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Objective  To update evidence on the effects of breathing exercises (BEs) on ventilation, exercise capacity, dysp-

nea, and quality of life (QoL) in chronic obstructive pulmonary disease (COPD) patients.

Methods  Randomized controlled trials investigating the effects of BEs in COPD patients published through May 

2018, were retrieved from five electronic databases (MEDLINE, CINAHL, Cochrane, Scopus, and ScienceDirect). 

Risk of bias and quality of evidence were assessed, using Cochrane Collaboration’s tool, and the Grading of 

Recommendation Assessment, Development, and Evaluation (GRADE) approach, respectively.

Results  Nineteen studies (n=745), were included. Quality of evidence, was low to moderate. When compared to 

the control groups, respiratory rate significantly (p≤0.001) improved in the pursed-lip breathing (PLB), ventilatory 

feedback (VF) plus exercise, diaphragmatic breathing exercise (DBE), and combined BEs. Additionally, PLB 

significantly improved tidal volume (p<0.001), inspiratory time (p=0.007), and total respiratory time (p<0.001). 

VF plus exercise significantly improved inspiratory capacity (p<0.001), and singing significantly improved the 

physical component of QoL, than did the control groups (p<0.001). All BEs did not significantly improve dyspnea, 

compared to the controls (p>0.05).

Conclusion  PLB, VF plus exercise, DBE, combined BEs, and singing could be used to improve ventilation and 

QoL. Based on low to moderate quality of evidence, use of these BEs to improve ventilation and QoL in COPD 

patients is conditional (Registration No. CRD42018102995).
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one 

of the most common life-threatening diseases affecting 

populations globally [1]. Pathophysiological changes 

in airway, tissue, and vascular supply to lungs increase 

airway resistance and air trapping, and decrease lung 

compliance resulting in increased work of breath, and 

dyspnea in COPD patients [2]. To avoid dyspnea, COPD 

patients commonly avoid or limit physical activities 

which, in turn, lead to decrease in exercise tolerance, and 

an increase in anxiety, disability, and poor quality of life 

(QoL) [3-5]. So, comprehensive management including 

interventions to relieve sensation of dyspnea to improve 

exercise tolerance and QoL, is needed in this population 

[6]. 

Breathing exercise (BE) has been an essential part of a 

comprehensive pulmonary rehabilitation program, for 

COPD patients. Many types of BE such as slow and deep 

breathing, active expiration, pursed-lip breathing (PLB), 

relaxation breathing, diaphragmatic breathing (DBE), 

and ventilatory feedback (VF) training, have been pre-

scribed to decrease lung hyperventilation, enhance re-

spiratory muscle function, exercise tolerance, and QoL in 

COPD patients [7]. These BEs have been used individu-

ally, or in combination of different types of BE [7]. 

Although systematic reviews (SRs) [8-11] and a review 

of literature [12] have suggested the effects of several 

types of BE in patients with mild to very severe COPD, the 

effects of BEs remain inconclusive due to inconsistency 

of results across studies, as well as limited quality of 

evidence. For example, PLB was shown to improve ven-

tilation, exercise endurance, dyspnea, and QoL [8,9,11]. 

However, the effects of PLB on these outcomes cannot be 

confirmed, because of low quality of SR [8], limited data 

to perform meta-analysis [8], inconsistent results across 

trials [8,9], and small numbers of included studies [8,9]. 

In a recent SR published in 2018, PLB was shown to sig-

nificantly improve ventilation-related outcomes such as 

respiratory rate and minute ventilation, but not dyspnea 

and exercise capacity [11]. However, results were derived 

from studies with poor to fair quality as indicated by PE-

Dro scores, and the quality of evidence of each outcome 

was not systematically assessed. These two limitations 

negatively impact, the decision of using PLB in clinical 

setting [11]. Singing was shown, in a SR, to significantly 

improve QoL and anxiety in COPD patients [10]. Howev-

er, the SR suffered from a small number of included stud-

ies, heterogeneity in results among studies, and qualita-

tive analysis used in the study [10]. The effects of DBE 

are shown to be inconclusive, between studies [9,12]. For 

example, in the previous SR, DBE was shown to improve 

exercise endurance and QoL [9]. In contrast, results of 

review literature revealed conflicting effects of DBE, on 

dyspnea and ventilation [12]. However, the effects of DBE 

were concluded from only one study [9] and review of 

literature, without assessing the quality of included stud-

ies [12]. Large variation in the effects BEs noted between 

studies of the same types of BE as well as between differ-

ent types of BE, impedes clinicians’ ability to make a clear 

decision, when prescribing the BE to COPD patients. 

