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FIGURE 1
PRISMA search flow diagram

titles and abstracts, a total of 281 articles deemed irrelevant were 
eliminated from consideration. Consequently, 45 studies remained, 
which necessitated the procurement and comprehensive review 
of their full texts, but the full texts of six studies could not 
be accessed. Simultaneously, 14 studies were retrieved from both 
website and citation searching, but 4 articles were not retrieved. 
Next, the 49 retrieved studies were assessed for eligibility. Finally, 
9 studies (Vaz et al., 2021; Lee et al., 2019; Britto et al., 2011; 
Kim et al., 2011; Cho et al., 2018; Parreiras de Menezes et al., 
2019; Liaw et al., 2020; Aydoğan et al., 2022; Zhu et al., 2024) 
met the eligibility criteria and were included for systematic review 
and meta-analysis, while the other 40 studies were excluded due 
to reasons like stroke occurring within 3 months of the diagnosis, 
inappropriate intervention methods and outcomes, and insufficient 
methodological quality. Figure 1 illustrates the PRISMA search flow 
diagram detailing the selection process for the studies.

3.1 Description of the included studies

The included nine studies were performed between 2011 and 
2024, of which three studies (Vaz et al., 2021; Aydoğan et al., 2022; 
Zhu et al., 2024) were published in recent years to update the 
knowledge in this field and were not included in the previous review. 
The included studies varied by location, with three studies completed 
in Korea (Lee et al., 2019; Kim et al., 2011; Cho et al., 2018) and in 
Brazil (Vaz et al., 2021; Britto et al., 2011; Parreiras de Menezes et al., 
2019) respectively, two in China (Liaw et al., 2020; Zhu et al., 2024), 
and one in Turkey (Aydoğan et al., 2022). Although these studies 

are geographically limited and cannot represent the entire global 
trend, the integrated evidence may provide reference and guidance 
for future clinical practice guidance and study. Table 2 presents a 
summary of the features of the 9 studies.

3.1.1 Participants
A total of 288 participants were enrolled in these studies, with 

the number of participants ranging from 21 (Britto et al., 2011; 
Aydoğan et al., 2022) to 50 (Vaz et al., 2021; Zhu et al., 2024). 
The mean age of individuals was 58.5 years. Participants in each 
study included both males and females, totalling 143 males and 145 
females. All study participants suffered a stroke more than 3 months 
prior to the diagnosis. Five studies (Vaz et al., 2021; Lee et al., 2019; 
Kim et al., 2011; Liaw et al., 2020; Zhu et al., 2024) included patients 
with more than 6 months of stroke. One study included patients 
with longer than 9 months of stroke (Britto et al., 2011). Others 
included patients with over 3 months of stroke (Cho et al., 2018; 
Parreiras de Menezes et al., 2019; Aydoğan et al., 2022). Additionally, 
all studies evaluated the initial MIP and MEP separately except 
for the study by Kim et al. (2011), where five studies (Vaz et al., 
2021; Lee et al., 2019; Parreiras de Menezes et al., 2019; Liaw et al., 
2020; Aydoğan et al., 2022) assessed the initial MIP and MEP, while 
the remaining three studies (Britto et al., 2011; Cho et al., 2018; 
Zhu et al., 2024) evaluated MIP. The mean values for the original 
MIP and MEP were 50.4 cmH2O and 61.7 cmH2O respectively. 
Reference values for healthy adults show MIP and MEP as follows: 
MIP (118.4 ± 37.2 cmH2O for males and 84.5 ± 30.3 cmH2O for 
females) and MEP (140 ± 30 cmH2O for males and 95 ± 20 cmH2O 
for females) (Evans and Whitelaw, 2009; Gil et al., 2012). These 
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respiratory muscle strength reference values are from Manizales 
(altitude of 2150 m asl) (Evans and Whitelaw, 2009; Gil et al., 2012), 
so they may be not universal for sea-level residents and sea-level 
born. If the values are lower than normal, it is considered a decrease 
in MIP and MEP (Evans and Whitelaw, 2009; Gil et al., 2012). Thus, 
the initial average values of MIP and MEP reported in this study are 
interpreted as a decline. 

3.1.2 Interventions
All included studies conducted RMT in the intervention group 

(IG), five studies (Vaz et al., 2021; Britto et al., 2011; Cho et al., 
2018; Aydoğan et al., 2022; Zhu et al., 2024) only had IMT, and 
the remaining four studies (Lee et al., 2019; Kim et al., 2011; 
Parreiras de Menezes et al., 2019; Liaw et al., 2020) were IMT and 
EMT. In the control group (CG), most studies (Lee et al., 2019; 
Kim et al., 2011; Cho et al., 2018; Liaw et al., 2020; Aydoğan et al., 
2022; Zhu et al., 2024) carried out regular stroke rehabilitation 
programs, which also were performed in the IG. Interestingly, two 
studies (Britto et al., 2011; Parreiras de Menezes et al., 2019) used 
sham RMT without any resistance, and one study (Vaz et al., 2021) 
performed sham respiratory muscle training at a minimum load 
(1 cmH2O) that was not enough to change respiratory muscle 
strength or endurance. Regarding the use of devices in the IG, 
two studies adopted POWERbreathe Medic Plus (Vaz et al., 2021; 
Liaw et al., 2020), while the others were different: electronic 
inspiratory loading device (Zhu et al., 2024), the SpiroTiger 
(Kim et al., 2011), POWERbreathe K5 (Cho et al., 2018), Orygen-
dual valve (Parreiras de Menezes et al., 2019), Dofin Breathing 
Trainer (Liaw et al., 2020), handheld expiratory/inspiratory-type 
pressure threshold devices (Lee et al., 2019), Threshold IMT 
(Britto et al., 2011). Six studies (Lee et al., 2019; Cho et al., 2018; 
Parreiras de Menezes et al., 2019; Liaw et al., 2020; Aydoğan et al., 
2022; Zhu et al., 2024) reported the manufacturers (Details in 
Table 2), while the remaining three studies (Vaz et al., 2021; 
Britto et al., 2011; Kim et al., 2011) did not report the manufacturers. 
The majority of studies (Vaz et al., 2021; Britto et al., 2011; 
Parreiras de Menezes et al., 2019; Liaw et al., 2020; Aydoğan et al., 
2022; Zhu et al., 2024) used threshold resistance, Cho et al. (2018) 
and Lee et al. (2019) used variable resistance, and only Kim et al. 
(2011) mentioned flow resistance, despite the use of various 
device types.

The parameters of RMT varied among the included studies. The 
majority of studies investigating RMT commenced at a training 
load ranging from 30% to 60% of MIP and 15%–75% of MEP 
and was readjusted with the intervention weekly or biweekly 
according to different situations like the repeated measurements, 
the participant’s tolerance or ability, the current load value of 
measuring the inspiratory and expiratory strength. However, only 
Kim et al. (2011) implemented a training load of 50%–60% of 
VC alongside a low frequency of 12–13 breaths per minute, 
which was different from the indicators used in others. Despite 
the initial training load of RMT differing among the included 
studies, it is important to highlight that most studies maintained 
a training load exceeding 30% of MIP. MIP with a load of less 
than 30% may not be sufficient to improve inspiratory muscle 
strength and exercise tolerance (Fabero-Garrido et al., 2022). The 
frequency and length of RMT were different across the studies. 
The time of frequency varied from 20 to 40 min, and four 

studies (Vaz et al., 2021; Britto et al., 2011; Kim et al., 2011; 
Aydoğan et al., 2022) adopted 30 min. Four studies (Lee et al., 
2019; Cho et al., 2018; Liaw et al., 2020; Zhu et al., 2024) used 2 
or 3 sets with 5, 10–15 or 30 repetitions. Sessions were conducted 
3 to 7 times every week. Furthermore, the length of RMT was 
observed to span from 4 to 8 weeks. Most studies (Vaz et al., 
2021; Lee et al., 2019; Britto et al., 2011; Cho et al., 2018; 
Parreiras de Menezes et al., 2019; Liaw et al., 2020; Aydoğan et al., 
2022) tended to 6 weeks. All study interventions were conducted 
under supervision. 

3.2 Methodological quality and risk of bias 
of the studies

The methodological quality and potential biases of the studies 
included in this review were meticulously evaluated using the PEDro 
scale and the Cochrane Risk of Bias tool. Table 3 summarizes 
the total results and item scores of the PEDro scale for the 
included 9 RCTs. Moreover, the risk of bias graph relevant to 
these studies is displayed in Figure 2. Notably, the investigation 
conducted by Parreiras de Menezes et al. (2019) achieved the highest 
score, obtaining 8 points on the PEDro scale, thereby categorizing 
its methodological quality as ‘good’. The remaining eight studies 
(Vaz et al., 2021; Lee et al., 2019; Britto et al., 2011; Kim et al., 2011; 
Cho et al., 2018; Liaw et al., 2020; Aydoğan et al., 2022; Zhu et al., 
2024) were considered to be of good methodological quality 
with a PEDro score of six points or seven points. The average 
PEDro score across all included studies was 6.7, with scores 
ranging from 6 to 8, indicating that the body of evidence is of
good quality.

Each of the rigorously evaluated studies offered insights 
into random allocation, baseline comparability, inter-group 
differences, as well as point estimates and their variability. 
Eight studies (Vaz et al., 2021; Lee et al., 2019; Britto et al., 
2011; Kim et al., 2011; Cho et al., 2018; Liaw et al., 2020; 
Aydoğan et al., 2022; Zhu et al., 2024) conducted blind assessors, 
except for the study by Parreiras de Menezes et al. (2019). Five 
studies (Lee et al., 2019; Britto et al., 2011; Cho et al., 2018; 
Parreiras de Menezes et al., 2019; Zhu et al., 2024) reported 
concealed allocation, whereas the other four studies (Vaz et al., 
2021; Kim et al., 2011; Liaw et al., 2020; Aydoğan et al., 2022) 
did not implement this method, which may introduce selection 
bias. Four studies provided respectively intention-to-threat analysis 
(Vaz et al., 2021; Parreiras de Menezes et al., 2019; Liaw et al., 
2020; Aydoğan et al., 2022) and adequate follow-up (Britto et al., 
2011; Parreiras de Menezes et al., 2019; Aydoğan et al., 2022; 
Zhu et al., 2024). Unfortunately, only three studies (Vaz et al., 
2021; Kim et al., 2011; Parreiras de Menezes et al., 2019) involved 
blind subjects, and none included blind therapists. Neither 
participants nor therapists were blinded, which may potentially 
lead to performance bias. Notably, performance bias should not be 
considered a form of preferential bias, as it is often challenging or 
unfeasible to blind participants and therapists when implementing 
complex interventions (Rodrigues-Baroni et al., 2014). Thus, 
although there were performance biases in these studies, this 
study accepted the factor and considered it when interpreting
the findings. 

