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ABSTRACT

Introduction The benefits of unsupervised exercise
programmes in obstructive lung disease are unclear.

The aim of this systematic review was to synthesise
evidence regarding the efficacy of unsupervised exercise
versus non-exercise-based usual care in patients with
obstructive lung disease.

Methods Electronic databases (MEDLINE, CINAHL,
Embase, Allied and Complementary Medicine Database,
Web of Science, Cochrane Central Register of Controlled
Trials and Physiotherapy Evidence Database) and trial
registers (ClinicalTrials.gov, Current Controlled Trials, UK
Clinical Trials Gateway and WHO International Clinical
Trials Registry Platform) were searched from inception to
April 2020 for randomised trials comparing unsupervised
exercise programmes with non-exercise-based usual care
in adults with chronic obstructive pulmonary disease
(COPD), non-cystic fibrosis bronchiectasis or asthma.
Primary outcomes were exercise capacity, quality of

life, mortality, exacerbations and respiratory cause
hospitalisations.

Results Sixteen trials (13 COPD, 2 asthma, 1 chronic
bronchitis: 1184 patients) met the inclusion criteria.
Only data on COPD populations were available for
meta-analysis. Unsupervised exercise resulted in a
statistically but not clinically significant improvement in
the 6-Minute Walk Test (n=5, MD=22.0 m, 95% Cl 4.4
t0 39.6 m, p=0.01). However, unsupervised exercise did
lead to statistically significant and clinically meaningful
improvements in St. George's Respiratory Questionnaire
(n=4, MD=-11.8 points, 95% Cl —21.2 to —2.3 points,
p=0.01) and Chronic Respiratory Disease Questionnaire
domains (dyspnoea: n=4, MD=0.5 points, 95% Cl 0.1 to
0.8 points, p<0.01; fatigue: n=4, MD=0.7 points, 95%
C10.4 1o 1.0 points, p<0.01; emotion: n=4, MD=0.5
points, 95% Cl 0.2 to 0.7 points, p<0.01; mastery:
unable to perform meta-analysis) compared with non-
exercise-based usual care.

Discussion This review demonstrates clinical benefits
of unsupervised exercise interventions on health-
related quality of life in patients with COPD. High-
quality randomised trials are needed to examine the
effectiveness of prescription methods.

INTRODUCTION

There is a strong evidence base showing the effec-
tiveness of supervised exercise interventions, such
as traditional centre-based pulmonary rehabili-
tation, for the management of obstructive lung
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What is the key question?

» Are unsupervised exercise interventions
effective for inducing improvements in exercise
capacity, quality of life and healthcare use
outcomes?

What is the bottom line?

» Unsupervised exercise interventions are
effective at improving St. George's Respiratory
Questionnaire and Chronic Respiratory Disease
Questionnaire domain scores, but do not result
in clinically meaningful improvements in the
6-Minute Walk Test.

Why read on?

» This systematic review provides a wealth of
information on interventions used to date, as
well as synthesised data on commonly used
clinical outcomes in relation to unsupervised
exercise.

disease as demonstrated by improvements in
symptoms, exercise capacity and quality of life
outcomes.'™ When delivered following acute exac-
erbations of chronic obstructive pulmonary disease
(COPD), such supervised interventions also reduce
hospitalisations.” Despite these points, relatively
few people with obstructive lung disease have
access to such programmes or may find it difficult
to engage with, or adhere to, face-to-face exercise
programmes delivered in a supervised setting.’ ©
Barriers to access and long-term adherence include
time requirements, travel constraints and the use of
specialist equipment, which may not be available in
the home setting.” ®

With the clear benefits of exercise interven-
tions and the issues surrounding compliance, it is
important to adapt programmes to various patient
needs. One approach to addressing common
barriers with supervised exercise programmes, such
as time requirements and travel constraints (for
both the healthcare professionals and patients), is
to tailor programmes to be delivered in the patient’s
home in an unsupervised manner. Some studies have
compared supervised exercise programmes to unsu-
pervised programmes’ '’ and suggest unsupervised
interventions might be able to offer time, space and/
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or cost-effective ways to improve exercise adherence, fitness and
symptoms. While there have been systematic reviews examining
the efficacy of exercise interventions for patients with COPD
across different settings, they have not specifically examined the
efficacy of unsupervised exercise versus usual care.'' There is a
lack of clarity in the way unsupervised exercise interventions are
defined (eg, home rehabilitation, telerehabilitation or self-man-
agement programmes), and to the best of our knowledge, there
are no reviews to date which have compiled all of the available
evidence on unsupervised exercise interventions across multiple
obstructive lung diseases. Such evidence would provide valu-
able information to healthcare providers in the management of
obstructive lung disease, particularly in settings where resources
are limited for delivering supervised exercise interventions.

The objectives of this systematic review were to establish an
up-to-date synthesis of available evidence from randomised
controlled trials and to derive estimates of effect for unsuper-
vised exercise interventions on functional exercise capacity,
quality of life and healthcare use outcomes for people with
obstructive lung disease.

METHODS

The protocol for this study (CRD42018092273) was registered
in advance on PROSPERO (International Prospective Register of
Systematic Reviews, www.crd.york. ac.uk/PROSPERO/).

Participants/population

Adults (ie, >18 years) with a clinical diagnosis of COPD, non-
cystic fibrosis bronchiectasis or asthma, as defined by the authors
of included studies, were included.

Intervention

Studies were included if patients were randomised to an unsu-
pervised exercise training intervention. For the purposes of this
review, exercise was defined as ‘physical activity consisting of
planned, structured and repetitive bodily movement done to
improve and/or maintain one or more components of phys-
ical fitness’.!* The following criteria were applied for an unsu-
pervised exercise intervention to be considered for inclusion:
includes aerobic and/or resistance-based exercises; evidence
of prescription to participants (ie, frequency, intensity, time
and type of exercise (FITT) principles); a baseline assessment
of exercise performance (if assessing exercise capacity as an
outcome); can run alongside a supervised or unsupervised
education programme; can include an introductory supervised
‘run in’ period of up to 2 weeks, which is for the purposes of
demonstration, instruction or familiarisation, but not a formal
supervised programme (eg, pulmonary rehabilitation); and can
include remote contact with healthcare professionals using tech-
nologies such as telephones or tablet/smart devices, as long as
this does not take place during exercise (ie, real-time instruction/
coaching).

Comparator

The comparator was any concurrent control group that did not
receive an exercise intervention (including referral to pulmonary
rehabilitation in the study period). Any study that had a control
arm/usual care of non-exercise-based interventions (eg, educa-
tion, counselling and breathing/relaxation/airway clearance
therapy) was still included if the intervention arm also received
these treatments.

Outcomes

Primary outcomes were exercise performance/capacity (eg,
6-Minute Walk Test (6MWT), Incremental Shuttle Walk Test
(ISWT) and Endurance Shuttle Walk Test (ESWT)), health-
related quality of life (HRQoL) (eg, St. George’s Respiratory
Questionnaire (SGRQ), Chronic Respiratory Disease Question-
naire (CRQ), Hospital Anxiety and Depression Score and Asthma
Control Questionnaire), disease impact (Chronic Obstructive
Pulmonary Disease Assessment Tool (CAT)), all-cause mortality,
exacerbations and respiratory cause hospitalisations.

Secondary outcome measures were all-cause hospitalisations,
length of hospital stay, emergency department visits, outpatient
visits, general practitioner visits, adverse events, aerobic fitness/
capacity, peripheral muscle strength, physical activity levels
(PALs) and activities of daily living.

Study design

Studies were considered for inclusion if they adopted a
randomised controlled trial design with randomisation of partic-
ipants at an individual or cluster level or quasi-randomised
method. Randomised cross-over trials, up to the point of cross-
over, were also eligible.

Search strategy

To identify any relevant ongoing or published systematic reviews,
searches were conducted using Database of Abstracts of Reviews
of Effects, PROSPERO and the Cochrane Database of System-
atic Reviews.

The following bibliographic databases, platforms and trial
registers were searched: MEDLINE, CINAHL, Embase, Web
of Science Core Collection, Cochrane Central Register of
Controlled Trials, Physiotherapy Evidence Database, Allied and
Complementary Medicine Database, ClinicalTrials.gov, Current
Controlled Trials, UK Clinical Trials Gateway and WHO Interna-
tional Clinical Trials Registry Platform. Searches were completed
within each source from inception to April 2020 with no limits
set on language. Attempts were made to translate any relevant
non-English language texts. These searches were supplemented
with internet searches (ie, Google Scholar), Conference Proceed-
ings Index (Web of Science), forward and backward citation
tracking from included studies, review articles and contact with
study authors.

Search terms were structured around the population (eg,
“Lung Diseases, Obstructive”), intervention (eg, “Exercise”)
and study type (eg, “randomised”). An example of a full search
strategy is presented in online supplemental table S1.

Search results were compiled using EndNote referencing soft-
ware (Clarivate Analytics, Philadelphia, Pennsylvania, USA).
Following removal of duplicate citations, two reviewers screened
titles and abstracts independently. For studies that were not
excluded based on title/abstract, full-text papers were requested
and independently assessed by two reviewers for eligibility.
Any discrepancies in decisions of study eligibility were resolved
through discussion, and, if required, a third reviewer.

Data extraction and quality appraisal

Data extraction was completed using an adapted form on Micro-
soft Excel based on the Cochrane Data Extraction Template. The
characteristics and data extracted are listed in online supple-
mental table S2. One reviewer undertook data extraction for
each study, with the accuracy of this extraction cross-checked by
a second reviewer.
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Risk of bias (quality) assessment

Two reviewers independently assessed the risk of bias within the
included studies using the Cochrane Tool for Risk of Bias, in
accordance with the Cochrane Handbook. The domains evalu-
ated were selection bias, performance bias, detection bias, attri-
tion bias, reporting bias and other bias.”> Each of these domains
were categorised as having high, low or unclear risk of bias,
with the overall risk of bias for each study then determined as
high (more than two ‘unclear’ domains or more than one ‘high’-
risk domain), moderate (two unclear domains or one high-risk
domain) or low (no unclear or high-risk domains). Any disagree-
ments in risk of bias assessments were resolved through further
discussion and, if required, the input of a third reviewer.

Strategy for data synthesis

All meta-analyses were performed using Review Manager V.5.4
and in accordance with Cochrane guidance."® We contacted study
authors to obtain any missing numerical outcome data. In very
few cases, where all methods to obtain data had been exhausted,
estimates of effect for individual studies were extracted from
previous systematic reviews and guideline documents. Measures
of effect were mean differences for all continuous outcomes. We
focused on changes from baseline to end of intervention period
for continuous outcomes as this was the method of reporting
that was most common across studies and to help remove
between-person variability from the analysis. For individual
studies where SD of changes was not available, we calculated
using other reported parameters (eg, 95% ClIs), imputed using
correlation coefficients derived from other studies in the same
meta-analysis or assuming a conservative correlation coefficient
of 0.5, or (for unstandardised mean difference estimates only)
opted to use post-intervention values only in the analysis. Risk
ratios were used for dichotomous outcomes. Individual study
data for continuous and dichotomous outcomes were combined
statistically using an inverse random-effects method. Statistical
heterogeneity in all meta-analyses was interpreted by the I? value.
In meta-analyses where the 12 statistic was greater than 40%,
potential sources of the statistical heterogeneity were explored.
We prespecified subgroup analysis to explore heterogeneity in
the primary outcomes according to the following clinical and
methodological factors: diagnosis (COPD, bronchiectasis and
asthma) and severity of disease; exercise intervention character-
istics (FITT principles, methods of delivery or support, including
run-in period); comparator (no intervention or non-exercise-
based intervention); outcome measures (generic or disease-
specific, objective or self-reported); and study design (allocation
method/duration of follow-up). There was only one primary
outcome where the I2 statistic was greater than 40% and could
be resolved by our prespecified subgroups. For this meta-analysis
(SGRQ), heterogeneity was best explained by exercise interven-
tion characteristics. We did not perform subgroup analyses on
any other primary outcomes. We also planned to perform sensi-
tivity analysis by excluding studies with a moderate or high risk
of bias, but this was not possible due to a lack of studies with a
low risk of bias.