Since the last SR related to the effects of BEs in COPD 

patients was published, more randomized controlled 

trials (RCTs) investigating those BEs have become avail-

able. These newly available RCTs provide an opportunity, 

to better identify the effects of BEs in COPD patients. So, 

the purpose of this study was to update evidence of the 

effects of BEs on ventilation, exercise capacity, dyspnea, 

and QoL, in COPD patients.

MATERIALS AND METHODS

This review was conducted in accordance with the Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) [13]. The systematic review protocol 

was registered in PROSPERO prior synthesis of the result 

(Registration No. CRD42018102995).

Eligibility criteria

RCTs investigating the effects of BEs in COPD patients 

with any stage of severity, were targeted. RCTs with cross-

over design were also included if the washout period was 

sufficient for outcomes of interest to return to the base-

line, to minimize carry-over effects. In this study, BE was 

operationally defined as any breathing technique that 

had a physiological effect on patients. Outcomes of inter-

est included ventilation, exercise capacity, dyspnea, and 

QoL. RCTs were excluded if (1) they included patients 

with unstable COPD, on ventilator, or with other dis-

eases, (2) they were published in any language other than 

English, (3) the BE was less than 50% of total treatment in 

the experimental group, (4) they were not the measured 
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outcomes of interest, and (5) the control group also re-

ceived BE.

Search strategy

Five electronic databases (MEDLINE, CINAHL, Co-

chrane, Scopus, and ScienceDirect) were searched, from 

inception of the database to May 10, 2018. Search strate-

gies used for all databases were as follow: ([“COPD” or 

“Chronic obstructive pulmonary disease” or “Chronic 

obstructive airway disease” or “Chronic obstructive 

lung disease”] AND [“Breathing”] AND [“Ventilation” 

or “Chest physical therapy” or “Chest physiotherapy” or 

“Pulmonary rehabilitation” or “Respiratory rehabilita-

tion”]).

Study selection

Two investigators (NU and CK) independently per-

formed the title, abstract, and full-text search of eligible 

studies. Accuracy of the search and screen process was 

confirmed by comparing information obtained during 

each step of the study collection. In the case of conflict-

ing results, a third investigator (AT) was consulted and 

participated in the discussion to resolve the concern. 

Data extraction

According to the Cochrane guidelines, the data extrac-

tion form was created and applied independently, by two 

authors (NU and CK) for data extraction. Characteristics 

of the included studies such as subjects, intervention 

protocols, and outcome measures, were extracted and 

compared for consistency, and completeness between 

investigators. The author (AT) was consulted for final 

consensus in case of disagreement between the two in-

vestigators. 

Risk of bias assessment 

Methodological quality of each study was assessed, us-

ing the Cochrane Collaboration’s tool for assessing risk 

of bias (The Cochrane Collaboration, London, UK) and 

classified as low or high risk [14]. Seven criteria of risk of 

bias including random sequence generation, allocation 

concealment, selective reporting, blinding of participants 

and personnel, blinding of outcome assessors, incom-

plete outcome data, and other bias, were assessed. When 

risk of bias was low for four or more criteria, the study 

was rated as low risk of bias. Otherwise, the study was 

rated as high risk of bias.

Quality of evidence assessment

The two investigators (NU and CK) independently as-

sessed the quality of each outcome, using the Grading 

of Recommendation Assessment, Development, and 

Evaluation (GRADE) for rating quality of evidence [15]. 

Each outcome of interest was classified as high, moder-

ate, low, and very low level of quality of evidence. Quality 

of evidence of each outcome was downgraded because 

of the following criteria: limitation of study design (>25% 

of participants from included studies with high risk of 

bias); presence of publication bias (asymmetrical funnel 

plot); indirectness of population, interventions, outcome 

measures, and comparison of the study; imprecision of 

measurement (<400 participants); and inconsistency of 

results (I2≥50%).

Data analysis

For each outcome, mean change from baseline to post- 

intervention or mean of post-intervention and its stan-

dard deviation, were computed and used for meta-

analyses (RevMan 5.3, The Cochrane Collaboration). 

