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ABSTRACT
Background In advanced disease, breathlessness 
becomes severe, increasing health services use. 
Breathlessness triggered services demonstrate 
effectiveness in trials and meta- analyses but lack health 
economic assessment.
Methods Our economic study included a discrete 
choice experiment (DCE), followed by a cost- 
effectiveness analysis modelling. The DCE comprised 
face- to- face interviews with older patients with chronic 
breathlessness and their carers across nine UK centres. 
Conditional logistic regression analysis of DCE data 
determined the preferences (or not, indicated by negative 
β coefficients) for service attributes. Economic modelling 
estimated the costs and quality- adjusted life years 
(QALYs) over 5 years.
Findings The DCE recruited 190 patients and 68 
carers. Offering breathlessness services in person from 
general practitioner (GP) surgeries was not preferred 
(β=−0.30, 95% CI −0.40 to −0.21); hospital outpatient 
clinics (0.16, 0.06 to 0.25) or via home visits (0.15, 
0.06 to 0.24) were preferred. Inperson services with 
comprehensive treatment review (0.15, 0.07 to 0.21) 
and holistic support (0.19, 0.07 to 0.31) were preferred 
to those without. Cost- effectiveness analysis found the 
most and the least preferred models of breathlessness 
services were cost- effective compared with usual care. 
The most preferred service had £5719 lower costs 
(95% CI −6043 to 5395), with 0.004 (95% CI −0.003 
to 0.011) QALY benefits per patient. Uptake was higher 
when attributes were tailored to individual preferences 
(86% vs 40%).
Conclusion Breathlessness services are cost- effective 
compared with usual care for health and social care, 
giving cost savings and better quality of life. Uptake of 
breathlessness services is higher when service attributes 
are individually tailored.

INTRODUCTION
Breathlessness is common in respiratory diseases 
and many other conditions.1 In the advanced stages 
of illness, breathlessness often becomes severe, 
debilitating and frightening, resulting in emergency 
visits and hospitalisations.2–5 When breathlessness 
continues despite optimal treatment of the under-
lying condition, it is often referred to as chronic or 
refractory.6 7 People with such breathlessness often 
have multiple symptoms, which increase as their 
disease progresses. Breathlessness results in high 

costs to health and social care systems. It affects 
family members and those close to the patients 
(hereafter called carers), with high informal care 
costs that increase overall societal costs by >250%.8

Consequently, a holistic approach involving 
early palliative care is often proposed as beneficial 
in advanced respiratory disease.9 A meta- analysis 
including 37 articles trialling 18 services found 
that holistic short- term multiprofessional breath-
lessness triggered services (BSs) reduce distress 
in patients with chronic breathlessness due to 
advanced diseases and the psychological outcomes 
of anxiety and depression.10 These services, such 
as the London- based BS and those in Australia, 
New Zealand and Germany, combine expert respi-
ratory, palliative and therapy (physiotherapy and 
occupational therapy) assessment and review, plus 
a toolkit of evidence- based, non- pharmacological 
and pharmacological interventions.7 11–16 However, 
a Delphi exercise found divergent expert opinions 
about how services might be best provided, espe-
cially whether these should be from general practi-
tioner (GP) surgeries, outpatient clinics or directly 
to people’s homes.9 There is no evidence of which 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Holistic short- term multiprofessional 
breathlessness triggered services reduce 
distress and the psychological outcomes of 
anxiety and depression in patients with chronic 
breathlessness.

WHAT THIS STUDY ADDS
 ⇒ We propose the most cost- effective models of 
breathlessness services by identifying attributes 
to prioritise, especially with limited resources, 
and by conducting Markov modelling.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Breathlessness services favoured by patients 
and carers are in accord with clinician 
recommendations for comprehensive treatment 
review, a holistic approach to manage 
breathlessness and a flexible individual 
approach.

 ⇒ Breathlessness services offer cost savings in 
healthcare of more than £50 000 for every 
quality- adjusted life year gained.
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service attributes to prioritise, especially with limited resources. 
Cost- effectiveness data to inform decision- making are lacking. 
Therefore, the study to optimise cost- effective support for older 
patients with refractory breathlessness (OPTBreathe) aimed to 
identify what attributes of BSs patients and their carers value 
most. We then aimed to conduct an economic evaluation of BSs 
in order to propose the most cost- effective models of BSs based 
on clinical effectiveness and available resources.

METHODS
This economic study had two components: a discrete choice 
experiment (DCE)17–19 to determine the attributes influencing 
preferences for BSs, followed by a cost- effectiveness Markov 
modelling.

DCE is a quantitative method increasingly used by health 
economists and in healthcare to elicit participants’ (patients, 
payers, carers) relative preference weights for service attributes 
that will affect their use, without directly asking them to state 
their preferred options. In a DCE, participants are presented 
with alternative hypothetical scenarios containing different attri-
butes. Participants make a choice between competing scenarios, 
each of which consists of a combination of the studied attributes. 
Using the derived parameters from the DCE results, combined 
with epidemiological data and existing trial data, Markov model-
ling20 (online supplemental figure S2) was conducted to deter-
mine cost- effectiveness.6 21 22 Markov modelling is an analytical 
framework frequently used in economic evaluation of health-
care interventions. Reporting follows the Consolidated Health 
Economic Evaluation Reporting Standards,23 Conjoint analysis 
checklist24 and the guidelines for decision analytic modelling25 
(see the Ethics approval section).

