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Abstract
BACKGROUND 
Prior studies indicate that doing breathing exercises improves physical performance and quality of life (QoL) in heart failure patients. However, these effects remain unclear and contradictory. 

AIM
To determine the effects of machine-assisted and non-machine-assisted respiratory training on physical performance and QoL in heart failure patients.

METHODS
This was a systematic review and network meta-analysis study. A literature search of electronic databases was conducted for randomized controlled trials (RCTs) on heart failure. Respiratory training interventions were grouped as seven categories: IMT_Pn (inspiratory muscle training without pressure or <10% maximal inspiratory pressure, MIP), IMT_Pl (inspiratory muscle training with low pressure, 10%-15% MIP), IMT_Pm (inspiratory muscle training with medium pressure, 30%-40% MIP), IMT_Ph (inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics), Aerobics (aerobic exercise or weight training), Qi_Ex (tai chi, yoga, and breathing exercise), and none. The four outcomes were heart rate, peak oxygen uptake (VO2 peak), 6-min walking distance test (6MWT), and Minnesota Living with Heart Failure QoL. The random-effects model, side-splitting model, and the surface under the cumulative ranking curve (SUCRA) were used to test and analyze the data.

RESULTS
A total of 1499 subjects from 31 RCT studies were included. IMT_Ph had the highest effect sizes for VO2 peak and 6MWT, IMT_Pm highest for QoL, and Qi_Ex highest for heart rate. Aerobics had the second highest for VO2 peak, Qi_Ex second highest for 6MWT, and IMT_Ph second highest for heart rate and QoL.

CONCLUSION
This study supports that high- and medium-intensity machine-assisted training improves exercise capacity and QoL in hospital-based heart failure patients. After hospital discharge, non-machine-assisted training continuously improves cardiac function. 
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Core tip: Breathing training interventions, including inspiratory muscle training, tai chi, yoga, and breathing exercises, are effective strategies for improving cardiac function, exercise capacity, and quality of life in heart failure patients. Machine-assisted respiratory training in hospital settings should be prioritized over respiratory training provided in non-hospital settings. Inspiratory muscle training with high pressure effectively improves cardiac function, and inspiratory muscle training with moderate pressure effectively improves quality of life in heart failure patients. In home settings, non-machine-assisted respiratory training such as tai chi, yoga, and breathing exercise effectively reduces (improves) heart rate in heart failure patients.

Wang MH, Yeh ML. Respiratory training interventions improve health status of heart failure patients: A systematic review and network meta-analysis of randomized controlled trails. World J Clin Cases 2019; In press



INTRODUCTION 
As societies age, the incidence of heart failure is estimated to increase to around 12%[1]. Furthermore, it is currently expected that around 8 million adults will be diagnosed with heart failure by 2030[2]. The estimated all-cause mortality rate for heart failure is 8% and 25% for 30-d and 1-year periods, respectively[3]. Moreover, elderly heart failure patients face high rates of comorbidities and hospital readmissions[4]. The annualized lifetime costs associated with heart failure have been estimated at US$868-25532 per patient[5]. In light of the above, the diverse care needs of heart failure patients and the high societal costs associated with caring for this growing patient population are issues that will become increasingly important and that, eventually, must be addressed effectively.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: OLE_LINK84][bookmark: OLE_LINK83][bookmark: OLE_LINK82]Heart failure describes the condition in which a heart is no longer able to pump blood in quantities that are sufficient for the needs of the body. Heart rate is a measure used to assess the effect of heart failure treatments[6], because elevated resting heart rate is associated with reduced left ventricular ejection fraction (LVEF)[6] and increased relative risk of heart failure[7]. As reduced LVEF is known to cause symptoms of dyspnea and reduced exercise tolerance, both of which affect the normal physical performance of heart failure patients, care regimens for heart failure patients currently focus on improving symptoms, maintaining cardiac function, and reducing mortality and morbidity[8]. Furthermore, an additional area of concern is the negative impact on quality of life (QoL) experienced by heart failure patients due to reduced regular activity[9,10].
[bookmark: OLE_LINK16][bookmark: OLE_LINK11]Current clinical guidelines recommend condition-appropriate exercises as a complementary therapy for heart failure patients in addition to regular pharmacological treatment[8,11]. For example, respiratory muscle training has been shown to effectively improve dyspnea-related low-exercise tolerance in heart failure patients[12]. Respiratory muscle training interventions include machine-assisted respiratory training such as inspiratory muscle training (IMT) and non-machine-assisted respiratory training such as breathing exercises[13]. In hospital settings, machine-assisted respiratory training helps heart failure patients adjust their maximal inspiratory pressure (MIP), which is an important factor in improving inspiratory muscle strength, walking distance, and dyspnea[14]. A prior systematic literature review found IMT to effectively improve exercise capacity in heart failure patients, as measured using the 6-minute walking distance test (6MWT)[15]. Moreover, when performed at higher intensities, IMT not only improved 6MWT scores but also improved peak oxygen uptake (VO2 peak) in these patients[16]. However, as IMT requires using facilities and equipment that are nearly exclusively available in hospitals, continuing to perform IMT after hospital discharge is difficult for most heart failure patients.
Breathing exercises, representing the largest group of non-machine-assisted respiratory training, include tai chi, yoga, and other similar practices. These breathing exercises, which are suited to either hospital or non-hospital settings, have been shown to reduce the risk factors of cardiovascular disease using breathing modification and relaxation techniques[17,18]. Prior studies of heart failure patients have found that practicing tai chi improved heart rate, exercise capacity, and QoL and that practicing mind-body interventions (tai chi, yoga, and meditation) had small-to-moderate, positive effects on exercise capacity and QoL[17,19]. However, the change in effect of performing these exercises at different levels of intensity remains to be fully considered and scientifically demonstrated. One meta-analysis found no significant improvement in VO2 peak or QoL in individuals performing high-intensity interval training in comparison to their peers who were performing moderate-intensity continuous exercise training[20]. However, another meta-analysis found that high-intensity interval training improved the VO2 peak[21] of heart failure patients and that this improvement was effective only when training was maintained for at least 12 wk[21]. 
Heart rate[6] and LVEF[8,11] are important indicators of cardiac function. Cardiac function is affected by exercise capacity, which is generally assessed using 6MWT[22] and VO2 peak[23] scores. While VO2 peak must be measured in hospital facilities, rough measurements of 6MWT may be taken in non-hospital settings and used to represent exercise capacity[24]. In addition, the relationship between QoL and cardiac event-free survival is affected by status of functional performance[25]. The Minnesota Living With Heart Failure questionnaire (MLWHFQ), which is used widely in clinical settings to assess QoL in heart failure patients[26], is an important indicator of survival after discharge[27].
Evidence-based support for the efficacy of supplemental therapies for heart failure is currently limited and conflicting. Most research analysis to date has focused on pairwise comparisons of exercise effects, such as IMT vs aerobic exercises and IMT vs breathing exercises, and the respective effects of IMT regimens at different levels of intensity. Thus, clinical data on supplemental therapies for heart failure patients is inadequate. Network meta-analysis allows for indirect inference of comparisons that have never been made in individual studies, and allows the ranking of interventions based on their effects[28]. Therefore, this systematic review and network meta-analysis study aimed to determine the effect of respiratory training interventions on physical performance and QoL in patients with heart failure. The comparative effects of machine-assisted respiratory training and non-machine-assisted respiratory training were analyzed in terms of heart rate, LVEF, VO2 peak, 6MWT, and QoL.

