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Abstract
Background Pulmonary rehabilitation (PR) is a cornerstone in chronic obstructive pulmonary disease
(COPD) management. However, PR adherence is generally low, and barriers include availability, economic
issues, motivation and an inability to attend or perform physical training. Therefore, alternative, evidence-
based PR activities are required. Singing may have benefits for quality of life (QoL), respiratory control
and well-being in COPD, but the impact on the PR key outcome, physical exercise capacity, is uncertain.
Methods In this randomised controlled trial (NCT03280355), we investigated the effectiveness of 10 weeks
of PR, including either “Singing for Lung Health” (SLH) training or standard physical exercise training
(PExT). The primary outcome was a change in exercise capacity (6-min walk distance (6MWD)) from
baseline to post-PR. Secondary outcomes were changes in QoL (St George’s Respiratory Questionnaire
(SGRQ)), Hospital Anxiety and Depression Score (HADS), lung function, dyspnoea and adherence.
Results We included 270 COPD patients, and 195 completed the study. Demographics across groups were
comparable, and both groups improved significantly in 6MWD and SGRQ score. SLH was non-inferior to
PExT in improving 6MWD (mean±SD 13.1±36.3 m versus 14.1±32.3 m, p=0.81; difference 1.0 m, 95% CI
−7.3–9.3 m) with 21.8% and 25.0%, respectively (p=0.57), reaching the 6MWD minimal important
difference of 30 m. We found no significant between-group differences concerning SGRQ, HADS, lung
function, dyspnoea or adherence.
Conclusion Our study suggests that SLH is non-inferior to PExT in improving 6MWD during a 10-week PR
programme. Future studies addressing reproducibility, long-term effects and health economics are needed.

Introduction
The prevalence of respiratory diseases is increasing rapidly, and chronic obstructive pulmonary disease
(COPD) is now the third leading global cause of death [1]. COPD is associated with hospitalisation,
mortality, multimorbidity, reduced quality of life (QoL), increased sick leave, reduced physical activity and
significantly increased economic costs for patients and society [2].

The central role of pulmonary rehabilitation (PR) with physical exercise training (PExT) in COPD management
is stated in the joint guidelines published by the American Thoracic Society and European Respiratory
Society [3]. PR supports lifestyle changes and improves exercise capacity, QoL and dyspnoea [1, 3].
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Although well documented to have a positive effect on walking distance, QoL and dyspnoea control,
PR adherence is challenged by lack of access, costs and participants’ comorbidities and lack of
motivation [3–6]. Only ∼10% of those who would benefit from PR are currently referred. Approximately
half of those referred do not show up and of those actually showing up, one third fail to complete PR [7].
It is a key priority to increase availability of PR and to develop alternative, motivating and personalised
solutions to supplement standard PR [1, 8].

Singing for people with respiratory disease is perceived to be beneficial in managing dyspnoea, increasing
well-being and QoL, and reducing social isolation in COPD [9–19]. With regard to physical outcomes,
singing may improve respiratory muscle strength, coordination and performance [13, 14, 20–22];
reduce hyperinflation [9, 23]; improve lung function [24]; and enhance functional exercise capacity in
COPD [13, 25]. The specific methodological concept “Singing for Lung Health” (SLH) was developed in
the UK [9, 23, 26, 27] and has become increasingly popular, although heterogeneous singing approaches
are applied in other countries [23, 28, 29]. The growing body of research on SLH and singing in COPD is
mostly based on small-scale and descriptive studies without a primary focus on key objective variables
relevant in PR research [1, 9, 13, 23, 28].

In the present study, the objective was to investigate SLH as an alternative to conventional PExT as part of
PR in COPD, hypothesising that SLH is non-inferior to PExT with regard to change from pre to post
10-week PR programme, and measured by key objective variables in PR: exercise capacity, QoL, anxiety
and depression, lung function, dyspnoea and adherence.

