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Abstract

Background In adults with serious respiratory illness, breathlessness is prevalent and associated with
reduced health-related quality of life. The aim of this review was to assess the impact of breathing
techniques on breathlessness in adults with serious respiratory illness.

Methods Electronic databases were searched to identify randomised controlled trials testing breathing
techniques (techniques that aim to alter the respiratory pattern, excluding respiratory muscle training) in
people with serious respiratory illness. The primary outcome was breathlessness and secondary outcomes
were health-related quality of life and adverse events. Two authors independently screened for inclusion,
evaluated risk of bias and extracted data.

Results 73 randomised controlled trials were included with 5479 participants, most with COPD or asthma.
Breathing exercises (pursed lip and/or diaphragmatic breathing) reduced breathlessness measured by the
modified Medical Research Council scale compared to usual care (mean difference (MD) —0.40 points,
95% CI —0.70- —0.11, eight studies, n=323), although the effect did not exceed the minimal important
difference. Yoga breathing also improved modified Medical Research Council score compared to usual
care (MD —1.05 points, 95% CI —2.45-0.35, three studies, n=175). Breathing techniques consistently
improved health-related quality of life in people with COPD and asthma on multiple health-related quality
of life measures in comparison to usual care, with effects that generally exceeded the minimal important
difference. No adverse events related to breathing techniques were reported.

Conclusion Breathing techniques may improve breathlessness, and consistently improve health-related
quality of life, in people with serious respiratory illness. These findings support the use of breathing
exercises in the care of people with serious respiratory illness.

Introduction
People with serious respiratory illness experience a high symptom burden including chronic breathlessness,
which is frequently distressing and contributes to poor health-related quality of life (HRQoL) [1]. Despite

Eur Respir Rev 2024; 33: 240012


https://orcid.org/0000-0001-5455-6467
https://orcid.org/0000-0003-3682-619x
https://orcid.org/0000-0001-9884-5463
https://orcid.org/0000-0002-3403-3586
https://orcid.org/0000-0002-7227-5113
https://orcid.org/0000-0003-3173-9513
https://orcid.org/0000-0002-5078-4398
https://orcid.org/0000-0002-4527-6962
https://orcid.org/0000-0003-2061-845X
mailto:anne.holland@monash.edu
https://crossmark.crossref.org/dialog/?doi=10.1183/16000617.0012-2024&domain=pdf&date_stamp=
https://doi.org/10.1183/16000617.0012-2024
mailto:permissions@ersnet.org
https://doi.org/10.1183/16000617.0205-2024
https://doi.org/10.1183/16000617.0205-2024

EUROPEAN RESPIRATORY REVIEW

SYMPTOM MANAGEMENT | A.T. BURGE ET AL.

optimal pharmacological management, chronic breathlessness frequently persists [2] and may be
underappreciated by health professionals [3]. New treatments to relieve breathlessness are a research
priority for people with serious respiratory illness and their caregivers [4].

A variety of breathing techniques have been employed in the care of people with serious respiratory illness,
including pursed lip breathing, diaphragmatic breathing and yoga breathing. Previous systematic reviews
have not demonstrated consistent effects of breathing exercises on patient-centred outcomes such as
breathlessness, and most have only examined a subset of available breathing techniques [5—-12]. Breathing
techniques are valued by patients [13, 14] and can be delivered in a wide range of healthcare and
non-healthcare settings globally. Therefore, if effective, breathing techniques have the potential for
widespread implementation.

This systematic review aimed to determine the efficacy and safety of breathing techniques in people with
serious respiratory illness. The review was conducted as part of the evidence synthesis for the European
Respiratory Society (ERS) Clinical Practice Guideline on symptom management for adults with serious
respiratory illness.

Methods

The review protocol was developed a priori but was not published, due to the confidentiality requirements
of the ERS Clinical Practice Guideline development process. Instead, the protocol was submitted to the
European Respiratory Review editorial office in April 2023 to be held in confidence and made available to
reviewers. The protocol can be found in the supplementary material.

Search strategy and study selection

Initial searches were conducted between July 2022 and November 2022 in MEDLINE (OVID), Embase
(OVID), Cochrane Database of Systematic Reviews and CENTRAL (The Cochrane Library) to identify
relevant systematic reviews. Systematic reviews that provided evidence for at least one of the outcomes of
interest were used to identify relevant studies. Subsequently, searches were conducted in order to identify
randomised controlled trials (RCTs) that had been published since the search date of the most recent
relevant systematic review. Studies were included irrespective of date or language of publication. Reference
lists of all primary studies and review articles were manually checked for additional references, and
PubMed was searched for errata or retractions relating to included studies. A Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) diagram documented the review process [15].

Types of studies

We included RCTs. Randomised crossover trials were only included if pre-crossover data were available
because the intervention includes behavioural components, therefore carryover of intervention effects to the
second period may occur.

Participants

Participants were aged >18 years with serious respiratory illness, defined as a respiratory condition that
carries a high risk of mortality, negatively impacts quality of life and daily function, and/or is burdensome
in symptoms, treatments or caregiver stress [16]. There was no restriction according to the underlying
diagnosis of lung disease, except that patients with cancer were excluded.

Types of interventions

We included any type of breathing technique, either supervised or unsupervised, that aimed to alter the
respiratory pattern. This could be achieved with or without external devices, and either during exercise or
at rest. Eligible interventions included, but were not limited to, breathing exercises (e.g. pursed lip
breathing, diaphragmatic breathing), specific breathing techniques (e.g. Buteyko, Papworth), breathing
exercises with addition of biofeedback (e.g. feedback on breathing rate or pattern) or yoga breathing. Trials
where breathing exercises were combined with another intervention (e.g. relaxation) were included
provided 50% or more of the training consisted of breathing exercises. Trials of respiratory muscle training
or airway clearance techniques were not included because these interventions aim to improve respiratory
muscle strength or clear airway secretions, respectively, rather than alter the respiratory pattern.