DCE to elicit preference and acceptability
The DCE sought to determine (1) the absolute and relative 
importance of attributes, (2) the willingness to wait for attri-
butes, and (3) the probabilities of uptake (ie, level of acceptance) 
of varying packages of BSs.

Definition of attributes
Attributes were built on findings from literature reviews, service 
modelling, consultation with this study’s collaborators and patient 
experts, and data from the trial of BS,11 including qualitative 
interviews with patients.12 13 15 Preliminary secondary analysis of 
these data and review by our patient and public involvement and 
engagement (PPIE) group suggested that the key attributes should 
be grouped according to place of consultation, nature of treatment 
review, additional support offered, expectation for change in breath-
lessness and expectation for change in healthcare use (see figure 1). 
The PPIE input revised the descriptive words used. We prepared 
hypothetical choices, with six sets per participant, for the DCE (see 
online supplemental figure S1 for details).

DCE settings
The study was opened in nine participating study sites across the UK, 
with a mix of urban and more rural areas (online supplemental table 
S1), including respiratory medicine and lung cancer clinics, pallia-
tive care services, from patients admitted to hospital for breathless-
ness, physiotherapy services, and integrated respiratory teams.

DCE participants
We recruited consenting patients who were 65 or older, with 
a medical diagnosis of COPD, lung cancer or interstitial lung 

BS (constant)                                                                  1.52 (1.31 to 1.73) 

   Home visit by GP or nurse                                              0.15 (0.06 to 0.24)

   GP or nurse at GP Surgery                                          ?0.30 (?0.40 to ?0.21)

   Consultant at Outpatient clinic                                        0.16 (0.06 to 0.25)

   Review of non−medicinal treatment                             ?0.15 (?0.21 to ?0.09)

   Review of non−medicinal and medicinal treatment          0.15 (0.07 to 0.21)

   No additional support                                                     ?0.23 (?0.35 to ?0.11)

   Home visit by therapist                                                     0.20 (0.08 to 0.31)

   Social worker                                                                 ?0.15 (?0.27 to ?0.04)

   Therapist and social worker                                             0.19 (0.07 to 0.31)

   Mobile at home                                                              ?0.12 (?0.22 to ?0.03)

   Mobile at home & outside                                                0.04 (?0.05 to 0.14)

   Mobile at home & outside and social activities                0.08 (?0.02 to 0.18)

   Fewer GP visits                                                              ?0.08 (?0.17 to 0.02)

   Fewer A&E visits                                                              0.02 (?0.08 to 0.11)

   Fewer hospital admissions                                              0.06 (?0.04 to 0.15)

Waiting time for the 1st appointment                                ?0.17 (?0.23 to ?0.11)

Attributes                                                                         β (95% C.I.)

Place of consultation

Treatment review

Additional support

Expectation for breathlessness

Expectation for health service use

−.5 0 .5 1 1.5 2
β Coefficient

Figure 1 Preferences for attributes and levels of breathlessness service: results of the regression analysis from all patients and carers. The sign and 
magnitude of coefficients indicate the direction and strength of preferences for each attribute. Positive coefficients represent the degree of preference 
for the corresponding attribute and negative coefficients the degree of ‘negative preference’ or rejection of the corresponding attribute. A&E, accident 
and emergency; BS, breathlessness service; GP, general practitioner.
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disease (ILD), and with breathlessness refractory to optimal 
medical management in the view of the treating clinician, with 
a severity level of 2, 3, 4 or 5 on the Medical Research Council 
Dyspnoea Scale. Sample size calculation is described in online 
supplemental file 1.

We also recruited a consenting family member/friend/lay carer 
who was designated as the closest family member or caregiver 
to the participating patient. Patients with breathlessness of 
unknown cause, with chronic hyperventilation syndrome, or 
without capacity to fully comprehend and retain information 
about the study or those unable to engage in an interview were 
excluded.

All interviews were conducted face- to- face using a standard 
questionnaire specifically designed for the project, asking for 
experiences in managing breathlessness, questions about service 
use, and clinical and sociodemographic information, in addi-
tion to six choice questions of the DCE, as well as open ques-
tions for explanation (reasons for choice) and expansion (other 
comments). Details of administration of the DCE questionnaires 
and data collection are found in online supplemental file 1.

Analysis of choice question data
We described the characteristics of patients and carers and 
examined if anyone chose ‘neither’ in all six choices. We used a 
conditional logit model with individual fixed effects, considering 
the independence of irrelevant alternative, random taste vari-
ation (each respondent has different coefficients) and multiple 
observations from the same respondent. The magnitude and 
sign (+/−) of the coefficients on the attributes and the levels 
represent the strength and direction of preferences. The strength 
of preference can be inferred from the magnitude of the coef-
ficients and the order of preference for attributes or levels can 
be established. After obtaining coefficients on the attributes and 
their groups, representing the relative weights in utility from the 
BS, we calculated the probability of acceptance of the proposed 
BS, to be used in the Markov model. We also calculated the CI 
for probabilities using bootstrapping.