Frontiers in Physiology 11 frontiersin.org

https://doi.org/10.3389/fphys.2025.1642262
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Huang et al. 10.3389/fphys.2025.1642262

T
A

B
LE

 3
  S

tu
d

y 
q

u
al

it
y 

o
n

 t
h

e 
P

E
D

ro
 S

ca
le

 o
f 

n
in

e s
tu

d
ie

s.

St
u

d
y

R
an

d
o

m
A

llo
ca

ti
o

n
C

o
n

ce
al

e
d

A
llo

ca
ti

o
n

B
as

e
lin

e
Si

m
ila

ri
ty

B
lin

d
 

su
b

je
ct

s
B

lin
d

 
th

e
ra

p
is

ts
B

lin
d

 
as

se
ss

o
rs

A
d

e
q

u
at

e
 

fo
llo

w
-u

p
In

te
n

ti
o

n
-

to
-t

re
at

 
an

al
ys

is

B
e

tw
e

e
n

-
g

ro
u

p
 

co
m

p
ar

is
o

n
s

P
o

in
t 

e
st

im
at

e
s 

an
d

 
va

ri
ab

ili
ty

To
ta

l
Sc

o
re

Zh
u e

t a
l. 

(2
02

4)
Y

Y
Y

N
N

Y
Y

N
Y

Y
7

Ay
do

ğa
n e

t a
l. 

(2
02

2)
Y

N
Y

N
N

Y
Y

Y
Y

Y
7

Va
z e

t a
l. 

(2
02

1)
Y

N
Y

Y
N

Y
N

Y
Y

Y
7

Li
aw

 et 
al

. (
20

20
)

Y
N

Y
N

N
Y

N
Y

Y
Y

6

Le
e e

t a
l. 

(2
01

9)
Y

Y
Y

N
N

Y
N

N
Y

Y
6

Pa
rr

ei
ra

s d
e 

M
en

ez
es
 et 

al
. 

(2
01

9)
Y

Y
Y

Y
N

N
Y

Y
Y

Y
8

C
ho

 et 
al

. (
20

18
)

Y
Y

Y
N

N
Y

N
N

Y
Y

6

Br
itt

o e
t a

l. 
(2

01
1)

Y
Y

Y
N

N
Y

Y
N

Y
Y

7

K
im

 et 
al

. (
20

11
)

Y
N

Y
Y

N
Y

N
N

Y
Y

6

Th
e 

to
ta

l s
co

re
 o

f P
ED

ro
: 10

.
A

bb
re

vi
at

io
ns

: P
ED

ro
, P

hy
sio

th
er

ap
y 

Ev
id

en
ce

 D
at

ab
as

e;
 Y

, Y
es

; N
, N

o.

Frontiers in Physiology 12 frontiersin.org

https://doi.org/10.3389/fphys.2025.1642262
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Huang et al. 10.3389/fphys.2025.1642262

FIGURE 2
Risk of bias graph for the studies.

3.3 Effect of interventions

3.3.1 Effect of respiratory muscle training on 
respiratory muscle strength

Eight studies (Vaz et al., 2021; Lee et al., 2019; Britto et al., 2011; 
Cho et al., 2018; Parreiras de Menezes et al., 2019; Liaw et al., 2020; 
Aydoğan et al., 2022; Zhu et al., 2024) showed results about MIP in 
units of cmH2O, while five studies (Vaz et al., 2021; Lee et al., 2019; 
Parreiras de Menezes et al., 2019; Liaw et al., 2020; Aydoğan et al., 
2022) analysed MEP in units of cmH2O. The aggregated data 
indicated that RMT significantly enhanced MIP among chronic 
stroke patients compared to the CG (n = 261, MD = 17.71, 95% CI: 
10.19–25.23, p < 0.00001, I2 = 72%; Figure 3), exceeding the minimal 
clinically important difference (MCID) threshold of 9 cmH2O for 
respiratory weakness (Menezes et al., 2016). However, RMT did not 
show any significant effect on increasing MEP among chronic stroke 
patients (n = 165, MD = 11.37, 95% CI: −0.78 to 25.23, p = 0.07, 
I2 = 79%; Figure 4). The sensitivity exclusion analysis indicated that 
none of the studies significantly changed the pooled results for MIP 
and MEP when analysed individually. The leave-one-out sensitivity 
analyses for MIP and MEP.

Three studies (Lee et al., 2019; Parreiras de Menezes et al., 2019; 
Liaw et al., 2020) carried out both IMT and EMT for MIP and MEP. 
Five studies (Vaz et al., 2021; Britto et al., 2011; Cho et al., 2018; 
Aydoğan et al., 2022; Zhu et al., 2024) only performed IMT for MIP, 
while two studies (Vaz et al., 2021; Aydoğan et al., 2022) only carried 
out IMT for MEP. IMT + EMT yielded a notable enhancement in 
MIP (n = 94, MD = 23.47, 95% CI: 3.65–43.30, p = 0.02, I2 = 90%; 
Figure 3), but no evidence of effect could be found for IMT + EMT 
on increasing MEP (n = 94, MD = 14.07, 95% CI: −11.03–39.18, 
p = 0.27, I2 = 90%; Figure 4). Sensitivity analysis regarding study 
exclusions revealed that none of the studies significantly affected 
the pooled result of MEP. However, after excluding the study of 
Liaw et al. (2020) and Parreiras de Menezes et al. (2019), IMT + 
EMT did not yield a notable enhancement in MIP. Besides, IMT 
demonstrated a significant enhancement in MIP (n = 167, MD = 
14.09, 95% CI: 7.57–20.62, p < 0.0001, I2 = 28%; Figure 3) and MEP 
(n = 71, MD = 8.69, 95% CI: 0.63–16.75, p = 0.03, I2 = 0%; Figure 4). 
Sensitivity analysis regarding study exclusions showed that none of 
the studies significantly influenced the result of MIP. However, after 

excluding the studies by Vaz et al. (2021) and Aydoğan et al. (2022) 
separately, no evidence was found that IMT affected improving MEP. 
The leave-one-out sensitivity analyses for MIP and MEP pertaining 
to subgroup analyses are presented. Notably, there was no significant 
difference observed between the effects of IMT + EMT and IMT 
alone on MIP (p = 0.38; Figure 3) and MEP (p = 0.69; Figure 4). 

3.3.2 Effect of respiratory muscle training on 
respiratory muscle endurance

Four (Vaz et al., 2021; Britto et al., 2011; Cho et al., 2018; 
Parreiras de Menezes et al., 2019) studies measured the results of 
respiratory muscle endurance in units of cmH2O. The aggregated 
findings suggested that RMT significantly improved respiratory 
muscle endurance in chronic stroke patients when compared to 
the CG. (n = 134, MD = 20.58, 95% CI: 12.25–28.92, p < 
0.00001, I2 = 52%; Figure 5). The sensitivity analysis indicated that 
no study significantly influenced the pooled results concerning 
respiratory muscle endurance. The leave-one-out sensitivity analyses 
for respiratory muscle endurance.

One study (Parreiras de Menezes et al., 2019) conducted both 
IMT and EMT, while three studies (Vaz et al., 2021; Britto et al., 2011; 
Cho et al., 2018) only performed IMT. IMT + EMT and IMT resulted 
in a significant increase in respiratory muscle endurance (n = 38, 
MD = 34.00, 95% CI: 21.21–46.79, p < 0.00001; n = 96, MD = 16.69, 
95% CI: 10.27–23.11, p < 0.00001, I2 = 0%; Figure 5). The sensitive 
exclusion analysis indicated that no study significantly changed this 
result for IMT. Due to the existence of only one study, a sensitivity 
analysis could not be performed for IMT + EMT. The leave-one-out 
sensitivity analyses for respiratory muscle endurance pertaining to 
subgroup analyses are presented. A statistically significant difference 
was observed between the effects of IMT + EMT and IMT alone in 
enhancing respiratory muscle endurance (p = 0.02; Figure 5). 

3.3.3 Effect of respiratory muscle training on 
pulmonary function

Five studies (Lee et al., 2019; Kim et al., 2011; Liaw et al., 
2020; Aydoğan et al., 2022; Zhu et al., 2024) reported the results 
on pulmonary function. These studies all analysed forced expiratory 
volume in 1s (FEV1) in units of L, while three studies (Lee et al., 
2019; Kim et al., 2011; Aydoğan et al., 2022) showed peak expiratory 
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FIGURE 3
Forest plot showing the pooled effect size of RMT on MIP across RMT and control groups.

FIGURE 4
Forest plot showing the pooled effect size of RMT on MEP across RMT and control groups.

flow (PEF) in units of L/s and four studies (Kim et al., 2011; 
Liaw et al., 2020; Aydoğan et al., 2022; Zhu et al., 2024) showed 
results regarding forced vital capacity (FVC) in units of L. The pooled 
data suggested that RMT had a statistically significant influence on 
FEV1 (n = 154, MD = 0.25, 95% CI: 0.06–0.44, p = 0.009, I2 = 
33%; Figure 6) and PEF (n = 73, MD = 0.84, 95% CI: 0.31–1.37, p 
= 0.002, I2 = 0%; Figure 7) in patients with chronic stroke compared 
to the CG. The improvement in FEV1 reached the lower limit of 
MCID for airway obstruction (0.25 L) (Chen et al., 2025), while 
the improvement in PEF exceeded the MCID of 0.5 L/s for cough 
efficacy (Zhang et al., 2022). Unfortunately, no evidence of effect 
could be found for RMT on increasing FVC compared to the CG 
(n = 129, MD = 0.16, 95% CI: −0.08–0.41, p = 0.2, I2 = 47%; 
Figure 8). Sensitivity analysis regarding study exclusions indicated 
that the pooled results of PEF and FVC remained unchanged 
when each study was excluded. Notably, RMT did not achieve 

a statistically significant improvement in FEV1 after excluding 
the study by Kim et al. (2011). The leave-one-out sensitivity analyses 
of FEV1, PEF, and FVC.