Types of comparisons

We included two types of studies: 1) studies that reported the effects of breathing techniques compared
with no breathing techniques or a sham intervention and 2) studies in which the intervention of interest
was added to an intervention common to both groups (e.g. breathing techniques added to exercise training
versus exercise training alone). We reported these two comparisons separately.
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Outcomes

The primary outcome was breathlessness, assessed using any validated tool. This included measures at rest
or during exercise, but exercise measures obtained before and after an intervention must have been
recorded at iso-workload. Secondary outcomes were HRQoL (assessed using any validated tool) and
adverse events (defined according to the investigators’ definition). Studies were not excluded if they did
not report these outcomes.

Identification of studies

Titles and abstracts were screened for eligibility by two independent reviewers (A.T. Burge,
A M. Gadowski) with conflicts resolved by discussion and adjudication by a third reviewer (A.E. Holland)
if required. Studies classified as “include” or “unsure” were obtained as full text. Full-text review was
conducted by the same two reviewers to determine eligibility for inclusion.

Quality assessment

Risk of bias was assessed by two independent reviewers (A.T. Burge, A.M. Gadowski) with conflicts
resolved by discussion and adjudication by a third reviewer (A.E. Holland) if required. Where included
studies were identified from systematic reviews, we retrieved the published assessments of risk of bias.
Methodological quality of the systematic reviews was assessed using the Assessing the Methodological
Quality of Systematic Reviews (AMSTAR 2) checklist [17]. For individual studies in the updated search,
risk of bias was assessed using the Cochrane risk of bias tool 1 [18].

Data extraction

Data extraction was undertaken by two independent reviewers (A.T. Burge, A.M. Gadowski) with conflicts
resolved by discussion and adjudication by a third reviewer (A.E. Holland) if required. For studies
published in Chinese-language journals, a single reviewer (A. Jones) translated the methodology and
extracted data. Custom-designed data collection forms were used to record study details (design, dates,
setting, trial registration, funding source), participant inclusion and exclusion criteria, demographic
characteristics (age, sex, diagnosis, disease severity, clinical stability), intervention details (type, duration,
frequency, dose), care received by the comparison group and outcome data of interest. For crossover
studies we extracted outcome data only for the first intervention period, prior to the crossover.

Data analysis and synthesis

We analysed dichotomous data as odds ratios (ORs). For continuous data, we used mean differences
(MDs). Where available, we used the change from baseline; otherwise, the adjusted results or final score
were used. Skewed data were narratively reported as medians and interquartile ranges (IQRs). Data were
presented as a scale with a consistent direction of effect (e.g. HRQoL data). Attempts were made to
contact study authors to clarify key study characteristics and obtain missing outcome data where possible.

Where trials were clinically heterogeneous, a narrative synthesis was performed. Meta-analyses
(random-effects model) were undertaken only where interventions and/or participant features were
clinically homogeneous. Where multiple arms were reported in a single trial, we included only the relevant
arms. If two comparisons were combined in the same meta-analysis, we halved the control group to avoid
double-counting. No subgroup analyses were undertaken. We used the I? statistic to measure heterogeneity.
We performed sensitivity analyses to examine the effects of methodological quality on the pooled estimate
by removing studies that were at high or unclear risk of bias for the domains of blinding of outcome
assessors and incomplete outcome data. Statistical analysis was conducted using RevMan version 5.4 [19].

Results

The search for systematic reviews identified 508 records, of which 74 were retrieved for full-text screening.
Eight relevant systematic reviews were identified (supplementary table S1) containing 43 eligible RCTs.
The search for additional RCTs identified 2452 records, of which 231 were screened in full text, with an
additional 30 eligible RCTs identified (figure 1).

We included 73 RCTs (n=5479 participants) including people with COPD (37 RCTs), asthma (34 RCTs),
interstitial lung disease (one RCT) and mixed COPD and asthma (one RCT) (supplementary tables S2
and S3). Most participants had moderate-to-severe lung disease. Three studies assessed interventions
following hospital admission for an exacerbation [20-22]. Studies were undertaken in 17 countries, most
commonly India (15 studies), China and the USA (13 studies each), Turkey (six studies), Iran and the UK
(five studies each).
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow of studies through the systematic review.

The most common intervention was breathing exercises (diaphragmatic breathing and/or pursed lip
breathing, 43 studies) followed by yoga breathing (23 studies). Many studies did not provide details of the
intervention, or used a unique intervention that could not be combined with others or replicated in practice.
Five studies had two intervention groups that were compared with usual care [22-25] or placebo [21]. Five
studies added breathing retraining with biofeedback to another intervention common to both groups
(exercise training [26-29]; inhalation therapy [30]). Most interventions were 4—12 weeks in duration, but
some were as long as 6 months (supplementary table S2).

Quality assessment using the AMSTAR 2 checklist demonstrated that systematic reviews scored well for
formulation of PICO questions, comprehensive searches and assessment of risk of bias (supplementary
table S1). However, few reported a priori registration of a review protocol (three of eight reviews) or
source of funding for included studies (two of eight studies), or accounted for risk of bias in interpretation
of results (three of eight studies). Risk of bias was high or unclear for the majority of RCTs in the domains
of random sequence generation, allocation concealment, blinding of outcome assessment, incomplete
outcome data and selective reporting (figure 2, supplementary figure S1). As expected due to the nature of
the intervention, few trials blinded participants or personnel. Certainty of evidence was affected by
indirectness (limited data in conditions other than COPD and asthma), heterogeneity of interventions and
heterogeneity of outcome measures and timepoints of measurement.
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FIGURE 2 Risk of bias for included randomised controlled trials. Judgements about each risk of bias item
presented as percentages across all included studies.

Primary outcome: breathlessness
Descriptive results for the critical outcome breathlessness can be found in supplementary table S4.