RESULTS

After duplicates were removed, searches identified 6240 records
for screening, of which 4362 records were excluded based on
title and 1602 on abstract. Full texts were obtained for the
remaining 276 records, of which 16 studies met the inclusion
criteria (figure 1).

Records identified through
database searching:
n=12361
4| Duplicate records removed
n=56121
Records screened:
n= 6240

Records excluded based on:
» Title: n = 4,362
Abstract n = 1,602

Full-text articles assessed for
eligibility:
n=276

Excluded studies (n = 260):

Intervention not relevant (n = 187)
Conference abstract (n = 36)
Comparator not relevant (n = 10)
Protocol only (n=9)
Unable to contact author (n = 6)
Non-randomised study (n = 5)
Not eligible population (n = 3)
Secondary analysis study (n=2)
Mo relevant outcomes (n = 1)
Unable to translate (n = 1)

Included studies:
n=18

Figure 1  Flow diagram of the study selection.

Characteristics of included studies

The 16 included studies were published between 1977 and
2020 (online supplemental table S3). Of the included studies, 13
focused on COPD'*2%; 2 focused on asthma®” *%; and 1 focused
on chronic bronchitis*® as an obstructive lung disease. A total of
1184 patients with obstructive lung disease (1055 COPD, 105
asthma and 24 chronic bronchitis) were randomised, of which
59% were men. Study sample sizes varied in size between 16 and
191 patients. COPD disease severity varied from mild to very
severe, and asthma varied from mild to moderate.

All studies were randomised controlled trials, which allocated
patients to either a control group (usual care) or to an inter-
vention, including unsupervised exercise. The control group
in some studies received educational support,®* 2** telephone
calls** * 2¢ and clinic follow-ups,"” *° in addition to usual care.
The unsupervised exercise interventions lasted between 6 weeks
and 1 year. Exercise sessions varied in session frequency, from 2
days a week to daily exercise. Desired exercise intensity was not
reported in all studies, but of those which reported set exercise
intensity, there was variation with exercise programmes ranging
from moderate to high intensity.'® 822242 The designed exercise
programmes covered aerobic, resistance and strength training.
The characteristics of included studies which were used in the
meta-analysis are summarised in table 1. A detailed overview
of the characteristics of all eligible studies is shown in online
supplemental table S3.

The risk of bias assessment was hindered by poor study
reporting (online supplemental table $4).

Primary outcomes

Exercise capacity

6-Minute Walk Test

Meta-analysis of five trials in patients with COPD
demonstrated a statistically significant improvement in 6MWT
performed with unsupervised exercise (MD=22.0 m, 95% CI
4.4 t039.6 m, p=0.01) (figure 2A). Statistical heterogeneity was
not apparent (I*’=00). However, the magnitude of effect did
not meet the threshold of 30 m for clinically important improve-
ment.*® Four further trials reported 6MWT as an outcome !¢ 2
in a COPD population, but data could not be obtained from
one study,'® and in three other studies,'* ¥ 2° data could only
be retrieved from previous systematic reviews.' ** 3! Extraction
of trial data from previous reviews is not a widely accepted
approach, but analysis with the three additional studies is

17 18 22 25 26
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Testfor overall effect £=2.25 (F=0.03

Favours [Control]  Favours [Exercise]

Figure 2 Trial-level data, effect estimates and forest plot of comparison for change in 6MWT distance following an unsupervised exercise
intervention versus usual care in studies reporting 6MWT for which data were able to be obtained (A), and for change in ISWT following an
unsupervised exercise intervention versus usual care (B). Risk of bias legend: A, random sequence generation (selection bias); B, allocation
concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment (detection bias); E,
incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. 6MWT, 6-Minute Walk Test; ISWT, Incremental Shuttle

Walk Test; IV, inverse variance.

provided in online supplemental figure S1. Data from the three
studies had a minimal effect on the overall magnitude of effect
of unsupervised exercise interventions (MD=25.3 m, 95% CI
—1.0 to 51.5 m, p=0.06), but their inclusion led to substantial
heterogeneity (I*=71%).

Incremental Shuttle Walk Test

Meta-analysis of four trials in patients with COPD
demonstrated a statistically significant improvement in ISWT
performance with unsupervised exercise (MD=19.9 m, 95%
CI 2.6 to 37.2 m, p=0.02) (figure 2B). Statistical heterogeneity
was not apparent (I*=09%). However, the intervention effect was
heavily weighted towards one trial.*®

19 21 23 24

Other reported outcomes

Single trials reported ESWT,” Endurance Treadmill Test*® and
12-Minute Walking Distance *’ as outcome measures in COPD
populations; therefore, meta-analyses could not be performed.

HRQoL and disease impact

St. George's Respiratory Questionnaire

Meta-analysis of four trials' ' 2! 2° in patients with COPD
showed a statistically significant effect on SGRQ-Total
(MD=-11.8 points, 95% CI —21.2 to —2.3 points, p=0.01)
and SGRQ-Impact (MD=—12.0 points, 95% CI —19.7 to —4.2
points, p<0.01) scores with unsupervised exercise and favoured
intervention effects which were not statistically significant for
SGRQ-Symptoms (MD=-6.2 points, 95% CI —14.5 to —2.1
points, p=0.14) and SGRQ-Activity (MD=—-12.8 points, 95%
CI —25.9 to —0.3 points, p=0.06) scores. However, there was
substantial heterogeneity within each domain analysis (SGRQ-
Total, ’=85%, p<0.01; SGRQ-Impact, *=74%, p<0.01;
SGRQ-Symptoms, I*=67%, p=0.03; SGRQ-Activity, I*=89%,
p<0.01).

SGRQ (subgroup analysis)

Prespecified subgroup analysis according to intervention period
(short term <12 weeks vs long term >12 weeks) demonstrated
a greater magnitude of effect with short-term intervention for
SGRQ (SGRQ-Total, MD=-15.5 points, 95% CI —21.9 to
—9.2 points, p<0.01; SGRQ-Impact, MD=-15.4 points,
—21.6 to —9.1 points, p<0.01; SGRQ-Symptoms, MD=-9.7
points, 95% CI —18.4 to —0.9 points, p=0.03; SGRQ-Activity,
MD=-18.8 points, 95% CI —24.9 to —12.7 points, p<0.01).
Heterogeneity was reduced to levels deemed to be unimportant
for SGRQ-Total (I*=33%), SGRQ-Impact (I*=25%) and SGRQ-
Activity (I?=49%). Heterogeneity was only reduced to moderate
levels with SGRQ-Symptoms (I*=44%) (figure 3A-D). One
further trial reported SGRQ as an outcome®® in asthma patients,
but data could not be obtained for meta-analysis.

Chronic Respiratory Disease Questionnaire

Meta-analysis of four trials' #*?* in patients with COPD showed
a statistically significant improvement on CRQ-Dyspnoea
(MD=0.5 points, 95% CI 0.1 to 0.8 points, p<0.01), CRQ-
Fatigue (MD=0.7 points, 95% CI 0.4 to 1.0 points, p<0.01)
and CRQ-Emotion (MD=0.5 points, 95% CI 0.2 to 0.7 points,
p<0.01) scores with unsupervised exercise. Levels of hetero-
geneity were considered to be unimportant (CRQ-Dyspnoea,
*=36%; CRQ-Fatigue, I’=37%; CRQ-Emotion, I*=00%)
(figure 4A—C). There was substantial heterogeneity for CRQ-
Mastery scores (I?=93%, p<0.01). This could not be explained
by any prespecified clinical or methodological factors; hence,
meta-analysis was deemed inappropriate. One further trial
reported CRQ as an outcome® in a COPD population, but
domain data could not be obtained for meta-analysis.

Medical Research Council (MRC) Dyspnoea Scale
Meta-analysis of three trials'® 1?2 in patients with COPD showed
a statistically significant improvement in MRC breathlessness
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Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% ClI IV, Rand 95% Cl1 ABCDEFG
1.4.1 Intervention period (= 12 weeks)
Elci 2008 -144 16 39 38 188 39 25.3% -18.20[-2595,-10.45] —
Hao 2012 126 134 14 74 18 15 21.2% -20.00[31.36,-8.64 ———
Pradella 2015 -6.4 161 29 31 122 15 24.5% -9.80 F18.01,-0.99] —
Subtotal (95% CI) a3 69 71.0% -15.51[-21.86, -9.16] i
Heterogeneity: Tau?=1043; Chi*= 298 df= 2 (P=023);F=33%
Test for averall effect £2=4.78 (P = 0.00001)
1.4.2 Intervention period (> 12 weeks)
Baourbeau 2002 25 128 ® 15 108 76 20.0% -200[5.88 188 —= L1 L LT 1]
Subtetal (95% CI) 76 29.0% -2.00 [-5.88, 1.88] <o
Heterogeneity: Mot applicable
Test for overall effect Z=1.01 {(P=0.31)
Total (95% CI) 164 145 100.0% -11.75[-21.19, -2.31] i
Heterogeneity: Tau® = 76.03; Chi*= 19.78, df= 3 (P = 0.0002); I = 85% _2=U _110 5 1=u 2=U
Test for overall effec.t Z=244(P=0.01) Favours [Exercise] Favours [Cantrol]
Test for subgroup differences: Chi®= 1266, df=1 (P=0.0004), F=921%
Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% Cl1 IV, Rand 95% Cl ABCDEFG
1.15.1 Intervention period (= 12 weeks)
Elci 2008 -5.2 165 39 08 166 39 301% -6.00[13.351.35] —i
Hao 2012 -18.3 1841 18 33 2341 18 17.4% -21.60[-36.45,-6.75] ————
Pradella 2015 -9 21 28 -3 21 15 199%  -6.00[19.09, 7.09] — T
Subtetal (95% CI) 83 69 67.4% -9.69[-18.44, -0.93] -
Heterogeneity: Tau?= 27.08; Chi*= 3.57 df= 2 (F=017); F= 44%
Test for overall effect Z=217 {P=0.03
1.15.2 Intervention period (> 12 weeks)
Baourbeau 2002 21 208 8 49 17.8 76 326% 1.80[-4.25, 7.96] - [IT1T1TTT]
Subtetal (95% CI) 76 32.6% 1.80 [-4.26, 7.86] L 3
Heterogeneity: Mot applicable
Testfor overall effect Z=0.58 (P = 0.568)
Total (95% CI) 164 145 100.0%  -6.17 [-14.46, 2.11] -
Heterogeneity: Tau*= 45,25, Chi*= 8.23, df= 3 (P = 0.03), F= 67% I 4 "
Testfor overall effect 7=1.45 (P =0.14) Favours [Exercise] Favours [Control]
Test for subgroup differences: Chi®= 447 df=1 {P=003), F=77E%
Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, R: 95% CI IV, R: 95% CI ABCDEFG