MATERIALS AND METHODS
Literature search strategy
[bookmark: OLE_LINK453][bookmark: OLE_LINK454]Ten online databases were searched for this study, including Medline, PudMed, EBSCO (Academic Search Complete and CINAHL), SPORTDiscus with full text, EMBASE, Cochrane Library, Airiti Library, National Digital Library of Theses and Dissertations in Taiwan (NDLTD), China National Knowledge Infrastructure, China Journal Full-text Database, and China Doctoral Dissertations and Master's Theses Full-text Database. Text words and medical subject headings (MeSH) terms were used to search all studies published up to April 2018. The Boolean operator And was used to search related terms, including “heart failure”, “respiratory training”, and “randomized”. In addition, unpublished articles (gray literature) were searched manually.

Selection criteria
[bookmark: OLE_LINK152][bookmark: OLE_LINK155]Criteria for inclusion were original research articles that: (1) used a randomized controlled trial (RCT) approach; (2) used adult patients with heart failure as the sample population; (3) implemented one or more respiratory training interventions (e.g., inspiratory muscle training, tai chi, yoga, breathing exercise, and aerobic exercise); and (4) examined outcomes, including cardiac function (heart rate and LVEF), exercise capacity (VO2 peak and 6MWT), and QoL (O). Only papers written in English or Chinese were considered for inclusion. 

Assessment of methodological quality 
The Cochrane risk of bias assessment tool was used to appraise the selected articles. Two expert reviewers (CL and MH) with at least 15 years of clinical nursing experience and with experience in empirical research evaluated the selected articles independently. Any difference in appraisal recommendation between the two reviewers was resolved by a third reviewer (ML).

Data extraction and analysis
Heart rate and LVEF were used to assess cardiac function, VO2 peak and 6MWT were used to assess physical capacity, and the MLWHFQ was used to measure QoL.
Review Manager Software (RevMan 5.3; Cochrane Collaboration, Oxford, United Kingdom) and STATA (Stata corporation, Texas) were used to analyze the pooled data. Standard mean difference (SMD) and 95% confidence interval (CI) were used to represent the intervention effect. A random-effects model was used to pool each treatment effect due to the clinically diverse nature of the 31 included RCT studies. Moreover, a forest plot was used to summarize the intervention effects, heterogeneity was examined using the χ2 test with the Cochrane’s Q and I2 statistics[28,29], and publication bias was assessed using funnel plot and Egger’s test. Furthermore, Bayesian meta-analytical techniques were used to perform network meta-analysis in order to synthesize the direct and indirect evidence that was generated by the included studies[28,30]. Finally, the surface under the cumulative ranking curve (SUCRA) provided a numeric presentation of the overall ranking (range: 0%-100%) of each treatment, with a higher SUCRA value indicating a higher likelihood that a treatment is at or near the top rank[28,31].

RESULTS 
Results of the literature search
Figure 1 shows the flowchart of the study selection process. A total of 2817 studies met the search criteria. Of these, 746 were eliminated as duplicates and 1879 were eliminated due to poor fit with the topic of this research. Next, after reviewing the title and abstract of the remaining 192 articles, a further 121 were eliminated due to their use of other research designs. The expert reviewers read the entire texts of the remaining articles and employed the inclusion and exclusion criteria to identify a final set of 31 RCT studies. 

Study characteristics
Table 1 shows the characteristics of the 1499 participants in the 31 RCT studies that were included in the analysis. The 1006 males (67.1%) averaged 60.2 years of age and the 493 females (32.9%) averaged 61.3 years of age. In terms of NYHA class, the largest number of studies (11 RCTs; 35.5%)[32-42] targeted NYHA class II-III patients and the second largest number (5 RCTs; 16.1%)[43-47] targeted NYHA class I-III patients. The duration of the respiratory training interventions in the 31 RCT studies ranged between 4 wk and 24 wk, with the largest number (15 RCTs, 48.4%)[18,32,38,40,42,45-54] lasting for 12 wk, followed by 5 RCTs (16.1%) with interventions that lasted for 8 wk[34,43,44,55,56] and 10 wk[35-37,41,57], respectively.