Comparison: breathing exercises versus usual care

Breathing exercises reduced breathlessness measured by the modified Medical Research Council (mMRC)
scale at 4-8 weeks compared to usual care (MD —0.40 points, 95% CI —0.70— —0.11 points, seven RCTs,
n=323, I’=75%; figure 3) However, the lower end of the confidence interval did not include the minimal
important difference (MID) of —1 point [37] and clinical significance is unclear. Sensitivity analysis with
removal of trials that did not blind assessors (five RCTs) resolved heterogeneity but reduced the effect size
(MD 0.07 points, 95% CI —1.33-1.47 points, three RCTs, n=87, IZZO%). An 8-week study that could not
be combined in the meta-analysis (n=40 participants with COPD) reported improvements in mMRC score
at the end of the intervention (mean 0.89 points versus 1.35 points in the usual care group) and after
4 weeks of follow-up (0.84 points versus 1.4 points) [38]. In participants with asthma, 6 months of
breathing exercises tended to reduce mMRC score compared with usual care (MD —0.20 points, 95% CI
—0.50-0.10 points, one RCT, n=40) [33]. In participants with COPD following hospitalisation for an
exacerbation, 8 weeks of breathing exercises reduced mMRC score in the breathing exercises (breathing
manoeuvre) group compared with usual care (MD —1.46 points, 95% CI —2.19— —0.73 points, one RCT,

Breathing retraining Usual care Weight Mean difference Mean difference
Study or subgroup Mean+sp  Total Meantsp  Total (%) IV, random, 95% Cl IV, random, 95% Cl
CEYHAN et al. [31] 3+0.74 32 3+0.74 35 16.2 0.00 (-0.35-0.35) ——
FENG et al. [32] 1.88+0.34 32 2.06+0.35 32 19.8 -0.18 (-0.35--0.01) ]
GRAMMATOPOULOU etal. [33] 1.15+0.37 20 1.25+0.64 20 16.9 -0.10 (-0.42-0.22) —
Guetal. [23] -0.86+0.71 22 0£0.32 10 16.2 -0.86 (-1.22--0.50)
Gu etal. [23] -0.86+0.69 23 0£0.32 10 16.4 -0.86 (-1.20--0.52)
LEE et al. [34] 0.8+2.26 8 0.3+1.5 9 2.3 0.50 (-1.35-2.35)
TANG et al. [35] 1.94£0.75 20 2.6+1.27 20 10.5 -0.70 (-1.35--0.05) e
YAMAGUTI et al. [36] 2+3.16 15 2.5+2.78 15 1.8 -0.50 (-2.63-1.63)
Subtotal (95% Cl) 172 151 100.0 -0.40 (-0.70--0.11)
Heterogeneity: Tau?=0.11; Chi2=27.86, df=7 (p=0.0002); 12=75%
Test for overall effect: Z=2.68 (p<0.007)
T 1
0 1 2

FIGURE 3 Forest plot for breathlessness (modified Medical Research Council scale

variance.
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n=32) and in the breathing exercises (pursed lip breathing) group compared with usual care (MD
—1.00 point, 95% CI —1.73— —0.27 points, one RCT, n=30) [22].

Improvements in breathlessness in COPD were demonstrated using a range of other breathlessness
measures. Daily balloon inflation reduced breathlessness on a visual analogue scale compared to usual care
at 8 weeks (median of differences —9, 95% CI —18- -1, one RCT, n=22) [39]. Likewise, 10 weeks of
breathing exercises reduced the Dyspnoea-12 physical subscale score (MD —11.42 points, 95%
CI —14.18-—-8.66 points, one RCT, n=77), emotional subscale score (MD —7.04 points, 95% CI
—9.00— —5.08 points, one RCT, n=77) and total score (MD —17.45 points, 95% CI —21.75- —13.15 points,
one RCT, n=77) compared with usual care [40]. 12 weeks of breathing exercises reduced the University of
California San Diego Shortness of Breath Questionnaire score compared with usual care (MD —10 points,
95% CI —28.9-8.9 points, one RCT, n=19) [41].

Comparison: breathing exercises versus sham/placebo

In participants who had been hospitalised for a COPD exacerbation, a 4-week study demonstrated
reductions in mMRC score in the breathing exercises group (pursed lip breathing and diaphragmatic
breathing) compared with placebo (MD —1.49 points, 95% CI —1.67— —1.31 points, one RCT, n=59) and
breathing exercises group (pursed lip breathing) compared with placebo (MD -0.66 points, 95% CI
—0.81- —0.51 points, one RCT, n=59) [21].

Comparison: yoga breathing versus usual care

Yoga breathing reduced breathlessness measured with mMRC at 2—4 months compared to usual care, with
the mean effect exceeding the MID of 1 point; however, this did not reach statistical significance (MD
—1.05 points, 95% CI —2.45-0.35 points, three RCTs, n=175, 1’=98%; supplementary figure S2).
Sensitivity analysis could not be conducted to explore heterogeneity because all three RCTs were at high
or unclear risk of bias for assessor blinding and/or incomplete outcome data. 12 weeks of yoga breathing
tended to improve breathlessness in participants with COPD measured with the Chronic Respiratory
Questionnaire (CRQ) dyspnoea domain (MD 0.32 points, 95% CI —1.08-1.72 points, one RCT, n=14)
[42], but the mean effect was smaller than the MID and clinical significance is unclear.

Comparison: yoga breathing versus sham/placebo
No studies reported on yoga breathing versus sham/placebo with the outcome breathlessness.

Comparison: Buteyko technique versus usual care
No studies reported on the Buteyko technique versus usual care with the outcome breathlessness.

Comparison: Buteyko technique versus sham/placebo
No studies reported on the Buteyko technique versus sham/placebo with the outcome breathlessness.

Comparison: Papworth method versus usual care
No studies reported on the Papworth method versus usual care with the outcome breathlessness.