Methods
Study design and oversight
Between August 2017 and May 2019, we conducted a multicentre, randomised controlled clinical trial in
Denmark, comparing SLH with PExT (registered at ClinicalTrials.gov: NCT03280355). The study was
performed in accordance with the Declaration of Helsinki, and approved by the Regional Committee on
Health Research Ethics, Region Zealand, Denmark (number SJ-597) and by the Danish Data Protection
Agency (number REG-049-2017).

Participants
In Denmark, PR in COPD is almost exclusively offered by community-based services [30]. Therefore, we
enrolled 11 community PR services distributed across Denmark and screened for eligibility among patients
with COPD referred for PR. Inclusion criteria were a doctor’s diagnosis of COPD (according to Global
Initiative for Chronic Obstructive Lung Disease (GOLD) criteria [14]), referral for and ability to attend PR,
and acceptance of randomisation. Exclusion criteria were unstable coronary heart disease, severe cognitive
disabilities, inability to speak or understand spoken/written Danish and participation in lung choir singing
or PR (or other structured, disease-related physical training) within the previous 6 months. Uncertainty in
the interpretation of the General Data Protection Regulation (GDPR) in European Union law (which was
implemented in the EU during our trial) resulted in loss of data on reasons for declining: some centres
refused to record data on non-participating citizens, and other centres deleted data already obtained data for
fear of breaking the GDPR law.

Randomisation and blinding
Given that PR is performed as a group-based activity, randomisation to either SLH or PExT was
performed across the planned number of PR classes as clusters, each representing approximately
10 participants. The randomisation procedure was performed by the study investigator (M. Kaasgaard)
using sequentially numbered, closed envelopes, and supervised by the principal investigator (U. Bodtger).
Randomisation was concealed at baseline to local health professionals and participants, and the study nurse
was blinded to randomisation both at baseline and follow-up.

Data collection procedure
At baseline, participants were assessed using objective tests and completed patient-reported questionnaires
and data sheets on socio-demographic information, medication usage and expectations towards the benefits
of singing. All assessments were repeated at follow-up. One designated study nurse performed all the
objective assessments and collected all data from all sites within 2 weeks before the onset of PR and again
within 2 weeks after programme termination. Data were registered in web-based software (SurveyXact,
Rambøll Management Consulting, Aarhus, Denmark).
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Outcomes and measures
The primary study outcome was change in exercise capacity from baseline to follow-up measured as
change in 6-min walk distance (6MWD) (minimal important difference (MID): 30 m) [31]. Secondary
outcomes were changes in QoL, measured by the St George’s Respiratory Questionnaire (SGRQ); anxiety
and depression, measured by the Hospital Anxiety and Depression Scale (HADS); lung function and
dyspnoea, measured by forced expiratory volume in 1 s (FEV1) (in mL and as FEV1 % predicted),
modified Medical Research Council (mMRC) dyspnoea scale and modified Borg category-ratio
(Borg-CR10) dyspnoea scale; and adherence to PR. See appendix S1 for details and interpretation.

Pulmonary rehabilitation
Both study groups received a 10-week PR course that included either SLH or PExT twice weekly, i.e. a
total of 20 sessions, delivered at the local community PR service. Sessions lasted 90 min and included
individual supervision and guidance. In addition, both study groups received identical educational sessions
as part of PR, attending once a week, that covered lifestyle changes, disease management, guidance on
managing daily life, smoking cessation, inhaler technique and dyspnoea control manoeuvres [1]. The PR
content delivered to each study group is reported in table 1 and in the Consensus on Exercise Reporting
Template (CERT) (appendices S2 and S3) [32].

Singing for Lung Health
SLH in the intervention arm was delivered by professional singing teachers who had been specially trained
before study initiation by the developers of the UK SLH programme [9, 23, 26, 27]. SLH included
physical, vocal and breathing exercises, with a focus on improving strength, endurance and flexibility of
the respiratory muscles. SLH was carefully adapted to the respiratory challenges in COPD and included
movement and/or dancing. Each session consisted of 20 min of physical warm-ups, 20 min of vocal
warm-up with rhythm and pitch games, 40 min of singing and 10 min of cooling down, e.g. mindfulness
or relaxation.

