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This economic evaluation compared a new home-based pulmonary rehabilitation model
with traditional centre-based practice, demonstrating favourable results using both costutility and cost-effectiveness approaches. Regardless of programme location, completion
of pulmonary rehabilitation was associated with a significant reduction in health care costs
in the following 12 months.
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Abstract
Background and objective: To compare the cost-effectiveness and cost-utility of home
and centre-based pulmonary rehabilitation for adults with stable chronic obstructive
pulmonary disease (COPD).
Methods: Prospective economic analyses were undertaken from a health system
perspective alongside a randomised controlled equivalence trial in which participants
referred to pulmonary rehabilitation undertook a standard 8-week outpatient centre-based
or a new home-based programme. Participants underwent clinical assessment prior to
programme commencement, immediately following completion and 12 months following
programme completion. They provided data for utility (quality-adjusted life years
[QALYs] determined using SF6D utility scores calculated from 36-Item Short Form
Health Survey version 2) and effectiveness (change in distance walked on 6-minute walk
test following pulmonary rehabilitation [∆6MWD]). Individual-level cost data for the 12
months following programme completion was sourced from health care administration and
government databases.
Results: Between-group mean difference point estimates for cost (-$4497 [95% CI $12,250 to $3257], utility (0.025 [-0.038 to 0.086] QALYs) and effectiveness (14 metres [11 to 39] ∆6MWD) favoured the home-based group. Cost-utility analyses demonstrated
63% of estimates falling in the dominant southeast quadrant and the probability that the
new home-based model was cost-effective at a $0 threshold for willingness to pay was
78%. Results were robust to a range of sensitivity analyses. Programme completion was
associated with significantly lower health care costs in the following 12 months.
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Conclusion: Home-based pulmonary rehabilitation provides a cost-effective alternative
model for people with COPD who cannot access traditional centre-based programmes.

Clinical trial registration: NCT01423227 at clinicaltrials.gov

Key words: cost-benefit analysis; exercise therapy; health care costs; pulmonary disease,
chronic obstructive; quality-adjusted life years.

Short title: Costs for pulmonary rehabilitation

Abbreviations: CEAC, cost-effectiveness acceptability curve; COPD, chronic obstructive
pulmonary disease; COTE, COPD-specific comorbidity test; ICER, incremental costeffectiveness ratios; MBS, Medicare Benefits Schedule; NE, northeast; NW, northwest;
PBS, Pharmaceutical Benefits Scheme; QALY, quality-adjusted life year; RCT,
randomised controlled trial; SF-36, 36-Item Short Form Health Survey version 2; SF6D,
utility scores for health states; SW, southwest; SE, southeast; ∆6MWD, change in distance
walked on 6-minute walk test; λ, maximum acceptable monetary value (or willingness to
pay) attributed by society for a unit of health gain.
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Introduction
Chronic obstructive pulmonary disease (COPD) is associated with significant symptom
burden for individuals, with deleterious effects on quality of life, health and functional
status and substantial costs to society.1 In 2015, 2.6% of global disability-adjusted life
years were attributable to COPD.2 Pulmonary rehabilitation is a well-established treatment
for people with COPD usually involving 8-12 weeks of supervised exercise and selfmanagement training in an outpatient setting.3 Benefits attributable to completion of
pulmonary rehabilitation include improvements in exercise capacity, symptoms and
health-related quality of life, as well as reduction in health care utilisation.4, 5 International
guidelines for the management of COPD unequivocally recommend referral to pulmonary
rehabilitation.6
Despite its central role in COPD management, only a small minority of eligible patients
worldwide complete a pulmonary rehabilitation programme.7 Identified barriers to
pulmonary rehabilitation uptake and completion include limited availability of services,
particularly in rural settings, and the need for frequent travel to centre-based programmes
in the context of distressing dyspnoea and limited mobility.8 There have been efforts made
to overcome these barriers in the past, with home-based programmes of varying design.9-12
A recent randomised controlled trial (RCT) demonstrated that a new model of structured
home-based pulmonary rehabilitation had equivalent clinical outcomes and, for the first
time, similar intervention costs when compared with conventional centre-based pulmonary
rehabilitation.13 However, an economic evaluation would be a critical determinant of
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whether this model is suitable for clinical implementation,14 including whether programme
completion gives rise to any reduction in costs following pulmonary rehabilitation.
The objective of this study was to assess the incremental impact of a new home-based
model compared to centre-based practice using cost-effectiveness and cost-utility analyses.
A secondary aim was to determine if pulmonary rehabilitation completion was associated
with lower costs in the 12 months following the programme.