Mean difference (MD) and standardized mean difference 

(SWD) and its 95% confidence interval were used to iden-

tify overall differences between the treatment and control 

groups among studies, when data were measure on the 

same scales. In contrast, SWD was used, when outcomes 

measured on different scales. Statistic of I2 test was used 

to identify heterogeneity among studies, within each 

meta-analysis. When heterogeneity was low (I2<50%), the 

fixed-effect model of meta-analysis was used. When het-

erogeneity was moderate to high (I2≥50%), random-effect 

of meta-analysis was used [14]. 

RESULTS

Study selection

Fig. 1 presents the screening process, of included stud-

ies. Initially, 3,442 articles were identified. After removal 

of duplication and screening of titles and abstracts, 119 

articles were left for full-text screening, and 100 articles 

were excluded. Finally, 19 studies meeting the criteria 

were included in this study [16-34]. 
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Study characteristics

Table 1 summarizes characteristics of the 19 included 

RCTs. Eight studies were RCTs with cross-over design, 

with appropriate washout period [17,19-21,24,31-33]. The 

total number of subjects included in each study ranged 

from eight to 150 participants, and the total number of 

subjects included in this study was 745. 

In this study, effects of six types of BE were studied. 

These BEs were PLB, VF training, VF plus exercise, sing-

ing, DBE, and combined BEs (combination of DBE with 

other BEs). Duration of BE training varied largely among 

studies, from one session to 24 weeks. 

Outcomes of interest of this study were ventilation, 

dyspnea, exercise capacity, and QoL. Ventilation-related 

outcomes included respiratory rate (RR), tidal volume 

(VT), inspiratory time (Ti), expiratory time (Te), minute 

ventilation (Ve), total respiratory time (Ttot), mean inspi-

ratory flow (VT/Ti), oxygen saturation (SpO2), inspiratory 

capacity (IC), and control of breathing (breath hold and 

single breath counting). Dyspnea-related outcome mea-

sures were the visual analog scale, Borg scale, modified 

Borg scale, and Global Rating of Change scale. Exercise 

capacity-related measures were rate of oxygen consump-

tion (VO2), heart rate (HR), 6-minute walk distance 

(6MWD), and distance of incremental shuttle walk test 

(ISWT). Last, QoL related outcome measures were the 

Short Form-36 Health Survey Questionnaire (SF-36), 

Hospital and Anxiety Depression scale (HAD), and St. 

George’s Respiratory Questionnaire (SGRQ) score.

Quality assessment 

Table 2 summarizes risk of bias, of included studies. All 

studies provided sufficient details of random sequence 

generation, except one study [21]. Only four studies 

provided adequate detail, of allocation concealment 

[26,28,33,34]. Three studies reported blinding partici-

pants and researchers [20,28,34], while other studies had 

no blinding of participants and researchers. Eight stud-

ies reported blinding of outcome assessors [20,26,28-

31,33,34]. Incomplete data were reported in all stud-

ies. All studies had low risk for selective reporting bias. 

Low risk of other biases was found in 14 studies [16-

20,22,23,25,27-31,34], and insufficient detail was found in 

five studies [21,24,26,32,33]. Based on the seven criteria, 

16 of 19 studies were classified as low risk of bias, and 

the remaining four were high risk of bias. Observational 

analyses of funnel plots, suggested no publication bias of 

all outcome measures. Directness of population, inter-

ventions, outcome measures, and comparison in each 

study was observed, and indicated no indirectness in 

each outcome of meta-analysis.

Analyses of outcome measures

In the 19 included studies, the effects of PLB, VF train-

3,442 studies identified from initial
search or five databases

534 studies removed due to duplication

2,908 studies remained for abstract
and title screening

119 studies for full-text screening

19 studies included

2,789 studies excluded due to
No breathing exercises used
Languages other than English
Other diseases

100 studies were excluded due to
Languages other than English (n=3)
Breathing pattern <50% of intervention (n=12)
Other interventions (n=47)
Other diseases (n=1)
Not measure the outcomes of interest (n=1)
Cannot find full-text (n=8)
Control group received breathing exercise (n=2)
Non-randomized controlled trial (n=25)
Missing data to performed meta-analysis (n=1)

Fig. 1. Flow diagram of included 
studies selection process.
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ing alone, VF plus exercise, singing, DBE, and combined 

BEs were examined. According to the GRADE approach, 

quality of evidence of PLB (Supplementary Table S1) and 

VF plus exercise (Supplementary Table S2), was down-

graded to low to moderate because of a small sample size, 

heterogeneity among studies, and/or low methodological 

quality of included studies. For VF training alone (Sup-

plementary Table S3), singing (Supplementary Table S4), 

and combined BEs (Supplementary Table S5), the quality 

of evidence was moderate because of a small sample size. 