In terms of FEV1, three studies (Lee et al., 2019; Kim et al., 
2011; Liaw et al., 2020) performed both IMT and EMT, while two 
studies (Aydoğan et al., 2022; Zhu et al., 2024) only carried out IMT. 
Regarding FVC, two studies (Kim et al., 2011; Liaw et al., 2020) 
conducted both IMT and EMT, and other studies (Aydoğan et al., 
2022; Zhu et al., 2024) did only IMT. No evidence of effect could 
be found for IMT + EMT and IMT on improving FEV1 (n = 83, 
MD = 0.16, 95% CI: −0.05–0.37, p = 0.13, I2 = 0%; n = 71, MD 
= 0.4, 95% CI: −0.04–0.83, p = 0.08, I2 = 70%; Figure 6) and FVC 
(n = 58, MD = 0.18, 95% CI: −0.12–0.49, p = 0.24, I2 = 40%; 
n = 71, MD = 0.17, 95% CI: −0.41–0.76, p = 0.56, I2 = 74%; 
Figure 8). Sensitivity analysis regarding study exclusions indicated 
that no study changed the results of FEV1 and FVC for IMT + EMT. 
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FIGURE 5
Forest plot showing the pooled effect size of RMT on respiratory muscle endurance across RMT and control groups.

FIGURE 6
Forest plot showing the pooled effect size of RMT on FEV1 across RMT and control groups.

FIGURE 7
Forest plot showing the pooled effect size of RMT on PEF across RMT and control groups.

Interestingly, after excluding the study of Aydoğan et al. (2022), IMT 
produced a statistically significant improvement in FEV1 and FVC. 
The leave-one-out sensitivity analyses of FEV1 and FVC pertaining 
to subgroup analyses. There was no significant difference observed 
between the effects of IMT + EMT and IMT alone on FEV1 (p = 
0.34; Figure 6) and FVC (p = 0.98; Figure 8). Since only three studies 
separately evaluated PEF, subgroup analysis of IMT + EMT and IMT 
could not be performed. 

3.3.4 Effect of respiratory muscle training on 
exercise capacity

Five studies (Vaz et al., 2021; Britto et al., 2011; Cho et al., 2018; 
Parreiras de Menezes et al., 2019; Aydoğan et al., 2022) collected 
exercise capacity data. Four studies (Vaz et al., 2021; Cho et al., 
2018; Parreiras de Menezes et al., 2019; Aydoğan et al., 2022) 
evaluated the walking ability of patients with chronic stroke by 
measuring 6MWT (m), while one study (Britto et al., 2011) assessed 
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FIGURE 8
Forest plot showing the pooled effect size of RMT on FVC across RMT and control groups.

FIGURE 9
Forest plot showing the pooled effect size of RMT on exercise capacity across RMT and control groups.

MAS. The meta-analysis was performed utilizing SMD owing to 
discrepancies in the evaluation scales. The pooled data suggested 
that no evidence of effect could be found for RMT on improving 
exercise capacity among chronic stroke patients compared to the 
CG (n = 155, SMD = 0.29, 95% CI: −0.03–0.61, p = 0.08, I2 = 
0%; Figure 9). However, the sensitivity analysis showed that RMT 
produced a statistically significant improvement in exercise capacity 
after excluding the study by Vaz et al. (2021). The leave-one-out 
sensitivity analyses for exercise capacity.

Only one study (Parreiras de Menezes et al., 2019) performed 
both IMT and EMT, while four studies (Vaz et al., 2021; Britto et al., 
2011; Cho et al., 2018; Aydoğan et al., 2022) carried out only IMT. 
No evidence of effect could be found for IMT + EMT and IMT on 
changing exercise capacity (n = 38, SMD = 0.4, 95% CI: −0.24–1.05, 
p = 0.22; n = 117, SMD = 0.27, 95% CI: −0.13–0.67, p = 0.19, 
I2 = 12%; Figure 9). The sensitive exclusion analysis showed that 
IMT achieved a statistically significant improvement in exercise 
capacity when the study of Vaz et al. (2021) was removed. The 
leave-one-out sensitivity analyses for exercise capacity pertaining 

to subgroup analyses. It was not possible to perform a sensitivity 
analysis concerning exercise capacity in IMT + EMT, as only a 
single study was accessible. No statistically significant difference was 
identified in the enhancement of exercise capacity between IMT + 
EMT and IMT (p = 0.72; Figure 9). 

3.3.5 Effect of respiratory muscle training on 
quality of life

Only two studies showed quality of life by using NHP scores 
(Britto et al., 2011) and EuroQol5D scales (Vaz et al., 2021) 
separately. Due to the scarcity of research focused on quality of life, 
performing a meta-analysis proved impractical. Consequently, the 
findings from these individual studies were presented instead. The 
NHP scores and EuroQol5D scales showed significant improvement 
from before to after the intervention. However, the changes in NHP 
scores (p = 0.1) and EuroQol5D scales (p = 0.935) for RMT did not 
reach statistical significance between the IG and CG in these studies. 
Evidence currently available indicates that RMT does not improve 
quality of life for individuals suffering from chronic stroke. 
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4 Discussion

This study assesses the available evidence for the impact of 
RMT on respiratory function, exercise capacity, and quality of 
life in individuals who experienced a chronic stroke. It presents 
high-quality evidence that RMT can improve primary outcomes, 
including MIP and respiratory muscle endurance, as well as 
secondary outcomes like FEV1 and PEF in patients with chronic 
stroke. Therefore, RMT may be considered a viable therapeutic 
approach for chronic stroke patients exhibiting these specific 
metrics. However, current evidence does not indicate that RMT can 
improve MEP, FVC, exercise capacity, and quality of life in chronic 
stroke patients, likely attributable to the scarcity of studies available. 
Thus, more RCTs are needed to study these indicators in future.

The subgroup analysis indicates that IMT + EMT can have 
benefits on MIP and respiratory muscle endurance, while IMT 
alone can improve MIP, MEP, and respiratory muscle endurance. 
This difference may be related to the following factors. While 
strengthening the inspiratory muscles, IMT alone may indirectly 
activate the eccentric contraction of the expiratory muscles to 
maintain chest stability, thereby increasing MEP (Kellens et al., 
2011). Furthermore, limited central drive resources after stroke 
are preferentially allocated to the inspiratory muscles, making 
MEP gains more dependent on spinal cord neuroplasticity 
triggered by IMT rather than EMT (Sapienza and Wheeler, 
2006). Besides, EMT addition may dilute neuroadaptive focus, 
the separate expiratory effort competes with IMT-induced neural 
circuitry remodeling, reducing central motor drive optimization 
for expiratory muscles (Sapienza and Wheeler, 2006). However, 
the pooled data indicate that the two different training methods 
have a statistical difference only in increasing respiratory muscle 
endurance. Given that only a single study has assessed IMT + EMT 
within the subgroup analysis, it remains challenging to ascertain 
which training regimen may more effectively improve respiratory 
muscle endurance. In light of the limited research on IMT + EMT 
and IMT, additional RCTs are warranted to further investigate the 
area of study.

This research demonstrated that RMT could lead to 
improvements in both MIP and respiratory muscle endurance 
in chronic stroke patients, which was also seen in IMT + EMT 
and IMT alone. The MIP improvement value was close to 2 times 
the MCID, confirming that RMT can substantially enhance the 
inspiratory force of chronic stroke patients (Menezes et al., 2016). 
Most previous reviews (Fabero-Garrido et al., 2022; Guillén-
Solà et al., 2017; Pozuelo-Carrascosa et al., 2020; Gomes-Neto et al., 
2016; Menezes et al., 2018; Wu et al., 2020; Zhang et al., 2020) 
obtained similar results, although these reviews did not separately 
observe the effect of RMT on acute and chronic stroke patients. 
However, the study by Xiao et al. (2012) produced a different 
result that RMT cannot enhance respiratory muscle strength among 
patients with stroke. This may be because their study included only 
two RCTs and did not distinguish between patients with early and 
chronic stroke. Potential cortico-spinal dysfunction and respiratory 
centre dysfunction after chronic stroke can cause respiratory muscle 
weakness and ultimately respiratory dysfunction (Billinger et al., 
2012; Guillén-Solà et al., 2017). RMT may improve MIP and 
respiratory muscle endurance by promoting the recovery of the 
respiratory center in the cerebral cortex, activating the corticospinal 

pathway, improving the integration and regulation of respiratory-
related sensory input, and enhancing respiratory drive (Liu et al., 
2017; Khedr et al., 2000; Jandt et al., 2011). Furthermore, RMT may 
also induce remodelling and adaptive changes in the respiratory 
muscles of chronic stroke patients, transforming type II muscle 
fibres into type I muscle fibres, improving oxygen supply efficiency, 
and thus improving MIP and respiratory muscle endurance 
(Li L. et al., 2024; Bonnevie et al., 2015).

Unfortunately, RMT was not found to improve MEP in chronic 
stroke patients, but it showed a similar trend and approached 
statistical significance. The finding is different from our previous 
study (Zhang et al., 2024), which showed that RMT can improve 
MIP and MEP in early stroke patients. This indicates that the 
impact of RMT on respiratory muscle strength may vary between 
early and chronic stroke patients. It may be relevant to the fact 
that central nervous system plasticity is easier to recover within 
3 months and recovers relatively slowly 3 months after stroke onset 
(Hebert et al., 2016; Langhorne et al., 2011), which means that 
RMT may be relatively difficult to promote the improvement of 
respiratory muscles in stroke patients in the chronic stage. The 
significant increase in MIP and the lack of improvement in MEP 
reflect phase-specific neuroplasticity in respiratory neural control 
after stroke (van K et al., 2024). The inspiratory muscles are 
innervated by bilateral corticospinal tracts and have strong neural 
compensatory potential, whereas the expiratory muscles rely on the 
unilateral pyramidal tract, and abdominal muscle recruitment is 
often impaired after stroke, resulting in low efficiency of expiratory 
neural drive (van K et al., 2024). RMT may promote neural 
remodeling by strengthening the central descending pathways of the 
inspiratory muscles, but has a weaker effect on the reorganization 
of the expiratory neural circuit (McConnell and Romer, 2004). It 
may also be connected with the details of RMT. In the chronic 
phase of stroke, a greater load intensity, appropriate frequency, and 
duration of RMT may be required to produce more obvious clinical 
effects. Furthermore, another possibility is that the existing research 
investigating the impact of RMT on MEP in both early and chronic 
stroke patients is somewhat scarce. Thus, there remains a necessity 
for further RCTs to explore the impact of various forms of RMT on 
MEP in stroke patients across different stages of recovery.