Methods
This economic evaluation was conducted alongside an equivalence RCT completed at two
tertiary public hospitals in Melbourne, Australia. Institutional ethics approval was
received, the trial was registered (clinicaltrials.gov, NCT01423227) and participants
provided written informed consent before data collection began. The protocol,15
CONSORT statement and clinical outcomes13 have been published. These analyses and
report have been prepared according to recommendations (Supplementary Table S1).16, 17
In brief, 166 participants with stable COPD6 were recruited on referral to pulmonary
rehabilitation and randomly assigned (1:1) to participate in home-based or centre-based
programmes. Demographic variables recorded at baseline included age, sex, lung function
and comorbidities.
All participants received the core pulmonary rehabilitation components of exercise training
and self-management education. The home-based programme commenced with a
physiotherapy home visit to establish exercise goals and supervise the first exercise
session. This was followed by seven once-weekly structured telephone calls from a
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physiotherapist, using structured modules and a motivational interviewing approach.15
Centre-based participants attended an 8-week, twice weekly outpatient group-based
supervised programme.14
Study measurements were repeated immediately following programme completion (end
rehabilitation) and 12 months following programme completion (12-month follow-up).
In line with recommendations for economic analyses,18 a multi-outcome approach was
undertaken using clinical measures for both utility (primary analysis) and effectiveness
(secondary analysis).

Health outcomes
Utility scores for health states (SF6D) were derived from responses to the 36-Item Short
Form Health Survey version 2 (SF-36)19 using programme software (Optum, Minnesota,
USA). The SF6D has been shown to be sensitive to health changes in people with
COPD.20, 21 The utility scores from end rehabilitation and 12-month follow-up were used
for the cost-utility analysis by conversion to a quality-adjusted life year (QALY) using the
‘area under the curve’ approach.22
Effectiveness was reflected by change in functional exercise capacity from baseline to end
rehabilitation (distance walked on 6-minute walk test, ∆6MWD).23

Resource use
This economic evaluation took a health system perspective, which seeks to understand
costs to the health system and does not include societal costs or ‘out of pocket’ costs for
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patients. This provides a conservative estimate of the effect as recommended for an
equivalence trial.24 Costs for each participant were sourced directly including federal
government-funded medical care and investigations (Medicare Benefits Schedule, MBS)
and prescribed medications (Pharmaceutical Benefits Scheme, PBS), as well as state
government-funded emergency department presentations, hospital admissions and
outpatient appointments. A societal perspective was also sought, by collecting personal
‘out-of-pocket’ expenses relating to healthcare directly from participants via monthly
telephone calls during the 12-month follow-up period. This enabled documentation of a
comprehensive range of health care contacts outside of the hospital or medical provider
databases, including community health services (Supplementary Table S2). All costs were
in 2017 Australian dollars and were not discounted due to the 12-month time horizon.