For DBE, quality of evidence was low because of a small 

sample size and heterogeneity among studies (Supple-

mentary Table S6). 

Effects of breathing exercise

Pursed-lip breathing

PLB significantly improved RR (p<0.00001; Fig. 2) 

[17,20,21,31,33], V T (p=0.0004; Fig. 3) [17,21,33], Ti 

(p=0.007; Fig. 4) [21,33], and Ttot (p=0.0004; Fig. 5) [21,33] 

than did the control group. Quality of evidence of these 

outcomes was moderate. There was no significant 

between-group difference in other ventilatory related 

outcomes (p=0.10–0.85), dyspnea (p=0.15), and 6MWD 

(p=0.85). Table 1 in data supplements summarizes the ef-

fects of PLB.

Ventilatory feedback training alone

VO2 was significantly lower in VF training than the ex-

ercise control (p=0.02; Fig. 6) [18,23]. Quality of evidence 

of this outcome was moderate. No significant differences 

Total (95% CI)
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Fig. 2. Forest plot of mean difference in respiratory rate (RR) comparing pursed-lip breathing (PLB) and control.
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in ventilatory related measures (p=0.12–0.65), dyspnea 

(p=0.15), and HR (p=0.13), were observed between VF 

training and the control group. The effects of VF train-

ing are summarized in data supplements (Supplemetary 

Table S3). 

Ventilatory feedback training plus exercise

There was moderate quality evidence of a significant 

improvement in RR in the VF plus exercise group, than 

the control group (P=0.0002; Fig. 7) [18,23]. Likewise, IC 

significantly improved in the VF plus exercise group, than 

the control group (p=0.0007; Fig. 8) [18,23,29]. Quality of 

evidence of this outcome was low. There was no signifi-
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exercise.
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and exercise.
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cant between-group difference in other ventilatory re-

lated measures (p=0.06–0.75), dyspnea (p=0.83), exercise 

capacity (p=0.68–0.90), and QoL (p=0.97). The effects of 

VF plus exercise are summarized in data supplements 

(Supplemetary Table S2). 

Singing exercise

Breath hold significantly increased in the control group, 

than the singing group (p=0.005; Fig. 9) [26,28]. Quality 

of evidence of this outcome, was moderate. There was 

moderate quality evidence of significant difference in 

the physical component summary of SF-36, between the 

singing group and the control group (p=0.0005; Fig. 10) 

[26,28]. However, there was no statistically significant 

difference in other QoL related measures (p=0.07–0.52), 

exercise capacity (p=0.44), and ventilation (p=0.09) be-

tween the singing group and the control group. The ef-

fects of singing, are summarized in data supplements 

(Supplemetary Table S4). 

Diaphragmatic breathing

There was low quality evidence of significant improve-

ment in RR, in the DBE group than the control group 

(p=0.05; Fig. 11) [19,34]. There was no statistically sig-

nificant difference in dyspnea (p=0.47) and SGRQ score 

(p=0.58), between the DBE group and the control group. 

Supplemetary Table S6 in data supplements provides a 

summary of the effects of DBE.

Combined breathing exercises

RR significantly improved, in the combined BEs group 

than the control group (p<0.00001; Fig. 12) [16,19]. Qual-

ity of evidence for RR, was moderate. There was no signif-

icant between-group difference in SpO2 (p=0.84) and VO2 
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(p=0.20). The effects of combined BEs are summarized in 

data supplements (Supplemetary Table S5).

DISCUSSION

The purpose of this study was to solidify the effects of 

six types of BE on ventilation, dyspnea, exercise capac-

ity, and QoL in patients with mild to severe COPD. Since 

the previous SR determining effects of all types of BE in 

COPD patients was published in 2012 [9], many stud-

ies in this area have been published. However, only four 

RCTs [31-34] met the criteria of our studies. These stud-

ies investigated the effects of PLB [31-33] and DBE [34] in 

COPD patients. Three RCTs related to PLB provided sup-

port relative to the effects of PLB on ventilation-related 

outcomes [31-33]. The study related to DBE allowed us to 

perform a meta-analysis, to quantify its effects in COPD 

patients [34]. 