The meta-analysis showed that RMT had a significant effect 
on FEV1 and PEF but did not affect FVC in chronic stroke 
patients. The improvement in FEV1 reached the lower limit of 
MCID, suggesting that although this improvement is statistically 
significant, additional interventions may be necessary for patients 
with severe airway obstruction (Chen et al., 2025). Moreover, the 
improvement in PEF significantly exceeds MCID, indicating that 
RMT can effectively enhance cough efficacy (Zhang et al., 2022). 
The results were inconsistent with the previous reviews (Wu et al., 
2020; Zhang et al., 2020). These reviews included both acute and 
chronic stroke patients, whereas our study only included patients 
with chronic stroke. Subgroup analyses demonstrated that both 
IMT + EMT and IMT did not yield significant enhancements 
in FEV1 and FVC. Diaphragmatic dysfunction and respiratory 
muscle decline occur in chronic stroke patients (Kim et al., 2017), 
which can lead to reduced lung and chest wall dilation, resulting 
in chest sclerosis and reduced chest wall compliance (Fabero-
Garrido et al., 2022; Estenne et al., 1983; Estenne et al., 1993). 
This situation may affect lung volume, reduce flow, and lead to 
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restrictive ventilation patterns (Tomczak et al., 2008). RMT may 
improve pulmonary function by increasing respiratory muscle 
strength and chest expansion, reducing the weakening of lung tissue 
elasticity caused by limited activity after stroke (Billinger et al., 
2012; Jo and Kim, 2017). Besides, RMT may improve pulmonary 
function by increasing diaphragmatic movement, promoting venous 
return, reducing pulmonary blood stasis, and increasing alveolar 
ventilation and effective gas exchange (Ghannadi et al., 2022; 
Kim et al., 2014). Notably, this study did not find that RMT 
could improve FVC in patients with chronic stroke. However, our 
previous meta-analysis showed that RMT has a positive effect on 
FVC in early stroke patients (Zhang et al., 2024). These differences 
may be due to several reasons. Compared with early stroke, the 
neurological recovery of patients with chronic stroke is relatively 
stable (Hu et al., 2009; Ripollés et al., 2016), so longer and more 
intensive RMT may be required to improve respiratory muscle 
strength, alleviate spasm of the hemiplegic chest wall, increase chest 
expansion, and improve the elasticity of the lungs and chest cavity, 
thereby improving FVC. In addition, the study found that RMT 
could improve MIP in chronic stroke patients, but no improvement 
in MEP was observed. During the chronic phase, alterations in 
MIP alone may prove inadequate for improving the elastic recoil 
properties of lung tissue, consequently influencing variations in 
FVC. Notably, enhancements in MIP might positively influence 
FEV1 and PEF in patients suffering from chronic stroke, whereas 
the absence of improvement in MEP could adversely affect FVC 
outcomes. An additional factor contributing to these findings may 
stem from the limited scope of the studies reviewed, as only four 
focused specifically on the impact of RMT on FVC in chronic stroke 
individuals.

This review found that RMT could not enhance exercise capacity 
among chronic stroke patients, which was also shown in IMT + 
EMT and IMT. However, most of the previous systematic reviews 
(Fabero-Garrido et al., 2022; Guillén-Solà et al., 2017; Pozuelo-
Carrascosa et al., 2020; Menezes et al., 2018; Wu et al., 2020; 
Zhang et al., 2020) reported the opposite results, which included 
patients with both acute and chronic stroke. Notably, the finding 
differs from our previous study results, which suggested that RMT 
can improve exercise capacity in early stroke patients (Zhang et al., 
2024). Rehabilitation of stroke is based on the plasticity of the 
central nervous system and the reorganization of the cerebral cortex 
(Pollock et al., 2013). The unique neuroplasticity recovers easily 
within 3 months after stroke and slows after 3 months (Kim et al., 
2017; Langhorne et al., 2011). This means that RMT in the acute 
phase is more likely to improve cardiorespiratory endurance, and 
thus promote the exercise capacity of stroke patients. In the chronic 
phase, stroke patients have a slow recovery in the damaged central 
nervous system and corticospinal pathways (Hebert et al., 2016). 
Therefore, RMT may have a relatively slow effect on exercise capacity 
in patients with chronic stroke. At the stage, insufficient duration 
and intensity of RMT can also affect this result. Compared with 
early stroke patients, chronic stroke patients are more likely to 
have relatively low rehabilitation enthusiasm (Maclean et al., 2000), 
which may delay the effect of RMT on motor recovery. Besides, 
limitations of exercise capacity in chronic stroke patients are often 
multifactorial, and motor impairments may outweigh respiratory 
limitations, making it difficult to directly attribute improved exercise 
tolerance to RMT (Cordo et al., 2009). Therefore, the influence of 

other potential factors on exercise capacity should be considered 
when interpreting this result, and caution is advised when directly 
attributing improvements in exercise tolerance to RMT. Although 
RMT significantly improves MIP, its limited effect on exercise 
capacity may be related to energy allocation conflicts (McConnell 
and Romer, 2004). Inefficient respiratory muscles in stroke patients 
lead to increased ventilation demand during exercise, although RMT 
strengthens respiratory muscles, it cannot completely eliminate the 
competitive occupation of cardiac output by respiratory muscles, 
resulting in insufficient peripheral muscle perfusion (McConnell 
and Romer, 2004). Simultaneously, central motor drive disorders in 
chronic stroke patients may limit the conversion of RMT to overall 
exercise endurance (van K et al., 2024). Additionally, since this 
review only included high-quality RCTs in chronic stroke patients, 
the quantity of RCTs included was significantly lower in comparison 
to previous investigations. Therefore, the lack of adequate RCTs may 
be another factor.

Research indicates that RMT can enhance respiratory pressures 
and motor performance in healthy or athletic individuals 
(Illi et al., 2012; Kowalski et al., 2024). However, our study 
found no statistically significant effects of RMT on MEP and 
motor performance in chronic stroke patients. This difference 
compared to healthy or athletic individuals may be due to the 
unique neuropathology of stroke. RMT in neurologically intact 
individuals induces primarily peripheral neural adaptations, such 
as diaphragmatic hypertrophy and mitochondrial biogenesis 
(Kowalski et al., 2024; Fabero-Garrido et al., 2022). While 
corticospinal tract lesions caused by stroke can damage key 
pathways, manifesting as central motor drive defects leading to 
reduced autonomic activation of diaphragmatic motor neurons, 
autonomic nervous system disorders causing cardiopulmonary 
coupling disorders during exertion, and denervation of the 
expiratory muscles leading to fibrosis of the abdominal muscles 
(Jo and Kim, 2017; Fabero-Garrido et al., 2022). Concurrently, 
diaphragmatic dysfunction and reduced chest wall compliance 
in chronic stroke patients limit the translation of strength 
gains into functional ventilation (Teixeira-Salmela et al., 2005; 
Liu et al., 2017). Furthermore, motor dysfunction like spasticity 
and balance impairment in chronic stroke patients may attenuate 
the beneficial effects of RMT on exercise capacity (Lee et al., 2019), 
whereas the enhanced respiratory function achieved by RMT in 
unimpaired individuals can directly translate into improved athletic 
performance (Illi et al., 2012; Kowalski et al., 2024). Therefore, future 
RMT protocols should prioritize neural re-education while building 
on structural remodelling.

Taking into account the currently included studies, RMT did 
not have a significant influence on improving quality of life. As 
only two studies (Vaz et al., 2021; Britto et al., 2011) focused on 
quality of life, the result should be interpreted with caution. The 
study did not find that RMT can improve the exercise capacity 
of chronic stroke patients. No improvement in exercise capacity 
can negatively impact the recovery of quality of life in chronic 
stroke patients (Billinger et al., 2015). It is important to highlight 
that all studies incorporated in the review had a limited duration of 
treatment (ranging from 4 to 8 weeks), which may be inadequate for 
observing meaningful changes in exercise capacity and quality of life 
among individuals with chronic stroke. This means that there are still 
some unanswered questions about the true clinical impact of RMT 
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on people with chronic stroke. Additionally, the limited number 
of studies reporting these variables may cause a lack of evidence. 
Therefore, there is a pressing need for additional RCTs to explore 
the impact of various types of RMT on enhancing exercise capacity 
and quality of life post-stroke.

Current comprehensive evidence appears to endorse the clinical 
application of RMT in chronic stroke patients, thus it is advisable 
to implement RMT to facilitate the recovery of respiratory function 
in this population. Nevertheless, the limitations of the available 
evidence must be taken into account in clinical application, and 
the results should be considered with caution. Firstly, the paucity 
of high-quality trials in this domain resulted in the extraction 
and synthesis of only nine RCTs, culminating in a limited total 
sample size, which could introduce a small trial bias. Furthermore, 
due to the small number of included trials, we were unable 
to conduct a formal statistical evaluation, so the possibility of 
publication bias should be considered when interpreting our 
findings. Although the included studies were heterogeneous and 
limited in number, we were unable to provide prediction intervals 
because we used a preregistered RevMan 5.4 analysis framework, 
which does not have the ability to calculate prediction intervals. 
This methodological limitation may lead to an underestimation of 
the true effect dispersion in different clinical settings. Therefore, we 
recommend that clinical applicability be interpreted with caution, 
for which we have provided a leave-one-out sensitivity analysis as 
an alternative approach to assessing variability. These studies were 
mainly conducted in Korea, Brazil, China, and Turkey. Variations 
in medical standards, demographic characteristics of participants, 
and levels of rehabilitation adherence across different nations 
may further diminish the generalizability of the findings. Eight 
studies reported the initial MIP and MEP, but the initial indicators 
varied among different studies. Patients with respiratory muscle 
weakness usually may have better effects (Zhang et al., 2024). 
These situations should be taken into consideration in clinical 
applications. Additionally, the included RCTs employed a variety 
of RMT regimens with respect to training load, length, and device, 
resulting in substantial heterogeneity between interventions, which 
limited our ability to derive clinically actionable recommendations. 
Most of the studies implemented RMT as an adjunct to conventional 
rehabilitation, and the observed improvements in overall functional 
levels may have led to an overlap in treatment effects, thereby 
impacting the validity of the outcomes. Future studies should 
establish optimal RMT protocols using sham-controlled RCTs 
to quantify true dose-response relationships regarding frequency 
thresholds (e.g., ≥5 sessions/week), minimum effective duration 
(e.g., 6–8 weeks vs longer), and intensity progression models (e.g., 
30%–80% MIP) for chronic stroke populations. Furthermore, while 
this study focused on the effects of strength-based RMT on patients 
with chronic stroke, future studies should explore other respiratory 
muscle training methods, such as tapered flow resistance training or 
VIH, which have shown promise in other populations but remain 
understudied in the treatment of chronic stroke.