Statistical analysis
Data were analysed by intention-to-treat. Participants who did not provide any clinical data
after their baseline assessment were excluded from the analysis (n=7; 2 died during
pulmonary rehabilitation, 3 did not attend end rehabilitation assessment and died during
the follow-up period, 2 did not attend either assessment). Participants who died during the
follow-up period were included in the analyses, with their total costs weighted by time and
a zero value for 12-month follow-up SF6D score imputed to allow calculation of QALYs.
Multiple imputation was used to address missing data, which allowed inclusion of a larger
number of participants than in the clinical paper.13 Data were analysed using SPSS (v25.0,
IBM, Armonk, New York, USA). The significant p value (α) was set at 0.05.
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Within-group changes in clinical outcomes (QALYs, ∆6MWD) were assessed using linear
mixed-effect models, controlling for respective baseline values, according to
recommendations.25 Point estimates for mean group differences (95% confidence intervals
[CI]) were determined for QALYs and ∆6MWD using a linear regression model
controlling for group (fixed) and respective baseline values. Differences between groups
for cost were analysed using bootstrapped t-tests (1000 samples).26-28 Multiple imputation
was used to address missing data (chained equations, 25 imputations, Supplementary Table
S3) for cost components (MBS, PBS), values for SF6D (end rehabilitation, 12-month
follow-up) and 6MWD (end rehabilitation) (Supplementary Table S4). The final estimates
were determined using Rubin’s rules.29
Results were expressed as point estimates (mean differences between groups) for
incremental cost-effectiveness ratios (ICERs) for cost-utility (cost per QALY) and costeffectiveness (cost per ∆6MWD). These were presented on the cost-effectiveness plane,
where the x-axis illustrates differences in utility or effect and the y-axis reflects difference
in costs.30 Uncertainty around the point estimates was handled by bootstrapping;31 the
succession of estimates (1000 pairs for each imputed dataset) were plotted, providing a
distribution of points. The estimates were interpreted based on which of the four
‘quadrants’ on this plane they fall into: greater cost and greater effect (northeast, NE),
greater cost and less effect (northwest, NW), lower cost and less effect (southwest, SW) or
lower cost and greater effect in the desirable or ‘dominant’ southeast (SE) quadrant.22 The
uncertainty surrounding these estimates was represented by confidence ellipses.30
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The 50%, 75% and 95% confidence ellipses were calculated using Excel (2013, Microsoft,
Redmond, WA, USA).32 When bootstrapped estimates fell into more than one quadrant on
the cost-effectiveness plane, cost-effectiveness acceptability curves (CEACs) were used to
represent uncertainty.30,33 The CEAC depicts the probability that the home-based
programme was cost-effective relative to the centre-based programme for alternative
willingness to pay (WTP) thresholds, or the maximum monetary value a society might pay
for a unit of health gain (λ).34 Multiple threshold values were considered as they are likely
to vary widely across countries and often depend on payers’ ability-to-pay.35 Provision of
the intervention for both groups was costed at approximately $300 (Supplementary
Appendix S1)13 and used to indicate a threshold value for acceptability. To present the
results in the context of an equivalence trial, the non-inferiority margins for clinical
effectiveness (25m)36 and utility (0.036)37 were applied to the cost-effectiveness plane.24
The acceptable difference in costs between the programmes was taken to be nil.
As a robustness check, a generalised linear model was used to confirm the differences
between groups for total health care costs.38
Multiple linear regression was used to quantify the magnitude of the effect of baseline
clinical features and programme completion on total health care costs in the year following
pulmonary rehabilitation.

Uncertainty analysis
Both cost-utility and cost-effectiveness analyses were repeated using a societal
perspective.
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To test the robustness of the assumption that data were ‘missing at random’ as required for
multiple imputation and recommended for the reference assumption,39 cost-utility was also
estimated for complete cases only (no missing cost [MBS, PBS] or outcome data [SF6D]).
One-way sensitivity analyses were performed using costs associated with emergency
department presentations and hospital admissions, which comprise the largest proportion
of health care costs, with modification of this component (+10% and -10%) to assess the
impact on cost-utility estimates.
Both cost-utility and cost-effectiveness analyses were repeated in the subgroup of
participants with severe lung disease (<50%).6