Subgroup analyses were conducted by patients and carers, 
London- based and non- London- based, and gender of the 
patients. All analyses were conducted using STATA V.16.

Analysis of text from open-ended questions
To explore the reasons why patients and carers chose certain 
options, free- text answers to the questions, asking respondents 
to make comments or suggestions regarding services to manage 
breathlessness, were analysed using a thematic analysis approach.

Economic modelling for cost-effectiveness
We developed a Markov model to simulate the effect of BS in 
a cohort of patients and to estimate the cost- effectiveness of 
different models of BS compared with usual care. We populated 
the model with data from the breathlessness trial (of a holistic 
multiprofessional service where patients with severe continuing 
breathlessness were referred)6 and published mortality rates 
(see online supplemental tables S2 and S3). The analysis was 
conducted from a national health service perspective.

Development of model structure
We defined a starting cohort by sample characteristics (eg, 
75- year- old men with COPD), reflecting the epidemiology of a 
disease. The transition states in the Markov model were defined 
mutually exclusive (eg, receiving usual care, death). Intervention 
(taking up BS plus usual care) and associated states (eg, stable 

with improvement, stable with extended effects, no change) were 
also defined. Cycle length was set as 12 weeks (or 3 months) and 
we used 20 cycles (or 5 years) for time horizon to capture the 
clinical problems and intervention effects. We assumed that the 
effects of BS disappear after 12 weeks (first cycle) in case of the 
BS plus and usual care. For BS with a lasting effect scenario, we 
assumed that the effects of BS lasted another 12 weeks and disap-
pear after the second cycle. We used age- specific and sex- specific 
all- cause mortality in the initial stage and used age- specific and 
sex- specific respiratory mortality (online supplemental table S3) 
in later stages. The yearly discount rate of 3.5% was applied 
considering a cycle length of 0.25 years.

Incremental costs per quality-adjusted life years
We used the EuroQol- 5 Dimension (EQ- 5D) index scores and 
health and social care costs in the BS plus usual care group and 
the usual care only group before and after a BS in the trial data. 
Using Monte Carlo simulation with 1000 in the defined cohort, 
we estimated the incremental cost- effectiveness ratio (ICER), 
which is defined as: (cost of intervention−cost of control) 
divided by (effect of intervention−effect of control).

Integration of results from the DCE
The probability of acceptance was calculated for the most accept-
able BS, and the least acceptable BS, and used in the Markov 
model to examine changes in the cost- effectiveness of the BS 
with given configurations.

Sensitivity analysis
To assess the robustness of the results to the realistic variations 
in the level of underlying data, we conducted a sensitivity anal-
ysis. We estimated the model for a different cohort (75- year- old 
women with COPD) and for two different configurations of BS 
as deterministic sensitivity analysis. CIs around costs and quality- 
adjusted life years (QALYs) were calculated using delta methods 
(see online supplemental table S5). For uncertainty around the 
ICER, the cost- effectiveness acceptability curve (CEAC) against 
willingness to pay was explored. We used Treeage Pro Software 
V.2020 for this modelling.

RESULTS
Discrete choice experiment
We recruited 190 patients and 68 carers: 130 patients had 
COPD, 18 had ILD and 40 had lung cancer (with 2 missing) 
(table 1). Patients had a mean age of 75 years, 35% were women 
and 30% were living alone. Of the patients, 21% were widowed 
and 62% were married/partnered, and 85% were living comfort-
ably or coping on present income. Carers were on average 64 
years old and 86% were women. Two- thirds of the carers were 
spouse/partner and 21% were daughter/son, and 90% had a reli-
gious faith. In this study, 49% of the patients and 66% of the 
carers were recruited from hospitals in the London area.

In the final analysis, 1535 choice questions or 4605 observa-
tions from 256 participants were used. The frequencies of each 
attribute (online supplemental table S4) did not show the main 
drivers of choices.

Importance of attributes of BS
Respondents had a strong preference for any combinations of 
BS (β=1.52, 95% CI 1.31 to 1.73; figure 1), indicating that 
respondents always wanted BS. BS offered at GP surgeries was 
not preferred (showing a negative preference; β=−0.30, 95% 
CI –0.40 to −0.21). In contrast offering BS was preferred at 
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hospital outpatient clinics (β=0.16, 95% CI 0.06 to 0.25) 
or via home visits (β=0.15, 95% CI 0.06 to 0.24). BS with 
comprehensive treatment review (β=0.15, 95% CI 0.07 to 
0.21) and holistic support (β=0.19, 95% CI 0.07 to 0.31) 
was preferred to usual services. Respondents did not prefer 
BS with no additional support (β=−0.23, 95% CI –0.35 to 
−0.11) or with social workers alone (β=−0.15, 95% CI –0.27 
to −0.04).

