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ABSTRACT

Background Many trials supporting the benefits of
pulmonary rehabilitation (PR) have used specialist exercise
equipment, such as treadmills and cycle ergometers.
However, access to specialist equipment may not be feasible
in some settings. There is growing interest in delivering

PR programmes with minimal, low-cost equipment, but
uncertainty remains regarding their efficacy compared with
programmes using specialist equipment.

Methods Using propensity score matching, 318
consecutive patients with COPD undergoing supervised
PR using minimal equipment (PR-min) were compared
1:1 with a control group of 318 patients with COPD who
underwent supervised PR using specialist equipment
(PR-gym). A non-inferiority analysis was performed for
the primary outcome (incremental shuttle walk (ISW))
and secondary outcomes (Chronic Respiratory Disease
Questionnaire (CRQ)—domain and total scores).
Results Similar improvements in ISW and CRQ-domains
were observed in PR-min and PR-gym groups (mean
difference ISW: 3 m (95% Cl —16 to 9); CRQ-total: 0.9 (95%
Cl —2.7 t0 4.5)). The 95% Cl between group differences

for ISW and CRQ-total did not cross the predefined non-
inferiority margins. However, completion rates were lower in
PR-min compared with PR-gym (64% vs 73%; p=0.014).
Conclusions In patients with COPD, PR delivered
using minimal equipment produces clinically significant
benefits in exercise capacity and health-related quality of
life that are non-inferior to rehabilitation delivered using
specialist equipment. This study provides support for

the provision of PR using minimal exercise equipment,
particularly in areas where access to specialist exercise
equipment is limited.

INTRODUCTION
Pulmonary rehabilitation (PR) improves exercise
capacity, dyspnoea and health-related quality of life
in patients with COPD,"' and is established within
international guidelines for COPD and other chronic
respiratory diseases. A core component of PR is indi-
vidually tailored and progressive aerobic and resis-
tance exercise training,” with a consensus that higher
intensity training produces greater training benefits.’
Although many landmark trials were conducted
in centres that used specialist exercise equipment,
such as treadmills, cycle ergometers and fixed weight

"% Ruth Emily Barker @'

What is the key question?

» Does supervised pulmonary rehabilitation that
uses minimal equipment produce similar results
to supervised pulmonary rehabilitation that
uses specialist exercise equipment in patients
with COPD?

What is the bottom line?

» Supervised pulmonary rehabilitation undertaken
with minimal equipment achieved clinically
significant improvements in exercise capacity
and health-related quality of life, which were
non-inferior to pulmonary rehabilitation
delivered using specialist equipment in patients
with COPD.

Why read on?

» The results of this study support the ongoing
expansion of pulmonary rehabilitation
programmes that use minimal equipment. This
should allow greater access to this crucial form
of treatment, especially in areas where access
to specialist exercise equipment is limited.

machines,' there is growing interest in delivering
PR with minimal, low-cost and portable equipment.
There is considerable unmet need for PR* and a
minimal equipment approach has the potential to
increase the geographical coverage and accessibility
of PR by expanding the number and type of settings
where PR can be delivered, including the home,’
or via telerehabilitation.® For example, in the 2018
audit of PR services in England and Wales, a signifi-
cant proportion of PR sites were located in commu-
nity and health centres, church halls, community
hospitals and general practitioner surgeries where
access to specialist exercise equipment was limited.”

However, there remains uncertainty regarding the
efficacy of PR programmes delivered using minimal
equipment.® A previous systematic review identified
eight randomised controlled trials that compared
exercise training using minimal equipment to
usual care without exercise training.® Although
improvements in functional exercise capacity and
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health-related quality of life were observed, the studies were
not able to show a significant difference in maximal exercise
capacity (as measured by the incremental shuttle walk (ISW) test)
between exercise training with minimal equipment and no exer-
cise training.® Furthermore, supervised PR programmes that use
minimal equipment have not been directly compared with tradi-
tional ‘gold standard’ supervised PR delivered using specialist
exercise equipment.

The aim of this study was to compare the outcomes of patients
with COPD undergoing face-to-face supervised outpatient PR
delivered using either minimal or specialist exercise equipment.
We hypothesised that PR delivered using minimal equipment
would produce similar improvements in exercise capacity and
health-related quality of life as PR delivered using specialist
equipment in patients with COPD.