Risk of bias assessment and publication bias analysis
Figure 2 shows the result of the assessment of risk of bias. A total of 13 RCTs (41.9%)[18,33,34,42,45-47,49,54-58] described random sequence generation and 9 (29.0%)[18,33,38,39,47,49,51,54,57] described allocation concealment. With the regard to blinding, 4 RCTs (12.9%)[33,45,47,54] blinded the participants and 14 (45.2%)[18,33,36,37,41,43-45,50-54,57] blinded the data collectors. The average dropout rate of participants was 12%, with 7 RCTs reporting a rate in excess of 20%[18,34,47,49,50,53,57]. Finally, absence of publication bias was further assured by funnel plot and Egger’s test results for heart rate (P = 0.06), VO2 peak (P = 0.16), 6MWT (P = 0.20), and MLWHFQ score (P = 0.37), respectively. 

Meta-analysis results on effect of measure outcomes 
Figure 3 shows forest plots of respiratory training interventions on measure outcomes. The interventions from the included studies were grouped into seven categories, including IMT_Pn (inspiratory muscle training without pressure or <10% MIP), IMT_Pl (inspiratory muscle training with low pressure, 10%-15% MIP), IMT_Pm (inspiratory muscle training with medium pressure, 30%-40% MIP), IMT_Ph (inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics), Qi_Ex (tai chi, yoga, or breathing exercise), Aerobics (aerobic exercise or weight training), and none (usual care, standard treatment, or education). A significant difference was found in overall intervention effect among these groups in terms of heart rate [SMD = -0.85, 95%CI: -1.30-(-0.39)], VO2 peak (SMD = 1.47, 95%CI: 0.77-2.17), 6MWT (SMD = 1.06, 95%CI: 0.69-1.43), and MLWHFQ score [SMD = -1.14, 95%CI: -1.54-(-0.73)]. After excluding one study (#29), the inconsistency did not exist in the design by treatment interaction models (heart rate, P = 0.71; VO2 peak, P = 0.22; 6MWT, P = 0.22; MLWHFQ, P = 0.27), and loop inconsistency (heart rate, P = 0.71; VO2 peak, P = 0.22; 6MWT, P = 0.51; MLWHFQ, P = 0.71). All of the results for the side-splitting model were insignificant (P > 0.05) with the exception of IMT_Pl vs IMT_Pm on 6MWT (P = 0.04). Although the direct and indirect effects of these two interventions differed (0.15 ± 0.49 and 3.28 ± 1.22, respectively), these differences were in the same direction. In addition, as tests for discordancy in the overall effect of LVEF (SMD = 0.28, 95%CI: -0.30-0.86) achieved statistical significance (P < 0.05), network analysis was not performed.

SUCRA-based ranking of effect sizes
Figure 4 shows the SUCRA-based rankings of the respiratory training interventions. For heart rate, Qi_Ex had the highest likelihood of being ranked highest, followed by IMT_Ph and Aerobics. For VO2 peak, IMT_Ph had the highest likelihood of being ranked highest, followed by Aerobics and IMT_Pm. For 6MWT, IMT_Ph had the highest likelihood of being ranked highest, followed by Qi_Ex and IMT_Pm. Finally, for MLWHFQ score, IMT_Pm had the highest likelihood of being ranked highest, followed by IMT_Ph and Qi_Ex.
Table 2 shows the detailed intervention effect of the respiratory training interventions. In terms of heart rate, significant differences from usual care were found for Qi_Ex [SMD = -1.74, 95%CI: -2.26-(-1.23)], IMT_Ph [SMD = -1.58, 95%CI: -2.71-(-0.46)], and Aerobics [SMD = -1.31, 95%CI: -2.23-(-0.39)], respectively. Further, a significant difference in heart rate was found between Qi_Ex and IMT_Pn (SMD = 1.85, 95%CI: 0.58-3.13). In terms of VO2 peak, significant differences from usual care were found for IMT_Ph (SMD = 6.07, 95%CI: 3.80-8.35), Aerobics (SMD = 5.90, 95%CI: 3.43-8.36), IMT_Pm (SMD = 3.87, 95%CI: 2.68-5.07), and IMT_Pl (SMD = 3.37, 95%CI: 1.32-5.41), respectively. Further, the VO2 peak of IMT_Ph differed significantly from that of IMT_Pm [SMD = -2.20, 95%CI: -4.15-(-0.26)], IMT_Pl [SMD = -2.71, 95%CI: -3.72-(-1.69)], and IMT_Pn [SMD = -6.48, 95%CI: -8.93-(-4.03)]. In terms of 6MWT, significant differences from usual care were found for IMT_Ph (SMD = 3.19, 95%CI: 1.69-4.68), Qi_Ex (SMD = 1.17, 95%CI: 0.64-1.71), and Aerobics (SMD = 0.97, 95%CI: 0.03-1.92), respectively. Further, the 6MWT of IMT_Ph differed significantly from that of IMT_Pm [SMD = -2.10, 95%CI: -3.51-(-0.69)], IMT_Pl [SMD = -2.69, 95%CI: -3.89-(-1.49)], and IMT_Pn [SMD = -5.15, 95%CI: -7.56-(-2.75)]. In terms of MLWHFQ scores, significant differences from usual care were found for IMT_Pm [SMD = -2.10, 95%CI: -3.29-(-0.92)], IMT_Ph [SMD -1.79, 95%CI: -3.53-(-0.05)], and Qi_Ex [SMD = -1.42, 95%CI: -2.25-(-0.59)], respectively. Furthermore, a significant difference in MLWHFQ score was found between IMT_Pm and IMT_Pn [SMD = -2.00, 95%CI: -3.72-(-0.28)].