Although respiratory muscle endurance demonstrated 
significant improvement, the clinical significance of this 
enhancement requires evaluation against individualized functional 
goals due to the absence of MCID thresholds specific to respiratory 
muscle endurance in chronic stroke patients. Future studies should 
establish a specific MCID threshold for chronic stroke patients to 

guide clinical practice. The lack of inclusion of CPET measures in 
existing trials is a significant limitation. Though CPET provides 
the most comprehensive assessment of exercise capacity, it is not 
frequently used in current studies of RMT in chronic stroke, forcing 
reliance on secondary outcomes such as 6MWT. While 6MWT 
is a validated and widely used measure in stroke rehabilitation, it 
cannot isolate respiratory-specific improvements, which may mask 
the benefits of RMT on exercise capacity. This inherent limitation 
stems from the fact that the 6MWT integrates systemic factors such 
as lower limb motor compensation and cardiovascular adaptations. 
Thus, Future trials should prioritize CPET to assess the effects on 
motor function in this population. Moreover, not all reported the 
same variables, and some variables (like PEF and quality of life) were 
only analysed in 2 or 3 studies. Regrettably, the inability to perform 
a meta-analysis on quality of life outcomes is due to the variability in 
assessment tools used in the 2 studies. Consequently, the apparent 
lack of improvement in quality of life attributed to RMT may reflect 
insufficient evidence rather than a true absence of efficacy. Future 
trials should prioritize quality of life as a primary endpoint using 
standardized, validated instruments to conclusively determine the 
impact of RMT on chronic stroke patients. Additionally, results 
from subgroup analyses also should be considered with caution, as 
some measures are based on only 1 or 2 studies. This may lead to 
unstable estimates, increased variability, and reduced statistical 
power, which may compromise the reliability of the findings. 
Furthermore, the study primarily focused on outcomes including 
respiratory function, exercise capacity, and quality of life during the 
design phase, while several other clinically significant indicators, 
including respiratory complications, pneumonia, therapeutic effects 
on cough, or recurrence of respiratory failure, were excluded. RMT 
may improve these variables in chronic-phase stroke patients. 
Therefore, future research will further investigate whether RMT 
has an impact on these indicators in chronic stroke patients. 
Ultimately, considering sex differences in the respiratory system, 
women have smaller lung volumes, reduced alveolar diffusion 
surface areas, and relatively narrower airway diameters compared 
with men of the same height and age (Sheel and Guenette, 
2008; Hopkins and Harms, 2004). Therefore, women demonstrate 
increased work of breathing, higher airway hyperresponsiveness, 
expiratory flow limitation, and potentially greater exercise-induced 
arterial hypoxemia compared with men (Guenette et al., 2007). 
Notably, sex-based differences in RMT effects have been observed, 
particularly concerning adverse symptoms such as headache and 
dizziness, which are more pronounced in females (Kowalski et al., 
2023). This may be attributed to greater blood gasometry changes 
(e.g., hypercapnia) leading to increased cerebral blood flow and 
elevated intracranial pressure (Rodriguez et al., 1988; Ainslie and 
Duffin, 2009; Ramadan, 1996). Therefore, safety and feasibility must 
be prioritized in vulnerable populations, including chronic stroke 
patients, to mitigate these risks and ensure effective implementation 
of RMT interventions. Although the number of men and women 
included in this study was relatively balanced (143 men and 145 
women), the original study lacked sex-stratified outcome data. We 
just used the percentage of women at baseline for subgroup analysis. 
Future research should prioritize sex-stratified clinical trials to 
explore whether sex differences significantly affect the application 
of RMT in chronic stroke patients.
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5 Conclusion

This review provides robust evidence that RMT significantly 
enhances primary outcomes, including MIP and respiratory muscle 
endurance, as well as secondary outcomes like FEV1 and PEF in 
individuals who experienced a chronic stroke. However, no evidence 
of effect has been found for RMT on improving MEP, FVC, exercise 
capacity, and quality of life in this patient population. IMT + EMT, 
as well as IMT alone, can enhance MIP and respiratory muscle 
endurance. Furthermore, IMT alone can improve MEP. More well-
designed RCTs with multi-center, randomized, double-blind, and 
placebo training are required to investigate the optimal RMT for 
individuals who experienced chronic strokes, including modality, 
intensity, frequency, and duration.

Data availability statement

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

Author contributions

LH: Writing – review and editing, Writing – original draft, 
Methodology. J-MZ: Methodology, Data curation, Writing – review 
and editing, Writing – original draft. Z-TB: Methodology, Writing 
– review and editing. J-HX: Methodology, Writing – review and 
editing. J-XW: Methodology, Writing – review and editing. JH: Writing 
– review and editing, Methodology. C-SL: Methodology, Writing – 
review and editing. Y-DL: Writing – review and editing, Methodology. 
Y-MZ: Writing – review and editing, Methodology. Y-SZ: Writing – 
review and editing, Writing – original draft, Supervision. 

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures 
in this article has been generated by Frontiers with the 
support of artificial intelligence and reasonable efforts have 
been made to ensure accuracy, including review by the 
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

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

References

Aguilera-Rubio, Á., Alguacil-Diego, I. M., Mallo-López, A., Jardón Huete, A., Oña, 
E. D., and Cuesta-Gómez, A. (2024). Use of low-cost virtual reality in the treatment of 
the upper extremity in chronic stroke: a randomized clinical trial. J. Neuroeng Rehabil.
21 (1), 12. doi:10.1186/s12984-024-01303-2

Ainslie, P. N., and Duffin, J. (2009). Integration of cerebrovascular CO2 reactivity 
and chemoreflex control of breathing: mechanisms of regulation, measurement, and 
interpretation. Am. J. Physiol. Regul. Integr. Comp. Physiol. 296 (5), R1473–R1495. 
doi:10.1152/ajpregu.91008.2008

Aromataris, E., Stern, C., Lockwood, C., Barker, T. H., Klugar, M., Jadotte, Y., et al. 
(2022). JBI series paper 2: tailored evidence synthesis approaches are required to answer 
diverse questions: a pragmatic evidence synthesis toolkit from JBI. J. Clin. Epidemiol.
150, 196–202. doi:10.1016/j.jclinepi.2022.04.006

Aydoğan, A. S., Uğurlu, K., Sakizli Erdal, E., Keskin, E. D., and Demirgüç, 
A. (2022). Effects of inspiratory muscle training on respiratory muscle strength, 
trunk control, balance and functional capacity in stroke patients: a single-
blinded randomized controlled study. Top. Stroke Rehabil. 29 (1), 40–48. 
doi:10.1080/10749357.2020.1871282

Billinger, S. A., Coughenour, E., Mackay-Lyons, M. J., and Ivey, F. 
M. (2012). Reduced cardiorespiratory fitness after stroke: biological 
consequences and exercise-induced adaptations. Stroke Res. Treat. 2012, 959120.
doi:10.1155/2012/959120

Billinger, S. A., Boyne, P., Coughenour, E., Dunning, K., and Mattlage, A. (2015). Does 
aerobic exercise and the FITT principle fit into stroke recovery? Curr. Neurol. Neurosci. 
Rep. 15 (2), 519. doi:10.1007/s11910-014-0519-8

Bonnevie, T., Villiot-Danger, J. C., Gravier, F. E., Dupuis, J., Prieur, G., and Médrinal, 
C. (2015). Inspiratory muscle training is used in some intensive care units, but many 

training methods have uncertain efficacy: a survey of French physiotherapists. J. 
Physiother. 61 (4), 204–209. doi:10.1016/j.jphys.2015.08.003

Bown, M. J., and Sutton, A. J. (2010). Quality control in systematic reviews and meta-
analyses. Eur. J. Vasc. Endovasc. Surg. 40 (5), 669–677. doi:10.1016/j.ejvs.2010.07.011

Briggs, R., and O’Neill, D. (2016). Chronic stroke disease. Br. J. Hosp. Med. (Lond) 77 
(5), C66–C69. doi:10.12968/hmed.2016.77.5.C66

Britto, R. R., Rezende, N. R., Marinho, K. C., Torres, J. L., Parreira, V. F., and 
Teixeira-Salmela, L. F. (2011). Inspiratory muscular training in chronic stroke survivors: 
a randomized controlled trial. Archives Phys. Med. Rehabilitation 92 (2), 184–190. 
doi:10.1016/j.apmr.2010.09.029

Cameron, I. D., Ada, L., Crotty, M., Palit, M., Huang, L., Olver, J., et al. (2024). The 
lack of effect of Botulinum toxin-A on upper limb activity in chronic stroke: a short 
report from the InTENSE trial. Toxins (Basel) 16 (12), 510. doi:10.3390/toxins16120510

Cashin, A. G., and McAuley, J. H. (2020). Clinimetrics: physiotherapy evidence 
database (PEDro) scale. J. Physiother. 66 (1), 59. doi:10.1016/j.jphys.2019.08.005

Chan, K. G. F., Jiang, Y., Choo, W. T., Ramachandran, H. J., Lin, Y., and 
Wang, W. (2022). Effects of exergaming on functional outcomes in people with 
chronic stroke: a systematic review and meta-analysis. J. Adv. Nurs. 78 (4), 929–946. 
doi:10.1111/jan.15125

Chen, Y., Zhang, Y., Long, X., Tu, H., and Chen, J. (2025). Effectiveness of virtual 
reality-complemented pulmonary rehabilitation on lung function, exercise capacity, 
dyspnea, and health status in chronic obstructive pulmonary disease: systematic review 
and meta-analysis. J. Med. Internet Res. 27, e64742. doi:10.2196/64742

Cho, J. E., Lee, H. J., Kim, M. K., and Lee, W. H. (2018). The improvement in 
respiratory function by inspiratory muscle training is due to structural muscle changes 

Frontiers in Physiology 20 frontiersin.org

https://doi.org/10.3389/fphys.2025.1642262
https://doi.org/10.1186/s12984-024-01303-2
https://doi.org/10.1152/ajpregu.91008.2008
https://doi.org/10.1016/j.jclinepi.2022.04.006
https://doi.org/10.1080/10749357.2020.1871282
https://doi.org/10.1155/2012/959120
https://doi.org/10.1007/s11910-014-0519-8
https://doi.org/10.1016/j.jphys.2015.08.003
https://doi.org/10.1016/j.ejvs.2010.07.011
https://doi.org/10.12968/hmed.2016.77.5.C66
https://doi.org/10.1016/j.apmr.2010.09.029
https://doi.org/10.3390/toxins16120510
https://doi.org/10.1016/j.jphys.2019.08.005
https://doi.org/10.1111/jan.15125
https://doi.org/10.2196/64742
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Huang et al. 10.3389/fphys.2025.1642262

in patients with stroke: a randomized controlled pilot trial. Top. Stroke Rehabil. 25 (1), 
37–43. doi:10.1080/10749357.2017.1383681