1.16.1 Intervention period (= 12 weeks)

Elci 2008 -18.9 148 39 585 1498 39 266% -21.40[29.16,-13.64] —

Ho 2012 -4 178 15 122 224 16 118% -21.20[3588 -6532) e
Fradella 2015 -1 2441 49 32 1487 16 237%  -11.30[23.13,0453) ]
Subtotal (95% CI) a3 69  71.8% -18.77 [-24.87, -12.66] S o

Heterogeneity: Tau®=1.24; Chi*=2.08 df=2{P=035), F= 4%
Test for overall effect Z=6.03 {P = 0.00001)

1.16.2 Intervention period (> 12 weeks)

Baourbeau 2002 08 158 81 02 156 76 2B.2% 0.60 [4.31,5.51] —— ae00ee®
Subtotal (95% CI) a1 76 28.2% 0.60 [4.31, 5.51] &>
Heterogeneity: Mot applicable
Test for overall effect Z=0.24 (P=0281)
Total (95% CI) 164 145 100.0%  -12.76 [-25.86, 0.34] i
Heterogeneity Tau== 152 01; Chi*= 36 50, df= 3 (F < 0000013 F= 88% -ziu _11[' 1=D 2=E|
Test for overall effec.t =191 (P=. 0.0E) Favours [Exercise] Favours [Control]
Test for subgroup differences: Chi®= 23.47, df=1 (P = 0.00001), P=95.7%
D
Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, R 95% CI IV, R 95% C1 ABCDEFG
1.17.1 Intervention period (< 12 weeks)
Elci 2008 -15.3 129 39 28 199 39 26.6% -18.10[-25.54,-10.66] —
Ho 2012 -13 16.2 14 549 16.6 15 196% -18.90 [30.64,-7.16] e —
Fradella 2015 -4 206 29 47 123 18 227% -B.70[18.44 1.04] — =
Subtotal (95% CI) 83 69 68.0% -15.36[21.59,.9.12] -
Heterogeneity: Tau®= 7.76; Chi®= 2.66, df= 2 (P = 0.26); F= 25%
Test far overall effect Z=4.83 (P = 0.00001})
1.17.2 Intervention period (> 12 weeks)
Eourbeau 2003 61 163 81 14 14 FE 3% S470[9.44 0.04] —— LI T T TT 1]
Subtotal (95% CI) 81 76 31.1% 4.70[-9.44, 0.04] L
Heterogeneity: Mot applicahle
Test for overall effect Z=1.94 (F = 0.05)
Total (95% CI) 164 145 100.0% -11.95[-19.74, -4.16] -
Heterogeneity: Tau® = 44.09; Chit= 11.55, df= 3 (P = 0.009); F= 74%

Test for overall effect Z2=3.01 (P =0.003)
Test for subgroup difierences: Chi= 7.10, df= 1 (F = 0.008), F= §5.9%

L P
20 -0 0 10 20
Favours [Exercise] Favours [Control]

Figure 3 Trial-level data, effect estimates and forest plot of comparison for change in SGRQ-Total (A), SGRQ-Symptoms (B), SGRQ-Activity (C) and
SGRQ-Impact (D) scores following an unsupervised exercise intervention versus usual care in all studies reporting SGRQ-Total and domain scores
with prespecified subgroup analysis according to duration of interventions. Risk of bias legend: A, random sequence generation (selection bias); B,
allocation concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment (detection
bias); E, incomplete outcome data (attrition bias); F, selective reporting (reporting bias); G, other bias. IV, inverse variance; SGRQ, St. George's
Respiratory Questionnaire.
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A
Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI I/, Random, 95% CI
Hernandez 2000 1 0.2 20 03 06 17 40.6% 0.70[0.38,1.01] ——
Lahham 2019 05 1.4 29 04 048 29 187% 0.10[0.51,0.71] I
Mitchell 2014 07l 1.2 T 0.42 1.1 84 35.3% 0.29 [-0.08, 0.68] i
Maoare 2009 05 11 10 -03 1.7 10 54% 0.80 [-0.45, 2.04] .
Total (95% CI) 130 140 100.0% 0,45 [0.14, 0.75] -
Heterogeneity: Tau?= 0.03; Chi#= 4 B8, df= 3 (P = 0.20); F= 36% t t t

Testfor owerall effect: Z= 289 (P=0.004)

21 0 1 2
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Exercise Usual Care Mean Difference Mean Difference Risk of Bias

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, R 1, 95% CI I, Rand 95% Cl ABCDEFG
Hernandez 2000 08 1 20 00 01 17 3.0% 0.89[0.45,1.33] —— 229088
Lahhar 2019 09 1.4 29 03 14 29 162%  060[0.12,1.37 (11 TT 11
Mitchell 2014 049 089 89 om 1 95 46.6% 0.48([0.21,0.75) L
Moore 2004 15 11 10 -01 1F 10 B.3% 1.60[0.35, 2.84]
Total (95% CI) 148 151 100.0% 0.70[0.37,1.03] <o
Heterageneity: Tau®= 0.04; ChiF= 4.78,df= 3 (P=019: F=37% t t t !

Testfor overall effect 2= 412 (P =0.0001})

2 0 1 2
Favours [Control]  Favours [Exarcise]

C
Exercise Usual Care Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, R 95% CI
Hernandez 2000 og o7 20 0.3 or 17 11.9% 0.70[0.03,1.37]
Lahham 2019 04 1.3 28 -041 1 29 19.6% 0.43[0.10,0.95] T
Mitchell 2014 034 1 89 -007 08 95 B2.0% 0.43[0.14,072]  u
Moore 2009 1.2 04 10 03 17 10 B5% 063[0.27,1.54] 1
Total (95% CI) 148 151 100.0% 0.47[0.24, 0.70] <
Heterogeneity: Tau?= 0.00; Chi*= 0.68, df=3 (P = 0.88); F=0% —=2 51 5 15 é

Testfor overall effect Z=4.03 (P = 0.0001)

Favours [Usual Care] Favours [Exercise]

Figure 4 Trial-level data, effect estimates and forest plot of comparison for change in CRQ-Dyspnoea (A), CRQ-Fatigue (B) and CRQ-Emotion (C)
scores following an unsupervised exercise intervention versus usual care in all studies reporting CRQ domain scores. CRQ-Mastery scores were not
meta-analysed due to substantial unexplained heterogeneity. Risk of bias legend: A, random sequence generation (selection bias); B, allocation
concealment (selection bias); C, blinding of participants and personnel (performance bias); D, blinding of outcome assessment (detection bias); E,
incomplete outcome data (attrition bias); F, selective reporting (reporting bias), (G) other bias. CRQ, Chronic Respiratory Disease Questionnaire; IV,

inverse variance.

score with unsupervised exercise (MD=-0.3 points, 95% CI
—0.5 to —0.1 points, p<0.01) (figure 5). Statistical heteroge-
neity was not apparent (I>’=09%). One further trial"® reported
on dyspnoea using Baseline Dyspnoea Index (BDI) / Transition
Dyspnoea Index (TDI) in patients with COPD and therefore was
not included in the meta-analysis.

Other reported outcomes

Anxiety and depression in patients with COP asthma
control,”” *® CAT'® ' and 36-Item Short Form Health Survey in
patients with COPD'® % were reported as outcomes, but the use
of a mixture of different measurement tools and/or being unable
to obtain suitable data deemed meta-analysis inappropriate.

D,M 18 23

Healthcare use

Hospitalisations (respiratory cause), mortality and exacerbations
One trial presented data on respiratory cause hospital admis-
sions, mortality and exacerbations'®; therefore, a meta-analysis
could not be performed for these outcomes. A further trial
presented data on respiratory cause hospitalisations,”! but data
could not be obtained for meta-analysis.

Secondary outcomes

Hospitalisations (all cause)

One trial presented data on all-cause hospitalisations®'; there-
fore, a meta-analysis could not be performed for these outcomes.

Exercise Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Elci 2008 -0.33 0.62 39 0.03 048 39 EB6.0%  -0.36[-0.61,-0.11]
Hernandez 2000 -0.6 1 20 -0.27 1 17 9.6%  -0.33[0.98 0.32] —
Lahham 2019 -0.28 0.74 29 -0.07 0.83 29 244%  -0.21[061,019] —
Total (95% Cl) 88 85 100.0% -0.32[-0.52,.0.12] s

Heterogeneity: Tau®=0.00; Chi*= 039, df=2 (P =082), F=0%
Testfor overall effect £= 314 (P=0.002)

-1

-0.4

. 0.4
Favours [Exercise] Favours [Control]

0

Figure 5 Trial-level data, effect estimates and forest plot of comparison for change in MRC score following an unsupervised exercise intervention
versus usual care. Risk of bias legend: A, random sequence generation (selection bias); B, allocation concealment (selection bias); C, blinding of
participants and personnel (performance bias); D, blinding of outcome assessment (detection bias); E, incomplete outcome data (attrition bias); F,
selective reporting (reporting bias); G, other bias. 1V, inverse variance; MRC, Medical Research Council.
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Other reported outcomes

Hospital length of stay in patients with COPD,*' emergency
department visits in patients with COPD," *! outpatient visits in
patients with COPD, " aerobic fitness in either COPD or asthma
populations,” * ***’ muscle strength in either COPD or asthma
populations,’” ** *® and PALs in patients with COPD'® ** were
reported as outcomes, but the use of different measurement
tools and outcome measurements, or not being able to obtain
data across studies meant these outcomes could not be meta-
analysed. All trials reporting relevant outcomes which could
not be included in meta-analyses are narratively summarised in
online supplemental table S5.

DISCUSSION

Summary of main findings

To our knowledge, this is the first review to have synthesised
data from randomised trials assessing the effect of unsupervised
exercise interventions on functional exercise capacity, quality of
life and healthcare use of people with obstructive lung disease
in comparison to non-exercise based usual care. This systematic
review provides evidence that unsupervised exercise interven-
tions, in addition to non-exercise usual care, can improve the
disease-specific quality of life of people with COPD by clinically
meaningful amounts, but this is not seen with exercise capacity
outcomes. Unfortunately, data were unavailable for meta-
analyses from included studies of other obstructive lung diseases
such as asthma, so the findings presented are only applicable to
that of COPD. No studies of patients with bronchiectasis met the
inclusion criteria for this review.

Interpretation of the results

6MWT was the most commonly reported measure of exer-
cise capacity'® 19 1718 20 222526 paced on a minimal clinically
important difference (MCID) of 30 m,** the 22 m 6MWT
improvement with unsupervised exercise cannot be considered
clinically meaningful for people with COPD. This is in contrast
to established literature demonstrating that supervised exercise
interventions are effective at increasing exercise capacity,' which
may indicate the importance of a supervision element.