Physical exercise training
PExT in the control arm was delivered by local, experienced physiotherapists and conducted in accordance
with Danish national clinical PR guidelines [33], in the form of supervised strength and endurance training
to enhance exercise tolerance and capacity [34–36], with modifications based on preferences, local

TABLE 1 Overview of content in the two study groups

SLH PExT

Per session (min)# 90 90
Warm-up exercise (body) ✓ ✓
Warm-up exercise (voice) ✓ ×
Breathing techniques ✓ ✓
Handling dyspnoea ✓ ✓
Posture ✓ ✓
Resting positions ✓ ✓
Endurance exercises (circuit/interval)¶ ✓ ✓
Respiratory muscle training ✓ ×
Strength exercises and limb endurance training × ✓
Home exercise instructions/continuation of physical activity ✓ ✓
Muscle stretching ✓ ✓
Relaxation and body awareness ✓ ✓
Singing ✓ ×
Education and self-management as part of PR+ ✓ ✓

SLH: Singing for Lung Health; PExT: physical exercise training. #: dose of intervention for both groups was
90 min twice weekly over 10 weeks; ¶: both groups were trained in coordination of breathing and use of pursed
lip breathing (resistance on exhalation), while the SLH group did respiratory muscle training (resistance on
inhalation) and the PExT group did strength exercises and limb endurance training (comprising walking,
stepping, stair climbing, exercise bikes and, if possible, jogging, cross trainer and/or row machine); +: dose of
education and self-management for both groups varied between 60–120 min once weekly for 10 weeks and
comprised knowledge about chronic obstructive pulmonary disease, behaviour change, smoking cessation,
correct use of inhaler devices, nutrition, sexuality, handling of stress and anxiety, early recognition of
exacerbation, decision-making and taking action on symptoms, motivation goals and maintenance
post-pulmonary rehabilitation.
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decisions and individual tailoring. Each session consisted of 20 min of physical warm-ups, 60 min of
PExT, including handling of dyspnoea, and 10 min of cooling down.

Statistics
An a priori sample size calculation (power 95%, two-sided α 5%, non-inferiority margin 8%) estimated a
requirement of 87 participants in each study group (dropout rate +20%, i.e. total sample size n=220) to
detect a between-group 6MWD difference of the MID (30 m) in a non-inferiority design [37].

Continuous data are described as mean±SD and tested using a t-test, and categorical data as n (%) and
tested using a Chi-squared test. The primary outcome was analysed according to the intention-to-treat
principle. Within-group changes from baseline to follow-up were assessed using paired tests. Missing data
were handled with the last observation carried forwards or next observation carried backwards [38].

Logistic regression was used to test the relationship between training modality and achieving the MID of
the primary outcome. A multilevel mixed-effects logistic regression model was constructed to adjust for
potential confounders, including age, sex, GOLD class, mMRC at baseline, 6MWD at baseline categorised
into quartiles, body mass index (BMI), expectations towards benefits of singing, adherence to training
(fixed-effect variables) and training centre (random-effects variables). Unless otherwise stated, no
significant interactions were found. Differences in adherence to training were evaluated, including baseline
characteristics of patients with high adherence (⩾75%), and factors associated with high adherence were
analysed using multivariable logistic regression. Subgroup analyses of the primary outcome included 1) a
per-protocol analysis excluding patients who dropped out before the follow-up visit, 2) analyses of patients
with high adherence, 3) analyses of patients with high expectations towards benefits of singing and
4) analyses excluding patients who never attended training (zero adherence).

Statistical analyses were performed using SPSS 26.0 (IBM, Chicago, IL, USA) and STATA/IC 16.1
(StataCorp LLC, College Station, TX, USA). Statistical significance was reached at p<0.05.

Blinded results (presented as Treatment 0 compared to Treatment 1) of the study were presented to the
research group for interpretation [39].