METHODS
Participants
Participants were prospectively recruited from community
and hospital-based PR clinics in Northwest London between
September 2011 and January 2016. Inclusion criteria were:
a diagnosis of COPD according to the Global Initiative for
Chronic Obstructive Pulmonary Disease guidelines,” and
consent to attend an 8-week supervised PR programme. Patients
with a contraindication to exercise training (eg, unstable cardiac
disease) or declining to take up PR were excluded. All patients
were provided with written and verbal information on six PR
locations across Northwest London, including location, travel
directions, class times and available equipment. All assessments
were performed in the Pulmonary Rehabilitation Department
at Harefield Hospital, with data prospectively collected. As per
routine clinical care, patients referred to the programme were
allowed a free choice of which location they wished to attend.

The ‘experimental treatment’ group comprised those
who chose to attend a twice-weekly, 8-week supervised PR
programme at one of four community sites (three church halls
and one community centre hall) with access to minimal exercise
equipment only (PR-min).

The ‘control’” group comprised matched patients referred
over the same time period who chose to attend a twice-weekly,

8-week supervised programme at one of two sites (acute hospital
gymnasium and community leisure centre gymnasium) with
access to specialist exercise equipment (PR-gym).

Regardless of site, all patients were offered a programme
comprising two supervised sessions per week for 8 weeks (16 super-
vised sessions in total), and were encouraged to participate in at
least one additional weekly home unsupervised exercise session in
accordance with the British Thoracic Society Guidelines for PR.*
Supervised sessions comprised 1hour of exercise training and 45
min of education. There were a maximum of 12 patients partic-
ipating in each supervised session, supervised by a minimum of
two members of staff from the Harefield Pulmonary Rehabilita-
tion Unit including one senior physiotherapist (minimum ratio: 1
staff:6 patients). Senior physiotherapists had a minimum of 3 years
of postqualification clinical experience including at least 6 months of
dedicated experience in delivering PR and had passed local compe-
tency assessments.

Patients in the PR-gym group had access to aerobic and resis-
tance training equipment such as treadmills, cycle ergometers and
fixed weight machines for lower limb resistance, for example, leg
press, knee extension. In contrast, those attending PR-min only had
access to a walking course and simple portable resistance training
equipment such as steps, free weights and elastic resistance bands
(TheraBand®). Aerobic and resistance exercise prescription and
progression was tailored to each patient and conducted according
to local standard operating procedures and international guidance.'
Further information on exercise prescription and progression for
both groups is available in table 1.

Both groups received the same education programme
comprising 16 separate talks delivered by a multidisciplinary
team, with the aim of promoting self-management. The list of
topics covered is included in table 2.

All patients provided informed consent to participate in PR
and for their anonymised data to be used for service evaluation
purposes.

Assessments

Assessments were performed 1week before and after the 8-week
PR programme. Exercise capacity was measured using the ISW'! as
described by the American Thoracic Society field walking guidelines.'

PR-min

Walking course.

Initial target walking distance and time based on 60%-80% of peak-
predicted oxygen consumption based on baseline ISWT performance,
with the aim of achieving 3—4 on Borg CR10-Dyspnoea scale.

Increased as tolerated with the aim of performing 30 min of aerobic Increased as tolerated with the aim of walking for 30 min by the end

of the programme.

Elastic resistance bands (TheraBand®), portable steps and free
weights.

Table 1  Exercise equipment, prescription and progression used for each group
PR-gym
Aerobic exercise  Exercise Treadmill or cycle ergometer.
equipment
Prescription Treadmill: 60%-80% of peak-predicted oxygen consumption based
on baseline ISWT performance, with the aim of achieving 3-4 on
Borg CR10-Dyspnoea scale.
Cycling: based on achieving 3—4 on Borg CR10-Dyspnoea scale.
Progression
exercise by the end of the programme.
Resistance Exercise Leg press or knee extension.
training equipment
Prescription Strength: 2—4 sets of 812 repetitions at 60% of one-repetition

maximum (1RM), with the aim of achieving a rate of perceived

exertion (RPE) of 13—15.

Endurance: 1-2 sets of 15-20 repetitions at <50% 1RM, with the

aim of achieving an RPE of 11-13.

Progression

Strength: 2—4 sets of 812 repetitions with the aim of achieving an
RPE of 13-15.

Endurance: 1-2 sets of 15-20 repetitions, with the aim of achieving
an RPE of 11-13.