When compared to the control groups, PLB, VF plus 

exercise, DBE, and combined BEs significantly improved 

several ventilation-related outcomes (RR, Vt, Ti, IC, and 

Ttot), with RR the most consistently improved. In contrast, 

VF training alone was less effective in improving exercise 

capacity as indicated by a significant decrease in VO2, 

than the exercise control group. Singing exercise signifi-

cantly improved the physical component of QoL, but was 

less effective in improving breath hold time than did the 

control group. All types of BE studies did not significantly 

improve sensation of dyspnea, when compared to the 

control groups. Because of low to moderate quality of 

evidence and large variability among protocols of the BE 

and control groups, recommendation for using the BEs 

to improve ventilation, exercise capacity, and QoL in pa-

tients with mild to very severe COPD is conditional.

Pursed-lip breathing

PLB has been shown to improve, several ventilation 

related outcomes. When compared to the control group, 

PLB was found to positively impact RR, VT, Ti, and Ttot. 

Results were consistent, with those previously reported 

in COPD patients [8,9,11]. Also, our results indicate posi-

tive effects of PLB on Ti and Ttot with decrease in RR and 

increase in VT. Reduction in RR with increase in VT sug-

gests reduction in airway collapse, airway resistance, and 

air trapping in the lungs [35]. These changes contribute 

to reduction of the mechanical load, imposed on respi-

ratory muscles [35-37] and eventually dyspnea [35,36]. 

Based on the result of meta-analysis, PLB is more effec-

tive in improving ventilation, than the control group. 

PLB is not superior to the control group on improving 

sensation of dyspnea in COPD patients. It is possible that 

the duration of PLB training in the included studies was 

not sufficient to positively impact sensation of dyspnea 

in COPD patients. Holland et al. [9] reported significant 

decrease in sensation of dyspnea, after 8 weeks of PLB 

training. However, three of four included studies used a 

very short training period of 1 day [20,31] to 2 days [33]. 

Only one study used a 12-week training period of PLB 

[22]. So, further studies are needed to identify the effects 

of the length of PLB training on sensation of dyspnea in 

COPD patients. 

Ventilatory feedback training and ventilatory feedback 

training plus exercise

This study indicated that VF plus exercise showed posi-

tive impact on ventilation (RR and IC), whereas VF alone 

was less effective in improving exercise capacity than 

the control group [28,23]. Results were consistent with 

the previous study, wherein the exercise group tended 

to improve exercise capacity as compared to VF train-

ing [9]. Differences in training protocols between the VF 

and VF plus exercise groups, may have an influence on 

outcomes. These two groups received similar VF training 

protocol, but different exercise protocols. In the VF train-
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Fig. 12. Forest plot of mean difference in respiratory rate (RR) comparing combined breathing exercises (BEs) and control.
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ing group, patients performed light exercise training to 

become familiar with use of breathing during activities 

of daily living (ADLs). Neither load nor exercise progres-

sion was used in the VF training group [18,23]. For VF 

plus exercise, patients performed progressive exercise 

training with intensity at 60%–85% of peak VO2 peak for 

25–45 minutes [18,23]. Exercise protocol was also used 

in the control group [18,23], resulting in no significant 

difference in exercise capacity in the VF plus exercise 

group and the control group. Based on the low to mod-

erate quality of evidence, VF training plus exercise and 

progressive exercise training should be integrated into a 

pulmonary rehabilitation program to improve ventilation 

and exercise capacity of COPD patients. 

Singing exercise

Singing exercise showed a positive effect on the physi-

cal component of SF-36 as compared to the control 

group. This result is consistent with that of the previous 

study, wherein reduction in air trapping and better per-

formance of physical activity and ADLs were observed 

in COPD patients [26]. However, improvement of mental 

status such as anxiety and depression symptoms noted in 

the singing group was similar to that of the control group. 

It is possible that the handicraft artwork or film workshop 

used in the control group also had positive psychosocial 

effects such as increased patient’s sociability [25,28], 

similar to those observed in the singing group. As a re-

sult, there was no significant difference in mental status 

between the singing group and control group. 