Results
Participants
More than half of the participants were female (62.2%); mean values for other demographics included age
69.5±8.4 years, BMI 27.8±6.0 kg·m−2, pack years 40.5±21.3, FEV1 % predicted 51.4±16.8%, 6MWD
382.3±102.4 m and 66.3% having positive expectations towards benefits of singing. The two study groups
were comparable at baseline, except for lower lung function in the SLH group (table 2 and appendix S4).
Because dropout rates were higher than expected, we continued inclusion to 270 participants in total
(intention-to-treat population) to ensure sufficient power for the primary end-point. Total dropout rate was
28% (n=75) and 195 completed the study (table 2). Across the 11 participating community PR services,
patients enrolled in 29 PR classes (median size, nine patients; range, 5–16 patients). Four participants did
not perform baseline 6MWD; however, their data were otherwise complete and they were included in
secondary outcomes analyses (figure 1). No adverse events were reported.

Outcomes
Primary outcome
In the intention-to-treat analysis, SLH was non-inferior to PExT in improvement of 6MWD and in rate of
participants reaching the 6MWD MID of 30 m (figure 2 and table 3). Both study groups showed a
statistically significant improvement in 6MWD.

Across the two study groups, we found no difference in 6MWD MID after adjustment for age, sex, BMI,
GOLD class and expectations towards benefits of singing, using multivariable logistic regression (OR 0.96,
95% CI 0.5–1.7, p=0.89). We found significant correlation in both groups between adherence to PR and
reaching the 6MWD MID of 30 m (appendix S5).

Secondary outcomes
We observed no between-group differences in Borg-CR10, mMRC, lung function, HADS, attendance rate
or dropout rate. Concerning SGRQ total score, we found no significant between-group difference (table 3
and figure 3), whereas data suggested a beneficial effect of SLH on SGRQ impact score (⩾4 point
improvement: SLH 35.9% and PExT 22.4%, p=0.02) (table 3).
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Subgroup analyses
The per-protocol analysis showed non-inferiority in primary and secondary outcomes, with only minor
differences observed in SGRQ impact score and lung function (appendix S6). Stratified analyses for sex,
age and lung function (GOLD class) showed no significant differences between groups. Further, we found
no significant differences between the 29 PR classes regarding primary outcome.

There was no correlation between baseline characteristics or other factors and high adherence (⩾75%)
(appendices S7 and S8). Non-adherence to PR was associated with living alone, current smoking and high
symptom burden (appendices S5, S7 and S8).

The 75 participants who dropped out differed at baseline from study completers by displaying poorer lung
function, shorter 6MWD, more symptoms and a higher prevalence of current smoking (appendix S9).

Discussion
In this multicentre, randomised controlled trial of community-based PR in patients with COPD, we
compared SLH with conventional PExT for the primary study outcome of changes in 6MWD after
10 weeks, and we found that SLH was non-inferior to PExT (6MWD difference: 13.1±36.3 m versus
14.1±32.3 m, p=0.81; difference 1.0 m, 95% CI−7.3–9.3 m). Previous studies on singing in COPD are
small and heterogeneous with low quality of evidence [9, 13]. No previous study on SLH included key
objective criteria as the primary end-point, but e.g. LORD et al. [40] included incremental shuttle walk test
as a secondary outcome with insufficient power to detect change.

TABLE 2 Baseline characteristics in intention-to-treat-population

SLH PExT Difference p-value

Subjects, n 145 125
Age, years 70.2±8.8 68.8±8.0 0.19
Female sex 84 (57.9%) 84 (67.2%) 0.13
BMI, kg·m−2 28.0±6.2 27.7±5.8 0.63
Smoking status
Current 38 (26.2%) 29 (23.2%) 0.63
Former 99 (68.3%) 86 (68.8%)
Never 8 (5.5%) 10 (8.0%)

Pack years 41.0±20.8 39.9±22.0 0.68
FEV1 % predicted 49.5±16.9 53.6±16.6 0.05
GOLD classification
Class 1 2 (1.4%) 7 (5.6%) 0.03
Class 2 68 (46.9%) 66 (52.8%)
Class 3 50 (34.5%) 44 (35.2%)
Class 4 23 (16.0%) 8 (6.4%)

mMRC
0 6 (4.1%) 7 (5.6%) 0.52
1 42 (29.0%) 43 (34.4%)
2 47 (32.4%) 41 (32.8%)
3 19 (13.1%) 9 (7.2%)
4 31 (21.4%) 25 (20.0%)