Cordo, P., Lutsep, H., Cordo, L., Wright, W. G., Cacciatore, T., and Skoss, R. (2009). 
Assisted movement with enhanced sensation (AMES): coupling motor and sensory to 
remediate motor deficits in chronic stroke patients. Neurorehabil Neural Repair 23 (1), 
67–77. doi:10.1177/1545968308317437

Cumpston, M., Li, T., Page, M. J., Chandler, J., Welch, V. A., Higgins, J. P., et al. 
(2019). Updated guidance for trusted systematic reviews: a new edition of the cochrane 
handbook for systematic reviews of interventions. Cochrane Database Syst. Rev. 10 (10), 
Ed000142. doi:10.1002/14651858.ED000142

Cumpston, M. S., McKenzie, J. E., Welch, V. A., and Brennan, S. E. (2022). 
Strengthening systematic reviews in public health: guidance in the cochrane handbook 
for systematic reviews of interventions, 2nd edition. J. Public Health (Oxf) 44 (4), 
e588–e592. doi:10.1093/pubmed/fdac03644

Deme, S., Lamba, D., Alamer, A., Melese, H., Ayhualem, S., Imeru, D., et al. 
(2022). Effectiveness of respiratory muscle training on respiratory muscle strength, 
pulmonary function, and respiratory complications in stroke survivors: a systematic 
review of randomized controlled trials. Degener. Neurol. Neuromuscul. Dis. 12, 75–84. 
doi:10.2147/DNND.S348736

Estenne, M., Heilporn, A., Delhez, L., Yernault, J. C., and De Troyer, A. (1983). Chest 
wall stiffness in patients with chronic respiratory muscle weakness. Am. Rev. Respir. Dis.
128 (6), 1002–1007. doi:10.1164/arrd.1983.128.6.1002

Estenne, M., Gevenois, P. A., Kinnear, W., Soudon, P., Heilporn, A., and De Troyer, A. 
(1993). Lung volume restriction in patients with chronic respiratory muscle weakness: 
the role of microatelectasis. Thorax 48 (7), 698–701. doi:10.1136/thx.48.7.698

Evans, J. A., and Whitelaw, W. A. (2009). The assessment of maximal respiratory 
mouth pressures in adults. Respir. Care 54 (10), 1348–1359.

Fabero-Garrido, R., Del Corral, T., Angulo-Díaz-Parreño, S., Plaza-Manzano, G., 
Martín-Casas, P., Cleland, J. A., et al. (2022). Respiratory muscle training improves 
exercise tolerance and respiratory muscle function/structure post-stroke at short term: 
a systematic review and meta-analysis. Ann. Phys. Rehabil. Med. 65 (5), 101596. 
doi:10.1016/j.rehab.2021.101596

Finlayson, O., Kapral, M., Hall, R., Asllani, E., Selchen, D., Saposnik, G., et al. 
(2011). Risk factors, inpatient care, and outcomes of pneumonia after ischemic stroke. 
Neurology 77 (14), 1338–1345. doi:10.1212/WNL.0b013e31823152b1

Foley, N. C., Teasell, R. W., Bhogal, S. K., and Speechley, M. R. (2003). Stroke 
rehabilitation evidence-based review: methodology. Top. Stroke Rehabil. 10 (1), 1–7. 
doi:10.1310/y6tg-1kq9-ledq-64l8

Freitag, S., Hallebach, S., Baumann, I., Kalischewski, P., and Rassler, B. (2018). 
Effects of long-term respiratory muscle endurance training on respiratory and 
functional outcomes in patients with Myasthenia gravis. Respir. Med. 144, 7–15. 
doi:10.1016/j.rmed.2018.09.001

Ghannadi, S., Noormohammadpour, P., Mazaheri, R., Sahraian, M. A., Mansournia, 
M. A., Pourgharib Shahi, M. H., et al. (2022). Effect of eight weeks respiratory muscle 
training on respiratory capacity, functional capacity and quality of life on subjects with 
mild to moderate relapsing-remitting multiple sclerosis: a single-blinded randomized 
controlled trial. Mult. Scler. Relat. Disord. 68, 104208. doi:10.1016/j.msard.2022.104208

Gil Obando, L. M., López López, A., and Avila, C. L. (2012). Normal values 
of the maximal respiratory pressures in healthy people older than 20 years old 
in the City of Manizales - Colombia. Colomb. Med. (Cali) 43 (2), 119–125. 
doi:10.25100/cm.v43i2.1141

Gomes-Neto, M., Saquetto, M. B., Silva, C. M., Carvalho, V. O., Ribeiro, N., 
and Conceição, C. S. (2016). Effects of respiratory muscle training on respiratory 
function, respiratory muscle strength, and exercise tolerance in patients poststroke: a 
systematic review with meta-analysis. Arch. Phys. Med. Rehabil. 97 (11), 1994–2001. 
doi:10.1016/j.apmr.2016.04.018

Gonzalez, G. Z., Moseley, A. M., Maher, C. G., Nascimento, D. P., Costa, L., and 
Costa, L. O. (2018). Methodologic quality and statistical reporting of physical therapy 
randomized controlled trials relevant to musculoskeletal conditions. Arch. Phys. Med. 
Rehabil. 99 (1), 129–136. doi:10.1016/j.apmr.2017.08.485

Guenette, J. A., Witt, J. D., McKenzie, D. C., Road, J. D., and Sheel, A. W. (2007). 
Respiratory mechanics during exercise in endurance-trained men and women. J. 
Physiol. 581 (Pt 3), 1309–1322. doi:10.1113/jphysiol.2006.126466

Guillén-Solà, A., Messagi Sartor, M., Bofill Soler, N., Duarte, E., Barrera, M. C., and 
Marco, E. (2017). Respiratory muscle strength training and neuromuscular electrical 
stimulation in subacute dysphagic stroke patients: a randomized controlled trial. Clin. 
Rehabil. 31 (6), 761–771. doi:10.1177/0269215516652446

Hannawi, Y., Hannawi, B., Rao, C. P., Suarez, J. I., and Bershad, E. M. (2013). Stroke-
associated pneumonia: major advances and obstacles. Cerebrovasc. Dis. 35 (5), 430–443. 
doi:10.1159/000350199

Hebert, D., Lindsay, M. P., McIntyre, A., Kirton, A., Rumney, P. G., Bagg, S., et al. 
(2016). Canadian stroke best practice recommendations: stroke rehabilitation practice 
guidelines, update 2015. Int. J. Stroke 11 (4), 459–484. doi:10.1177/1747493016643553

Herbert, R., Moseley, A., and Sherrington, C. (1998). PEDro: a database of 
randomised controlled trials in physiotherapy. Health Inf. Manag. 28 (4), 186–188. 
doi:10.1177/183335839902800410

Hopkins, S. R., and Harms, C. A. (2004). Gender and pulmonary 
gas exchange during exercise. Exerc Sport Sci. Rev. 32 (2), 50–56.
doi:10.1097/00003677-200404000-00003

Hu, X. L., Tong, K. Y., Song, R., Zheng, X. J., Lui, K. H., Leung, W. W., et al. 
(2009). Quantitative evaluation of motor functional recovery process in chronic stroke 
patients during robot-assisted wrist training. J. Electromyogr. Kinesiol 19 (4), 639–650. 
doi:10.1016/j.jelekin.2008.04.002

Huedo-Medina, T. B., Sánchez-Meca, J., Marín-Martínez, F., and Botella, J. (2006). 
Assessing heterogeneity in meta-analysis: Q statistic or I2 index? Psychol. Methods 11 
(2), 193–206. doi:10.1037/1082-989X.11.2.193

Illi, S. K., Held, U., Frank, I., and Spengler, C. M. (2012). Effect of 
respiratory muscle training on exercise performance in healthy individuals: 
a systematic review and meta-analysis. Sports Med. 42 (8), 707–724.
doi:10.1007/BF03262290

Jandt, S. R., Caballero, R. M., Junior, L. A., and Dias, A. S. (2011). Correlation between 
trunk control, respiratory muscle strength and spirometry in patients with stroke: an 
observational study. Physiother. Res. Int. 16 (4), 218–224. doi:10.1002/pri.495

Jo, M. R., and Kim, N. S. (2017). Combined respiratory muscle training facilitates 
expiratory muscle activity in stroke patients. J. Phys. Ther. Sci. 29 (11), 1970–1973. 
doi:10.1589/jpts.29.1970

Jung, J. H., Shim, J. M., Kwon, H. Y., Kim, H. R., and Kim, B. I. (2014). Effects of 
abdominal stimulation during inspiratory muscle training on respiratory function of 
chronic stroke patients. J. Phys. Ther. Sci. 26 (1), 73–76. doi:10.1589/jpts.26.73

Kellens, I., Cannizzaro, F., Gouilly, P., and Crielaard, J. M. (2011). Inspiratory 
muscles strength training in recreational athletes. Rev. Mal. Respir. 28 (5), 602–608. 
doi:10.1016/j.rmr.2011.01.008

Khedr, E. M., El Shinawy, O., Khedr, T., Aziz Ali, Y. A., and Awad, E. M. 
(2000). Assessment of corticodiaphragmatic pathway and pulmonary function in 
acute ischemic stroke patients. Eur. J. Neurol. 7 (3), 323–330. doi:10.1046/j.1468-
1331.2000.00078.x

Kim, K., Fell, D. W., and Lee, J. H. (2011). Feedback respiratory training to enhance 
chest expansion and pulmonary function in chronic stroke: a double-blind, randomized 
controlled study. Randomized Control. Study 23 (1), 75–79. doi:10.1589/jpts.23.75

Kim, J., Park, J. H., and Yim, J. (2014). Effects of respiratory muscle and endurance 
training using an individualized training device on the pulmonary function and exercise 
capacity in stroke patients. Med. Sci. Monit. 20, 2543–2549. doi:10.12659/MSM.891112

Kim, M., Lee, K., Cho, J., and Lee, W. (2017). Diaphragm thickness and inspiratory 
muscle functions in chronic stroke patients. Med. Sci. Monit. 23, 1247–1253. 
doi:10.12659/msm.900529

Kowalski, T., Kasiak, P. S., Rebis, K., Klusiewicz, A., Granda, D., and Wiecha, 
S. (2023). Respiratory muscle training induces additional stress and training load 
in well-trained triathletes-randomized controlled trial. Front. Physiol. 14, 1264265. 
doi:10.3389/fphys.2023.1264265