Results

Baseline descriptive characteristics were well matched between groups (Table 1). The
home-based group did not demonstrate significantly different costs (mean difference $4497 [95% confidence interval -$12,250 to $3257]) or utility (QALYs 0.025 [-0.038 to
0.086]) compared to the centre-based group (Figure 1a, Table 1, Table 2). The costeffectiveness plane for cost-utility showed 63% of estimates fell in the ‘dominant’ SE
quadrant, favouring the home-based model (less costly and greater utility, Supplementary
Table S5). The CEAC for cost-utility showed a 78% probability of cost-effectiveness at a
WTP threshold of $0 per QALY, rising to 81% at $50,000 and 83% at $100,000 (Figure
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1b). Thus, the probability that the home-based model would be cost effective was nearly
80%, over a wide range of WTP thresholds.
The mean difference between groups also did not demonstrate significantly different
clinical effect (∆6MWD 14m [-11 to 39]) for the home-based group compared to centrebased participants (Table 1). Most of the bootstrapped estimates cost-effectiveness fell into
the eastern quadrants, indicating that that the home-based model was more likely to show
improved effect compared to the centre-based group, as well as lower costs (66% SE
quadrant). The associated CEAC demonstrated that the probability of the home-based
programme being cost-effective was 78% at a willingness-to-pay (ʎ) of $0 and $300, rising
to 86% at $50,000 and $100,000 per QALY.
Similar results were demonstrated in cost-utility analyses from a societal perspective ($4316 [-$16,328 to $6780]). The cost-effectiveness plane demonstrated 63% of estimates
for cost-utility in the SE quadrant, again favouring the home-based model (Supplementary
Table S5).
Complete case analysis showed no significant differences between groups for participant
characteristics (Supplementary Table S6), costs (-$4824 [-$11,440 to $1790]) or utility
(QALYs 0.024 [-0.043 to 0.089]) with similar results demonstrated on the costeffectiveness plane favouring the home-based model (Supplementary Table S5).
Cost-utility and cost-effectiveness results for participants with severe disease were similar
to results for the full sample of participants, with a slightly higher proportion of estimates
for cost-effectiveness falling in the SE quadrant, favouring the home-based model
(Supplementary Table S5).
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Compared to primary analyses, sensitivity analyses varying the largest cost component
(Supplementary Table S5) and analyses undertaken using non-inferiority margins
demonstrated similar patterns of distribution on the cost-effectiveness plane
(Supplementary Table S7).
Sensitivity analysis for health care costs using a generalised linear model supported
previous results, demonstrating no significant difference (-$4497 (-$12,368 to $33,374),
although the home-based group demonstrated somewhat lower costs ($15,447 [$15,299 to
$15,595]) compared to the centre-based group ($19,944 [$19,669 to $20,219]) over the 12
months following completion of pulmonary rehabilitation (Table 2). The share of inpatient
and emergency care costs was higher for centre-based participants, and the share for
pharmaceutical costs was greater in the home-based group. There were some subtle
differences demonstrated between the groups in terms of resource use, but these were not
statistically significant (Table 1). As part of the societal perspective, no significant
differences were observed between groups for the out-of-pocket costs associated with
accessing medical care (mean difference $54 [95%CI -20 to 128]) or prescribed
medications (mean difference $12 [95%CI -95 to 119]).
Completion of pulmonary rehabilitation (regardless of programme location) was associated
with a significant reduction in total costs in the following 12 months ($10,620 [-$19,572 to
-$1668]) (Table 3). Each additional metre in the baseline 6MWD was associated with a
$59 decrease [-$94 to -$24] in costs, whilst more comorbidities were associated with
increased costs (additional $3549 [$1951 to $5146] for each point on baseline COPD-
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specific comorbidity test [COTE] index). Group assignment and other baseline scores did
not contribute to this model.
Discussion
These analyses demonstrate favourable results for the new home-based model of
pulmonary rehabilitation compared to centre-based practice. In situations such as this
where there are no significant differences between interventions for either costs or clinical
outcomes, a cost-effectiveness analysis is useful to inform decision making on resource
allocation.40 The cost-effectiveness analysis demonstrated that 63% of bootstrapped point
estimates found the home-based model to be ‘dominant’ (i.e. more effective and less
costly). These results were robust using measures of both cost-utility and effectiveness in a
range of scenario and sensitivity analyses. For the first time, programme completion was
associated with a substantial cost saving in the following year (around $10,000). Although
infrequently used as a predictor of health care costs, the savings associated with
completing pulmonary rehabilitation outweighed any cost burden associated with
additional comorbidities (approximately $3000 per point on the COTE index) providing a