Comparison: breathing retraining with biofeedback added to exercise training versus exercise training

In participants with COPD, addition of breathing retraining with biofeedback to exercise training
(4-12 weeks) improved the CRQ dyspnoea domain compared to exercise training alone (MD 0.30 points,
95% CI —0.02-0.62 points, four RCTs, n=251, 1>=12%; supplementary figure S3). The upper end of the
confidence interval included the MID of 0.5 points [37] although the mean effect did not exceed the MID.
At 6-week follow-up, the MD in CRQ dyspnoea domain score was 0.52 (95% CI —0.18-1.22, one RCT,
n=56) compared with exercise training alone [27]. Addition of breathing retraining did not improve Borg
score at isotime on a constant work rate test compared with exercise training alone (MD —0.9 points, 95%
CI —2.25-0.45 points, one RCT, n=33) [26].

Comparison: breathing exercises added to inhalation therapy versus inhalation therapy alone
No studies reported on breathing exercises added to inhalation therapy versus inhalation therapy alone with
the outcome breathlessness.

Secondary outcome: health-related quality of life
Descriptive results for the outcome HRQoL can be found in supplementary table S5.
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Comparison: breathing exercises versus usual care

Breathing exercises (4 weeks—4 months) improved HRQoL compared to usual care in participants with
COPD, measured using the St George’s Respiratory Questionnaire (SGRQ) total score (MD —9.44 points,
95% CI —16.47— —2.41 points, eight RCTs, n=452, 1°=91%; supplementary figure S4.1), SGRQ symptoms
domain (MD —8.61 points, 95% CI —16.33— —0.88 points, five RCTs, n=365, 1’=91%; supplementary
figure S4.2), SGRQ impact domain (MD —9.10 points, 95% CI —16.11- —2.08 points, five RCTs, n=365,
1?=88%; supplementary figure S4.3) and SGRQ activities domain (MD —9.09 points, 95% CI —18.61—
0.42 points, five RCTs, n=375, 1°=93%; supplementary figure S4.4). The MD and lower end of the
confidence interval for all domains exceeded the MID of —4 points [43]. Sensitivity analysis with removal
of trials that did not blind assessors (five RCTs) reduced the effect size, but did not resolve heterogeneity
(supplementary table S7). A single 6-month study involving participants with COPD that assessed the effect
of Health Qigong Liuzijue demonstrated improvements in SGRQ total score and all domain scores [44]. In
interstitial lung disease, breathing exercises improved SGRQ total score after 12 months compared with
usual care (MD —8.53 points, 95% CI —13.81- —3.24 points, one RCT, n=59) [45].

Studies involving participants with COPD showed consistent improvements in HRQoL across a range of
measures. Breathing exercises improved COPD Assessment Test (CAT) score compared to usual care after
4 weeks (median —5.5 points versus —3 points, one RCT, n=67, p=0.002) [31] and after 8 weeks (MD
—3.20 points, 95% CI —7.08-0.68, one RCT, n=17) [34]. Similarly, 8 weeks of breathing exercises
resulted in lower CAT scores at the end of the intervention period (intervention mean 5.11 points versus
usual care mean 11.33 points, one RCT, 78 participants), which was maintained at 4-week follow-up
(intervention mean 4.58 points versus usual care 11.7 points) [38]. Eight weeks of daily balloon inflation
improved well-being rating on a visual analogue scale compared with usual care (median difference 9,
95% CI —3-21, n=22) [39].

For participants with asthma, HRQoL improved on disease-specific measures, but this was less consistent
for generic HRQoL measures. Meta-analysis was not possible owing to differences in interventions,
outcomes and follow-up periods. 12 weeks of breathing exercises improved the mini-Asthma Quality of
Life Questionnaire (AQLQ) score compared to usual care (MD 0.56 points, 95% CI 0.28-0.85 points,
n=193) and this was maintained at 6-month (MD 0.35 points, 95% CI 0.07-0.62 points, n=193) and
12-month follow-up (MD 0.38 points, 95% CI 0.12-0.65 points, n=193) [46]. Eight weeks of breathing
retraining with biofeedback demonstrated improvements in mini-AQLQ activities subdomain score (MD
0.16 points, 95% CI 0.09-0.23 points, n=52) and emotion subdomain score (MD 0.76 points, 95% CI
0.55-0.97 points, n=52) compared with usual care; the MD in symptoms subdomain score was 0.11 points
(95% CI —0.07-0.29 points, n=52) [47]. A 4-week study involving participants with asthma that assessed
the effect of breathing exercises described no between-group difference in AQLQ score compared with
usual care (data not presented, n=20) [48]. One 12-month study with a three-arm design involving
participants with asthma demonstrated improvements in AQLQ total and domain scores after breathing
exercises (self-guided) compared with usual care (n=523 participants) [24] and breathing exercises
(face-to-face) compared with usual care (n=394 participants) [24]. However, studies that used the 36-Item
Short Form Health Survey (SF36) reported no effect of breathing exercises compared to usual care at
12 weeks [41] or 6 months [33].

Comparison: breathing exercises versus sham/placebo

In participants with asthma, breathing exercises did not consistently improve HRQoL compared to a sham
intervention. Four weeks of breathing exercises did not improve mini-AQLQ score compared with sham
(MD -2.00 points, 95% CI —8.12—4.12 points, one RCT, n=90) [49]. A 12-week study (38 participants)
demonstrated improvements in AQLQ domain scores compared with a sham intervention [50], but results
are difficult to interpret because non-standard domains of AQLQ were used. A 28-week study demonstrated
improvements in HRQoL that favoured breathing exercises over sham for AQLQ score (MD 0.14 points,
95% CI —0.11-0.38 points, 48 participants) and the seven-item Asthma Control Questionnaire score (MD
0.11 points, 95% CI —0.20-0.43 points, n=48) [51] but MDs were not clinically or statistically significant.