Kowalski, T., Granda, D., and Klusiewicz, A. (2024). Practical application of 
respiratory muscle training in endurance sports. Strength Cond. J. 46 (6), 686–695. 
doi:10.1519/ssc.0000000000000842

Langhorne, P., Bernhardt, J., and Kwakkel, G. (2011). Stroke rehabilitation. Lancet
377 (9778), 1693–1702. doi:10.1016/S0140-6736(11)60325-5

Lee, K., Park, D., and Lee, G. (2019). Progressive respiratory muscle 
training for improving trunk stability in chronic stroke survivors: a pilot 
randomized controlled trial. J. Stroke Cerebrovasc. Dis. 28 (5), 1200–1211. 
doi:10.1016/j.jstrokecerebrovasdis.2019.01.008

Li, M., Huang, Y., Chen, H., Wang, S., Zhou, Y., and Zhang, Y. (2024a). Relationship 
between motor dysfunction, the respiratory muscles and pulmonary function in 
stroke patients with hemiplegia: a retrospective study. BMC Geriatr. 24 (1), 59. 
doi:10.1186/s12877-023-04647-x

Li, L., Liu, R., He, J., and Li, J. (2024b). Effects of threshold respiratory 
muscle training on respiratory muscle strength, pulmonary function and exercise 
endurance after stroke: a meta-analysis. J. Stroke Cerebrovasc. Dis. 33 (8), 107837. 
doi:10.1016/j.jstrokecerebrovasdis.2024.107837

Liaw, M. Y., Hsu, C. H., Leong, C. P., Liao, C. Y., Wang, L. Y., Lu, C. H., et al. 
(2020). Respiratory muscle training in stroke patients with respiratory muscle weakness, 
dysphagia, and dysarthria - a prospective randomized trial. Med. Baltim. 99 (10), 
e19337. doi:10.1097/MD.0000000000019337

Lima, I. N., Fregonezi, G. A., Melo, R., Cabral, E. E., Aliverti, A., Campos, T. F., et al. 
(2014). Acute effects of volume-oriented incentive spirometry on chest wall volumes in 
patients after a stroke. Respir. Care 59 (7), 1101–1107. doi:10.4187/respcare.02651

Liu, J., Ren, H., Yu, Y., Chen, Z., and Xu, K. (2017). Pulmonary rehabilitation after 
stroke. Phys. Med. Rehabil. Kurortmed. 27 (06), 329–334. doi:10.1055/s-0043-118180

Maclean, N., Pound, P., Wolfe, C., and Rudd, A. (2000). Qualitative analysis 
of stroke patients’ motivation for rehabilitation. BMJ 321 (7268), 1051–1054. 
doi:10.1136/bmj.321.7268.1051

Maher, C. G., Sherrington, C., Herbert, R. D., Moseley, A. M., and Elkins, M. (2003). 
Reliability of the PEDro scale for rating quality of randomized controlled trials. Phys. 
Ther. 83 (8), 713–721. doi:10.1093/ptj/83.8.713

Frontiers in Physiology 21 frontiersin.org

https://doi.org/10.3389/fphys.2025.1642262
https://doi.org/10.1080/10749357.2017.1383681
https://doi.org/10.1177/1545968308317437
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1093/pubmed/fdac036
https://doi.org/10.2147/DNND.S348736
https://doi.org/10.1164/arrd.1983.128.6.1002
https://doi.org/10.1136/thx.48.7.698
https://doi.org/10.1016/j.rehab.2021.101596
https://doi.org/10.1212/WNL.0b013e31823152b1
https://doi.org/10.1310/y6tg-1kq9-ledq-64l8
https://doi.org/10.1016/j.rmed.2018.09.001
https://doi.org/10.1016/j.msard.2022.104208
https://doi.org/10.25100/cm.v43i2.1141
https://doi.org/10.1016/j.apmr.2016.04.018
https://doi.org/10.1016/j.apmr.2017.08.485
https://doi.org/10.1113/jphysiol.2006.126466
https://doi.org/10.1177/0269215516652446
https://doi.org/10.1159/000350199
https://doi.org/10.1177/1747493016643553
https://doi.org/10.1177/183335839902800410
https://doi.org/10.1097/00003677-200404000-00003
https://doi.org/10.1016/j.jelekin.2008.04.002
https://doi.org/10.1037/1082-989X.11.2.193
https://doi.org/10.1007/BF03262290
https://doi.org/10.1002/pri.495
https://doi.org/10.1589/jpts.29.1970
https://doi.org/10.1589/jpts.26.73
https://doi.org/10.1016/j.rmr.2011.01.008
https://doi.org/10.1046/j.1468-1331.2000.00078.x
https://doi.org/10.1046/j.1468-1331.2000.00078.x
https://doi.org/10.1589/jpts.23.75
https://doi.org/10.12659/MSM.891112
https://doi.org/10.12659/msm.900529
https://doi.org/10.3389/fphys.2023.1264265
https://doi.org/10.1519/ssc.0000000000000842
https://doi.org/10.1016/S0140-6736(11)60325-5
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.01.008
https://doi.org/10.1186/s12877-023-04647-x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107837
https://doi.org/10.1097/MD.0000000000019337
https://doi.org/10.4187/respcare.02651
https://doi.org/10.1055/s-0043-118180
https://doi.org/10.1136/bmj.321.7268.1051
https://doi.org/10.1093/ptj/83.8.713
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Huang et al. 10.3389/fphys.2025.1642262

Malhotra, R., Bakken, K., D’Elia, E., and Lewis, G. D. (2016). Cardiopulmonary 
exercise testing in heart failure. JACC Heart Fail 4 (8), 607–616. 
doi:10.1016/j.jchf.2016.03.022

Martins, S. C., Friedrich, M. A., Brondani, R., de Almeida, A. G., de Araújo, M. D., 
Chaves, M. L., et al. (2011). Thrombolytic therapy for acute stroke in the elderly: an 
emergent condition in developing countries. J. Stroke Cerebrovasc. Dis. 20 (5), 459–464. 
doi:10.1016/j.jstrokecerebrovasdis.2010.02.019

McConnell, A. K., and Romer, L. M. (2004). Respiratory muscle training in healthy 
humans: resolving the controversy. Int. J. Sports Med. 25 (4), 284–293. doi:10.1055/s-
2004-815827

Menezes, K. K., Nascimento, L. R., Ada, L., Polese, J. C., Avelino, P. R., and Teixeira-
Salmela, L. F. (2016). Respiratory muscle training increases respiratory muscle strength 
and reduces respiratory complications after stroke: a systematic review. J. Physiother. 62 
(3), 138–144. doi:10.1016/j.jphys.2016.05.014

Menezes, K. K., Nascimento, L. R., Avelino, P. R., Alvarenga, M. T. M., and Teixeira-
Salmela, L. F. (2018). Efficacy of interventions to improve respiratory function after 
stroke. Respir. Care 63 (7), 920–933. doi:10.4187/respcare.06000

Messaggi-Sartor, M., Guillen-Solà, A., Depolo, M., Duarte, E., Rodríguez, 
D. A., Barrera, M. C., et al. (2015). Inspiratory and expiratory muscle training 
in subacute stroke: a randomized clinical trial. Neurology 85 (7), 564–572. 
doi:10.1212/WNL.0000000000001827

Morris, M. J., Fewell, A. E., and Oleszewski, R. T. (2012). Evidence-based medicine: 
specific skills necessary for developing expertise in critical appraisal. South Med. J. 105 
(3), 114–119. doi:10.1097/SMJ.0b013e31824b197c

Moseley, A. M., Rahman, P., Wells, G. A., Zadro, J. R., Sherrington, C., Toupin-
April, K., et al. (2019). Agreement between the Cochrane risk of bias tool and 
Physiotherapy Evidence Database (PEDro) scale: a meta-epidemiological study of 
randomized controlled trials of physical therapy interventions. PLoS One 14 (9), 
e0222770. doi:10.1371/journal.pone.0222770

Naghavi, F. S., Koffman, E. E., Lin, B., and Du, J. (2019). Post-stroke neuronal circuits 
and mental illnesses. Int. J. Physiol. Pathophysiol. Pharmacol. 11 (1), 1–11.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, 
C. D., et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 372, n71. doi:10.1136/bmj.n71

Park, S. J. (2020). Effects of inspiratory muscles training Plus rib cage mobilization 
on chest expansion, inspiratory accessory muscles activity and pulmonary function in 
stroke patients. Appl. Sciences-Basel 10 (15), 5178. doi:10.3390/app10155178

Parreiras de Menezes, K. K., Nascimento, L. R., Ada, L., Avelino, P. R., Polese, J. 
C., Mota Alvarenga, M. T., et al. (2019). High-intensity respiratory muscle training 
improves strength and dyspnea poststroke: a double-blind randomized trial. Arch. Phys. 
Med. Rehabil. 100 (2), 205–212. doi:10.1016/j.apmr.2018.09.115

Patrizz, A., El Hamamy, A., Maniskas, M., Munshi, Y., Atadja, L., Ahnstedt, H., et al. 
(2023). Stroke-induced respiratory dysfunction is associated with cognitive decline. 
Stroke 54 (7), 1863–1874. doi:10.1161/STROKEAHA.122.041239

Pollock, R. D., Rafferty, G. F., Moxham, J., and Kalra, L. (2013). Respiratory muscle 
strength and training in stroke and neurology: a systematic review. Int. J. Stroke 8 (2), 
124–130. doi:10.1111/j.1747-4949.2012.00811.x

Pozuelo-Carrascosa, D. P., Carmona-Torres, J. M., Laredo-Aguilera, J. A., Latorre-
Román, P., Párraga-Montilla, J. A., and Cobo-Cuenca, A. I. (2020). Effectiveness of 
respiratory muscle training for pulmonary function and walking ability in patients with 
stroke: a systematic review with meta-analysis. Int. J. Environ. Res. Public Health 17 (15), 
5356. doi:10.3390/ijerph17155356

Ramadan, N. M. (1996). Headache caused by raised intracranial pressure and 
intracranial hypotension. Curr. Opin. Neurol. 9 (3), 214–218. doi:10.1097/00019052-
199606000-00011

Rhoda, A., Smith, M., Putman, K., Mpofu, R., DeWeerdt, W., and DeWit, L. (2014). 
Motor and functional recovery after stroke: a comparison between rehabilitation 
settings in a developed versus a developing country. BMC Health Serv. Res. 14, 82. 
doi:10.1186/1472-6963-14-82

Ripollés, P., Rojo, N., Grau-Sánchez, J., Amengual, J. L., Càmara, E., Marco-Pallarés, 
J., et al. (2016). Music supported therapy promotes motor plasticity in individuals 
with chronic stroke. Brain Imaging Behav. 10 (4), 1289–1307. doi:10.1007/s11682-015-
9498-x