DISCUSSION 
This systematic review and network meta-analysis study was conducted to determine the respective effects of machine-assisted respiratory training and non-machine-assisted respiratory training on physical performance and QoL in heart failure patients. In terms of machine-assisted respiratory training, the findings support IMT_Ph as the most effective intervention in improving exercise capacity (VO2 peak and 6MWT) and IMT_Pm as the most effective approach in improving QoL. In terms of non-machine-assisted respiratory training, the findings support Qi_Ex as the most effective intervention in improving cardiac function (heart rate). These findings are similar to previous studies, which found that hospital-based machine-assisted respiratory training (IMT 40%-60%) improved both exercise tolerance and QoL[15] and that non-machine-assisted respiratory training (tai chi and yoga) reduced heart rate[19]. This study provides additional, effective care options that clinical staff may adopt and implement with their heart failure patients based on setting (hospital, community, home) and equipment availability as well as patient needs and preferences in order to improve symptoms.
This study identified Qi_Ex, which may be practiced in non-hospital settings, as the best intervention for lowering heart rate in heart failure patients. Qi_Ex includes single and mixed types. Performing the single type of Qi_Ex involves deep breathing, abdominal breathing, fast inhalation-slow exhalation, and yoga. Deep breathing should be practiced three times daily during hospitalization, with 20 deep inhalations per time[58]; the abdominal breathing regimen must be continued for a total of 8 wk[55]; and fast inhalation-slow exhalation should be performed six times daily during hospitalization and three times daily after discharge for a total of 12 wk[40]. Finally, performing yoga concurrently three times weekly further enhances the heart rate lowering effect[18]. The mixed type of Qi_Ex is further divided into two subcategories, the first of which involves a hospital-based abdominal breathing and leg exercise regimen[59] and the second of which involves a home-based tai chi and aerobic exercise regimen[48]. There were 16 RCTs studying on non-machine-assisted respiratory training, of which five had subjects aged over 65 years. Heart failure patients who are old-aged may be somehow limited for non-machine-assisted respiratory training. Reduced heart rate may be achieved through improved sympathetic nervous system functioning caused by adjustments in involuntary respiration activity[54]. Moreover, this study found Qi_Ex to be better than IMT_h in terms of both heart-rate-lowering efficacy and being easy to perform in both hospital and home settings.
The result of the network meta-analysis in this study did not meet requirements for the test for discordancy in the treatment effect of LVEF. The reason for this may be the differences in NYHA class among the various research samples. The baseline LVEF values of the intervention groups in three of the RCTs[35,38,52] were lower than those of their comparison control groups and remained lower after completion of the intervention. Laoutaris et al[36] and Laoutaris et al[38] conducted 12-wk IMT_h interventions on NYHA class II-III individuals; Palau et al[52] conducted a 12-wk IMT_m intervention on NYHA class III-IV individuals and unexpectedly resulted in a reduction in LVEF values[52], while other studies conducted 12-wk IMT_Ph interventions on NYHA class II-III individuals and found no improvement of LVEF. Conversely, all of the RCTs that were reviewed in this study and conducted Qi_Ex interventions on NYHA class I-II patients achieved improvements in LVEF values[18,60]. Similarly, a previous meta-analysis found a high, 98% heterogeneity among LVEF results[17].
 This study recommends IMT_Ph as the best approach to improving exercise capacity in heart failure patients, as IMT_Ph was found to have a six-times greater effect than IMT_Pn and over twice that of Qi_Ex in terms of improving both VO2 peak and 6MWT. Moreover, the IMT_Ph intervention that was conducted three times per week for a continuous period of 10 wk attained the largest increase in VO2 peak of any of the included RCT studies[36]. This finding is similar to a previous study that recommended implementing IMT programs at 40%-60% of maximal effort for 3 d weekly for a 6-12-wk period as the optimal approach to increasing VO2 peak[36]. This study recommends Qi_Ex as the best approach to raising exercise capacity (6MWT). Doing Qi_Ex (tai chi) for 2 d weekly for 12 wk[48] and for 24 wk[60] were both found to effectively increase 6MWT distance. This finding is similar to another study on the effects of tai chi[17].
	In terms of improving QoL in heart failure patients, this study identified machine-assisted IMT_Pm as the best choice. In the included studies, IMT_Pm was implemented 7 d weekly for a continuous period of 8-12 wk for NYHA class II-III patients[34,50,51,53]. In addition, NYHA class III-IV patients that performed fast inhalation-slow exhalation training six times daily in the hospital and three times daily (10 min per time) for 12 wk after discharge obtained similar optimal results[40]. IMT_Ph was identified as the second best option for NYHA class II-III patients, with both seven[32] and three[35] sessions per week found to improve QoL. The network meta-analysis in this study found that medium resistance was sufficiently effective in improving QoL. Based on the physical abilities of heart failure patients, two weekly sessions at moderate resistance was found to be sufficient for NYHA class III-IV patients, while NYHA class II-III patients may increase their training frequency to seven times per week.
This study is affected by several limitations. First, the meta-analysis was limited to using the data provided in the included RCT studies. Thus, it was only possible to conduct a network meta-analysis of post-intervention data. No comparison of pre-posttest data was possible for each study group. Second, this study was performed exclusively on articles published in either English or Chinese, therefore a linguistic bias might ensue. Third, the average dropout rate of participants was 12% in this study, but seven of the included studies had attrition rates in excess of 20%, with machine-assisted IMT studies accounting for four of these. The findings of this study may thus overestimate the intervention effect. However, 65.3% of the participant loss in these four machine-assisted IMT studies were due to their heart failure prognosis.