Probability of taking up various BS
The least valued BS was determined, according to the estimated 
coefficients, as the services offered at GP surgeries, reviewing 
non- medicinal treatment, no additional support and 8 weeks 
of waiting time for the first appointment. The probability of 
taking up such BS was 40.4% (1 in figure 2). As patients and 
carers valued review of medicinal (pharmacotherapy) treatment, 
support from therapists and social workers, and shorter waiting 
time, the probability of taking up BS increased from 1 to 5 
incrementally (figure 2). For example, when reviewing medic-
inal treatment was added to the BS, the probability of uptake 
increased to 47.7%. The most preferred configuration of the 
BS was where patients visit outpatient clinics to see consultants, 
review of both medicinal and non- medicinal treatment, support 
by a physiotherapist, an occupational therapist and a social 
worker, and with 2 weeks to wait to get the first appointment 
(figure 2). It needs to be noted that BS configuration 6, offering 
home visits instead of appointments at outpatient clinics, had a 
probability of uptake as high as BS configuration 7 (figure 2). 
Patients and carers preferred to see consultants at outpatient 
clinics, but were willing to choose to take part in BS when home 
visits were provided.

Figure 2 Probabilities of taking up breathlessness triggered services 
(BSs) with different configurations of attributes. Two attributes were 
fixed: expectation for breathlessness as ‘being more mobile at home 
& outside and enjoying social activities’ and expectation for health 
service as ‘having fewer hospital admissions’. Example of BS: (1) 
general practitioner (GP) surgery, review of non- medicinal treatment 
only, no additional support and waiting for 8 weeks to have the first 
appointment; (2) GP surgery, review of non- medicinal treatment and 
medicinal treatment, no additional support, and waiting for 8 weeks 
to have the first appointment; (3) GP surgery, review of non- medicinal 
treatment and medicinal treatment, support from therapists and social 
workers, and waiting for 8 weeks to have the first appointment; (4) GP 
surgery, review of non- medicinal treatment and medicinal treatment, 
support from therapists and social workers, and waiting for 4 weeks 
to have the first appointment; (5) GP surgery, review of non- medicinal 
treatment and medicinal treatment, support from therapists and social 
workers, and waiting for 2 weeks to have the first appointment; (6) 
home visit by a GP or a nurse, review of non- medicinal treatment and 
medicinal treatment, support from therapists and social workers, and 
waiting for 2 weeks to have the first appointment; and (7) visit to 
outpatient clinic, review of non- medicinal treatment and medicinal 
treatment, support from therapists and social workers, and waiting for 2 
weeks to have the first appointment.

Table 1 Characteristics of patients and carers who participated in 
the survey

Patients (n=190) Carers (n=68)

Diagnosis*

  COPD 130 (69) 32 (47)

  Interstitial lung disease 18 (10) 14 (30)

  Lung cancer 40 (21) 22 (33)

Age† 74.9 (6.1) 64.0 (13.5)

Male/female† 124 (65)/66 (35) 9 (14)/55 (86)

Ethnicity

  White 180 (95) 61 (90)

  Non- white 8 (4) 7 (10)

Marital status

  Single 15 (8) 8 (12)

  Widowed 39 (21)

  Married/partnership 118 (62) 59 (87)

  Divorced/separate 18 (9) 1 (1)

Financial status†

  Living comfortably on present income 77 (41) 30 (45)

  Coping on present income 86 (45) 23 (34)

  Difficult on present income 10 (5) 8 (12)

  Very difficult on present income 2 (1) 2 (3)

  Do not know 2 (1)

  Refusal/prefer not to say 6 (7) 4 (6)

Educational attainment*

  Left school at 15 years old or under 119 (63) 26 (38)

  Left school at 16–17 years old 45 (24) 19 (28)

  Left school at 18–19 years old 5 (3) 4 (6)

  Postsecondary/vocational qualifications 8 (4) 8 (12)

  University 12 (6) 11 (16)

Religious faith (=1 if yes)† 97 (51) 35 (52)

Living alone (=1 if yes) 57 (30) 0 (0)

Study site

  London 93 (49) 45 (66)

  Other areas of England 97 (51) 23 (34)

Relationship to patient†

  Spouse/partner 46 (68)

  Son/daughter 14 (21)

  Parent 2 (3)

  Friend 1 (1)

  Others 2 (3)

Mean (SD) for age; n (%) for the rest.
*Two missing in diagnosis and one in educational attainment in the patient group.
†Two missing in age, four in female, one in financial status, one in religious faith and three 
in relationship to the patient in the carer group.
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Subgroup analysis
Carers had preferences different from patients (log likelihood 
ratio test: X2=21.77, p<0.04; see online supplemental table 
S6). Carers stated a stronger preference for BS with home 
visits from GPs, both medicinal and non- medicinal review, and 
involvement from social workers and therapists, than were 
patients. Overall preferences of female patients differed from 
those of male patients (log likelihood ratio test: X2=797.69, 
p<0.001; see online supplemental table S7). Women preferred 
home visits and social workers along with therapists, while men 
preferred outpatient clinics and therapists only. There was no 
overall difference in recruitment site (London and other areas of 
England) (log likelihood ratio test: X2=8.58, p<0.73; see online 
supplemental table S8).

We defined the base cases in modelling using these findings 
(difference between female and male patients and no difference 
between London and other areas of England). In other words, 
the take- up of BS in the ‘male 75’ group was derived with esti-
mated results from male patients at all sites.

Analysis of free-text comments
Sixty- four participants provided free- text comments and 158 
made suggestions for future BSs. Regarding the reasons for 
preferring hospital outpatient clinics or home visits to GP 
surgeries, respondents felt that GPs could not provide specialist 
care for breathlessness and said they try to avoid visiting GP due 
to a perceived risk of infection. Eleven patients wanted to have 
all the treatments and services at home.