While data synthesis from four trials’ *' 2> 2* suggests that
unsupervised exercise may improve ISWT performance by a
statistically significant amount, this effect fell below the MCID
for COPD (47.5 m),*® echoing the findings observed with
6MWT. The meta-analysis for ISWT performance was heavily
weighted by one large study which incorporated unsupervised
exercise as part of a self-management programme, with a ‘light
touch’ approach for prescribing exercise and ensuring adher-
ence, which may limit intervention effects. The larger estimate
of effect seen in other included studies, which included a more
formalised prescription, perhaps suggests that the lack of clini-
cally meaningful improvement in ISWT with unsupervised exer-
cise should be viewed with some caution.

In terms of quality of life outcomes, synthesised data suggest
that unsupervised exercise leads to statistical and clinically
meaningful improvements in total scoring of SGRQ' '® 2! 26
and domain scoring of CRQ." #*** Unsupervised exercise also
improved MRC breathlessness score by —0.3 points,'® '? % but
this fell short of the MCID of —1 point.>* These findings are in
keeping with those of a previous review which included super-
vised exercise training in people with COPD.* It is important to
note, however, that due to unexplained heterogeneity, the effects
of unsupervised exercise on the mastery domain of the CRQ are
still unclear. Furthermore, there was evidence of heterogeneity in

estimates of intervention effect on SGRQ. It would appear that
the study of Bourbeau et a/'* may have been a key contributor to
the significant heterogeneity, whereby a 12-month intervention
was implemented. Despite reporting significant treatment effects
at 4 months, this was not apparent at 12 months, casting doubt
on the longer-term impact of unsupervised interventions. It
could be that the lack of formal prescription and adherence
monitoring may have contributed to this lack of observed effect
at the end of the intervention.” Given the relative lack of
eligible studies over 12 weeks long, further high-quality research
is needed to establish the longer-term benefits of unsupervised
exercise.

There was a paucity of evidence reporting outcomes related to
healthcare use, meaning meta-analysis was not possible. Consid-
ering the importance of healthcare use to the future health
outcomes of all patients with obstructive lung disease,* it is
imperative that more trials are conducted which examine the
potential benefit of unsupervised exercise interventions on these
outcomes.

A key strength of this review is that it is the first to have compre-
hensively searched for and synthesised data from randomised
controlled trials of unsupervised exercise interventions across
all obstructive lung diseases. This is the first systematic review
to report significant and clinically meaningful improvements in
disease-specific quality of life in these patients. In doing so, this
review followed a preplanned and publicly available protocol. It
is important to highlight that raw study data were obtained to
increase the amount of studies in our analyses.

A limitation of our review is that, when writing the
protocol, we did not expect such disparity between included
trials in terms of how unsupervised exercise was defined,
prescribed, monitored and reported. It is clear that the
levels of heterogeneity seen across a number of reported
outcomes may well be due to the diversity in methods of
exercise prescription and support. Despite having success in
requesting data for analyses, there were studies presenting
relevant outcomes, which could not be obtained for meta-
analysis, two of which were asthma focused,”” ** meaning
the findings of our meta-analysis are purely COPD focused.
However, a narrative summary of the reported effects within
individual studies for which data could not be obtained has
been tabulated to supplement the meta-analyses presented.
Similarly, our searches were current as of April 2020, and
there are ongoing studies which may have been eligible for
inclusion had they been completed prior to this date. For
example, Zanaboni et al’” are conducting a large multicentre
randomised controlled trial with patients with COPD to
examine the effects of a longer-term unsupervised exercise
intervention on healthcare use, quality of life and exercise
capacity. This study will be an important contribution to the
area.

Implications to practice
Given the likely lower cost and time requirements with
unsupervised exercise interventions, our review supports
their potential use as part of the COPD treatment pathway.
Supervised elements may need to be considered if the inter-
vention is intended to maximise changes in exercise capacity,
but further head-to-head evidence of supervised versus unsu-
pervised programmes (as done in Holland et al” and Horton
et al'®) would be required to investigate this.

While substantial diversity among the specific inter-
ventions existed, the current data would suggest that
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incorporating formal prescription relating to basic program-
ming principles (ie, frequency, intensity, time and type) and
facilitating compliance should be key considerations for
practitioners. However, given the lack of consistency in how
these factors have been included in research to date, it is
not possible to provide further clarity on how to best inte-
grate these aspects of unsupervised exercise prescription for
patients with obstructive lung disease.

Implications to research

The quality of evidence presented within this review and
meta-analysis is generally low. The poor reporting that was
generally observed across the included studies in this review
suggests future randomised controlled trials should work
according to Consolidated Standards of Reporting Trials
guidelines.

Despite the apparent benefits of unsupervised exercise for
people with COPD, higher-quality large-scale randomised
controlled trials are needed to examine the relative effec-
tiveness of different approaches to prescription. The impact
of further research on the existing evidence base can be high-
lighted by the Cls of our point estimates. Although we report
the overall magnitude of effects in some outcome measures
to be clinically meaningful, the majority of the CIs for these
point estimates include between-group differences, which
would not meet MCIDs. At the same time, the available
evidence does not currently favour a clinically meaningful
effect of unsupervised exercise on 6MWT, but the CI does
contain a change that would surpass the MCID. To build
on the existing evidence and for comparison against super-
vised exercise, it would be advantageous for future studies
to incorporate the most common assessments of functional
exercise capacity (6MWT and ISWT) and disease-specific
quality of life (ie, SGRQ and CRQ), in addition to hospital-
isation and exacerbation data.

In order to maximise the translation of findings to applied
practice, more studies should examine unsupervised exercise
interventions for obstructive lung diseases beyond COPD,
across a wider range of disease severity, and should follow
up patients over longer periods of time (ie, >12 weeks).

CONCLUSION

In conclusion, our systematic review and meta-analysis
provides evidence that unsupervised exercise interventions
result in improvements in HRQoL, but not necessarily exer-
cise capacity. However, further higher-quality randomised
trials are likely to have an important impact on our confi-
dence in the estimates of effect, particularly to what extent
these improvements are clinically meaningful. Despite our
intentions to review the evidence in asthma and bronchiec-
tasis, there remains a lack of trials to quantify the benefit of
unsupervised exercise in these populations.

Twitter Alex R Jenkins @AJ_COPD

Contributors DT: contribution to conception and design of the project,
participation in acquisition: preparing and validation of search strategy, searching
bibliographic databases, title and abstract screening, full-text screening and drafting
of the manuscript. ARJ: participation in acquisition: preparing and validation of
search strategy, searching bibliographic databases, title and abstract screening,
full-text screening, data extraction, data analysis, drafting of the manuscript,
verification and supervision over the project. KP: contribution to conception and
design of the project, participation in acquisition: searching bibliographic databases,
title and abstract screening, full-text screening, data extraction and drafting of the
manuscript. AB: contribution to conception and design of the project, participation in
acquisition: searching bibliographic databases, title and abstract screening, full-text

screening, data extraction and drafting of manuscript. ST: contribution to conception
and design of the project, participation in acquisition: searching bibliographic
databases, title and abstract screening and drafting of manuscript. AWJ: contribution
to conception and design of the project, participation in acquisition: preparing and
validation of search strategy, searching bibliographic databases, title and abstract
screening, full-text screening, data analysis, drafting of the manuscript, verification
and supervision over the project.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

ORCID iD
Alex R Jenkins http://orcid.org/0000-0002-4384-2342

REFERENCES

1 McCarthy B, Casey D, Devane D, et a/. Pulmonary rehabilitation for chronic obstructive
pulmonary disease. Cochrane Database Syst Rev 2015;3:2.

2 Lee AL, Hill CJ, McDonald CF, et al. Pulmonary rehabilitation in individuals with
non-cystic fibrosis bronchiectasis: a systematic review. Arch Phys Med Rehabil
2017,98:774-82.

3 Hansen ESH, Pitzner-Fabricius A, Toennesen LL, et al. Effect of aerobic exercise
training on asthma in adults: a systematic review and meta-analysis. Eur Respir J
2020;56:2000146.

4 Puhan MA, Gimeno-Santos E, Cates CJ, et al. Pulmonary rehabilitation following
exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst Rev
2016;12:Cd005305.

5 Jenkins AR, Holden NS, Gibbons LP, et al. Clinical outcomes and inflammatory
responses of the frequent Exacerbator in pulmonary rehabilitation: a prospective
cohort study. COPD 2020;17:253-60.

6 Jones AW, Taylor A, Gowler H, et al. Systematic review of interventions to improve
patient uptake and completion of pulmonary rehabilitation in COPD. £R/ Open Res
2017;3:00089-2016.

7 Keating A, Lee AL, Holland AE. Lack of perceived benefit and inadequate transport
influence uptake and completion of pulmonary rehabilitation in people with chronic
obstructive pulmonary disease: a qualitative study. / Physiother 2011;57:183-90.

8 Hayton C, Clark A, Olive S, et al. Barriers to pulmonary rehabilitation: characteristics
that predict patient attendance and adherence. Respir Med 2013;107:401-7.

9 Holland AE, Mahal A, Hill CJ, et al. Home-based rehabilitation for COPD using minimal
resources: a randomised, controlled equivalence trial. Thorax 2017;72:57-65.

10 Horton EJ, Mitchell KE, Johnson-Warrington V, et al. Comparison of a structured
home-based rehabilitation programme with conventional supervised pulmonary
rehabilitation: a randomised non-inferiority trial. Thorax 2018;73:29-36.

11 Wuytack F, Devane D, Stovold E, et al. Comparison of outpatient and home-based
exercise training programmes for COPD: a systematic review and meta-analysis.
Respirology 2018;23:272-83.

12 (ACSM) ACoSM. ACSM’s Guidelines for Exercise Testing and Prescription - Tenth
Edition 2017.

13 Higgins J, Thomas J, Chandler J, et al. Cochrane Handbook for systematic reviews of
interventions version 5.0.2: the Cochrane collaboration 2009.

14 Booker HA. Exercise training and breathing control in patients with chronic airflow
limitation. Physiotherapy 1984;70:258-60.

15 Bourbeau J, Julien M, Maltais F, et al. Reduction of hospital utilization in patients
with chronic obstructive pulmonary disease: a disease-specific self-management
intervention. Arch Intern Med 2003;163:585-91.

16 Cameron-Tucker HL, Wood-Baker R, Joseph L, et al. A randomized controlled trial of
telephone-mentoring with home-based walking preceding rehabilitation in COPD. Int
J Chron Obstruct Pulmon Dis 2016;11:1991-2000.

17 ChenY, Niu Mei'e, Zhang X, et al. Effects of home-based lower limb resistance
training on muscle strength and functional status in stable chronic obstructive
pulmonary disease patients. J Clin Nurs 2018;27:1022-37.

18 Elci A, Borekgi S, Ovayolu N, et al. The efficacy and applicability of a pulmonary
rehabilitation programme for patients with COPD in a secondary-care community
hospital. Respirology 2008;13:703-7.

19 Hernandez MT, Rubio TM, Ruiz FO, et a/. Results of a home-based training program
for patients with COPD. Chest 2000;118:106—14.

20 Mendes de Oliveira JC. Studart Leitao Filho FS, Malosa Sampaio LM, Negrinho
de Oliveira AC, Hirata RP, Costa D, et al. outpatient vs. home-based pulmonary
rehabilitation in COPD: a randomized controlled trial. Multidiscip Respir Med
2010;5:401-8.

21 Ho C-F, Maa S-H, Shyu Y-IL, et al. Effectiveness of paced walking to music at home for
patients with COPD. COPD 2012;9:447-57.