CONCLUSION
This systematic review and network meta-analysis study supports that respiratory training interventions generally improve cardiac function, exercise capacity, and QoL in adult heart failure patients. Specifically, hospital-based, machine-assisted respiratory training significantly improves the physical performance and QoL of these patients. Non-machine-assisted respiratory training such as tai chi, qigong, yoga, and physical exercise, all of which may be done outside of hospital settings and without the use of specialized equipment, was shown to effectively reduce the heart rate of heart failure patients. The findings of this study offer clinical staff both practical insights and practical, settings-based therapeutic strategies for improving the condition of their heart failure patients. 

[bookmark: _Hlk10708737]ARTICLE HIGHLIGHTS
Research background
For heart failure, the estimated all-cause mortality rate is 8% and 25% for 30-d and 1-year periods, respectively. It is currently expected that 8 million adults will be diagnosed with heart failure by 2030. The annualized lifetime costs associated with heart failure have been estimated at US$868~25532 per patient. Therefore, the care needs of heart failure patients and the high societal costs associated with caring for this growing patient population are issues that will become increasingly important and that, eventually, must be addressed effectively.

Research motivation
Clinical guidelines recommend condition-appropriate exercises as a complementary therapy for heart failure patients in addition to regular pharmacological treatment. Machine-assisted respiratory training such as inspiratory muscle training (IMT) and non-machine-assisted respiratory training such as breathing exercises may improve dyspnea-related physical performance and quality of life (QoL) in heart failure patients. Heart rate and left ventricular ejection fraction (LVEF) are important indicators of cardiac function which is affected by exercise capacity and assessed using the 6-minute walking distance test (6MWT) and peak oxygen uptake (VO2 peak). Currently, most research analysis to date has focused on pairwise comparisons of exercise effects, such as IMT vs aerobic exercises and IMT vs breathing exercises, and the respective effects of IMT regimens at different levels of intensity. Thus, clinical data on supplemental therapies for heart failure patients is inadequate.

Research objectives 
To determine the effect of respiratory training interventions on physical performance and quality of life in patients with heart failure. 

Research methods
This was a systematic review and network meta-analysis study. A literature search of 11 electronic databases was conducted for randomized controlled trials on heart failure. Respiratory training interventions were grouped as seven categories and four outcomes. The random-effects model, side-splitting model, and the surface under the cumulative ranking curve were used to test and analyze data.

Research results
The interventions from the included studies were grouped as IMT_Pn (inspiratory muscle training without pressure or <10% MIP), IMT_Pl (inspiratory muscle training with low pressure, 10%-15% MIP), IMT_Pm (inspiratory muscle training with medium pressure, 30%-40% MIP), IMT_Ph (inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics), Qi_Ex (tai chi, yoga, or breathing exercise), Aerobics (aerobic exercise or weight training), and none (usual care, standard treatment, or education). A significant difference among these groups was found in overall intervention effect on heart rate [95%CI: -1.30-(-0.39)], VO2 peak (95%CI: 0.77-2.17), 6MWT (95%CI: 0.69-1.43), and QoL [95%CI: -1.54 –(-0.73)]. Further, a significant difference was found in heart rate between Qi_Ex and IMT_Pn (95%CI: 0.58-3.13), and in QoL between IMT_Pm and IMT_Pn [95%CI: -3.72-(-0.28)]. The 6MWT of IMT_Ph differed significantly from that of IMT_Pm [95%CI: -3.51-(-0.69)], IMT_Pl [95%CI: -3.89-(-1.49)], and IMT_Pn [95%CI: -7.56-(-2.75)]. 

Research conclusions
This systematic review and network meta-analysis study supports that respiratory training interventions, including IMT, tai chi, yoga, and breathing exercises, are effective strategies for improving cardiac function, exercise capacity, and QoL for adult heart failure patients. Machine-assisted respiratory training in hospital settings should be prioritized over respiratory training provided in non-hospital settings. Specifically, IMT with high pressure effectively improves cardiac function, whereas IMT with moderate pressure effectively improves QoL. In home settings, non-machine-assisted respiratory training such as tai chi, yoga, and breathing exercise effectively improves heart rate.

Research perspectives
[bookmark: OLE_LINK60][bookmark: OLE_LINK198][bookmark: _Hlk10469424]This study offers clinical staff both practical insights and practical, setting-based therapeutic strategies for improving the condition of their heart failure patients. Respiratory training interventions generally improve cardiac function, exercise capacity, and QoL in adult heart failure patients. However, the result of the network meta-analysis did not meet requirements for the test for discordancy in the treatment effect of LVEF. The reason for this may be the differences in the severity of heart failure among the various research samples. In addition, seven of the included studies had attrition rates in excess of 20%, with IMT studies accounting for four of these. Approximately 65.3% of the participant loss in these IMT studies were due to their heart failure prognosis. 
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Figure 1 Flow diagram of the study selection process.
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Figure 2 Risk of bias assessment of included studies.
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Figure 3 Models and forest plots of respiratory training interventions on measure outcomes. A: The outcome of heart rate; B: The outcome of VO2 peak; C: The outcome of 6-minute walking distance test; D: The outcome of MLWHFQ. IMT_Pn (inspiratory muscle training without pressure or <10% maximal inspiratory pressure, MIP), IMT_Pl (inspiratory muscle training with low pressure, 10%-15% MIP), IMT_Pm (inspiratory muscle training with medium pressure, 30%-40% MIP), IMT_Ph (inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics), Aerobics (aerobic exercise or weight training), and Qi_Ex (tai chi, yoga, and breathing exercise).



Figure 4 SUCRA-based rankings (%) of respiratory training interventions. IMT_Pn (inspiratory muscle training without pressure or <10% maximal inspiratory pressure, MIP), IMT_Pl (inspiratory muscle training with low pressure, 10%-15% MIP), IMT_Pm (inspiratory muscle training with medium pressure, 30%-40% MIP), IMT_Ph (inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics), Aerobics (aerobic exercise or weight training), Qi_Ex (tai chi, yoga, and breathing exercise), HR (heart rate), peak oxygen uptake (VO2 peak), 6-minute walking distance test (6MWT), and MLWHFQ (Minnesota Living with Heart Failure questionnaire) score.