Markov model estimation
Cost-effectiveness from deterministic analysis
We built a Markov model based on three alternatives: status quo 
(usual care), BS and BS with extended effects (the 3rd branch 
in the online supplemental figure S3). When the Markov model 
was estimated for a 75- year- old man over 5 years, the difference 
in costs between usual care only (no BS) and BS plus usual care 
was –£663 (95% CI −1076 to −250), and that between usual 
care only and BS with extended effects plus usual care it was 
–£5086 (95% CI −5469 to −4703) (table 2). The difference in 
QALYs was 0.013 (95% CI 0.004 to 0.022) in both cases. For 
women, the difference in costs was –£749 (95% CI −1100 to 
−398) and –£5719 (95% CI −6043 to 5395), and the difference 
in QALYs was 0.013 (95% CI 0.005 to 0.021) and 0.004 (95% 
CI −0.003 to 0.011), respectively (table 2). As changes in costs 
were negative and changes in QALYs were positive, providing BS 
to 75- year- old adults for 12 weeks was cheaper than usual care 
and the quality of life improved when considering the uptake 
chances of this population. Negative ICERs with lower costs 
and better outcomes in BS imply that offering BS to 75- year- old 
adults is cost- effective (see online supplemental table S5 for 
details).

When the CEACs were explored for each scenario to examine 
the uncertainty around the ICER, the acceptability was 1 
(complete acceptance) in the ranges of willingness to pay.

DISCUSSION
This multicentre study is the first to provide a comprehensive 
economic assessment of BSs for advanced diseases. It couples 
patient and carer preferences with cost- effectiveness modelling 
to determine optimal configurations for BSs. Patients and carers 
valued any configurations of BS over usual care. They preferred 
BS offering consultations at outpatient clinics or by home visits 
rather than at GP surgeries and wanted review of both medicinal 

(pharmacotherapy) and non- medicinal treatments and holistic 
support from therapists and social workers. The Markov model 
estimated the cost- effectiveness beyond the trial period (12 
weeks) for up to 5 years and found that BS was cost- effective 
and could contribute to savings in health and social care systems.

COPD accounts for £800 million in direct healthcare costs in 
the UK.26 The indirect costs of COPD are substantial (24 million 
lost working days per annum).27

Costs rise in advanced diseases.28 Therefore, finding cost- 
effective solutions is essential. There is good evidence regarding 
pulmonary rehabilitation in earlier stages of disease.29 However, 
uptake of pulmonary rehabilitation varies, especially in advanced 
diseases where patients find it difficult to leave home. Our 
results indicate that in the advanced stages of disease BSs provide 
cost savings and better quality of life, even in instances of lower 
uptake at only ~40%. When the uptake is higher, savings and 
quality of life improvements are greater. BSs are designed to be 
a brief intervention, with usually around three indepth contacts, 
with a longer lasting impact due to the focus on continuing 
patient self- management and empowerment.9 11 12

We were surprised to find that patients and carers preferred BS 
at outpatient clinics or via home visits and not at GP surgeries. 
Free- text answers supported this finding: patients and carers 
thought that GPs were not the experts in breathlessness manage-
ment and that visiting GP surgeries might risk contracting infec-
tions. This finding is at odds with a Delphi exercise with clinicians 
which suggested that BSs should be integrated into existing GP 
services.30 However, our DCE findings based on patient pref-
erences are in accord with clinician recommendations for a 
comprehensive treatment review, a holistic approach to manage 
breathlessness and a flexible individual approach. The risk raised 
by patients of infection in GP surgeries and possibly hospitals 
is brought clearly into focus by the COVID- 19 pandemic. BSs 
offered online or remotely, or from treatment hubs, might be 
a good alternative. These could reduce the need for travel and 

Table 2 Cost- effectiveness of the breathlessness service (BS) for 5 
years: results of the Markov model estimation

Usual care onlyvs usual 
care plus BS

Usual care only vs usual 
care plus BS with lasting 
effects

75- year- old man, p(uptake)=0.85

  Costs (£) −663 (−1076 to −250) −5086 (−5469 to −4703)

  Health outcomes (QALY) 0.013 (0.004 to 0.022) 0.013 (0.004 to 0.022)

  ICER (£/QALY) −50 789 −389 776

75- year- old woman, p(uptake)=0.87

  Costs (£) −749 (−1100 to −398) −5719 (−6043 to 5395)

  Health outcomes (QALY) 0.013 (0.005 to 0.021) 0.004 (−0.003 to 0.011)

  ICER (£/QALY) −56 242 −1 454 683

95% CIs are in parentheses.
BS is designed to involve consultations with a specialist at an outpatient clinic, 
review of both medicinal and non- medicinal treatments, home visits by therapists, 
and support from a social worker.
Costs were calculated based on the National Health Service (NHS) reference costs, 
and unit costs of health and social careby the Personal Social Services Research Unit 
(PSSRU).
Better mobility and independence at home and outside home and more social 
activities are anticipated. Fewer hospital admissions are expected and patients need 
to wait 2 weeks to get the first appointment.
ICER=(costs2−costs1)/(QALY2−QALY1), where 1 and 2 represent alternatives 
compared. Costs are in 2014 British pound sterlling.
ICER, incremental cost- effectiveness ratio; QALY, quality- adjusted life years.
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allow a combined expert and GP review. Efficient community 
services providing virtual at- home services with shorter waiting 
time could encourage patients to take up BS and be a future 
model. Our results also highlight the importance of responding 
to patient preferences, with estimated uptake doubling (from 
40% to 86%) when the most preferred type of service was 
offered.