unique opportunity to modify potential future costs. People in the home-based group were
significantly more likely to complete pulmonary rehabilitation, illustrating the potential of
this model to reduce downstream health care costs. These findings have important
implications for efficient allocation of limited health care resources. From a clinical
perspective, each additional metre in 6MWD was significantly associated with subsequent
cost reduction, further highlighting the value of this outcome for people with COPD.
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No previous economic analysis of pulmonary rehabilitation has compared a home-based
model to a centre-based programme. Past work has been purely descriptive41-44 comparing
centre-based programmes to usual care45-48 or comparing two different models of centrebased pulmonary rehabilitation (hospital versus community centre).49 Our analysis used
individual-level data collected as part of a RCT, undertaken with reference to economic
evaluation recommendations and reflecting a ‘real life’ clinical setting. As with many
economic analyses, this study was powered for clinical outcomes and, in this case, to
demonstrate equivalence. This may have broadened the confidence intervals50 but still
permitted estimates for cost-utility and cost-effectiveness with appropriately represented
uncertainty to be determined.
There were also differences between previous work10, 51 and the development of this homebased model which may be responsible for the observed clinical benefits and low-cost.
Participants received home-based delivery of all programme components, including
exercise, education and self-management training. Telephone appointments were
conducted by respiratory physiotherapists who were trained in motivational interviewing
techniques and specific exercise goal setting was a critical component of every contact.13
Exercise programs were designed so that the home-based group received a similar ‘dose’
of exercise to the centre-based group; this was confirmed by diary entries for exercise time
in the home-based group, which correlated with objective measures of physical activity.52
Participants noted the time-convenience and flexibility in training opportunities as benefits
of the model.53
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International estimates attribute the bulk of direct medical costs to hospitalisations in
people with COPD.54 This pattern was also evident in the current study, with no
statistically significant differences between groups for resource use. Different health care
systems will be subject to variations in cost components. In a variation to the protocol,15
one-way sensitivity analyses were performed using costs associated with emergency
department presentations and hospital admissions, which comprised the largest proportion
of health care costs, rather than sensitivity analyses using varying assumptions about
participant out-of-pocket costs as their small magnitude was unlikely to impact on the
conclusions. While we were able to capture some out-of-pocket costs incurred by
participants, it was not possible to gain accurate cost details relating to travel associated
with health care (e.g. transport to attend appointments) or to include medications
purchased ‘over the counter’ (i.e. not prescribed and therefore not subsidised by public
insurance). It is possible that the uncertainty around these costs may have contributed to
the wider confidence intervals in the societal perspective. Although these costs may only
represent a small component of the overall costs with limited effect on sensitivity analysis,
they could represent a substantial financial burden to an individual living with COPD.
Direct non-health care costs (e.g. cost attributable to informal care) and indirect non-health
care costs (e.g. days absent from paid work) were also not collected. The impact of these
was unknown because the participants in this study were largely of retirement age.
Nonetheless indirect costs are an important consideration for the challenge created by
COPD, as it is estimated that more than half of the costs associated with COPD are in lost
productivity.54 The considerable costs for people of working age with COPD makes this
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population a priority for intervention programmes and this home-based model of
pulmonary rehabilitation is potentially more suitable than the conventional approach for
this group.
Examination of preferences for treatment location during an exacerbation of COPD
requiring inpatient care revealed that some respondents had fixed preferences for either
home- or hospital-based treatment, indicating that, in the presence of clinical and cost
equivalence, there should be options available.55
The magnitude of the burden of COPD provides challenges to the health care systems of
all nations. Economic evaluations of new models of care need to incorporate the value of
both health and non-health benefits to individuals to inform service provision and optimise
healthcare resource allocation. The results from this study provide evidence for homebased pulmonary rehabilitation as an alternative for people who cannot access centre-based
programme models.
Data availability statement
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Table 1 Descriptive characteristics of 159 study participants by group
Participant characteristic