Medication
LAMA 102 (70.3%) 89 (71.2%) 0.89
LABA 110 (75.9%) 99 (79.2%) 0.56
ICS 71 (49.0%) 59 (47.2%) 0.81
OCS 9 (6.2%) 4 (3.2%) 0.27
Roflumilast 0 (0.0%) 1 (0.7%) 1.00
Theophylline 2 (1.6%) 0 (0.0%) 0.21

Home-oxygen therapy 6 (4.1%) 3 (2.4%) 0.51
Positive expectations towards benefits of singing 94 (64.8%) 85 (68.0%) 0.61

Data are presented as mean±SD or n (%), unless otherwise stated. SLH: Singing for Lung Health; PExT: physical
exercise training; BMI: body mass index; FEV1: forced expiratory volume in 1 s; GOLD: Global Initiative for
Chronic Obstructive Lung Disease; mMRC: modified Medical Research Council dyspnoea score; LAMA: inhaled
long-acting muscarinic antagonists; LABA: inhaled long-acting β2-agonists; ICS: inhaled corticosteroids;
OCS: oral corticosteroids.
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We observed a modest and lower improvement in 6MWD compared to those reported in the latest
Cochrane review on PR in stable COPD (mean improvement 43.9 m, 95% CI 36.2–55.2 m) and in real-life
reports of national PR services from the UK (improvement ⩾MID (30 m) in 70% of participants) and

295 eligible COPD patients

37 dropped out

  9 not satisfied with training

   or randomisation

  11 physical reasons

  6 psychological reasons

  4 other reasons

  6 unknown

  1 death

38 dropped out

  7 not satisfied with training

   or randomisation

  13 physical reasons

  4 psychological reasons

  5 other reasons

  9 unknown

  0 deaths

25 excluded

  did not meet inclusion criteria

108 completed

post-assessment

(105 recorded 6MWD)

87 completed

post-assessment

(86 recorded 6MWD)

145 assigned to

SLH (142 recorded 6MWD)

in 14 PR classes

125 assigned to

PExT (124 recorded 6MWD)

in 15 PR classes

270 included and randomised

in 29 PR classes

FIGURE 1 CONSORT flow diagram. COPD: chronic obstructive pulmonary disease; PR: pulmonary rehabilitation;
6MWD: 6-min walk distance.
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FIGURE 2 Change in 6-min walk distance (6MWD). SLH: Singing for
Lung Health; PExT: physical exercise training.
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TABLE 3 Physical performance and quality of life

SLH PExT Difference p-value 95% CI

6MWD, m
Baseline 374.1±105.0 391.6±99.0 0.17
Follow-up 387.2±100.5 405.7±104.5 0.14
Change from baseline 13.1±36.3*** 14.1±32.3*** 0.81 −7.3–9.3
MID achieved 31 (21.8%) 31 (25.0%) 0.57

SGRQ
Total score
Baseline 46.1±17.1 44.0±17.0 0.32
Follow-up 43.0±16.6 42.5±18.9 0.81
Change from baseline −3.0±8.8*** −1.5±9.2 0.16 −0.6–3.7
MID achieved 51 (35.2%) 35 (28.0%) 0.21

Symptoms score
Baseline 48.9±22.4 47.8±22.7 0.71
Follow-up 45.0±21.9 43.5±24.4 0.61
Change from baseline −3.9±15.0** −4.3±17.2** 0.83 −4.3–3.5
MID achieved 53 (36.6%) 46 (36.8%) 0.97

Activity score
Baseline 65.4±20.6 64.0±21.4 0.59
Follow-up 63.9±20.0 61.6±23.2 0.39
Change from baseline −1.5±10.4 −2.4±11.5* 0.49 −3.7–1.7
MID achieved 44 (30.3%) 44 (35.2%) 0.40