We assessed the cost- effectiveness of BSs beyond the time 
horizon used in the trials, conducting cost- effectiveness analysis 
with a Markov model. This helps commissioners and health-
care professionals decide to adopt BSs in their communities. We 
used the actual views from patients and carers in the decision 
process in the cost- effectiveness analysis by incorporating the 
uptake rates of the BSs calculated from the DCE data. Unlike the 
assumptions or scenarios usually used in this type of analysis, we 
calculated the cost- effectiveness of BSs based on the stated pref-
erences of patients and carers, which can be realistic.

Our study has several limitations. DCEs suffer from hypothet-
ical bias; our respondents may not have selected what they would 
do in reality. We assuaged this bias by including only older indi-
viduals with relevant illnesses and moderate to severe breathless-
ness, who therefore had experience of the relevant services and 
health problems and so were better able to judge the situation. 
We also explored the reasons for choices in open comments. This 
enriched the data and suggests ways in which some negative pref-
erences, such as for GP surgeries, may be overcome, for example 
by reducing the risk of infection in waiting rooms and providing 
expert support at GP surgeries. We included both patients and 
their carers; carers may play an important role in influencing 
patient preferences and choices.31 We found some differences in 
preferences between patients and carers regarding BS composi-
tion. Neither preferred GP surgeries; however, compared with 
patients, carers had a slightly stronger preference for home visits 
and social worker involvement. The preference for social worker 
involvement may reflect carer- specific supportive needs.

We need to consider how our sample represents the popula-
tion of interest. We identified patients via nine centres across 
England: South East, Midlands, East and North East, as well as 
London. When compared with the national audit data,32 our 
sample was slightly older (75 years vs 71 years) because we 
intendedly approached older adults, being of specific interest 
and often less able to attend pulmonary rehabilitation and 
similar services. In our sample, 49% of patients and 66% of 
carers were recruited from London. Other patients were more 
often recruited from hospital centres from urban UK popula-
tions. According to population statistics, only 17% of the UK 
live in rural areas and 68% of the world population will live 
in cities by 2050. Therefore, our data are highly relevant to 
most people affected by severe breathlessness. Our results may 
not be generalised to rural areas; further research would need 
to investigate this. We found no differences between London 
and other areas of England, a finding supported by the similar 
referral rates for pulmonary rehabilitation (20% in London 
and 19% in the rest of England in the UK quality indicator 
data).33

Cognitive burden can be a limitation when conducting DCEs, 
especially among older adults with chronic or advanced diseases. 
We determined the number of choice questions and attributes by 
detailed piloting. We trained research nurses, emphasising the 
risks of cognitive burden and offering rests, etc. One indicator 
of burden is poor question completion rates. We obtained rich 
data, with only one choice question unanswered. Therefore, we 
found that DCEs can be used for older adults with advanced 
diseases. These produced important information regarding 

service development and planning, which could inform future 
research methods.

In the modelling, we used a 5- year time horizon, although 
survival of patients with advanced diseases (eg, ILD, lung cancer) 
could vary and in instances would be shorter. We modelled 
different time periods of the effect of BS, including only 12 
weeks. When we assumed that the effects of BS lasted longer 
(than 12 weeks), the cost savings were larger. BSs warrants 
future research with longer follow- up periods, which exam-
ines the effects of boosts of BSs such as a follow- up or refresher 
consultation, including mortality. We did not include social 
care costs, informal care costs or costs from lost productivity. 
Caution is needed regarding the shift of costs between different 
care settings (eg, hospital, community, home) or from formal to 
informal care. However, the BS trial did not find an increase in 
informal care costs in the intervention arm,6 and if anything our 
cost savings are likely underestimated.

Data were collected before the COVID- 19 pandemic, which 
has changed the values and attitudes towards services and the 
risk of infection. However, our data can be considered in the 
light of these changing attitudes and can help shape breathless-
ness services in COVID- 19 pandemic situations to better help 
support patients with long- lasting breathlessness and their carers.

CONCLUSION
Patients with chronic breathlessness and their carers valued and 
accepted BSs, which were cost- effective, offering lower costs 
and better quality of life (savings of £50 000 per patient, plus 
additional QALY) compared with usual care. The uptake and 
cost- effectiveness of BSs are higher when services are tailored 
to individual preferences, with uptake increasing from 40% to 
86%.

Acknowledgements This study was led by King’s College London, Cicely Saunders 
Institute of Palliative Care, Policy and Rehabilitation, UK. We thank the following 
for their assistance in recruitment and other aspects of the study: Evelyne Burssens, 
Anna Johnston, Victoria Lord and Maria Joao Cardoso Teixeira. We thank our patient 
and public involvement and engagement partners, who advised on the project 
from onset and throughout, the clinical and research network services involved 
in recruitment, and the patients and families who took part in the study. Noel 
Baxter, Surinder Birring and Irem Patel contributed to study design, questionnaire 
development, recruitment with clinical expertise and data interpretation and were 
asked to approve the final manuscript.