The singing exercise was less effective in improving 

breath hold time than the control group. This unexpected 

result may be attributable to use of controlled or com-

fortable breathing pattern during the singing exercise. As 

a result, lower inspiration was noted in the singing exer-

cise as compared to quiet breathing [26,28]. Although the 

singing exercise has been shown to have a positive effect 

on improving function of respiratory muscles and con-

trol of breathing [26], insufficient training sessions and/

or incompliance with the exercise program may limit 

effectiveness on improving breath hold time in COPD 

patients. Also, the breath hold test may not be an appro-

priate measure in COPD patients, as it has been shown 

to induce sensation of dyspnea usually experienced by 

COPD patients. In contrast, it is more appropriate, for 

evaluating patients with hyperventilation [10]. Based on 

the moderate quality of evidence, the singing exercise 

may be potentially used to improve the physical compo-

nent of QoL, but not breath hold time in COPD patients. 

Diaphragmatic breathing and combined breathing 

exercises

DBE and combined BEs demonstrated significant im-

provement in RR, compared to the control groups. Com-

bined BEs consisted of DBE, PLB [19], slow breathing, 

and relaxation techniques [16]. Results of this review are 

consistent with those previously reported, wherein RR 

was significantly reduced with DBE [19,34] or combined 

DBE with PLB [19]. Reduction of RR was associated with 

lower VO2 [19], and less sympathetic activity [34]. These 

two effects may lead to reduction in sensation of dyspnea 

in COPD patients. However, sensation of dyspnea and 

QoL were not significantly improved in the DBE group 

compared to the control group. Although the previous 

study revealed that there was improvement of dyspnea 

and QoL after four weeks of DBE training [30], an incon-

sistency in results of DBE on dyspnea and QoL among 

previous studies, also exists [9,12]. DBE was also reported 

to induce dyspnea by increasing the afford of inspiratory 

muscles and incoordinate chest wall motion [12]. Thus, 

the effect of DBE on dyspnea remains inconclusive. Fur-

ther studies should focus on the effects of DBE on dys-

pnea and QoL in COPD patients. Based on low to moder-

ate quality of evidence, DBE and combined BEs may be 

useful for improvement of ventilation in COPD patients. 

Limitations 

Although this study added more RCTs to the meta-

analysis to solidify effects of BEs, a few limitations per-

sist in this study. First, relevant articles were electroni-

cally searched, and no manual search was performed. 

It is possible that a few more relevant articles may not 

be included in this study. However, when compared to 

previous systematic reviews [9,11], no discrepancy in 

studies included in our and previous studies was ob-

served. This result suggests minor to no effect relative 

to manual search of literature on the outcomes of this 

study. Second, only RCTs published in English language 

were included in this study. However, previous studies 

reported that language bias had minimal effect on the 

result of meta-analysis [38]. Third, patients with mild to 

severe COPD were included, and the majority of patients 
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had moderate to very severe COPD. Variation in patients’ 

severity of stage of COPD may increase heterogeneity 

of results, leading to downgrading of the quality of evi-

dence, and some of the non-significant results observed. 

It is possible that differences in patient’s severity or stage 

of COPD may influence the effects of the BEs on these 

outcomes. A separate analysis of these outcomes based 

on the stage of COPD may provide different results com-

pared to our study. However, the studies currently avail-

able commonly included COPD patients with a range of 

severity, as compared to one specific stage of severity. 

Further studies with a larger sample size and specific se-

verity of COPD patients will minimize these limitations. 

Additionally, although many RCTs were included in our 

meta-analysis, large variation in the protocol of BEs and 

outcome measures were observed, leading to hetero-

geneity of results. Further studies with a more uniform 

treatment protocol and outcome measures, and a larger 

sample size will be needed, to confirm the effects of BEs 

in COPD patients. 