Table 1 Characteristics of included studies
	First author (year)
	Group (n),
age (mean ± SD)
	Male/ female
	NYHA
class
	Attrition rate, %
	Experimental group (E)
	Control group (C)
	Duration (wk)
	Outcomes

	Adamopoulos 2014
	E: 21, 57.8 ± 11.7
C: 22, 58.3 ± 13.2
	19/2
17/5
	II-III
	17.3
	IMT computer type, 60% MIP, 30 min/time, 7 d/wk, hospital
Aerobic exercise, 20-45 min/d, 3d/wk, home
	Sham IMT, 10% MIP
Aerobic exercise 
	12
	HR, LVEF,
VO2 peak, 6MWT, MLWHFQ score

	Bosnak-Guclu 2011
	E: 16, 69.5 ± 8
C: 14, 65.7 ± 10.5
	12/4
12/2
	II-III
	16.6
	IMT threshold type, 40% MIP, 30 min/time, 7 d/wk
	Sham IMT, 15% MIP
	6
	HR, VO2 peak, 6MWT

	Caminitu
2011
	E: 30, 74.1 ± 6 
C: 30, 73.4 ± 2
	25/5
26/4
	II
	0
	Tai chi, 10 movements, 30 mim/time, 2 d/wk, home
ET with cycling or walking 30 mim/time, 2 d/wk, home
	Endurance training with cycling or walking, 30 min/time, 4 d/wk, home 
	12
	HR, VO2 peak, 6MWT

	Chen 
2015
	E: 42, 62.1 ± 4.1
C: 42, 62.9 ± 5.0
	32/10
34/8
	I-IV
	0
	Deep breathing, 20 repeats/3 times/d, inspiratory 2 s, expiratory > 6 s, deep breathing stop 10-28 s
	Usual care
	8
	HR, LVEF,
6MWT

	Chen 
2017
	E: 39, 71.44 ± 13.65
C: 41, 69.08 ± 13.48
	18/21
24/17
	I-II
	21.5
	Baduanjin, 35 min/time, 3 d/wk
	Usual care
	12
	MLWHFQ score

	Dall'Ago
2006
	E: 16, 54 ± 3 
C: 16, 58 ± 2
	10/6
11/5
	NA
	27.3
	IMT threshold type, 30% MIP, 30 min/time, 7 d/wk
	Sham IMT, 0% MIP
	12
	VO2 peak, 6MWT, MLWHFQ score

	Ekman
2011
	E: 30, 73 ± 11 
C: 35, 73 ± 10
	22/8
24/11
	II-IV
	9.7
	Device-guided paced breathing, 20 min/time, 2 times/d
	CD player with earphones, 20 min/time, 2 times/d
	4
	HR

	Hägglund 
2017
	E: 20, 64.1 ± 9.4
C: 20, 65.7 ± 8.5
	15/5
11/9
	I-III
	25
	Yoga, 60 min/time, 2 times/wk, hospital.
	Hydrotherapy, 45 min/time, 2 times/wk, hospital.
	12
	HR, 6MWT

	Kawauchi 2017
	E1: 13, 56 ± 7
E2: 13, 54 ± 10
C: 9, 56 ± 7
	8/5
6/7
5/4
	II-III
	33.9
	E1: IMT computer type, 30% MIP, peripheral muscle training, 7 d/wk.
E2: IMT computer type, 15% MIP, 7 d/wk, hospital.
	Usual care
	8
	6MWT, MLWHFQ score

	Krishna
2014
	E: 44, 49.34 ± 5.70
C: 48, 50.14 ± 4.54
	32/12
32/16
	I-II
	29
	Yoga, asanas and pranayama style, 60 min/time, 3 d/wk
	Drug therapy
	12
	HR, LVEF,
6MWT, MLWHFQ score

	Laoutaris
2004
	E: 20, 57.6 ± 2.3 
C: 15, 60.0 ± 2.6
	18/2
13/2
	II-III
	5.7
	IMT computer type, 60% MIP, 3 d/wk, hospital.
	Sham IMT, 15% MIP

	10
	HR, LVEF,
VO2 peak, 6MWT, MLWHFQ score

	Laoutaris 2007
	E: 15, 53.0 ± 2.0
C: 23, 59.0 ± 2.0
	12/3
20/3
	II-III
	0
	IMT computer type, 60% MIP, 3 d/wk, hospital
	Sham IMT, 15% MIP
	10
	HR, VO2 peak, 6MWT

	Laoutaris 2008
	E: 14, 53.4 ± 2.1
C: 9, 57.3 ± 4.0
	11/3
9/0
	II-III
	0
	IMT computer type, 60% MIP, 3 d/wk, hospital
	Sham IMT, 15% MIP
	10
	HR, VO2 peak

	Laoutaris 2011
	E: 10, 37.2 ± 17.7 
C: 5, 41.8 ± 14.6
	10/0
4/1
	Not reported


	28.5
	IMT computer type, 60% MIP, 2-3 d/wk, hospital
Resisted training 45 min/time, 3-5 times/wk, home
Aerobic bike or treadmill walk, 30-45 min/d, home
	Walk, 30-45 min/d
	10
	VO2 peak, 6MWT, MLWHFQ score

	Laoutaris
2013
	E: 13, 57.1 ± 11 C: 14, 58.6 ± 8
	10/3
12/2
	II-III
	3.6
	IMT computer type, 60% MIP, 20 min/time, 3 d/wk, hospital
Aerobic bike, 20-30 min/d, home
Resisted training 1 RM 15min