Comparison: yoga breathing versus usual care

Compared to usual care, yoga breathing improved HRQoL measured with the SGRQ total score (MD
—7.42 points, 95% CI —13.02— —1.82 points, three studies, n=111, 1>=45%; supplementary figure S5.1),
SGRQ impact domain (MD —13.06 points, 95% CI —14.06— —12.05 points, three studies, n=111, 12=0%;
supplementary figure S5.3) and SGRQ activities domain (MD -13.41 points, 95% CI
—19.12— —-7.16 points, three studies, n=111, ’=0%; supplementary figure S5.4); the MD for SGRQ
symptom domain was —6.5 points (95% CI —14.93-1.94 points, three studies, n=111, 1°=69%;
supplementary figure S5.2). Sensitivity analysis with removal of one RCT that did not blind assessors
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reduced the effect size but did not resolve heterogeneity (MD —2.50 points, 95% CI —14.04-9.04 points,
two RCTs, n=91, 1’=73%). There was no effect of 12 weeks of yoga breathing on CAT score (MD
-3.31 points, 95% CI —9.8-3.19 points, two studies, n=115, 1°=85%; supplementary figure S6).
Sensitivity analysis was not possible owing to the small number of studies. One additional RCT involving
participants with COPD demonstrated no effect of yoga breathing on SF36 mental or physical component
scores, or CRQ fatigue, emotion or mastery domain scores [42].

In people with asthma, improvements in HRQoL after 6-12 weeks favoured yoga breathing over usual care
for AQLQ total score (MD 1.54 points, 95% CI —1.15-4.24 points, three studies, n=487, ’=100%;
figure 4a). There were also improvements in AQLQ symptoms domain (MD 1.70 points, 95% CI 0.11—
3.29 points, six studies, n=634, °=100%; figure 4b), activities domain (MD 1.65 points, 95% CI
0.23-3.08 points, six studies, n=634, 1>=100%; figure 4c) and emotion domain (MD 1.42 points, 95%
CI 0.30-2.55 points, six studies, n=634, 1’=99%; figure 4d). Improvements in the environment domain
favoured yoga breathing (MD 1.79 points, 95% CI —0.34-3.92 points, six studies, n=634, ’=100%; figure
4e). Sensitivity analysis was not possible because all studies lacked assessor blinding and/or had
incomplete outcome data. One additional study that could not be combined in the meta-analysis showed
similar effects [25]. One study continued the intervention for 6 months [52], demonstrating sustained
improvements in AQLQ total score and all domain scores.

Comparison: yoga breathing versus sham/placebo

In people with asthma, improvement in HRQoL measured using the AQLQ was found after 4 weeks of
yoga breathing compared to a sham intervention for domains of symptoms (MD 0.96 points, 95% CI
0.46-1.46 points, one RCT, n=50), activities (MD 0.94 points, 95% CI 0.44-1.44 points, one RCT, n=50),
emotion (MD 1.14 points, 95% CI 0.51-1.77 points, one RCT, n=50) and environment (MD 0.78 points,
95% CI 0.19-1.37 points, one RCT, n=50) [58]. However, a 16-week study involving participants with
asthma demonstrated no effect on mini-AQLQ score (MD 0.22 points, 95% CI —0.57-1.01 points, one
RCT, n=62) [59].

Comparison: Buteyko technique versus usual care

A single RCT that assessed the effects of 12 weeks of Buteyko technique in people with asthma
demonstrated improvements in HRQoL measured with AQLQ total score compared to usual care (MD
0.97 points, 95% CI 0.48-1.46 points, n=79), as well as improvements in the domains of symptoms
(MD 1.01 points, 95% CI 0.44-1.59 points, n=79), activities (MD 1.32 points, 95% CI 0.81-1.83 points,
n=79) and environment (MD 0.91 points, 95% CI 0.13-1.69 points, n=79); the MD in the emotion
domain score was 0.91 points (95% CI 0.13-1.69 points, n=79) [25].

Comparison: Buteyko technique versus sham/placebo

Four weeks of Buteyko technique compared to placebo in people with asthma improved HRQoL measured
by AQLAQ total score (MD —1.29 points, 95% CI —2.53— —0.05 points, n=36) and domains of symptoms
(MD -1.53 points, 95% CI —3.06-0.00 points, n=36) and emotion (MD —1.59 points, 95% CI
—3.04- —0.15 points, n=36); the MD in activities domain was —1.16 points (95% CI —2.54-0.22 points,
n=36) and in the environment domain was —0.87 points (95% CI —2.18-0.44 points, n=36) [60]. A
6-month study involving participants with asthma demonstrated no differences between Buteyko technique
and placebo for AQLQ total or subdomain scores, or any domain of the SF36, with the exception of
improvement in the physical limitations domain (n=45 participants) [61].

Comparison: Papworth method versus usual care

A RCT that assessed the effects of 6 months of the Papworth method compared to usual care in people
with asthma demonstrated improvements in SGRQ symptoms domain score at 6-month (MD
—11.00 points, 95% CI —19.52— —2.48 points, n=78) and 12-month follow-up (MD —1.50 points, 95% CI
—6.71-3.71 points, n=72). Improvements in the activities and impact domains and total score did not reach
statistical significance [62]. A 6-week study involving participants with asthma (n=69) demonstrated
improvements in SF36 domains that did not reach statistical significance [63].