Both strength and endurance training were progressed by increasing Both strength and endurance training were progressed by increasing

the number of sets and repetitions, as well as increasing the weight  the number of sets and repetitions, as well as increasing the weight

or resistance.

or resistance.

ISWT, incremental shuttle walk test; PR-gym, pulmonary rehabilitation using specialist equipment; PR-min, pulmonary rehabilitation using minimal equipment.
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Table 2 Education topics provided by the Harefield Pulmonary Rehabilitation programme

Education topics Profession

Lung anatomy and disease
Medication Pharmacist
Smoking cessation

Breathing techniques

Chest clearance techniques

Energy conservation/pacing

SALT (Speech and Language Therapist)—swallowing advice
Diet and nutrition Dietician
Lifestyle (parts 1 and 2)
Inhaler techniques

Coping with your lung condition

Self-management Physiotherapist
Chest infections Physiotherapist
Benefits of exercise Physiotherapist

Onward exercise

Peer support

Physiotherapist
Physiotherapist

Physiotherapist or nurse

Respiratory nurse specialist in smoking cessation and health promotion

Occupational therapist

Speech and language specialist

Physiotherapist or nurse

Physiotherapist or nurse

Clinical psychologist

Physiotherapy assistant practitioner

Patient representative

Health status was measured using the self-report Chronic Respira-
tory Disease Questionnaire (CRQ)." Further outcomes measured
included anthropometric measurements, Medical Research Council
(MRC) dyspnoea scale, and spirometry. Comorbidities were eval-
uated using the Charlson Comorbidity Index."* Completion rates
were defined a priori as attendance at a post-PR assessment, as per
the National Asthma and COPD Audit Programme (UK), and the
completion of a minimum of eight supervised sessions. Attendance
at a minimum of eight supervised sessions was included as a criterion
as this has been shown to produce clinically significant short-term
and medium-term responses.”” Adherence rate (number of super-
vised sessions attended) was also recorded. Completers were asked
to rate their satisfaction with the programme on a 5-point Likert
scale (1: Very satisfied; 2: Satisfied; 3: Indifferent; 4: Dissatisfied; 5:
Very dissatisfied).

Matching

The control group was determined using propensity score
matching,'® using a logistic regression model. The covariates
entered into the model were age, sex, FEV, % predicted, body
mass index (BMI), MRC dyspnoea score, smoking status and
baseline exercise capacity (measured by ISW), as these factors
may influence response to PR. The matching was performed by
a researcher blinded to whether participants had completed PR.
Patients who undertook PR-gym were matched 1:1 to the closest
propensity score in those who undertook PR-min. Assessment of
baseline matching of the groups was performed using indepen-
dent t-tests or Mann-Whitney U tests. All participants used in the
propensity score matching had all the variables above recorded.

Sample size estimation

Previous audits of the Harefield Pulmonary Rehabilitation Unit have
shown that participants undergoing PR-gym achieve a mean (SD)
change in ISW of 58 (67) m. The non-inferiority margin was defined
as half the known minimum clinically important difference (MCID)
using the fixed margin method with a preserved effect of 50% as
recommended by previous guidance, including from the US Food
and Drug Administration.'” '® The MCID of the ISW is 48 m'” and
therefore 24 m was considered the non-inferiority margin. The null

hypothesis was that PR-min is inferior to the standard treatment
(PR-gym). The alternative hypothesis was that PR-min is not inferior
to PR-gym. If there is truly no difference between the standard and
experimental treatment, then 406 patients (203 in each arm) were
required to be 95% sure that the lower limit of a one-sided 97.5%
CI (or equivalently a 95% two-sided CI) would be above the non-
inferiority limit of —24. Assuming a 65% completer rate, we aimed
to recruit a minimum of 313 participants in each intervention group.

Analysis

Data are presented as proportions and mean (SD or median @s5™,
75™ centiles) depending on the normality of the data). Baseline
characteristics, adherence and completion rates were compared
between groups using independent t-tests (or Mann-Whitney
U test for data that were not normally distributed) and ¥ test.
We performed a completer analysis and compared change from
pre-PR to post-PR between groups using independent t-tests.
The primary outcome was change in ISW, and change in overall
health-related quality of life (as measured by the CRQ-total)
was the main secondary outcome. We also compared individual
CRQ-domains as well as PR programme completion and adher-
ence rates, and programme satisfaction scores.