	Aerobic exercise bike 45-55 min/time, 3 d/wk, hospital

	12
	HR, VO2 peak, 6MWT, MLWHFQ score

	Lin 
2011
	E: 40, 56.8 ± 16.2 
C: 40, 57.5 ± 16.2
	26/14
24/16
	II-IV
	16.3
	Deep breathing, 20 repeats/3 times/d, inspiratory 2 s, expiratory 10 s, deep breathing stop 2-10 s, hospital
	Drug therapy, diet counseling
	Discharge
	HR, 6MWT

	Martinez
2001
	E: 11, 60 ± 14 
C: 9, 57 ± 13
	16/4
	II-III
	Not reported
	IMT threshold type, 30% MIP, 15 mins/time, 6 d/wk
	Sham IMT, 10% MIP
	6
	VO2 peak, 6MWT

	Mello
2012
	E: 15, 54.3 ± 2
C: 12, 53.3 ± 2
	9/6
5/7
	II
	5.4
	IMT threshold type, 30% MIP, 10 min/time, 3 times/d, 7 d/wk
	No intervention
	12
	VO2 peak, MLWHFQ score

	Palau
2014
	E: 14, 68 ± 4.62
C: 12, 74 ± 1.19
	7/7
6/6
	III-IV
	3.7
	IMT threshold type, 30% MIP, 20 min /time, 2 times/d
	Usual care
	12
	VO2 peak, 6MWT, MLWHFQ score

	Pan 
2017
	E: 42, 65.2 ± 5.9
C: 42, 67.2 ± 6.4
	28/14
29/13
	II-III
	0
	Fast inhalation (0.8-1 s) and slow exhalation (4 s), 10 min/time, 6 times/d (hospital), 3 times/d (home)
	Usual care
	12
	HR, 6MWT

	Parati
2008
	E: 12, 64 ± 9 
C: 12, 62.8 ± 10
	9/3
9/3
	II-III
	0
	Device-guided paced breathing, 18 min/time, 2 times/d
	Conventional treatment
	10
	LVEF, VO2 peak, MLWHFQ score

	Pullen
2008
	E: 9, 52.1 ± 3.3 
C: 10, 50.5 ± 12.8
	2/7
7/3
	I-III
	0
	Yoga, hatha style, 70 min/time, 3d/wk
	Drug therapy
Education
	8
	VO2 peak, MLWHFQ score

	Pullen
2010
	E: 21, 55.8 ± 7.6 C: 19, 52.5 ± 12.7
	10/11
13/6
	I-III
	15
	Yoga, hatha style, 60 min/time, 3 d/wk
	Drug therapy
Education
	8
	VO2 peak, MLWHFQ score

	Seo 
2016
	E: 18, 55.8 ± 7.6
C: 18, 55.8 ± 7.6
	25/11
	II-IV
	19.4
	CD-guided diaphragmatic breathing retraining, 15 min/time, 2 times/d, 5 d/wk, home
	Education 
	8
	6MWT

	Winkelmann 2009
	E: 12, 54 ± 12
C: 12, 59 ± 9
	7/5
4/8
	Not reported
	36.8
	IMT threshold type, 30% MIP, 30 min/time, 7d/wk
Aerobic braked cycle ergometer, 20-45 min/time, 3 d/wk
	Aerobic braked cycle ergometer, 45 min/time, 3 d/wk
	12
	VO2 peak, 6MWT, MLWHFQ score

	Yao
2010
	E: 80, 52.4 ± 6.32 
C: 70, 51.7 ± 7.26
	47/33
42/28
	II
	0
	Tai chi, 42 movements, ≥30 min/time, 5 d/wk
	Drug therapy, diet and lifestyle counseling
	24
	LVEF,
6MWT, MLWHFQ score

	Yeh
2004
	E: 15, 66 ± 12 
C: 15, 61 ± 14
	10/5
9/6
	I-IV
	10
	Tai chi, 5 movements, 60 min/time, 3 d/wk
	Drug therapy, diet counseling, exercise advice
	12
	VO2 peak, 6MWT, MLWHFQ score

	Yeh
2011
	E: 50, 68.1 ± 11.9 
C: 50, 66.6 ± 12.1
	28/22
36/14
	I-III
	9
	Tai chi, 5 movements, 60 min /time, 3 d/wk
	Drug therapy, exercise advice
Education 1 time/2 wk
	12
	VO2 peak, 6MWT, MLWHFQ score

	Yeh
2013
	E: 8, 68 ± 11
C: 8, 63 ± 11
	4/4
4/4
	I-III
	0
	Tai chi, 5 movements, 60 min/time, 3 d/wk
	Aerobic exercise 60 min/time, 3 d/wk
	12
	HR, 
VO2 peak, 6MWT, MLWHFQ score

	Zheng
2017
	E1: 9, 59.45 ± 7.20
E2: 8, 58.90 ± 8.60
C: 7, 59.10 ± 9.10
	6/3
6/2
5/2
	II-III
	13.9
	E1. Qigong, 30-40 min/time/d
E2. Walking, 30-40 min/time/d 
	Usual care
	12
	LVEF,
6MWT, MLWHFQ score

	Zhong
2016
	E: 50, 63.5
C: 50, 66.2
	31/19
28/22
	II-IV
	14
	Abdominal breathing (inspiratory: expiratory =1:1-2, 4 repeats/time), and leg exercise (5-8 min/time), 2 times/d
	Usual care
	Discharge
	HR, 6MWT


IMT: Inspiratory muscle training; MIP: Maximal inspiratory pressure; HR: Heart rate; VO2 peak: Peak oxygen uptake; 6MWT: 6-min walking distance test; MLWHFQ: Minnesota Living with Heart Failure questionnaire.