Rodrigues-Baroni, J. M., Nascimento, L. R., Ada, L., and Teixeira-Salmela, L. 
F. (2014). Walking training associated with virtual reality-based training increases 
walking speed of individuals with chronic stroke: systematic review with meta-analysis. 
Braz J. Phys. Ther. 18 (6), 502–512. doi:10.1590/bjpt-rbf.2014.0062

Rodriguez, G., Warkentin, S., Risberg, J., and Rosadini, G. (1988). Sex differences 
in regional cerebral blood flow. J. Cereb. Blood Flow. Metab. 8 (6), 783–789. 
doi:10.1038/jcbfm.1988.133

Sapienza, C. M., and Wheeler, K. (2006). Respiratory muscle strength training: 
functional outcomes versus plasticity. Semin. Speech Lang. 27 (4), 236–244. 
doi:10.1055/s-2006-955114

Sheel, A. W., and Guenette, J. A. (2008). Mechanics of breathing during exercise in 
men and women: sex versus body size differences? Exerc Sport Sci. Rev. 36 (3), 128–134. 
doi:10.1097/JES.0b013e31817be7f0

Spruit, M. A., Singh, S. J., Garvey, C., ZuWallack, R., Nici, L., Rochester, C., et al. 
(2013). An official American Thoracic Society/European Respiratory Society statement: 
key concepts and advances in pulmonary rehabilitation. Am. J. Respir. Crit. Care Med.
188 (8), e13–e64. doi:10.1164/rccm.201309-1634ST

Srivastava, A., Taly, A. B., Gupta, A., and Murali, T. (2010). Post-stroke depression: 
prevalence and relationship with disability in chronic stroke survivors. Ann. Indian 
Acad. Neurol. 13 (2), 123–127. doi:10.4103/0972-2327.64643

Sutbeyaz, S. T., Koseoglu, F., Inan, L., and Coskun, O. (2010). Respiratory muscle 
training improves cardiopulmonary function and exercise tolerance in subjects with 
subacute stroke: a randomized controlled trial. Clin. Rehabil. 24 (3), 240–250. 
doi:10.1177/0269215509358932

Teixeira-Salmela, L. F., Parreira, V. F., Britto, R. R., Brant, T. C., Inácio, E. P., 
Alcântara, T. O., et al. (2005). Respiratory pressures and thoracoabdominal motion 
in community-dwelling chronic stroke survivors. Arch. Phys. Med. Rehabil. 86 (10), 
1974–1978. doi:10.1016/j.apmr.2005.03.035

Tod, D., Booth, A., and Smith, B. (2021). Critical appraisal. Int. Rev. Sport Exerc. 
Psychol. 15, 52–72. doi:10.1080/1750984x.2021.1952471

Tomczak, C. R., Jelani, A., Haennel, R. G., Haykowsky, M. J., Welsh, R., and Manns, P. 
J. (2008). Cardiac reserve and pulmonary gas exchange kinetics in patients with stroke. 
Stroke 39 (11), 3102–3106. doi:10.1161/STROKEAHA.108.515346

Urban, P. P., Morgenstern, M., Brause, K., Wicht, S., Vukurevic, G., Kessler, S., 
et al. (2002). Distribution and course of cortico-respiratory projections for voluntary 
activation in man. A transcranial magnetic stimulation study in healthy subjects and 
patients with cerebral ischemia. J. Neurol. 249 (6), 735–744. doi:10.1007/s00415-002-
0702-8

van Kleef, E. S. B., Poddighe, D., Caleffi, P. M., Schuurbiers, M. L., Groothuis, 
J. T., Wijkstra, P. J., et al. (2024). Future directions for respiratory muscle training 
in neuromuscular disorders: a scoping review. Respiration 103 (10), 601–621. 
doi:10.1159/000539726

Vaz, L. O., Almeida, J. C., Froes, K., Dias, C., Pinto, E. B., and Oliveira-Filho, 
J. (2021). Effects of inspiratory muscle training on walking capacity of individuals 
after stroke: a double-blind randomized trial. Clin. Rehabil. 35 (9), 1247–1256. 
doi:10.1177/0269215521999591

Wang, W., Jiang, B., Sun, H., Ru, X., Sun, D., Wang, L., et al. (2017). Prevalence, 
incidence, and mortality of stroke in China: results from a nationwide 
population-based survey of 480 687 adults. Circulation 135 (8), 759–771. 
doi:10.1161/CIRCULATIONAHA.116.025250

Watson, K., Egerton, T., Sheers, N., Retica, S., McGaw, R., Clohessy, T., et al. (2022). 
Respiratory muscle training in neuromuscular disease: a systematic review and meta-
analysis. Eur. Respir. Rev. 31 (166), 220065. doi:10.1183/16000617.0065-2022

Wood, L., Egger, M., Gluud, L. L., Schulz, K. F., Jüni, P., Altman, D. G., et al. (2008). 
Empirical evidence of bias in treatment effect estimates in controlled trials with different 
interventions and outcomes: meta-epidemiological study. Bmj 336 (7644), 601–605. 
doi:10.1136/bmj.39465.451748.AD

Wu, F., Liu, Y., Ye, G., and Zhang, Y. (2020). Respiratory muscle training improves 
strength and decreases the risk of respiratory complications in stroke survivors: a 
systematic review and meta-analysis. Arch. Phys. Med. Rehabil. 101 (11), 1991–2001. 
doi:10.1016/j.apmr.2020.04.017

Xiao, Y., Luo, M., Wang, J., and Luo, H. (2012). Inspiratory muscle training for the 
recovery of function after stroke. Cochrane Database Syst. Rev. 2012 (5), Cd009360. 
doi:10.1002/14651858.CD009360.pub2

Zhang, X., Zheng, Y., Dang, Y., Wang, L., Cheng, Y., Zhang, X., et al. (2020). 
Can inspiratory muscle training benefit patients after stroke? A systematic review 
and meta-analysis of randomized controlled trials. Clin. Rehabil. 34 (7), 866–876. 
doi:10.1177/0269215520926227

Zhang, W., Pan, H., Zong, Y., Wang, J., and Xie, Q. (2022). Respiratory muscle training 
reduces respiratory complications and improves Swallowing function after stroke: a 
systematic review and meta-analysis. Arch. Phys. Med. Rehabil. 103 (6), 1179–1191. 
doi:10.1016/j.apmr.2021.10.020

Zhang, Y. S., Zhang, K., Huang, L., Wei, J. X., Bi, Z. T., Xiao, J. H., et al. (2024). The 
effects of respiratory muscle training on respiratory function and functional capacity 
in patients with early stroke: a meta-analysis. Eur. Rev. Aging Phys. Act. 21 (1), 4. 
doi:10.1186/s11556-024-00338-7

Zhu, T., Jin, H. P., Liu, S. S., Zhu, H. J., and Wang, J. W. (2024). Effects of extracorporeal 
diaphragm pacing combined with inspiratory muscle training on respiratory function 
in people with stroke: a randomized controlled trial. Neurol. Res. 46 (8), 727–734. 
doi:10.1080/01616412.2024.2347133

Zhuang, J., and Jia, J. (2022). Effects of respiratory muscle strength training on 
respiratory-related impairments of Parkinson’s disease. Front. Aging Neurosci. 14, 
929923. doi:10.3389/fnagi.2022.929923

Frontiers in Physiology 22 frontiersin.org

https://doi.org/10.3389/fphys.2025.1642262
https://doi.org/10.1016/j.jchf.2016.03.022
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.02.019
https://doi.org/10.1055/s-2004-815827
https://doi.org/10.1055/s-2004-815827
https://doi.org/10.1016/j.jphys.2016.05.014
https://doi.org/10.4187/respcare.06000
https://doi.org/10.1212/WNL.0000000000001827
https://doi.org/10.1097/SMJ.0b013e31824b197c
https://doi.org/10.1371/journal.pone.0222770
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/app10155178
https://doi.org/10.1016/j.apmr.2018.09.115
https://doi.org/10.1161/STROKEAHA.122.041239
https://doi.org/10.1111/j.1747-4949.2012.00811.x
https://doi.org/10.3390/ijerph17155356
https://doi.org/10.1097/00019052-199606000-00011
https://doi.org/10.1097/00019052-199606000-00011
https://doi.org/10.1186/1472-6963-14-82
https://doi.org/10.1007/s11682-015-9498-x
https://doi.org/10.1007/s11682-015-9498-x
https://doi.org/10.1590/bjpt-rbf.2014.0062
https://doi.org/10.1038/jcbfm.1988.133
https://doi.org/10.1055/s-2006-955114
https://doi.org/10.1097/JES.0b013e31817be7f0
https://doi.org/10.1164/rccm.201309-1634ST
https://doi.org/10.4103/0972-2327.64643
https://doi.org/10.1177/0269215509358932
https://doi.org/10.1016/j.apmr.2005.03.035
https://doi.org/10.1080/1750984x.2021.1952471
https://doi.org/10.1161/STROKEAHA.108.515346
https://doi.org/10.1007/s00415-002-0702-8
https://doi.org/10.1007/s00415-002-0702-8
https://doi.org/10.1159/000539726
https://doi.org/10.1177/0269215521999591
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1183/16000617.0065-2022
https://doi.org/10.1136/bmj.39465.451748.AD
https://doi.org/10.1016/j.apmr.2020.04.017
https://doi.org/10.1002/14651858.CD009360.pub2
https://doi.org/10.1177/0269215520926227
https://doi.org/10.1016/j.apmr.2021.10.020
https://doi.org/10.1186/s11556-024-00338-7
https://doi.org/10.1080/01616412.2024.2347133
https://doi.org/10.3389/fnagi.2022.929923
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	1 Introduction
	2 Materials and methods
	2.1 Eligibility criteria
	2.2 Information sources
	2.3 Search strategy
	2.4 Selection process
	2.5 Data collection process
	2.6 Methodological quality and risk of bias assessment
	2.7 Data synthesis and analysis

	3 Results
	3.1 Description of the included studies
	3.1.1 Participants
	3.1.2 Interventions

	3.2 Methodological quality and risk of bias of the studies
	3.3 Effect of interventions
	3.3.1 Effect of respiratory muscle training on respiratory muscle strength
	3.3.2 Effect of respiratory muscle training on respiratory muscle endurance
	3.3.3 Effect of respiratory muscle training on pulmonary function
	3.3.4 Effect of respiratory muscle training on exercise capacity
	3.3.5 Effect of respiratory muscle training on quality of life


	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References