Taylor D, et al. Thorax 2021;0:1-10. doi:10.1136/thoraxjnl-2020-216007

“ybuAdoa Aq parosloid 1sanb Aq 202 ‘6T 1Mdy uo ywod fwg xeloyy/:dny wol papeojumod "TZ0Z YoIeN 8 Uo 2009TZ-0202-|ulxeloyyyosTT 0T Se paysignd 1sii :xeioyl


https://twitter.com/AJ_COPD
http://orcid.org/0000-0002-4384-2342
http://dx.doi.org/10.1002/14651858.CD003793.pub3
http://dx.doi.org/10.1016/j.apmr.2016.05.017
http://dx.doi.org/10.1183/13993003.00146-2020
http://dx.doi.org/10.1002/14651858.CD005305.pub4
http://dx.doi.org/10.1080/15412555.2020.1753669
http://dx.doi.org/10.1183/23120541.00089-2016
http://dx.doi.org/10.1016/S1836-9553(11)70040-6
http://dx.doi.org/10.1016/j.rmed.2012.11.016
http://dx.doi.org/10.1136/thoraxjnl-2016-208514
http://dx.doi.org/10.1136/thoraxjnl-2016-208506
http://dx.doi.org/10.1111/resp.13224
http://www.ncbi.nlm.nih.gov/pubmed/6379707
http://dx.doi.org/10.1001/archinte.163.5.585
http://dx.doi.org/10.2147/COPD.S109820
http://dx.doi.org/10.2147/COPD.S109820
http://dx.doi.org/10.1111/jocn.14131
http://dx.doi.org/10.1111/j.1440-1843.2008.01327.x
http://dx.doi.org/10.1378/chest.118.1.106
http://dx.doi.org/10.3109/15412555.2012.685664
http://thorax.bmj.com/

Rehabilitation

22 Lahham A, McDonald CF, Moore R, et a/. The impact of home-based pulmonary 31 Zwerink M, Brusse-Keizer M, van der Valk PD, et a/. Self management for patients
rehabilitation on people with mild chronic obstructive pulmonary disease: a with chronic obstructive pulmonary disease. Cochrane Database Syst Rev
rapdomised controlled tria!. Clin Respir J 2020;14:335-44. 2014:2014:Cd002990.

23 M'tCh‘_’” KE, Johnson-Warrington V, Apps LD, et al. A sellf»n?anagement programme for 32 Holland AE, Spruit MA, Troosters T, et al. An official European respiratory Society/
COPD: a ralndomlsed controlled trial. Eur Respir J 2014'44',1 532,;_47' American thoracic Society technical standard: field walking tests in chronic respiratory

24 Moore J, Fiddler H, Seymour J, et al. Effect of a home exercise video programme . : o
. : . g . . ) disease. Eur Respir / 2014;44:1428-46.
in patients with chronic obstructive pulmonary disease. J Rehabil Med . - » . )
2009:41:195-200. 33 Singh SJ, Jones PW, Evans R, et al. Minimum clinically important improvement for the

25 Nguyen HQ, Donesky D, Reinke LF, et /. Internet-Based dyspnea self-management incremental Sh“ttle walking test: Thorax 2008;63:775-7.
support for patients with chronic obstructive pulmonary disease. J Pain Symptom 34 de Torres JP, Pinto-Plata V, Ingenito E, et al. Power of outcome measurements to
Manage 2013;46:43-55. detect clinically significant changes in pulmonary rehabilitation of patients with COPD.

26 Pradella CO, Belmonte GM, Maia MN, et al. Home-Based pulmonary rehabilitation for Chest 2002;121:1092--8.
subjects with COPD: a randomized study. Respir Care 2015,60:526-32. 35 Paneroni M, Simonelli C, Vitacca M, et al. Aerobic exercise training in very severe

27 Boyd A, Yang CT, Estell K, et al. Feasibility 9f exercising adults with asthma: a chronic obstructive pulmonary disease: a systematic review and meta-analysis. Am J

" Jranggnwzjejipglof stt;dAy’\./lAﬁerg)t/)Astl;ma C///nR/mmluno/ 201 2;2}:13. ) | Phys Med Rehabil 2017;96:541-8.

Jaakkola JJK, Aa to >AM, Hermberg l,eta - neguiar exercise Improves asthma contro 36 Soler-Catalufia JJ, Martinez-Garcia MA, Roman Sanchez P, et al. Severe acute
in adults: a randomized controlled trial. Sci Rep 2019;9:12088. ) o ) . X ) )

29 McGavin CR, Gupta SP, Lioyd EL, et al. Physical rehabilitation for the chronic exacerbations and mortality in patients with chronic obstructive pulmonary disease.
bronchitic: results of a controlled trial of exercises in the home. Thorax Thorax 2005;60:925-31. . o
1977:32:307-11. 37 Zanaboni P, Dinesen B, Hjalmarsen A, et al. Long-Term integrated telerehabilitation

30 Alison JA, McKeough 7], Johnston K, et al. Australian and New Zealand pu|m0nary of COPD patients: a multicentre randomised controlled trial (iTrain). BMC Pulm Med
rehabilitation guidelines. Respirology 2017;22:800-19. 2016;16:126.

10 Taylor D, et al. Thorax 2021;0:1-10. doi:10.1136/thoraxjnl-2020-216007

“ybuAdoa Aq parosloid 1sanb Aq 202 ‘6T 1Mdy uo ywod fwg xeloyy/:dny wol papeojumod "TZ0Z YoIeN 8 Uo 2009TZ-0202-|ulxeloyyyosTT 0T Se paysignd 1sii :xeioyl


http://dx.doi.org/10.1111/crj.13138
http://dx.doi.org/10.1183/09031936.00047814
http://dx.doi.org/10.2340/16501977-0308
http://dx.doi.org/10.1016/j.jpainsymman.2012.06.015
http://dx.doi.org/10.1016/j.jpainsymman.2012.06.015
http://dx.doi.org/10.4187/respcare.02994
http://dx.doi.org/10.1186/1710-1492-8-13
http://dx.doi.org/10.1038/s41598-019-48484-8
http://dx.doi.org/10.1136/thx.32.3.307
http://dx.doi.org/10.1111/resp.13025
http://dx.doi.org/10.1183/09031936.00150314
http://dx.doi.org/10.1136/thx.2007.081208
http://dx.doi.org/10.1378/chest.121.4.1092
http://dx.doi.org/10.1097/PHM.0000000000000667
http://dx.doi.org/10.1097/PHM.0000000000000667
http://dx.doi.org/10.1136/thx.2005.040527
http://dx.doi.org/10.1186/s12890-016-0288-z
http://thorax.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

Efficacy of unsupervised exercise in adults with obstructive lung disease: a systematic

review and meta-analysis

Daniel Taylor'#, Alex R. Jenkins?#, Kate Parrott®, Alex Benham*, Samantha Targett®

and Arwel W. Jones®*

'School of Sport and Exercise Science, University of Lincoln, UK.
2Division of Respiratory Medicine, University of Nottingham, UK.
3Physiotherapy Department, Lincoln County Hospital, UK.

4School of Human and Health Sciences, University of Huddersfield, UK.
5School of Health and Social Care, University of Lincoln, UK.

8Department of Allergy, Immunology and Respiratory Medicine, Monash University,

Melbourne, Australia.

#Authors contributed equally and should be considered co-first authors

Taylor D, et al. Thorax 2021;0:1-10. doi: 10.1136/thoraxjnl-2020-216007



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

Supplementary material

Table S1. Example search strategy of a bibliographic database (CINAHL)

No. Search Term Field

1 Lung Diseases, Obstructive MH

2 Bronchiectasis MH

3 bronchiect*® X

4 bronchoect* TX

5 non$cystic fibrosis TX

6 non$CF TX

7 Asthma MH, TX
8 Bronchoconstriction MH

9 Bronchial Spasm MH

10 Respiratory Hypersensitivity MH

11 Bronchitis, Chronic MH

12  Emphysema MH, TX
13 chronic N3 bronchi* X

14 COPD TX

15 COAD TX

16 COBD TX

17 AECB TX

18 AECOPD TX

19 10R2OR30OR40OR50R60OR70OR80OR90OR100R 11 OR 120R
130R140OR150R 16 OR 17 OR 18

20 Exercise MH
21  Therapeutic Exercise MH
22  Exertion MH
23 Physical Fitness MH
24  Activities of Daily Living MH
25 Telerehabilitation MH

26 Exerc* N4 (train* OR fitness OR physi* OR condition* OR strength* OR TI, AB
resist* OR aerobic* OR intervent* OR therap* OR unsupervi* OR program®)

27 Self$manage* TI, AB
28 physical activit* TI, AB
29 Rehabilitat* TI, AB
30 Home$rehab* TI, AB
31 Home$based TI, AB
32 Home N4 based Tl, AB
33 200R 21 OR220R230R 24 OR 25 0R 26 OR 27 OR 28 OR 29 OR 30
OR 31 OR 32

34  Clinical trials MH
35 Randomised Controlled Trials MH
36 Random assignment MH
37 Randomised OR randomized TI, AB
38 Randomly TI, AB
39 Trial TI, AB
40 allocated N2 random* Tl, AB

41 34 OR350R 36 OR 37 OR 38 OR 39 OR 40
42 19 AND 33 AND 41
Notes: *Truncation operator.
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Table S2. List of extracted data and study characteristics

Data extraction

Study details

Date of study

Title

Author

Study aim(s)

Total study duration

Methods Study design
Intervention
Primary outcome(s)
Secondary outcome(s)
Participants Population  demographics (age, gender,

diagnosis/condition, disease severity,
comorbidities)

Inclusion/Exclusion criteria

Total number randomised and randomisation
ratio

Intervention/Comparators

Number randomised to groups

Description of intervention and comparator
(setting, method of delivery/support, content,
frequency, intensity, time, type, duration)

Details of any ‘run-in’ session

Outcomes

Outcome name and definition

Outcome type

Method of outcome measurement and reporting
Missing data and reasoning
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Table S3. Characteristics of all included studies

Study
(Country)

Sample size,
Gender, Age

Inclusion/ Exclusion criteria

Respiratory
diagnosis & disease
characteristics

Study aim, Design, Unit of
allocation

Exercise intervention (setting,
components, duration,
frequency)

Primary outcome (1)
Other outcomes &

Booker, 1984
(1)
(UK)

103 participants*
Ex: n=32

Con: n=37

Phys: n=34

Age & Gender data
not available

Not reported

COPD

Disease
characteristics not
reported

To investigate the effects of
progressive exercise training
and physiotherapy on
patients which Chronic
Airflow limitation and to see
if these effects were
maintained once hospital
visits had ceased.

RCT, individual

Daily stair climbing intervention
with progressive targets for 9-
weeks. Study included 3-, 6- & 12-
month follow-ups.

F: 1-2 times daily

I: Not reported

T: 2-15 mins

T: Aerobic & Strength

Run-in: N/A

Support: Teaching of breathing
control.

Con: Usual care

follow up (2)

(1) Lung function,
blood gases,
6MWT

(2) Anxiety &
Depression, ADL

Bourbeau et
al., 2003 (2)
(Canada)

191 participants
Int: n=96

Con: n=95
Males: n=106
Females: n=85
Age, mean + SD
Int: 707

Con: 697

Inclusion: Stable COPD, 2 50 years
of age, current or previous smoker
(=10 pack-years), FEV, between
25%-70% of predicted & FEV/FVC
< 70%, no previous diagnosis of
asthma, left congestive heart failure,
terminal disease, dementia, or
uncontrolled psychiatric iliness, no
participation in a respiratory
rehabilitation program in the past
year, no long-term-care facility stays.