We performed non-inferiority analysis with the null hypothesis
that experimental treatment (PR-min) was inferior to the stan-
dard treatment (PR-gym) by the non-inferiority margin. The non-
inferiority margin was defined a priori as half the known MCID."®
As described above, the non-inferiority margin was set at 24 m. Simi-
larly, given that the MCID for the CRQ is a mean change of 0.5 per
question,”® the non-inferiority margins for the CRQ-dyspnoea (5
questions), CRQ-fatigue (4 questions), CRQ-emotion (7 questions),
CRQ-mastery (4 questions) domains and CRQ-total score (20 ques-
tions) were set at 1.25, 1.0, 1.75, 1.0 and 3, respectively. Post hoc
analysis to investigate any differences in socioeconomic deprivation
using Index of Multiple Deprivation was also performed.?'

Analyses were performed using SPSS (V.22, IBM) and graphs
were produced using Prism V.7 (GraphPad Software, San Diego,
California, USA). A one-sided p value <0.025 was considered
statistically significant.
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Table 3 Baseline clinical characteristics of PR-min and PR-gym groups

Whole group Completers

PR-min PR-gym PR-min PR-gym

(n=318) (n=318) Test statistic P value (n=204) (n=232) Test statistic P value
Male: n (%) 145 (45.6) 157 (49.4) 0.91 0.34 115 (56.9) 113 (48.9) 2.78 0.10
Age (years) 71 (10) 7109 -0.20 0.84 72 (9) 71(9) 0.24 0.81
FEV, (L) 1.12 (0.57) 1.08 (0.95) 0.99 0.32 1.02 (0.74,1.43) 0.99(0.75,1.44) -0.18 0.85
FEV, (% predicted) 46.8 (19.7) 458 (18.7) —-0.60 0.55 47.9(19.4) 47.7 (18.8) 0.08 0.94
GOLD staging (A/B/C/D) (%) 3/12/8/77 3/18/4/74 7.01 0.07 5:13:9:72 4:21:5:70 6.43 0.09
BMI (kg/m?) 27.5(6.7) 27.4(6.7) -0.18 0.86 27.6 (6.4) 27.2 (6.1) 0.82 0.41
Home oxygen user: n (%) 28 (8.8) 35(11.0) 0.86 0.35 16 (7.8) 27 (11.7) 1.71 0.19
Smoking status: 19:75:6 20:75:5 0.57 0.75 16:78:6 15:80:5 0.25 0.88
current:former:never (%)
MRC 4(3,4) 4(3,4) 0.27 0.79 3(1) 3(1) -1.24 0.22
ISW (m) 192 (134) 195 (144) 0.31 0.76 207 (136) 190 (90, 270) —-0.60 0.55
CRQ-total 75.2(21.9) 73.3(20.5) -1.10 0.27 78.3(21.2) 74.6 (21.6) 1.71 0.09
Charlson Comorbidity Index 1(1,3) 1(1,3) -0.64 0.52 1.5(1,3) 1(1,3) -1.1 0.27
Self-reported exacerbations in previous year (n) 2(1,4) 2(1,3) -0.91 0.37 2(1,4) 2(1,3) -0.37 0.71
Self-reported hospital days in previous year 0(0,3) 0(0,4) -0.03 0.97 0(0,3) 0(0,3) 0.50 0.62

Data expressed as n, mean (SD) or median (25" and 75" percentiles).

Data were analysed using independent t-tests (or Mann-Whitney U test for data that were not normally distributed) and * test. All participants had data for each of the listed variables.
BMI, body mass index; CRQ, Chronic Respiratory Disease Questionnaire; GOLD, Global Initiative for Chronic Obstructive Pulmonary Disease guidelines; ISW, incremental shuttle walk; MRC, Medical
Research Council dyspnoea score; PR-gym, pulmonary rehabilitation using specialist equipment; ; PR-min, pulmonary rehabilitation using minimal equipment.

RESULTS

During the study period, 318 patients with COPD opted to
attend PR-min and 955 patients with COPD opted to attend
PR-gym. From the 955 patients attending PR-gym, data from
318 patients were used for the propensity-matched control
group. Baseline characteristics according to PR-min and PR-gym
are detailed in table 3. The PR-min and PR-gym groups were
successfully matched at baseline for age, sex, FEV, % predicted,
BMI, smoking status, home oxygen status, ISW and CRQ-total.
A post hoc comparison of socioeconomic deprivation between
PR-min and PR-gym demonstrated a lower Index of Multiple
Deprivation in the PR-min group (PR-min 18259 (7374) vs
PR-gym 19229 (8242); p=0.028). All those that completed PR
had complete data for the primary and secondary analyses.