Collaborators OPTBreathe collaborators: Noel Baxter, Surinder Birring and Irem 
Patel.

Contributors IJH and DY were co- chief investigators and grant leads. IJH was the 
study PI for the sites in London. DY coordinated the data collection in different sites 
and led the analysis. IJH and DY wrote the initial version of the manuscript, with 
contributions from CCR and GW. CCR provided additional clinical insights into the 
BS, interpretation of the BS trial data and DCE choices. DY led the PPIE workshops 
to review DCE attributes and Markov modelling. IJH and DY had full access to all the 
data in the study and take responsibility for the integrity of the data and analysis. 
DY, IJH and CCR carefully considered the response to referees’ comments, conducted 
further analysis and led the revision of the manuscript and supplementary files 
accordingly. All authors contributed to the development of study aims, integration 
of the interpretation and analysis plan, and provided critical revision of the 
manuscript for important intellectual content. All authors read and approved the 
final manuscript. IJH accepts full responsibility for the work and/or the conduct of the 
study, had access to the data, and controlled the decision to publish.

Funding This paper presents independent research funded by the National Institute 
for Health Research (NIHR) under its Research for Patient Benefit (RfPB) Programme 
(grant reference number PBPG- 0815- 20026). Components of this research were 
supported by the charity Cicely Saunders International as part of its breathlessness 
programme and by the National Institute for Health Research Collaboration for 
Leadership in Applied Health Research South London (NIHR CLAHRC South London), 
now recommissioned as NIHR Applied Research Collaboration South London.

Disclaimer The views expressed are those of the authors and not necessarily those 
of the NIHR or the Department of Health and Social Care. The funding sources had 

6 Yi D, et al. Thorax 2022;0:1–7. doi:10.1136/thoraxjnl-2021-218251

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2021-218251 on 15 A

ugust 2022. D
ow

nloaded from
 

http://thorax.bmj.com/


Respiratory research

no role in the design of this study, its execution, analyses and interpretation of data, 
or in the decision to submit the results.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
the West of Scotland Research Ethics Service (reference number: 17/WS/0083). 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. We 
can share the protocol, consent form, analysis plan, training and other relevant DCE 
materials. Data from the survey are approved for use by the research team and 
appropriately qualified researchers trained and supervised by them. Fully anonymised 
data with other studies for secondary analysis could be considered. De- identified 
participant data will be made available to bona fide researchers registered with an 
appropriate institution within 3 months of publication. However, the research team 
will need to be satisfied that any proposed publication is of high quality, honours 
the commitments made to the study participants in the consent documentation and 
ethical approvals, and is compliant with relevant legal and regulatory requirements 
(eg, relating to data protection and privacy). The research team will have the right 
to review and comment on any draft manuscripts before publication. Data will be 
made available in line with the policy and procedures of the Cicely Saunders Institute 
of Palliative Care, Policy and Rehabilitation. Those wishing to request access should 
email  deok_ hee. yi@ kcl. ac. uk.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Deokhee Yi http://orcid.org/0000-0003-4894-1689
Charles C Reilly http://orcid.org/0000-0003-2520-2859
Irene J Higginson http://orcid.org/0000-0002-3687-1313

REFERENCES
 1 Booth S, Bausewein C, Higginson I, et al. Pharmacological treatment of refractory 

breathlessness. Expert Rev Respir Med 2009;3:21–36.
 2 Gysels MH, Higginson IJ. The lived experience of breathlessness and its implications 

for care: a qualitative comparison in cancer, COPD, heart failure and MND. BMC 
Palliat Care 2011;10:15.

 3 Malik FA, Gysels M, Higginson IJ. Living with breathlessness: a survey of caregivers of 
breathless patients with lung cancer or heart failure. Palliat Med 2013;27:647–56.

 4 Janssen DJA, Spruit MA, Uszko- Lencer NH, et al. Symptoms, comorbidities, and health 
care in advanced chronic obstructive pulmonary disease or chronic heart failure. J 
Palliat Med 2011;14:735–43.

 5 Janssen DJA, Spruit MA, Schols JMGA, et al. A call for high- quality advance 
care planning in outpatients with severe COPD or chronic heart failure. Chest 
2011;139:1081–8.

 6 Higginson IJ, Bausewein C, Reilly CC, et al. An integrated palliative and respiratory 
care service for patients with advanced disease and refractory breathlessness: a 
randomised controlled trial. Lancet Respir Med 2014;2:979–87.

 7 Philip J, Wiseman R, Eastman P, et al. Mapping non- malignant respiratory palliative 
care services in Australia and New Zealand. Aust Health Rev 2020;44:778–81.

 8 Dzingina MD, McCrone P, Higginson IJ. Does the EQ- 5D capture the concerns 
measured by the palliative care outcome scale? mapping the palliative care outcome 
scale onto the EQ- 5D using statistical methods. Palliat Med 2017;31:716–25.

 9 Maddocks M, Brighton LJ, Farquhar M. Holistic services for people with advanced 
disease and chronic or refractory breathlessness: a mixed- methods evidence synthesis 
2019;7:22.