COPD
Stable, moderate-
severe

To evaluate the impact of a
self-management program
on the use of hospital
services and health status.
RCT, individual

Home-based exercise intervention
for 1 year. Study included 4-month
follow-up.

F: 3 days/week

I: Guided by Borg score

T: 30-45 min

T: Aerobic & Strength

Run-in: Supervised session at
home

Support: Living Well with COPD
booklet (supervised education
component). Monthly telephone
calls.

Con: Same level of care without
add-on management program

(1) Hospital admission
Exacerbations,
healthcare
utilisation, mortality,
SGRQ, lung
function, BMWT

Boyd et al.,
2012 (3)
(USA)

16 participants

Int: n=8

Con: n=8

Males: n=1
Females: n=15
Age, mean (range)
Int: 53 (38-62)
Con: 54 (33-78)

Inclusion: Asthma diagnosis,
patients undertaking aerobic
exercise 23 times a week 6-months
prior to study enrolment.

Exclusion: Reversible airflow
obstruction was utilized to exclude
patients with other causes of
dyspnoea, current smokers (within
6-months) or with >10 pack-year
smoking history, coronary artery
disease, congestive heart failure,
stroke, severe hypertension,
immunodeficiency states, or other
conditions that would have interfered
with participation, unable or unwilling
to provide consent, unable to

Asthma
Mild-moderate

To determine feasibility for a
larger, future study that will
define the effect of moderate
intensity aerobic exercise on
cellular, molecular, and
functional measures in
adults with mild-moderate
severity asthma.

RCT, individual

Community centre walking
program for 12-weeks.

F: 3 days/week

|: Steady state intensity that
achieved 60-75% HRmax
T: 40 min

T: Aerobic

Run-in: N/A

Support: 3-month gym
membership. Education
component included.

Con: Education only

(1) Serum ECP

(2) ACQ, inflammatory
markers, lung
function, VO, peak
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perform the exercise protocol or
provide pre- and post-study
measurements or be contacted via
telephone or who intended to move
out of the area within 6-months.

Females: n=16
Age, mean + SD
Int: 66£10

Con: 7149

neuromuscular disease, associated
respiratory disease, orthopaedic or
neurological disease that affected
gait; recent impairment due to
comorbidities.

RCT, individual

1: 60-80% HRmax based on
6MWT (walking). Initial load of
50% of 1 rep max, increase of
0.5kg every 2-weeks until
tolerance reached (weights)

T: Not reported

T: Aerobic & Strength

Run-in: 1 study visit

Support: Regular telephone calls
to reinforce rehab and set new
targets. Education also included.
Con: Usual care

Cameron- 65 participants Inclusion: >18 years of age, COPD COPD To evaluate the Tele-rehab walking program for 8-
Tucker et al., Int: n=35 diagnosis, >2 months post Stable, mild-very effectiveness of tele-rehab weeks before supervised PR (1) emwt
2016 (4) Con: n=30 exacerbation. severe followed by PR versus usual | F: Daily (2) CAT, SNAPPS
(Australia) Males: n=29 Exclusion: Cognitive impairment, care, that is, a waiting period | I: Moderate
Females: n=36 unable to consent, could not followed by the same PR. T: 30min
Age, mean + SD complete questionnaires, did not RCT, individual T: Aerobic
Int: 68+9.9 meet safety to exercise criteria, had Run-in: N/A
Con: 70+6.8 attended PR in the previous 2 years. Support: Weekly telephone calls.
Con: Usual care
Chenetal., 47 participants Inclusion: COPD diagnosis, COPD To evaluate the feasibility of | Home-based lower-limb exercise
2018 (5) Int: n=25 voluntary participation and signed Stable, moderate-very | home-based lower limb intervention for 12-weeks. Six (1) Muscle strength
(China) Con: n=22 consent, spouse or child who severe resistance training in COPD | exercises with 8-12 repetitions. (2) FTSST, 6MWT,
Males: n=37 supports the completion of the patients and assess the F: 3 days/week CAT
Females: n=10 intervention and space time for the effect of the programme on I: Best effort, not exceeding Borg
Age, mean + SD intervention, never attended PR. muscle strength and score of 5
Int: 6948 Exclusion: MSK or neurologic functional status. T: 20-30 min
Con: 65+12 condition affecting exercise, RCT, individual T: Resistance
symptomatic cardiac disease or Run-in: 1 study visit
previous lung surgery, AECOPD Support: Exercise supervised by
requiring change in medication family member
within 2-months, mMMRC score of 4. Con: Usual care
De Oliveira et 62 participants Inclusion: COPD diagnosis, clinically | COPD To carry out a comparative Home-based PR program for 12
al., 2010 (6) Int: n=33 stable COPD for at least 8 weeks. Stable, mild-severe analysis of patients with weeks. Walking, upper and lower (1) emwt
(Brazil) Con: n=29 Exclusion: Hospitalization, clinically COPD submitted to PR in a limb weight exercises (10 reps). (2) BODE
Males: n=46 unstable COPD, presence of clinical setting and at home. F: 3 days/week
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Elci et al.,
2008 (7)
(Turkey)

78 participants
Int: n=39

Con: n=39
Males: n=66
Females: n=12
Age, mean + SD
Int: 60+9

Con: 58+11

Inclusion: COPD diagnosis, absence
of reversibility in lung function,
absence of a diagnosis of any other
respiratory disease such as
tuberculosis or cancer, ability to
understand the PR programme,
residence within the Malatya city
boundary, signing consent.

COPD
GOLD stage I-IV

To assess the effectiveness
of a short-term PR
programme in stable COPD
patients, when implemented
by secondary-care
community hospital nurses.
RCT, individual

Home-based PR programme
targeting lower (walking) and
upper limbs (weights) with 24
sessions over 3 months.

F: 2 days/week

I: 75% of BMWT speed (walking)
T: 90 min

T: Aerobic & Strength

Run-in: 1 supervised session
Support: Exercise supervised by
family member and weekly
telephone calls.

Con: Usual care

Lung function
SF-36, SGRQ,
HADS, mMRC,
6MWT

Hernandez et

37 participants

Inclusion: Stable disease with

COPD

To investigate the

Home/outdoor-based walking

Lung function

2019 (10)
(Finland)

Int: n=44

Con: n=45
Males: n=19
Females: n=70
Age, mean + SD
Int: 4014

Con: 3311

moderate asthma diagnosis and/or
to have received the reimbursement
right for asthma medication in the
case of newly diagnosed asthma.
Exclusion: Severe asthma diagnosis
(FEV %pred <60% & PEF variability
>30%,), short-acting bronchodilator
use >3 times daily and/or permanent
daily oral steroid treatment, exercise

Mild-moderate

regular exercise improves
asthma control.
RCT, individual

program (variety of exercises
including sports) for 24 weeks.
Study also included 12-week
assessment.

F: 3 days/week (aerobic), 2
days/week (strength)

I: 70-80% HRmax

T: 30 min

T: Aerobic & Strength

al., 2000 (8) Int: n=20 optimal drug management, FEV, Stable, moderate effectiveness of a simple exercise programme for 12 weeks. ISWT, VO, max,
(Spain) Con: n=17 Yopred <60%, ex-smoker. home-based program of F: 6 days/week BDI/TDI, MRC,
Gender not reported Exclusion: AECOPD during study, exercise training of the I: 270% of max speed of ISWT. CRQ
Age, mean + SD ischemic heart disease, severe or muscles of ambulation, in T: 1 hour
Int: 648 uncontrolled systemic arterial which the training intensity T: Aerobic
Con: 637 hypertension, alterations in the was applied in standardized | Run-in: Home visit
thoracic cage, neuromuscular form, using the ISWT. Support: 2-week reviews at
disorders, intermittent claudication, RCT, individual hospital
osteoarticular lesions in the lower Con: Usual care & 2-week reviews
extremity that could affect normal at hospital
ambulation.
Ho et al.,, 2012 | 41 participants Inclusion: COPD diagnosis and COPD To investigate the effects of Home-based walking exercise (1) ISWT
9) Int: n=20 currently stable, no AECOPD within Stable paced walking to music at programme paced to music for 12- | (2) Lung function,
(Taiwan) Con: n=21 last month, do not use oxygen. FEV %pred, mean £ home with an 80% VO, peak | weeks. SGRAQ, healthcare
Males: n=39 Exclusion: Previous PR experience, | SD for patients with COPD. F: 5 days/week utilisation
Females: n=2 GDS >10, cognitive deficits with Int: 61+£19 RCT, individual 1: 80% VOypeak initially, increased
Age, mean + SD SPMSQ <7, unstable heart disease, | Con: 61+26 gradually each month based on
Int: 73£11 MSK disease, visual or hearing ISWT.
Con: 7510 impairment, any other condition that T: 30 min
could affect exercise participation. T: Aerobic
Run-in: 1 research visit
Support: Monthly reviews and
progression
Con: Usual care
Jaakkola et al., | 89 participants Inclusion: 16-65 years of age, mild- Asthma To test the hypothesis that Home/outdoor-based exercise (1) Asthma control

Exercise amount,
muscle strength,
6MST, SGRQ
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>3 times a week, diagnosis of
serious coronary heart disease,
severe hypertension, severe heart
failure, severe musculoskeletal
disorder, dementia, and/or physician
diagnosed chronic obstructive lung
disease.

Run-in: 4-week phase to assess
suitability and motivation
Support: 12-week follow-up and
reinforcement

Con: Usual care

Lahham et al.,
2020 (11)
(Australia)

58 participants
Int: n=29

Con: n=29
Males: n=34
Females: n=24
Age, mean + SD
Int: 6819

Con: 67+10

Inclusion: COPD diagnosis, 240
years of age, 210 pack-year
smoking history, no hospitalizations
or exacerbations 1 month prior to
enrolment.

Exclusion: Asthma diagnosis or co-
morbidities that precluded exercise
participation.

COPD
Stable, mild

To test whether a home-
based PR program would
achieve significant
improvements in exercise
capacity in people with mild
COPD compared to
standard care. A secondary
aim was to examine the
impact of home-based
rehabilitation on dyspnoea,
health-related quality of life
and physical activity levels.
RCT, individual

Home-based aerobic (walking)
and resistance (upper and lower
limb) exercise training for 8 weeks
with a 6-month follow-up.

F: 5 days/week

1: 80% of walking speed from
6MWT. Intensity gauged by Borg
scale

T: 30 min

T: Aerobic & Resistance

Run-in: Home visit

Support: Weekly motivational
interviewing. Better Living with
COPD booklet

Con: Usual care & weekly phone
calls. Better Living with COPD
booklet

M
@

6MWT
mMRC, CRQ, PAL

McGavin et al.,
1977 (12)
(UK)

24 participants
Int: n=12

Con: n=12
Males: n=24
Females: n=0
Age, mean + SD
Int: 616

Con: 5748

Inclusion: <70 years of age, male
gender, chronic bronchitis diagnosis
(MRC working party 1965
definitions), chest condition in a
stable state.