Impact score
Baseline 34.2±18.1 31.3±18.1 0.20
Follow-up 30.5±18.1 31.3±19.1 0.74
Change from baseline −3.7±12.1*** −0.1±10.5 0.01 0.9–6.6
MID achieved 52 (35.9%) 28 (22.4%) 0.02

HADS
Anxiety score
Baseline 4.8±3.8 5.1±3.7 0.52
Follow-up 4.9±3.7 4.9±3.7 0.97
Change from baseline 0.1±2.4 −0.2±2.3 0.33 −0.9–0.3

Depression score
Baseline 3.4±3.2 3.0±2.9 0.28
Follow-up 3.2±2.9 3.1±3.0 0.78
Change from baseline −0.2±2.1 0.1±1.5 0.19 −0.1–0.7

FEV1 % predicted
Baseline 49.7±16.9 53.6±16.6 0.06
Follow-up 50.8±17.8 53.9±17.4 0.14
Change from baseline 1.1±6.6* 0.4±4.6 0.01 −2.1– −0.7

Borg-CR10 (after 6MWD)
Baseline 7.1±2.8 6.6±2.8 0.10
Follow-up 6.9±2.7 6.4±2.5 0.15
Change from baseline −0.3±1.8 −0.2±2.2 0.66 −0.4–0.6

mMRC
Baseline 2.2±1.2 2.0±1.2 0.25
Follow-up 2.0±1.2 2.0±1.3 0.97
Change from baseline −0.2±0.7*** −0.1±0.8 0.07 −0.0–0.4

Adherence to intervention
Sessions, n 16.6±3.0 16.3±3.1 0.41 −2.1–1.0
Adherence rate 0–24% 22 (15.2%) 21 (16.8%) 0.90
Adherence rate 25–49% 11 (7.6%) 12 (4.4%)
Adherence rate 50–74% 24 (16.6%) 21(16.8%)
Adherence rate 75–100% 88 (60.7%) 71 (56.8%)
Dropout rate 37 (25.5%) 38 (30.4%) 0.42

Data are presented as mean±SD or n (%), unless otherwise stated. SLH: Singing for Lung Health; PExT: physical
exercise training; 6MWD: 6-min walking distance; MID: minimal important difference; SGRQ: St George’s
Respiratory Questionnaire; HADS: Hospital Anxiety and Depression Score; FEV1: forced expiratory volume in 1 s;
Borg-CR10: modified Borg category-ratio dyspnoea scale; mMRC: modified Medical Research Council dyspnoea
score. Within-group significance: *: p<0.05, **: p<0.01; ***: p<0.001.
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Denmark (mean improvement 45 m, 95% CI 38–46 m) [30, 41, 42]. Our findings suggest that we may
have compared SLH to an ineffective PR programme, yet we report an effect size comparable to that found
in the largest study included in the Cochrane review [42]: a community-based trial (n=165) with a mean
6MWD improvement of 13.9 m (95% CI 3.1–24.7 m). In Denmark, PR is conducted almost exclusively as
community-based PR, with easy, free and close access for all Danish citizens. A systematic review on
home- or community-based PR found lower 6MWD improvement (33.8 m, 95% CI 6.0–61.5 m; ⩽50
patients in eight of 10 trials) than the above-mentioned Cochrane review [42], suggesting a lower effect
size in PR conducted outside larger centres [43]. Interestingly, the evidence level of PR’s impact on
6MWD was assessed as “very low” in the Cochrane review owing to substantial study heterogeneity and
significant reporting bias (27 of 38 studies with ⩽50 patients; Egger bias 1.24, 95% CI 0.2–2.3; p=0.023)
[42]. In many of the well-conducted randomised controlled trials that demonstrate a positive effect on
6MWD [42, 44], the effect is measured as change in mean difference and compared to usual care (without
training). Lastly, concerns were raised in the UK report on real-life PR [41] that only 6% of PR
programmes used the recommended walking course length, and that almost half the programmes used no
walking tests. In the Danish observational KOALA study [30], only data from PR completers were
included, thus excluding 28% of the intention-to-treat population, which impairs the generalisability of this
study. We therefore consider our findings to be honest, real-life observations in a large-scale
community-based randomised controlled trial; however, we strongly encourage replication of our study in
other PR settings.
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FIGURE 3 Change in St George’s Respiratory Questionnaire (SGRQ) scores. SLH: Singing for Lung Health; PExT: physical exercise training.
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Currently, there is no international consensus guideline on singing as a training intervention for lung
disease. Generally, singing for people with respiratory disease has evolved as a leisure activity rather than a
structured health-related activity, and most lung choirs still have heterogeneous leadership and a lack of
standard training or guidelines [9, 23, 28, 29]. The British Lung Foundation initiative SLH includes
systematic training of singing teachers in lung physiology/pathophysiology and a methodological approach
to singing as a physical activity providing respiratory control [9, 26, 27]. This aligns well with
recommendations on both physical and psychosocial elements in PR [1, 3]. So far, SLH is the
best-documented singing training programme in respiratory disease, though the evidence is primarily based
on qualitative research [9, 23, 28, 29]. Several studies suggest that SLH improves QoL [10, 18, 19], yet we
did not find that SLH improved QoL significantly (secondary outcome) (table 3). Future interventions may
be combined, given that a recent network meta-analysis suggests that techniques based on diaphragmatic
breathing training and yoga breathing are more effective than singing in improving QoL in COPD [45].
Likewise, our study failed to confirm that SLH improves anxiety, depression, dyspnoea or lung function
[9, 10, 16, 18, 19, 28]. In this paper, we only reported FEV1, but because singing is proposed to improve
diaphragmatic control [10, 24], a mechanistic paper on inspiratory and expiratory lung function
measurements from our randomised controlled trial is in preparation.