Comparison: breathing retraining with biofeedback added to exercise training versus exercise training

Addition of breathing retraining with biofeedback to exercise training did not consistently improve HRQoL
in participants with COPD compared to exercise training alone. After 4-12 weeks of training, the MD
between groups in CRQ fatigue domain score was 0 points (95% CI —0.32-0.32 points, three RCTs,
n=209, I’=9%; supplementary figure S7.1), in emotional function domain score was —0.12 points (95% CI
—0.41-0.18 points, three RCTs, n=209, 1’=0%; supplementary figure S7.2) and in the mastery domain
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a) AQLQ total score

Yoga breathing Usual care Weight Mean difference Mean difference
Study or subgroup Meantsp  Total Meantsp  Total (%) IV, random, 95% ClI IV, random, 95% ClI
AGNIHOTRI et al. [52] 4.92+0.62 125  4.79+0.56 130  33.4 0.13 (-0.02-0.28)
SoDHI et al. [53] 4.46+0.61 60 4.06£0.69 60 333 0.40 (0.17-0.63) -
TURAN et al. [54] 6.72¢027 56 2.6240.55 56 333 4.10 (3.94-4.26) -
Total (95% CI) 241 246 100.0 1.54 (-1.15-4.24)
Heterogeneity: Tau2=5.66; Chi2=1426.98, df=2 (p<0.00001); 12=100% T T | T T
Test for overall effect: Z=1.12 (p=0.26) -4 -2 0 2 4

Favours usual care Favours yoga
b) AQLQ symptoms domain

Yoga breathing Usual care Weight Mean difference Mean difference
Study or subgroup Meanzsp  Total Meantsp  Total (%) IV, random, 95% Cl IV, random, 95% ClI
AGNIHOTRI et al. [52] 4.75+0.75 125 4.63+0.61 130 16.8 0.12 (-0.05-0.29) ol
SANGEETHALAXMI and HANKEY [55]  5.4+0.36 30 2.28+0.21 30 16.8 3.12(2.97-3.27) -
SINGH et al. [56] 6.21+0.63 15 4.75+1.07 15 16.4 1.46 (0.83-2.09) —
SoDHI et al. [53] 5.06+0.66 60 4.6+0.77 60 16.8 0.46 (0.20-0.72) -
TURAN et al. [54] 6.71+0.3 56 2.42+0.61 56 16.8 4.29 (4.11-4.47) -
VEMPATI et al. [57] 5.42+1.2 29 4.7+1.7 28 16.2 0.72 (-0.05-1.49) T
Total (95% Cl) 315 319 100.0 1.70 (0.11-3.29) —~—
Heterogeneity: Tau2=3.90; Chi2=1459.20, df=5 (p<0.00001); 12=100% T T T T
Test for overall effect: Z=2.10 (p=0.04) -4 -2 0 2 4

Favours usual care Favours yoga
¢) AQLQ activities domain

Yoga breathing Usual care Weight Mean difference Mean difference
Study or subgroup Meanzsp  Total Meantsp  Total (%) IV, random, 95% Cl IV, random, 95% ClI
AGNIHOTRI et al. [52] 5.08t0.3 125  4.85+0.43 130  16.8 0.23 (0.14-0.32) -
SANGEETHALAXMI and HANKEY [55]  5.04+0.26 30 2.48+0.21 30 16.8 2.56 (2.44-2.68) -
SINGH et al. [56] 6.01+0.73 15 457+0.64 15 16.5 1.44 (0.95-1.93) -
SoDHI et al. [53] 429+0.36 60 3.93+0.65 60 16.8 0.36 (0.17-0.55) -
TURAN et al. [54] 6.74+031 56 2.5240.59 56 16.8 4.22 (4.05-4.39) -
VEMPATI et al. [57] 482413 29 3.74+15 28 16.1 1.08 (0.35-1.81) —
Total (95% Cl) 315 319 100.0 1.65 (0.23-3.08) =
Heterogeneity: Tau2=3.14; Chi2=2121.20, df=5 (p<0.00001); 12=100% T T T T
Test for overall effect: Z=2.27 (p=0.02) -4 -2 0 2 4

Favours usual care Favours yoga

d) AQLQ emotion domain

Yoga breathing Usual care Weight Mean difference Mean difference
Study or subgroup Meanzsp  Total Meantsp  Total (%) IV, random, 95% Cl IV, random, 95% ClI
AGNIHOTRI et al. [52] 5.49+0.58 125 5.31+0.4 130 17.1 0.18 (0.06-0.30) -
SANGEETHALAXMI and HANKEY [55]  5.23+0.38 30 2.6+0.31 30 17.0 2.63(2.45-2.81) .
SINGH et al. [56] 5.58+0.82 15 3.8+0.95 15 16.2 1.78 (1.14-2.42) —.
SopHI et al. [53] 3.8+0.72 60 3.56+0.83 60 16.9 0.24 (-0.04-0.52) .
TURAN et al. [54] 6.6+0.36 56 4.26x0.97 56 16.9 2.34(2.07-2.61) —-—
VEMPATI et al. [57] 5.71+1.3 29 4.32+1.7 28 15.8 1.39 (0.60-2.19) s
Total (95% Cl) 315 319 100.0 1.42 (0.30-2.55) el
Heterogeneity: Tau2=1.92; Chi?=629.57, df=5 (p<0.00001); 12=99% T T T T
Test for overall effect: 7=2.48 (p=0.01) -2 -1 0 1 2

Favours usual care Favours yoga

e) AQLQ enviromental stimuli domain

Yoga breathing Usual care Weight Mean difference Mean difference
Study or subgroup Meantsp  Total Meantsp  Total (%) IV, random, 95% Cl IV, random, 95% Cl
AGNIHOTRI et al. [52] 4.92+0.62 125 4.79+0.56 130 16.8 0.13(-0.02-0.28) o
SANGEETHALAXMI and HANKEY [55] 5.33+0.38 30 2.98+0.27 30 16.8 2.35(2.18-2.52) -
SINGH et al. [56] 4.8+1.07 15 3.46+0.87 15 16.5 1.34 (0.64-2.04) —
SobHI et al. [53] 4.15+0.89 60 3.67+0.98 60 16.7 0.48 (0.15-0.81) -
TURAN et al. [54] 6.82+0.34 56 1.31+0.47 56 16.8 5.51(5.36-5.66) -
VEMPATI et al. [57] 5.3+1.6 29 4.4+1.8 28 16.3 0.90 (0.01-1.79) =
Total (95% Cl) 315 319 100.0 1.79 (-0.34-3.92) T
Heterogeneity: Tau?=7.05; Chi2=2694.64, df=5 (p<0.00001); 12=100% T T T T
Test for overall effect: Z=1.65 (p=0.10) -4 -2 0 2 4