Table 2 Effects of respiratory training interventions on outcomes in the network meta-analysis
	
	
	None
	Aerobics
	IMT_Pn
	IMT_Pl
	IMT_Pm
	IMT_Ph
	Qi_Ex

	
	Outcome of heart rate

	The outcomes of VO2 peak
	None
	-
	-1.31
(-2.23, -0.39)
	0.11
(-1.06, 1.28)
	-1.17
(-2.36, 0.02)
	-1.04
(-2.16, 0.09)
	-1.58
(-2.71, -0.46)
	-1.74
(-2.26, -1.23)

	
	Aerobics
	-5.90
(-8.36, -3.43)
	-
	1.42
(-0.07, 2.91)
	0.14 
(-0.89, 1.16)
	0.27
(-0.94, 1.49)
	-0.27
(-1.10, 0.56)
	-0.43
(-1.25, 0.38)

	
	IMT_Pn
	0.41
(-0.96, 1.77)
	6.31 (3.69, 8.93)
	-
	-1.28
(-2.95, 0.39)
	-1.15
(-2.77, 0.47)
	-1.69
(-3.31, -0.07)
	-1.85
(-3.13, -0.58)

	
	IMT_Pl
	-3.37
(-5.41, -1.32)
	2.53 (1.15, 3.91)
	-3.78
(-6.00, -1.55)
	-
	0.13 
(-0.95, 1.22)
	-0.41
(-1.13, 0.31)
	-0.57
(-1.74, 0.59)

	
	IMT_Pm
	-3.87
(-5.07, -2.68)
	2.03
(-0.13, 4.19)
	-4.28
(-5.77, -2.79)
	-0.50
(-2.17, 1.16)
	-
	-0.54
(-1.72, 0.63)
	-0.71
(-1.87, 0.46)

	
	IMT_Ph
	-6.07
(-8.35, -3.80)
	-0.18
(-1.12, 0.77)
	-6.48
(-8.93, -4.03)
	-2.71
(-3.72, -1.69)
	-2.20
(-4.15, -0.26)
	-
	-0.16
(-1.23, 0.91)

	
	Qi_Ex
	-0.42
(-1.20, 0.36)
	5.48 (2.90, 8.07)
	-0.83 
(-2.40, 0.75)
	2.95 
(0.76, 5.14)
	3.46 (2.03, 4.88)
	5.66 (3.25, 8.07)
	-

	
	Outcome of 6-min walking distance test

	The outcome of Minnesota Living with Heart Failure Questionnaire (MLWHF)
	None
	-
	0.97 (0.03, 1.92)
	-1.97
(-4.19, 0.26)
	0.50
(-0.72, 1.72)
	1.09 (0.01, 2.17)
	3.19 (1.69, 4.68)
	1.17 (0.64, 1.71)

	
	Aerobics
	1.06
(-0.42, 2.53)
	-
	-2.94
(-5.20, -0.68)
	-0.48
(-1.74, 0.79)
	0.12
(-1.02, 1.26)
	2.22 (0.79, 3.64)
	0.20
(-0.70, 1.10)

	
	IMT_Pn
	0.10
(-1.60, 1.81)
	-0.95
(-3.06, 1.16)
	-
	2.46 (0.29, 4.64)
	3.06 (1.11, 5.00)
	5.15 (2.75, 7.56)
	3.14 (0.89, 5.39)

	
	IMT_Pl
	1.32
(-0.41, 3.04)
	0.26
(-1.51, 2.04)
	1.21
(-1.07, 3.50)
	-
	0.59
(-0.38, 1.56)
	2.69 (1.49, 3.89)
	0.68
(-0.59, 1.95)

	
	IMT_Pm
	2.10 (0.92, 3.29)
	1.04
(-0.46, 2.55)
	2.00 (0.28, 3.72)
	0.78
(-0.95, 2.52)
	-
	2.10 (0.69, 3.51)
	0.08
(-1.05, 1.22)

	
	IMT_Ph
	1.79 (0.05, 3.53)
	0.73
(-0.49, 1.95)
	1.68
(-0.62, 3.99)
	0.47
(-1.26, 2.20)
	-0.31
(-2.08, 1.45)
	-
	-2.01
(-3.53, -0.50)

	
	Qi_Ex
	1.42 (0.59, 2.25)
	0.37
(-1.21, 1.94)
	1.32
(-0.57, 3.20)
	0.10
(-1.77, 1.97)
	-0.68
(-2.09, 0.73)
	-0.37
(-2.21, 1.48)
	-


[bookmark: _GoBack]IMT_Pn: Inspiratory muscle training without pressure or <10% maximal inspiratory pressure, MIP; IMT_Pl: Inspiratory muscle training with low pressure, 10%-15% MIP; IMT_Pm: Inspiratory muscle training with medium pressure, 30%-40% MIP; IMT_Ph: Inspiratory muscle training with high pressure, 60% MIP or MIP plus aerobics; Aerobics: Aerobic exercise or weight training; Qi_Ex: Tai chi, yoga, and breathing exercise.

Aerobics	
HR	VO2peak	6MWT	MLWHF	61.5	88.5	57.6	45.3	IMT_Pn	
HR	VO2peak	6MWT	MLWHF	10.1	7.1	1.1000000000000001	17.600000000000001	IMT_Pl	
HR	VO2peak	6MWT	MLWHF	53.7	54.3	37.1	56.2	IMT_Pm	
HR	VO2peak	6MWT	MLWHF	48.5	63.2	64.3	86	IMT_Ph	

HR	VO2peak	6MWT	MLWHF	80.2	93.8	99.9	75.7	Qi_Ex	

HR	VO2peak	6MWT	MLWHF	85.2	28.7	69.2	59	None	
HR	VO2peak	6MWT	MLWHF	10.9	14.3	20.8	10.199999999999999	
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