Conclusion

Based on low to moderate quality of evidence, PLB, VF 

plus exercise, DBE, and combined BEs, are conditionally 

recommended to improve ventilation. Singing exercise 

can also be used to improve physical component of QoL 

in COPD patients. However, all types of BEs do not signif-

icantly improve sensation of dyspnea relative to the con-

trol group. Since the effects of BEs exercise vary signifi-

cantly between types of BE as well as outcome measures, 

care must be practiced when selecting BEs to ensure its 

effectiveness specific to COPD patients.
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SUPPLEMENTARY MATERIALS

Table S1. Summary of the effects of PLB compared to control group

Outcome
No. of participants 

(studies)
Quality of  
evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   RR (bpm) 292 (6) ⊕⊕⊕⊝a Moderate -4.83 (-5.93, -3.72) <0.00001*

   SpO2 (%) 252 (4) ⊕⊕⊝a⊝b Low 1.19 (-0.22, 2.59) 0.10

   VT (L) 108 (3) ⊕⊕⊕⊝a Moderate 0.71 (0.31, 1.10) 0.0004*

   Ve (L/min) 108 (3) ⊕⊕⊕⊝a Moderate 0.13 (-1.20, 1.46) 0.85

   Ti (s) 96 (2) ⊕⊕⊕⊝a Moderate 0.23 (0.06, 0.40) 0.007*

   Ttot (s) 96 (2) ⊕⊕⊕⊝a Moderate 1.02 (0.45, 1.58) 0.0004*

   VT/Ti 96 (2) ⊕⊕⊕⊝a Moderate 0.28 (-0.12, 0.69) 0.17

   IC 130 (2) ⊕⊕⊝a⊝c Low 0.11 (-0.24, 0.45) 0.54

Sensation of dyspnea

   Dyspnea 284 (4) ⊕⊕⊝a⊝b Low -1.13 (-2.67, 0.41) 0.15

Exercise capacity

   6MWD (m) 78 (2) ⊕⊕⊝a⊝c Low 3.13 (-28.61, 34.87) 0.85

MD, mean difference; SMD, standard mean difference; PLB, pursed lip breathing; RR, respiratory rate; SpO2, oxygen 
saturation; VT, tidal volume; Ve, minute ventilation; Ti, inspiratory time; Ttot, total respiratory time; VT/Ti, mean inspira-
tory flow; IC, inspiratory capacity; 6MWD, 6-minute walk distance.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).
*p<0.001.



Table S2. Summary of the effects of VF plus exercise compared to control group

Outcome
No. of participants 

(studies)
Quality of  
evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   RR (bpm) 58 (2) ⊕⊕⊕⊝a Moderate -5.05 (-7.76, -2.35) 0.0002*

   SpO2 (%) 65 (2) ⊕⊕⊝a⊝b Low 0.55 (-0.99, 2.09) 0.48

   VT (L) 58 (2) ⊕⊕⊕⊝a Moderate 0.21 (-0.01, 0.43) 0.06

   Ve (L/min) 58 (2) ⊕⊕⊕a⊝b Low -1.75 (-12.57, 9.06) 0.75

   Ti (s) 58 (2) ⊕⊕⊕⊝a Moderate 0.07 (-0.02, 0.17) 0.14

   Te (s) 58 (2) ⊕⊕⊝a⊝b Low 0.27 (-0.05, 0.59) 0.10

   IC (L) 98 (3) ⊕⊕⊝a⊝c Low 0.31 (0.13, 0.48) 0.0007*

Sensation of dyspnea

   Dyspnea 98 (3) ⊕⊕⊝a⊝b Low 0.08 (-0.63, 0.79) 0.83

Exercise capacity

   HR (bpm) 58 (2) ⊕⊕⊕⊝a Moderate -1.72 (-9.78, 6.34) 0.68

   VO2 (mL/min) 58 (2) ⊕⊕⊝a⊝b Low -15.77 (-273.84, 242.29) 0.90

QoL

   QoL-CRQ score 73 (2) ⊕⊕⊝a⊝b Low 0.01 (-0.67, 0.69) 0.97

MD, mean difference; SMD, standard mean difference; VF, ventilatory feedback; RR, respiratory rate; SpO2, oxygen 
saturation; VT, tidal volume; Ve, minute ventilation; Ti, inspiratory time; Te, expiratory time; IC, inspiratory capacity; 
HR, heart rate, VO2, oxygen consumption; QoL, quality of life; CRQ, chronic respiratory questionnaires.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).
*p<0.001.