Favours usual care Favours yoga

FIGURE 4 Forest plots for health-related quality of life (Asthma Quality of Life Questionnaire (AQLQ) total and domain scores) for yoga breathing
versus usual care. IV: inverse variance.
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score was 0.10 points (95% CI —0.21-0.40 points, three RCTs, n=209, 1*=0%; supplementary figure S7.3).
Two additional RCTs that could not be combined in meta-analysis reported similar results [27, 29].

Comparison: breathing exercises added to inhalation therapy versus inhalation therapy alone
No studies reported on breathing exercises added to inhalation therapy versus inhalation therapy alone with
the outcome HRQoL.

Secondary outcome: adverse events
Descriptive results for the outcome adverse events can be found in supplementary table S6.

Comparison: breathing exercises versus usual care or sham/placebo

In 11 RCTs (1433 participants) that reported this outcome, there were no adverse events related to the
intervention. In participants with asthma, there was no effect of breathing exercises over 6-12 months on
the odds of a serious adverse event (OR 0.62, 95% CI 0.37-1.5, three studies, n=848, 12:0%) or an
adverse event (OR 0.71, 95% CI 0.53-0.94, 1>=0%) (supplementary figure S8). In participants with
COPD, breathing exercises did not increase the odds of a hospital admission (OR 0.98, 95% CI 0.27-3.54,
two studies, n=176, IZZO%; supplementary figure S9) or mortality (OR 0.74, 95% CI 0.18-3.06, three
studies, n=216, 1>=0%; supplementary figure S10). There was a reduction in the odds of an exacerbation
with breathing exercises (12 weeks—12 months) compared to usual care or sham/placebo interventions (OR
0.57, 95% CI 0.38-0.84, six studies, n=1082, 1°=0%; figure 5) but no effect on the odds of requiring oral
corticosteroids (OR 0.45, 95% CI 0.08-2.76, one RCT, n=48) [65].

Comparison: yoga breathing versus usual care or sham/placebo

Three studies in people with COPD reported that there were no adverse events related to yoga breathing
[42, 59, 66]. There was no effect of 3-4 months of yoga breathing on the odds of developing an
exacerbation (OR 0.67, 95% CI 0.30-1.47, two studies, n=147, 1>=0%; supplementary figure S11). There
was no effect of yoga breathing on the “number of attacks per week” (yoga breathing: mean+tsp 0.38+0.48,
n=30; usual care: meantsp 0.58+0.53, n=30) [53] or the number of participants with “illness” (yoga
breathing: one out of 36 participants; usual care: two out of 36 participants) [67].

Comparison: Buteyko technique versus usual care or sham/placebo

There was no effect of the Buteyko technique on the odds of an exacerbation (OR 0.59, 95% CI 0.17-1.99,
one RCT, n=79) [25] or on the odds of a hospital admission due to asthma exacerbation (OR 0.31, 95% CI
0.01-8.28, one RCT, n=32) [60]. A 6-month study involving participants with asthma that assessed the
effect of Buteyko technique compared to placebo reported a median of one exacerbation (IQR 0-1.75) in
the intervention group and one exacerbation (IQR 0-2) in the placebo group (45 participants) [61].

Comparison: Papworth method versus usual care
A 6-month study involving participants with asthma that assessed the effect of the Papworth methods compared
with usual care stated “no adverse events were reported by patients or GPs” (n=85 participants) [62].

Breathing exercises ~ Usual care/sham  Weight Odds ratio Odds ratio
Study or subgroup Events Total Events Total (%) M-H, random, 95% Cl M-H, random, 95% CI
ANDREASSON et al. [46] 6 94 9 99 13.3 0.68 (0.23-2.00)
BRUTON et al. [24] 24 261 20 131 38.2 0.56 (0.30-1.06) — &
BRUTON et al. [24] 15 132 20 131 29.8 0.71(0.35-1.46) —
LAURINO et al. [50] 1 20 1 18 1.9 0.89 (0.05-15.44)
Liv et al. [64] 0 29 1 28 1.5 0.31(0.01-7.95)
SHEN et al. [24] 3 39 9 43 8.0 0.31(0.08-1.26) e —
SLADER et al. [51] 3 28 8 29 7.3 0.32(0.07-1.34) I
Total (95% Cl) 603 479 100.0 0.57 (0.38-0.84) 4
Total events 52 68
Heterogeneity: Tau2=0.00; Chi2=2.05, df=6 (p=0.91); 12=0% T T T T
Test for overall effect: Z=2.84 (p=0.004) 0.005 0.1 1 10 200

Favours breathing exercises Favours usual care/sham

FIGURE 5 Forest plots for adverse events (number of participants with exacerbation) for breathing exercises versus usual care or sham/placebo.
M-H: Mantel-Haenszel.
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Comparison: breathing exercises added to exercise training versus exercise training

Breathing retraining with biofeedback added to exercise training (8-12 weeks) did not alter the odds of a
COPD exacerbation compared with exercise training alone (OR 0.26, 95% CI 0.04-1.64, three studies,
n=231, I’=0%; supplementary figure S12).

Comparison: breathing exercises added to inhalation therapy versus inhalation therapy alone

One 4-week study involving participants with COPD that assessed the effect of breathing exercises added
to tiotropium bromide and N-acetylcysteine reported a reduction in “adverse reactions” (OR 0.28, 95% CI
0.08-0.92, n=100) compared with the group receiving only tiotropium bromide and N-acetylcysteine [30].