Response to PR

Table 4 shows the completer response in both PR-min (n=204)
and PR-gym (n=232) groups. Clinically and statistically signifi-
cant improvements in ISW, CRQ-total and all CRQ-domains were

observed in both groups following PR. The magnitude of changes in
ISW, CRQ-total and CRQ-domains was greater than the commonly
accepted MCID for these outcomes.” 2° No significant between-
group differences were seen in changes in ISW, CRQ-total, CRQ-
fatigue, CRQ-emotion and CRQ-mastery. However, there was a
statistically greater change in CRQ-dyspnoea domain in PR-min
compared with PR-gym, although there was uncertainty about the
clinical significance given that the between-group difference was
smaller than the commonly accepted MCID (table 4).

Completion, adherence and satisfaction rates

The overall completion rate for the whole cohort from attending
pre-PR assessment was 68.6%. Completion rates were lower in
the PR-min group (64.2%) than the PR-gym group (73.0%)
(z-score=2.46, p=0.014). This was corroborated by overall
group adherence data; those in the PR-min group attended
fewer supervised sessions (mean=9.1, SD=5.9) than those in
PR-gym ((mean=10.4, SD=S5.2) (t-statistic=2.88; p=0.004)).
However, for completers, there was no difference in the median

Table 4 Comparison of clinical outcomes following pulmonary rehabilitation between PR-min and PR-gym groups

Change with PR

PR- min PR-gym

(n=204) (n=232) Between-group differences Test statistic P value
ISW (m) 56.6 (47.8 t0 65.4) 59.7 (50.9 to 68.6) —-3.1(-15.6t0 9.4) -0.49 0.63
CRQ-dyspnoea 5.8(4.9t06.7) 4.2(3.4105.0) 1.6 (0.4 t0 2.8) 2.63 0.009
CRQ-fatigue 2.8(2.11t03.4) 3.0(2.4t03.6) -0.2(-1.11t00.7) -0.51 0.61
CRQ-emotion 43(3.21t05.3) 43(3.3t05.3) -0.02 (-1.5t0 1.4) -0.04 0.97
CRQ-mastery 2.6(1.91t03.2) 3.0(2.4103.7) -0.4(-1.4100.5) -0.90 0.37
CRQ-total 15.5(12.91018.2) 14.6 (12.21t017.2) 0.9 (-2.7t0 4.5) 0.49 0.62

Data expressed as mean (95% Cl) or median (25" and 75™ percentiles) pre-to-post PR.

Data were analysed using independent t-tests (or Mann-Whitney U test for data that were not normally distributed). All participants had data for each of the listed variables.
CRQ, Chronic Respiratory Disease Questionnaire; ISW, incremental shuttle walk; PR, pulmonary rehabilitation; PR-gym, pulmonary rehabilitation using specialist equipment; PR-

min, pulmonary rehabilitation using minimal equipment.
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Fgure 1: COMSORT diagram to show number of patients attending e ach type of rehabilitation class and reasonsfornon-campletion
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Consolidated Standards of Reporting Trials (CONSORT) diagram to show the number of patients attending each type of rehabilitation

class and reasons for non-completion. PR, pulmonary rehabilitation; PR-gym, pulmonary rehabilitation using specialist equipment; PR-min, pulmonary

rehabilitation using minimal equipment.

(25", 75™ centiles) number of supervised sessions attended (PR-
min (n=204): 14 (12, 15) vs PR-gym (n=232): 14 (12, 15);
p=0.598). There was no between-group difference in the propor-
tion of patients reporting they were either very satisfied or satis-
fied following intervention (PR-min: 99.5% vs PR-gym: 98.3%;
p=0.348). In patients for whom a reason for non-completion
was provided, dropout was largely attributed to exacerbation of
their COPD or worsening of a comorbidity (figure 1).

Non-inferiority analysis

For the primary outcome, change in ISW, figure 2A shows that the
95% CI between-group difference did not cross the predefined
non-inferiority margin of —24 m, indicating that PR-min was
non-inferior to PR-gym. Similar results were seen for CRQ-
total (figure 2B), CRQ-dyspnoea and CRQ-emotion (figure 3).
However, for CRQ-fatigue and CRQ-mastery, the 95% CI of
the between-group difference in change did cross the predefined
non-inferiority margin. For these outcomes, it was not possible
to conclude non-inferiority of PR-min.