Centre-based (n=82)

Home-based (n=77)

69±9

71±9

Female, n (%)

50 (61)

46 (60)

FEV1 (%predicted), mean±SD

49±20

53±18

0.5 [0, 2]

0 [0, 2]

Baseline

413 (389 to 437)

399 (372 to 426)

End rehabilitation

424 (414 to 433)

423 (415 to 432)

11 (3 to 19)

24 (18 to 31)

Baseline

0.642 (0.620 to 0.665)

0.638 (0.611 to 0.664)

End rehabilitation

0.643 (0.405 to 0.882)

0.671 (0.429 to 0.912)

12-month follow-up

0.597 (0.318 to 0.876)

0.620 (0.326 to 0.913)

0.621 (0.390 to 0.851)

0.645 (0.392 to 0.898)

Age (years), mean±SD

COTE index (score), median
[IQR]
6MWD (metres), mean (95% CI)

∆6MWD
SF6D (score), mean (95% CI)

QALY

Admissions over 12-month follow up, n (%)
0 admissions

45 (55)

47 (61)

1 admission

11 (13)

11 (14)

2-5 admissions

19 (23)

16 (21)

6-10 admissions

7 (9)

3 (4)
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∆6MWD, change in 6MWD from baseline to end rehabilitation; COTE, chronic
obstructive pulmonary disease-specific comorbidity index; FEV1, forced expiratory
volume in 1 second; SF6D, utility score derived from Medical Outcomes Survey Short
Form 36-item questionnaire; 6MWD, distance walked on 6-minute walk test; QALY,
quality-adjusted life year derived from SF6D at end rehabilitation and 12-month followup.
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Table 2 Health care costs for 12 months following completion of pulmonary rehabilitation
Between-group difference
Health care cost ($)

Home-based

Centre-based
(centre minus home)

15,447 (15,299 to 15,595)

19,944 (19,669 to 20,219)

-4497 (-12,250 to 3257)

Medicare Benefits Schedule

2635 (2485 to 2784)

2957 (2763 to 3152)

-323 (-1174 to 528)

Pharmaceutical Benefits Scheme

3428 (3160 to 3696)

2997 (2607 to 3386)

431 (-999 to 1861)

8804 (8721 to 8888)

13,042 (12,932 to 13,153)

-4238 (-7854 to 622)

Total
Main components

Hospital admissions, emergency
department, ambulance
Data are presented as mean (95% CI) 12-month health care costs for each group; mean difference (95% CI) between groups; $, AUD 2017.
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Table 3 Multiple linear regression for total costs over 12 months following completion of pulmonary rehabilitation
Variables

Unstandardised coefficient

95% CI for B
t

p

B

Standard error

Lower bound

Upper bound

Constant

$44,169

$8393

$2827,720

$60,619

5.263

<0.001

Pulmonary rehabilitation completion (yes/no)

-$10,620

$4567

-$19,572

-$1668

-2.325

0.020

-$59

$18

-$94

-$24

-3.279

0.001

$3549

$815

$1951

$5146

4.354

<0.001

Baseline 6MWD (metres)
COTE index (score)

COTE, chronic obstructive pulmonary disease-specific comorbidity index; 6MWD, distance walked on 6-minute walk test; $, AUD 2017; p<0.05.
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