Table S3. Summary of the effects of VF training compared to control group

Outcome
No. of participants 

(studies)
Quality of  
evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   RR (bpm) 58 (2) ⊕⊕⊕⊝a Moderate -2.00 (-5.84, -1.84) 0.31

   VT (L) 58 (2) ⊕⊕⊕⊝a Moderate 0.14 (-0.09, 0.38) 0.23

   Ve (L/min) 58 (2) ⊕⊕⊕⊝a Moderate -3.22 (-10.60, 4.17) 0.39

   Ti (s) 58 (2) ⊕⊕⊕⊝a Moderate 0.06 (-0.05, 0.17) 0.28

   Te (s) 58 (2) ⊕⊕⊕⊝a Moderate 0.20 (-0.05, 0.44) 0.12

   IC 58 (2) ⊕⊕⊕⊝a Moderate 0.09 (-0.30, 0.48) 0.65

Sensation of dyspnea

   Dyspnea 58 (2) ⊕⊕⊕⊝a Moderate 1.02 (-0.37, 2.41) 0.15

Exercise capacity

   HR (bpm) 58 (2) ⊕⊕⊕⊝a Moderate -5.50 (-12.65, 1.64) 0.13

   VO2 (mL/min) 58 (2) ⊕⊕⊕⊝a Moderate -170.47 (-312.63, -28.31) 0.02*

MD, mean difference; SMD, standard mean difference; VF, ventilatory feedback; RR, respiratory rate; VT, tidal volume; 
Ve, minute ventilation; Ti, inspiratory time; Te, expiratory time; HR, heart rate; VO2, oxygen consumption.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).
*p<0.05.



Table S4. Summary of the effects of singing compared to control group

Outcome
No. of participants 

(studies)
Quality of  
evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   Breath hold (s) 52 (2) ⊕⊕⊕⊝a Moderate -4.89 (-8.34, -1.44) 0.005*

   Single breath 52 (2) ⊕⊕⊕⊝a Moderate -2.93 (-6.35, 0.49) 0.09

Exercise capacity

   ISWT (m) 52 (2) ⊕⊕⊕⊝a Moderate -11.07 (-39.38, 17.24) 0.44

QoL

   SF-36 PCS 52 (2) ⊕⊕⊕⊝a Moderate 12.64 (5.50, 19.77) 0.0005*

   SF-36 MCS 52 (2) ⊕⊕⊕⊝a Moderate 5.42 (-3.90, 14.74) 0.25

   HAD-anxiety 52 (2) ⊕⊕⊕⊝a Moderate -1.25 (-2.61, 0.10) 0.07

   HAD-sepression 52 (2) ⊕⊕⊕⊝a Moderate -0.87 (-2.16, 0.42) 0.19

   QoL 82 (3) ⊕⊕⊕⊝a Moderate -0.14 (-0.58, 0.29) 0.52

MD, mean difference; SMD, standard mean difference; ISWT, incremental shuttle walk test; SF-36, Short Form 36 
Questionnaire; PCS, physical component summary; MCS, mental component summary; HAD, Hospital Anxiety and 
Depression score; QoL, quality of life.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).
*p<0.001.

Table S5. Summary of the effects of combined BEs compared to control group

Outcome
No. of participants 

(studies)
Quality of evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   RR 111 (2) ⊕⊕⊕⊝a Moderate -5.53 (-6.98, -4.09) <0.00001*

   SpO2 91 (2) ⊕⊕⊕⊝a Moderate 0.04 (-0.37, 0.46) 0.84

Exercise capacity

   VO2 (mL/min) 111 (2) ⊕⊕⊕⊝a Moderate -7.31 (-18.39, 3.78) 0.20

MD, mean difference; SMD, standard mean difference; RR, respiratory rate; SpO2, oxygen saturation; VO2, oxygen con-
sumption.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).
*p<0.001.



Table S6. Summary of the effects of DBE compared to control group

Outcome
No. of participants 

(studies)
Quality of  
evidence

Effect estimate (95% CI)
p-value

MD SMD

Ventilation

   RR 155 (2) ⊕⊕⊝a⊝b Low -1.09 (-2.19, -0.00) 0.05

Sensation of dyspnea

   Dyspnea 121 (2) ⊕⊕⊝a⊝b Low 0.21 (-0.37, 0.79) 0.47

QoL

   SGRO score 123 (2) ⊕⊕⊝a⊝b Low 0.20 (-0.51, 0.91) 0.058

MD, mean difference; SMD, standard mean difference; DBE, diaphragmatic breathing; RR, respiratory rate; SGRQ, St. 
George's Respiratory Questionnaire.
aSerious imprecision of measurements (sample size <400 participants).
bSerious inconsistency of results (I2≥50%).
cSerious risk of bias (>25% of participants from study with high risk of bias).