DISCUSSION

Our study shows that PR delivered using minimal equipment
(PR-min) produces clinically significant improvements in exer-
cise capacity and health-related quality of life in patients with
COPD. These improvements were of similar magnitude to those
observed in a well-matched group of patients with COPD under-
going PR delivered using specialist exercise equipment (PR-
gym). With formal non-inferiority analysis, we found PR-min to

be non-inferior to PR-gym in terms of improvements in exercise
capacity and overall health-related quality of life. However, we
also observed lower completion rates with PR-min.

Relation to previous studies
There remains uncertainty about the efficacy of PR programmes
using minimal equipment. Alison and McKeough identified
eight trials that used low-cost equipment for endurance exercise
training and demonstrated statistically and clinically significant
differences in functional exercise capacity and health-related
quality of life compared with no training at all.> However, these
trials were small (six of the eight trials had a combined sample
size of less than 50 patients) and of variable quality (selective
patient population, varied length of intervention and intensity of
training achieved). Furthermore, there were conflicting results.
Whereas the pooled data from four trials that used the 6 min
walk distance showed a positive effect on exercise capacity, no
significant effect was seen in the four trials that used the ISW.®
To our knowledge, our study is the first to directly compare a
supervised PR programme using minimal exercise equipment with a
supervised programme using specialist exercise equipment. Previous
studies have compared different settings where access to specialist
equipment may not have been possible, such as in the home.’ 27*
However, in some trials, investigators were careful to ensure that
exercise training was similar between groups and did not allow
the gold standard control programme to have access to specialist
equipment.” *° Tn other trials that compared different settings and
level of supervision and where with a difference in accessibility to
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Figure 2 Between-group changes in (A) incremental shuttle walk
(ISW). (B) Chronic Respiratory Disease Questionnaire (CRQ)—total and
non-inferiority limits. Data expressed as mean (95% Cls). The dotted line
represents the non-inferiority limit. PR-gym, pulmonary rehabilitation
using specialist equipment; PR-min, pulmonary rehabilitation using
minimal equipment.

equipment, the ‘gold-standard’ arm did not produce the anticipated
improvements.’ %> %° A possible explanation is that the trial popu-
lations were selective with a preference for the alternative inter-
vention to supervised rehabilitation. For example, in the trial from
Holland and colleagues, a significant proportion of patients assessed
for trial eligibility were not randomised because they wanted to
attend supervised hospital-based PR with access to specialist exercise
equipment.’

Methodological reflections

Our study has several strengths. First, our sample size was greater
than the combined eight trials previously reported in a system-
atic review.® As such, we had sufficient power to perform a non-
inferiority analysis and conclude that PR-min was non-inferior to
PR-gym in terms of effects on ISW and CRQ-total, our primary and
main secondary outcomes. Second, the interventions were delivered
by the same experienced team using standard operating procedures
for exercise prescription, and both interventions were delivered

according to national quality standards.”*” The improvements in the
outcome measures in both groups were clinically significant, with
changes exceeding the MCID for the ISW and CRQ-domains, and
exceeding the median changes observed in the national audit of PR
services in England and Wiales.” Third, the groups were carefully
matched at baseline using a validated statistical method, and the
study design allowed patients to select the PR site of their choice.
This might have reduced any potential recruitment bias that might
be observed in randomised controlled trials, particularly when there
may not be patient equipoise.

Although we accounted for potential confounders by using an
established statistical approach (propensity score matching) and
our groups were well balanced at baseline for clinical characteris-
tics identified a priori, we cannot exclude the possibility that the
results might be explained due to an imbalance between the groups.
A randomised controlled trial of the two types of equipment would
be apposite. However, the study population was typical of those
attending PR programmes in England and Wales.”

Another limitation is that we only recorded data on short-
term response to PR. An argument to support PR-min is that it
uses relatively cheap, portable equipment that might be more
feasible for regular, continued use at home. Hence, longer term
follow-up data to identify the maintenance of benefits of PR
would have been of interest.

Our outcome data were limited to exercise capacity, dyspnoea
and health-related quality of life—the variables that are expected
to improve with PR. However, a wider range of outcomes might
have provided more information about the relative advantages
and disadvantages of accessibility to specialist exercise equip-
ment. For example, lower limb muscle strength, which is an
independent prognostic factor in COPD,*® * might have been
of interest as the availability of specialist resistance equipment
might particularly influence this outcome. Our study was also
focused on patients with COPD, and therefore our findings
cannot be extrapolated to patients with other chronic respira-
tory diseases undergoing PR.*° !