We found identical adherence rates, and adherence was equally related to 6MWD improvement in both
groups. Further, we found that adherence was not related to specific patient characteristics or factors such
as sex or age (table 3 and appendices S7 and S8). This suggests that SLH is more than a leisure time
activity for adherent patients not preferring to engage in PExT [46]. In our study, participants were referred
for conventional PR with PExT and not for PR with SLH. Future studies should clarify if an active choice
of SLH affects attendance rate and 6MWD improvement [8].

Strengths and limitations
Our study has both strengths and limitations. Most importantly, our study is a short-term proof-of-concept
study of SLH’s impact on 6MWD improvement. Currently, there are no data on long-term outcomes of
SLH as part of PR, and SLH is not validated with respect to any key outcomes of PR. Additionally, owing
to the decentralised structure of Danish PR, only a multicentre design would allow for sufficient
recruitment and sample size. The multicentre design increased internal heterogeneity in delivery of both
SLH and PExT. However, study groups were comparable at baseline and follow-up, including expectations
towards benefits of singing, and with no significant differences in primary end-point between sites (tables
2 and 3). Furthermore, it is unlikely that selection bias explains our findings because participants were
recruited from community-based PR centres after referral for standard care (PR with PExT) from their
general practitioner, who was not informed about the trial. We included only well-established outcome
variables used in PR trials (6MWD, SGRQ, FEV1, HADS, Borg-CR10, mMRC), and did not include any
singing-specific outcomes. Furthermore, we used only basic and fully transparent statistical models, which
further enhances transferability and external validity of our results.

Our findings need validation in other settings, including highly specialised/centralised COPD PR centres,
and our results are not directly transferable to other lung diseases. Evidence suggests that PR and SLH are
effective in both obstructive and interstitial lung diseases [9], but future studies should clarify the generic
properties of PR with SLH.

Due to the proof-of-concept nature of our study, we did not include health economics, which is a needed
aspect when investigating long-term effects of PR on healthcare usage, hospital admission rates and
mortality [42].

Conclusion
This randomised controlled trial in patients with COPD attending PR demonstrated that SLH provides
positive and clinically relevant physiological and psychological changes in COPD, and that SLH was
non-inferior to PExT in improving 6MWD post 10 weeks in community-based PR. 6MWD improvement
in both study arms showed a dose-response relationship with adherence. Future studies in SLH should
validate our findings in other PR settings and investigate key long-term outcomes such as hospital
admission rates, mortality and health economics.
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