Exclusion: Reversible airway
obstruction (130% FEV post-
bronchodilator), corticosteroid use,
angina, intermittent claudication,
disabling MSK conditions.

Chronic bronchitis
Stable

Disease
characteristics not
reported

To evaluate a training
scheme which was simple to
organise and which could be
carried out by the patient
unsupervised at home
without recourse to hospital
facilities.

RCT, individual

Home-based stair climbing
exercise program for 3 months
F: 5 days/week

I: Not reported

T:2-10 mins

T: Aerobic & Strength

Run-in: N/A

Support: 2-week clinic follow-up
and then monthly follow-ups
thereafter

Con: Usual care & monthly clinic
check-up

M

Lung function,
blood gases,
12MWD,
submaximal
exercise capacity
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Females: n=10
Age, median (IQR)
Int: 70 (13)

Con: 71 (58-79)

at home.
Exclusion: Comorbidities that
preclude safe exercise training.

Con: 42 (30-55)

breathlessness in patients
with moderate to severe
COPD.

RCT, individual

T:30 min

T: Aerobic & Resistance &
Strength

Run-in: 1 study visit
Support: Education material
Con: Usual care & education
booklet

Mitchell et al., 184 participants Inclusion: COPD diagnosis, mMRC COPD To establish the short- and Home-based manual incorporating | (1) CRQ (dyspnoea
2014 (13) Int: n=89 dyspnoea grade 2-5, clinically stable | Stable medium-term effectiveness education and exercise domain)
(UK) Con: n=95 for 4 weeks. FEV; %pred, mean + of SPACE FOR COPD on programme (walking, upper and (2) CRQ (fatigue,
Males: n=101 Exclusion: Unable to undertake SD patient outcomes, compared | lower limb resistance training emotion, mastery
Females: n=83 exercise due to neurological, Int: 5617 with usual care alone. using weights) for 6 weeks. Study domains), BCKQ,
Age, mean + SD musculoskeletal or cognitive Con: 60+17 RCT, individual also included 6-month follow-up. HADS. ISWT.
Int: 6948 comorbidities, unable to read F: Daily (walking), 3 days/week ESWT’ PRAIéE
Con: 69+10 English to the reading age of an 8- (upper and lower limb training) ki ’ ’
year-old, had completed PR within I: Not reported smoking status.
12 months. T: 30 min/day (walking), not
reported (upper and lower limb)
T: Aerobic & Resistance
Run-in: 1 study visit
Support: Bi-weekly phone calls
using motivational interviewing
Con: Usual care
Moore et al., 20 participants Inclusion: COPD diagnosis with COPD To investigate whether a Home-based high intensity interval | (1) ISWT
2009 (14) Int: n=10 FEV %pred <60%, patients who FEV, %pred, median home exercise video exercise video/DVD for 6 weeks. (2) CRQ
(UK) Con: n=10 had not previously attended PR and (IQR) programme could improve F: 4 days/week
Males: n=10 had access to a video or DVD player | Int: 40 (37-49) exercise tolerance and I: High intensity
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Nguyen et al.,
2013 (15)
(USA)

*

125 participants
Int(1): n=43
Int(2): n=41
Con: n=41
Males: n=68
Females: n=57
Age, mean + SD
Int(1): 69+11
Int(2): 68+10
Con: 6918

Inclusion: COPD diagnosis (classic
criteria or FEV1/FVC <0.60 with
FEV1>80% predicted or CT
confirmed emphysema) & clinically
stable for at least one month,
activities limited by dyspnoea, use of
the Internet, oxygen saturation
>85% on room air on <6L/min of
oxygen at the end of a 6MWT.
Exclusion: Active symptomatic
iliness (e.g., cancer, heart failure),
participated in PR <6-months ago, or
currently participating in >2 days a
week of supervised exercise.

COPD
Stable, mild-very
severe

To test the efficacy of two
12-month dyspnoea self-
management programs,
Internet-based and face-to-
face, compared with a
general health education
control on the primary
outcome of dyspnoea with
activities.

RCT, individual

Self-management program
incorporating exercise intervention
(online or face-to-face) for 12
months. Study included 3- & 6-
month follow-ups.

F: 4 days/week

I: Gauged by Borg score

T: 30 min

T: Aerobic & Strength

Run-in: Home visit

Support: Bi-weekly reinforcement
and feedback with motivational
interviewing.

Con: Usual care, bi-weekly phone
calls & education

CRQ (dyspnoea
domain)

6MWT, ITT,
muscular
endurance, CRQ
(other domains),
SF-36, self-efficacy

Pradella et al.,
2015 (16)
(Brazil)

44 participants
Int: n=29

Con: n=15
Males: n=36
Females: n=8
Age, mean + SD
Int: 6548

Con: 62+11

Inclusion: COPD diagnosis, 40-75
years of age, either gender, signed
consent.

Exclusion: PR participation within 12
months, regular physical activity 23
times a week in the past 12 months,
other diseases which leads to
exercise intolerance, exacerbations
within past 4 weeks.

COPD

Stable, mild-very
severe

To develop an efficient, low-
cost, home-based PR
program. To evaluate the
impact of the program on
exercise as measured by the
6MWT and treadmill
endurance test. To assess
the effect on quality of life in
subjects with COPD under
partial supervision compared
with a control group.

RCT, individual

Home-based walking PR program
for 24 sessions

F: 3 days/week

1: 60-70% HRmax

T:40 min

T: Aerobic

Run-in: 1-week run-in at rehab
centre

Support: Educational booklet &
weekly phone call

Con: Usual care & weekly phone
call

Lung function
6MWT, SGRQ,
lower-limb
endurance test

*Contained 2 relevant intervention groups. AECOPD = acute exacerbation of chronic obstructive pulmonary disease, Int = Intervention group, Con = Control group, FEV, %pred = Forced expiratory
volume in 1 second % of predicted, RCT = Randomised controlled trial, CRQ = Chronic respiratory disease questionnaire, PAL = Physical activity levels, NYHA = New York Heart Association, GOLD
= Global initiative for chronic obstructive lung disease, FITT = Frequency, Intensity, Time, Type, N/A = Not applicable, BMWT = 6 minute walk test, MMRC = Modified medical research council, PASE
= Physical activity scale for the elderly, BARTHEL = Barthel index, CAT = COPD assessment tool, ADL = Activities of daily living, Ex = Exercise group, Phys = Exercise + physio group, SGRQ = St
Georges respiratory questionnaire, FEV1/FVC = Forced expiratory volume in 1 / forced vital capacity, ECP = Eosinophil cationic protein, ACQ = Asthma control questionnaire, HRmax = Maximum
heart rate, PR = Pulmonary rehabilitation, SNAPPS = Smoking, nutrition, alcohol consumption, physical activity, psychological well-being, symptom management health behaviours, FTSST = 5 times
sit to stand test, MSK = Musculoskeletal, BODE = Index for body mass index, airflow obstruction, dyspnoea and exercise, SF-36 = 36 item short form survey, HADS = Hospital anxiety and depression
scale, LTOT = Long-term oxygen therapy, GLTEQ = Godin leisure time exercise questionnaire, ISWT = Incremental shuttle walk test, BDI/TDI = Baseline dyspnoea index / transition dyspnoea index,
VO2max = maximal oxygen uptake, VO2peak = peak oxygen uptake, GDS = Geriatric depression scale, SPMSQ = Short portable mental status questionnaire, PEF = Peak expiratory flow, BMST = 6
minute stepper test, 12MWD = 12 minute walk distance, BCKQ = Bristol COPD knowledge questionnaire, PRAISE = Pulmonary rehabilitation adapted index of self-efficacy, SPACE = Self-management
programme of activity, coping and education, ESWT = Endurance shuttle walk test, IQR = Interquartile range, ITT = Incremental treadmill test.
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Table S4. Risk of Bias Assessment

Study Random Allocation Blind Blind Incomplete | Selective Other bias | Overall
sequence | concealment | participants outcome outcome reporting risk
generation and personnel | assessment | data (reporting bias)

Booker 1984 (1) Unclear Unclear High Low Unclear High Low High

Bourbeau 2003 (2) Low Low High Low Low Low Low Moderate

Boyd 2012 (3) Low Low High Unclear Low Low Low Moderate

Cameron-Tucker 2016 (4) Low Low High Low Low High Low High

Chen 2018 (5) Low Unclear High Unclear Low Unclear Low High

De Oliveira 2010 (6) Low Unclear High Unclear High Unclear Low High

Elci 2008 (7) Low Unclear High Low Unclear Low Unclear High

Hernandez 2000 (8) Unclear Unclear High Unclear High Low Low High

Ho 2012 (9) Low Unclear High Low Low Low Low Moderate

Jaakkola 2019 (10) Unclear Unclear High Unclear High High Low High

McGavin 1977 (12) Unclear Unclear High Unclear High Low Low High

Mitchell 2014 (13) Low Low High Low Low Unclear Low Moderate

Moore 2009 (14) Low Low High High High Low Low High

Lahham 2020 (11) Low Low High Low Low Low Low Moderate

Nguyen 2013 (15) Unclear Unclear High Unclear Low High Low High

Pradella 2015 (16) Unclear Unclear High Unclear Low Low Low High
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Table S5. Narrative summary of findings not included in the meta-analyses

Outcome Study Outcome Diagnosis Duration of Outcome Findings
measurement follow-up reporting Intervention Control Reported stats
Exercise Mitchell 2014 | ESWT COPD 6 weeks Change from Mean (95% ClI) Mean (95% Cl) Mean difference (95%
performance / (13) baseline Time: +210 secs (122 to Time: +92 secs (33 to Cl)
capacity 297) 151) Time: 118 secs (17 to
219), p = 0.006
McGavin 12MWD Chronic 3 months Change from Mean (range) Mean (range) Intervention: p < 0.001
1977 (12) Bronchitis baseline Distance: 164 metres (0 to | Distance: |19 metres (- Control: p > 0.05
165) 105 to 55)
Pradella Endurance COPD 8 weeks Change from Mean difference + SD Mean difference + SD Mean difference (95%
2015 (16) treadmill test baseline Distance: 317 + 82 metres | Distance: 31 £ 420 Cl): 285 metres (-7 to
metres 564)
Health-related Jaakkola SGRQ Asthma 24 weeks No data reported No data reported No data reported No data reported
Quality of Life 2019 (10)
Nguyen 2013 | CRQ COPD 12 months Change from Mean difference Mean difference Group differences: Total
(15) baseline Total: Group 1 (18.4 Total: 12.2 points (p = 0.28), Dyspnoea (p
points), Group 2 (14.9 Dyspnoea: 10.7 points =0.23)
points) Time effect: Total (p <
Dyspnoea: Group 1 (12.2 0.01), Dyspnoea (p =
points), Group 2 (10.6 0.01)
points) Group and time
interaction: Total (p =
0.44), Dyspnoea (p =
0.48)
Elci 2008 (7) SF-36 COPD 3 months Baseline data not Baseline data not reported | Baseline data not Baseline data not
reported reported reported
Nguyen 2013 | SF-36 COPD 12 months Change from Mean difference Mean difference Group differences:
(15) baseline Physical: Group 1 (14.4 Physical: 11.5 points Physical (p = 0.68),
points), Group 2 (11.6 Mental: 1.0 points Mental (p = 0.30)
points) Time effect: Physical (p
Mental: Group 1 (1.1 < 0.01), Mental (p =
points), Group 2 (11.9 0.84)
points) Group and time
interaction: Physical (p =
0.63), Mental (p = 0.54)
Subjective Hernandez BDI/TDI COPD 12 weeks Change from Mean difference Mean difference BDI: Intervention (p =
symptoms 2000 (8) baseline BDI: 11.6 points BDI: |0.3 points 0.03), Control (p > 0.05)
MT: 10.5 points MT: 10.2 points MT: Intervention (p =
Fl: 10.6 points Fl: |0.2 points 0.05), Control (p > 0.05)
ME: 10.6 points ME: 10.2 points FI: Intervention (p =
0.03), Control (p > 0.05)
ME: Intervention (p =
0.01), Control (p > 0.05)
Anxiety & Booker 1984 Mood disturbance COPD 9 weeks Change from No data reported No data reported Significant | in total
Depression (1) questionnaire baseline score in exercise
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physiotherapy +
exercise group. No
significant changes in
exercise alone or control