Unexpected findings
We observed a statistically greater improvement in dyspnoea
in the PR-min group compared with PR-gym. However, this
difference was small, and smaller than the accepted MCID for
the CRQ-dyspnoea. The difference may have been due to the
nature of the CRQ-dyspnoea domain which asks about the level
of dyspnoea associated with five everyday functional activities
chosen by the patient. We speculate that the exercises performed
during PR-min might be more reflective of these functional
activities than, for example, treadmill walking or cycle ergom-
etry, which dominated the aerobic exercise training in PR-gym.
Another unexpected finding was that the completion and
adherence rates were lower in PR-min compared with PR-gym.
Unfortunately, only about one-third of those who dropped out
from PR were contactable and therefore patient feedback was
limited. The principal reason for dropout was either exacerba-
tion of COPD or worsening of another comorbidity. Although
we cannot exclude the possibility that the content of PR-min was
directly responsible for this, we think it mechanistically unlikely.
We speculate that the difference in completion rates was related
to subtle baseline differences in demographics that were not
identified in the matching process. For example, socioeconomic
deprivation and frailty are two recently identified variables that
influence completion rates.”' * A post hoc comparison of socio-
economic deprivation using the Multiple Deprivation Index
demonstrated a lower index (ie, lower socioeconomic status)
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Figure 3 Between-group change in Chronic Respiratory Disease Questionnaire (CRQ) domains (A) dyspnoea, (B) fatigue, (C) emotion, and (D)
mastery and non-inferiority limits. Data expressed as mean (95% Cls). The dotted line represents the non-inferiority limit. PR-gym, pulmonary
rehabilitation using specialist equipment; PR-min, pulmonary rehabilitation using minimal equipment.

in the PR-min group. We hypothesise that this baseline imbal-
ance in socioeconomic deprivation may explain the difference in
completion rates observed in our study.

Clinical implications

The major finding of our study was that PR-min produced clin-
ically significant benefits in exercise capacity and health-related
quality of life that were non-inferior to those observed in a
matched group of patients undergoing PR-gym. Staff skill set
is considered an important factor in determining the effects of
rehabilitation, with 96% of multidisciplinary cardiopulmonary
rehabilitation specialists agreeing that the way that rehabilitation
is delivered by healthcare professionals has an important influ-
ence on success.”” This may be more influential than accessibility
to specialist equipment.

Globally, demand for PR outstrips supply. In the UK, for example,
the National Health Service Long Term Plan specifically highlights
the importance of expanding PR services.”* PR programmes are
increasingly provided in places that are convenient for patients to
access, such as church halls and community centres, but might have
limited access to specialist exercise equipment. Our study provides
reassurance that such programmes, when supervised by skilled ther-
apists, provide the same benefits as ‘gold-standard’ programmes that
have access to specialist equipment. Limited access to specialist and

more expensive exercise equipment need not be a barrier to devel-
oping clinically effective PR programmes and increasing accessibility
to a wider group of patients. This is also relevant in low to middle-

income countries where access to specialist exercise equipment may
. . 35
be limited.

Future research
Although we used a validated statistical method to match our
treatment groups, randomisation would have helped balance out
any unknown confounding factors that might have influenced the
results, for example, socioeconomic deprivation. We propose that
future work should include a randomised controlled trial. The trial
should incorporate a wider range of outcomes (eg, muscle strength
measures which might be more influenced by the equipment used)
as well as longer term follow-up to evaluate whether there are
differences in maintenance of benefits. Such a trial should have an
accompanying analysis to compare the relative cost-effectiveness of
PR programmes that use minimal or specialist exercise equipment.
We would also advocate both intention-to-treat and per-protocol
analyses as it is important to understand how non-completion might
influence overall group benefits.

In summary, we have demonstrated that PR delivered using
minimal equipment produces clinically significant benefits
in exercise capacity and health-related quality of life that are
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non-inferior to rehabilitation delivered using specialist equip-
ment in patients with COPD. Our study provides reassurance
that limited access to specialist exercise equipment is not a
barrier to developing a clinically effective PR programme, thus
potentially increasing accessibility to a wider group of patients.
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