Discussion

This systematic review has shown that breathing techniques probably improve breathlessness in people
with COPD and asthma compared to usual care or sham treatment; however, there is some uncertainty
regarding both the magnitude of the effect and its clinical significance. Breathing techniques consistently
improved HRQoL in people with COPD and asthma in comparison to usual care, with effects that
exceeded the MID for most analyses. There are few data in other serious respiratory illnesses. The
breathing techniques with most evidence for benefit were breathing exercises (pursed lip breathing or
diaphragmatic breathing) and yoga breathing, with less data to support the effects of Buteyko and the
Papworth method. Adding breathing exercises to whole-body exercise training probably improved
breathlessness in people with COPD, with no effect on HRQoL. The likelihood of adverse effects with
breathing exercises is very low.

Based on the evidence presented in this systematic review, the recent ERS guideline on symptom
management has made a conditional recommendation that breathing techniques be used to reduce symptoms
in people with serious respiratory illness. This recommendation places a high value on consistent
improvements in HRQoL for people with COPD and asthma, and a lower value on the uncertainty
regarding their effect on breathlessness. It is possible that breathlessness measures used in the included
RCTs were not sufficiently sensitive to detect change with breathing techniques (e.g. the mMRC scale).
Furthermore, breathing techniques may have a greater impact on breathlessness in those with greater
symptom burden, such as those near the end of life, a group who were not included in existing RCTs. In
addition to the outcomes measured in this review, people with severe respiratory illness have reported a
range of other benefits from breathing techniques, including increased confidence, reduced panic, increased
disease mastery and greater control over breathing in daily life [13, 14, 68, 69]. An advantage of breathing
techniques is that they can be taught by a variety of health professionals across many settings, with a
modest time commitment for patient instruction and training, and low cost. Breathing techniques can also be
included in an individualised treatment plan using existing models of care, such as pulmonary rehabilitation
or multicomponent symptom management services. Breathing exercises are employed across a range of
cultures and spiritual practices, which may enhance acceptability to patients and aid implementation. Health
professionals should thoroughly understand the physiological rationale underpinning the chosen technique,
such that appropriate instructions and supervision are targeted to individual patient needs.

The strength of our conclusions was limited by the low certainty of evidence. A lack of assessor blinding
and intention-to-treat analysis were common, factors which may have a substantial impact in trials of
non-pharmacological interventions. The majority of RCTs lacked a prospectively registered protocol, so
reporting bias could not be excluded. The included trials were conducted over a 57-year period, with the
earliest trial published in 1965 [70]. Although it should be acknowledged that clinical trial methodologies
and reporting have changed substantially over that time, risk of bias was also high in many studies that
were published more recently. The marked statistical heterogeneity evident in some meta-analyses could
not be resolved by removal of trials at high risk of bias. This heterogeneity could reflect the wide variety
of breathing techniques used, many of which were poorly described and may be difficult for health
professionals and patients to replicate. There was variety in the intensity and duration of the intervention
periods, which may have affected the magnitude and persistence of the observed effects. The Template for
Intervention Description and Replication (TIDieR) checklist [71] should be used to enhance reporting of
intervention components in future trials, along with consideration of emerging initiatives such as video
abstracts or video supplements, to ensure that these non-pharmacological treatments can be effectively
replicated and delivered. Trial reporting should adhere to the CONSORT statement for RCTs of
non-pharmacological interventions [72].

Although current data support the implementation of breathing techniques in clinical practice, there are
knowledge gaps that should be addressed in future research. Breathing exercises such as pursed lip
breathing were developed for use in people with obstructive lung disease, with the proposed mechanism of
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reducing intrinsic positive end expiratory pressure and dynamic hyperinflation, and thus reducing
symptoms [73, 74]. The physiological relevance and clinical efficacy of these breathing exercises in
patients with restrictive lung disease remains to be tested. The potential of biofeedback to enhance
breathing techniques should be more comprehensively explored [26-28]. Remote delivery of training for
breathing techniques should be examined to enhance accessibility of this intervention, and long-term
persistence of benefits should be documented, including measures of cost-effectiveness.

A strength of this review is the inclusion of RCTs from 17 countries across Asia, the Middle East, North
and South America, Europe, the UK and Australia. This demonstrates the global interest in breathing
techniques for people with respiratory illness, and enhances generalisability. We translated and extracted
data from RCTs published in Chinese-language journals. We used a robust systematic review methodology,
which included two reviewers independently conducting screening of citations, full-text review and data
extraction. While our strategy of using existing systematic reviews to identify earlier trials increased
research efficiency, it is possible that some earlier trials could have been missed using this strategy,
although the use of eight systematic reviews (supplementary table S1) reduces this risk. Some studies were
excluded because they contained insufficient detail to confirm eligibility and no registered protocol (figure 1),
which may have excluded relevant data.

In conclusion, breathing techniques may improve breathlessness, and consistently improve HRQoL, in
people with serious respiratory illness. Evidence is strongest for breathing exercises (pursed lip breathing
and diaphragmatic breathing) and yoga breathing in people with COPD and asthma. These findings
support the use of breathing exercises to reduce symptoms in people with serious respiratory illness.

Points for clinical practice

»  Pursed lip breathing, diaphragmatic breathing and yoga breathing may be useful to reduce breathlessness
and enhance quality of life in people with serious respiratory illness.

»  Breathing techniques can be implemented by a variety of health professionals in many settings; however,
health professionals should thoroughly understand the physiological rationale behind the technique, such
that appropriate instructions and supervision can be delivered.

Questions for future research

» Can breathing techniques reduce breathlessness in people with restrictive lung disease?

+  Can biofeedback enhance the efficacy of breathing exercises in people with serious respiratory illness?
» Do the benefits of breathing techniques persist over time in people with serious respiratory illness?
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