groups.
Mitchell 2014 | HADS COPD 6 weeks Change from Mean (95% Cl) Mean (95% Cl) Mean difference (95%
(13) baseline Anxiety: -0.7 points (-1.3 Anxiety: 0.1 points (-0.4 | Cl)
to-1.8) to 0.62) Anxiety: -0.9 points (-1.6
Depression: - 0.5 points (- | Depression: 0.2 points (- | to -1.0), p = 0.04
1.0t0 0.0) 0.3100.8) Depression: -0.7 points
(-1.5t0 0), p=0.10
Elci 2008 (7) HADS COPD 3 months Change from Mean difference Mean difference Intervention: p < 0.01
baseline Total: |4.0 points Total: 10.8 points Control: p = 0.07
Disease impact Boyd 2012 ACQ Asthma 12 weeks Change from Mean difference Mean difference p>0.05
(3) baseline Total: |0.22 points Total: ]0.73 points
Jaakkola ACT Asthma 24 weeks Change from Improved: n=26 Improved: n=17 Risk difference (95%
2019 (10) baseline (total No change: n=7 No change: n=17 Cl): 0.233 (0.027 to
number of Worsened: n=9 Worsened: n=10 0.438), p = 0.032
participants)
Cameron- CAT COPD 8 weeks Change from Median difference (IQR) Median difference (IQR) | p =0.48
Tucker 2016 baseline Total: 0 (6) Total: 0 (6)
“4)
Chen 2018 CAT COPD 12 weeks Change from Mean difference Mean difference Intervention: p < 0.01
(5) baseline Total: |3.2 points Total: | 1.3 points Control: p =0.20
Between group: p = 0.98
Hospital Bourbeau Self-report COPD 1 year Total number of Total events: 78 Total events: 118 Treatment difference: -
admissions 2003 (2) events during 39.8% (p = 0.01)
(respiratory) observation period
Ho 2012 (9) Self-report and COPD 12 weeks Total number of Data not interpretable Data not interpretable No significant
healthcare records events during differences between
observation period groups for hospital
admission due to
AECOPD
Mortality Bourbeau Healthcare records | COPD 1 year Total number of Total events: 5 Total events: 9 Statistics not reported
2003 (2) events during
observation period
Exacerbations Bourbeau Self-report COPD 1 year Total number of Total events: 299 Total events: 362 p=0.06
2003 (2) events during
observation period
Hospital Ho 2012 (9) Self-report and COPD 12 weeks Total number of Data not interpretable Data not interpretable No data reported
admission (all- healthcare records events during
cause) observation period
Length of stay Ho 2012 (9) Self-report and COPD 12 weeks Mean duration of Mean + SD Mean + SD p=0.64
healthcare records stay during LOS:02+1.4 LOS:0.3£1.3
observation period
Emergency Bourbeau Self-report COPD 1 year Total number of Total events Total events Treatment difference
department visits 2003 (2) events during AECOPD: 95 AECOPD: 161 AECOPD: -41.0% (p =

observation period

Other cause: 57

Other cause: 74

0.02)
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Other cause:
-23.0% (p = 0.34)

(15)

baseline

Lifts per min: Group 1
(111.9 reps), Group 2
(111.1 reps)

Lifts per min: 11.7 reps

Ho 2012 (9) Self-report and COPD 12 weeks Mean number of Mean + SD Mean + SD p=0.52
healthcare records events during ED visits: 0.0 £ 0.2 ED visits: 0.0 £ 0.3
observation period
Outpatient visits Bourbeau Self-report COPD 1 year Mean number of Data not interpretable Data not interpretable Data not interpretable
2003 (2) events during
observation period
Aerobic fitness / Boyd 2012 Graded treadmill Asthma 12 weeks Change from Mean difference Not measured in control | VOzpeak: p < 0.05
capacity (3) test baseline VO; pea: 12.64 ml/min/kg group Time: p < 0.05
Time: 11.39 min RER: p > 0.05
RER: 10.04
Hernandez Incremental cycle COPD 12 weeks Change from Mean difference Mean difference All, p > 0.05
2000 (8) ergometer test baseline Workload: |2.8 watts Workload: 12.9 watts
VO3 max: 10.1 1.min™" VO3 max: 10.1 L.min™
VO,: 10.5 I.min"' VOg: 1.5 L.min™
VCO,: 10.1 l.min"" VCO,: 0 .min’
Ve: 10.5 L.min™! Ve: 11.4 |.min™
Dyspnoea: |0.7 points Dyspnoea: | 1.1 points
Leg discomfort: |1.0 Leg discomfort: 11.1
points points
Jaakkola Spiroergometry Asthma 24 weeks No data reported No data reported No data reported No data reported
2019 (10)
McGavin Incremental cycle Chronic 3 months Change from Mean Mean Workload: Intervention
1977 (12) ergometer test Bronchitis baseline Workload: 114.4 watts Workload: |2.6 watts (p < 0.05), control (p >
VO,: $1.3 I.min™ VOy: |121 ml.min™ 0.05)
Ve: 14 L.min™ Ve: |2 L.min” VO.: Intervention (p >
0.05), control (p < 0.05)
VEe: Intervention (p >
0.05), control (p > 0.05)
Nguyen 2013 | Incremental COPD 12 months Change from No data reported No data reported No differences among
(15) treadmill test baseline groups
Peripheral muscle | Chen 2018 CON-TREX leg COPD 12 weeks Change from Mean difference Mean difference Isometric: Intervention (p
strength (5) extensor baseline Isometric: 117.1 Nm Isometric: 111.8 Nm < 0.01), Control (p =
Isokinetic: 114.3 Nm Isokinetic: 14.6 Nm 0.02)
Isokinetic: Intervention
(p < 0.01), Control (p =
0.06)
Between groups:
Isometric (p = 0.78),
Isokinetic (p = 0.87)
Jaakkola Unclear Asthma 24 weeks No data reported No data reported No data reported No data reported
2019 (10)
Nguyen 2013 | Arm endurance COPD 12 months Change from Mean (pre vs post) Mean (pre vs post) Group differences: p =

0.33
Time effect: p <0.01
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Group and time
interaction: p = 0.04

(1)

baseline

Total EE: -4 (-1425 to
1418)

Steps: 303 (-1607 to 2215)
METs/day: 0.1 (-0.1 to 0.2)
Sedentary time: 32
min/day (-63 to 128)
MVPA time: -5 min/day (-
301 to 290)

Cl)

Total EE: 82 (-1299 to
1463)

Steps: -106 (-1962 to
1749)

METs/day: 0.0 (-0.2 to
0.2)

Sedentary time: 8
min/day (-84 to 101)
MVPA time: -211
min/day (-497 to 76)

Physical activity Cameron- SNAPPS COPD 8 weeks Change from Median difference (IQR) Median difference (IQR) | SNAPPS: p = 0.40
levels Tucker 2016 questionnaire and baseline SNAPPS: 0 (4) SNAPPS: 0 (4) Mins per day of walking:
(4) self-report diary Mins per day of walking: Mins per day of walking: | p=0.10
14 (26) 16 (40)
Lahham 2020 | Accelerometer COPD 8 weeks Change from Mean difference (95% ClI) Mean difference (95% Between group mean

differences (95% Cl),
Home-Standard Care
Total EE: -678 (-2190 to
839)

Steps: 1089 (-946 to
3125)

METs/day: 0.1 (-0.1 to
0.2)

Sedentary time: 15
min/day (-86 to 116)
MVPA time: -8 min/day
(-330 to 314)

ESWT = endurance shuttle walk test, Cl = confidence interval, Secs = seconds, 12MWD = Twelve-minute walk distance, SGRQ = St. Georges respiratory questionnaire, CRQ = Chronic respiratory
disease questionnaire, BDI/TDI = Baseline and transition dyspnoea index, HADS = Hospital anxiety and depression scale, ACQ = Asthma control questionnaire, ACT = Asthma control test, CAT =
COPD assessment tool, IQR = Interquartile range, SF-36 = Short form-36 questionnaire, AECOPD = Acute exacerbation of COPD, LOS = Length of stay, ED = Emergency department, VO3 peax =
Peak oxygen uptake, RER = Respiratory exchange ratio, VO2 max = Maximal oxygen uptake, Ve = Minute ventilation, SD = Standard deviation, Nm = Newton metres, Reps = Repetitions, Min =
minute, EE = Energy expenditure, MVPA = Moderate to vigorous physical activity.
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Exercise Control Mean Difference Mean Difference Risl

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABC G
Booker 1984 21 88 32 5 a0 37 130% 16.00[26.33 67.33] —]— 770 []
Bourheau 2003 289 110 B7 288 86 53 14.3% -10.00[45.07, 25.07] — [ 11 ] @®
Chen 2018 38 93 25 43 88 22 105% -5.00[-50.83, 48.83] —_— 2029718
De Oliveira 2010 722 802 33 10 GGG 20 16.9% 0320 (5585, 110.54] — 2707208
Elci 2008 164 501 38 -6.8 537 38 16.8%  23.30[0.25, 46.35] = ®20 ?
Lahharm 2018 15 164 29 23 165 20 G.4% -14.00 [98.67, 70.67] _— [T 1 ] @
Mguyen 2013 204 114 84 85 117 43 128% 20902173 6353] —_ 272@7 @®
Pradella 2015 657 831 28 &5 8929 15 10.3%  60.20 [4.30, 116.10] — 272@7 @
Total (95% CI) 338 267 100.0%  25.25[.0.99, 51.49] -

Heterogeneity: Tau®= 930.26; Chi*= 2418, df= 7 (P= 0.001); F= 71%

\ \ \ \
100 -50 50 100
Favours [Control] Favours [Exercise]

Figure S1. Trial-level data, effect estimates, and forest plot of comparison for
change in BMWT distance following an unsupervised exercise intervention versus
usual care for all studies reporting 6MWT, including studies for which data were
unclear or not available in published reports (1, 2, 6) and were retrieved from
previous systematic reviews (17-19). Risk of bias legend: A) Random sequence
generation (selection bias), B) Allocation concealment (selection bias), C) Blinding of
participants and personnel (performance bias), D) Blinding of outcome assessment
(detection bias), E) Incomplete outcome data (attrition bias), F) Selective reporting
(reporting bias), G) Other bias.

Test for overall effect: 7=1 88 (P = 0.06)
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