 10 Brighton LJ, Miller S, Farquhar M, et al. Holistic services for people with advanced 
disease and chronic breathlessness: a systematic review and meta- analysis. Thorax 
2019;74:270–81.

 11 Higginson IJ, Bausewein C, Reilly CC, et al. An integrated palliative and respiratory 
care service for patients with advanced disease and refractory breathlessness: a 
randomised controlled trial. Lancet Respir Med 2014;2:979–87.

 12 Reilly CC, Bausewein C, Pannell C, et al. Patients’ experiences of a new integrated 
breathlessness support service for patients with refractory breathlessness: results of a 
postal survey. Palliat Med 2016;30:313–22.

 13 Gysels M, Reilly CC, Jolley CJ, et al. How does a new breathlessness support service 
affect patients? Eur Respir J 2015;46:1515–8.

 14 Schunk M, Le L, Syunyaeva Z, et al. Effectiveness of a specialised breathlessness 
service for patients with advanced disease in Germany: a pragmatic fast- track 
randomised controlled trial (BreathEase). Eur Respir J 2021;58:2002139.

 15 Gysels M, Reilly CC, Jolley CJ, et al. Dignity through integrated symptom management: 
lessons from the breathlessness support service. J Pain Symptom Manage 
2016;52:515–24.

 16 Dorman S, Jolley C, Abernethy A, et al. Researching breathlessness in palliative 
care: consensus statement of the National cancer research Institute palliative care 
breathlessness subgroup. Palliat Med 2009;23:213–27.

 17 Clark MD, Determann D, Petrou S, et al. Discrete choice experiments in health 
economics: a review of the literature. Pharmacoeconomics 2014;32:883–902.

 18 Lancsar E, Fiebig DG, Hole AR. Discrete choice experiments: a guide to model 
specification, estimation and software. Pharmacoeconomics 2017;35:697–716.

 19 Lancsar E, Louviere J. Conducting discrete choice experiments to inform healthcare 
decision making: a user’s guide. Pharmacoeconomics 2008;26:661–77.

 20 Rudmik L, Drummond M. Health economic evaluation: important principles and 
methodology. Laryngoscope 2013;123:1341–7.

 21 Farquhar MC, Prevost AT, McCrone P, et al. The clinical and cost effectiveness of a 
breathlessness intervention service for patients with advanced non- malignant disease 
and their informal carers: mixed findings of a mixed method randomised controlled 
trial. Trials 2016;17:185.

 22 Farquhar MC, Prevost AT, McCrone P, et al. Is a specialist breathlessness service more 
effective and cost- effective for patients with advanced cancer and their carers than 
standard care? findings of a mixed- method randomised controlled trial. BMC Med 
2014;12:194.

 23 Husereau D, Drummond M, Petrou S, et al. Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS)--explanation and elaboration: a report of the ISPOR 
Health Economic Evaluation Publication Guidelines Good Reporting Practices Task 
Force. Value Health 2013;16:231–50.

 24 Bridges JFP, Hauber AB, Marshall D, et al. Conjoint analysis applications in health--a 
checklist: a report of the ISPOR Good Research Practices for Conjoint Analysis Task 
Force. Value Health 2011;14:403–13.

 25 Philips Z, Ginnelly L, Sculpher M, et al. Review of guidelines for good practice in 
decision- analytic modelling in health technology assessment. Health Technol Assess 
2004;8:1–158.

 26 Deaprtment of Health. On the state of the public health: annual report of the chief 
medical officer 2004, 2005.

 27 Healthcare Commission. Clearing the air: a national study of chronic obstructive 
pulmonary disease, 2006.

 28 Dzingina MD, Reilly CC, Bausewein C, et al. Variations in the cost of formal and 
informal health care for patients with advanced chronic disease and refractory 
breathlessness: a cross- sectional secondary analysis. Palliat Med 2017;31:369–77.

 29 McCarthy B, Casey D, Devane D. Pulmonary rehabilitation for chronic obstructive 
pulmonary disease. Cochrane Database Syst Rev 2015;2:Cd003793.

 30 Brighton LJ, Tunnard I, Farquhar M, et al. Recommendations for services for people 
living with chronic breathlessness in advanced disease: results of a transparent expert 
consultation. Chron Respir Dis 2019;16:147997311881644–8.

 31 Etkind SN, Bone AE, Lovell N, et al. Influences on care preferences of older people 
with advanced illness: a systematic review and thematic synthesis. J Am Geriatr Soc 
2018;66:1031–9.

 32 Singh SLS, Andrews R, Garnavos N. National asthma and chronic obstructive 
pulmonary disease audit programme (NACAP). pulmonary rehabilitation audit report 
2019. In: Combined clinical and organisational audit of pulmonary rehabilitation 
services in England. Scotland and Wales, London, 2020.

 33 The NHS Digital. (the percentage of people with Chronic Obstructive Pulmonary 
Disease (COPD) and Medical Research Council (MRC) Dyspnoea Scale >=3, 2020. 
Available: https://digital.nhs.uk/data-and-information/publications/statistical/ccg- 
outcomes-indicator-set/march-2020 [Accessed 25 Mar 2022].

7Yi D, et al. Thorax 2022;0:1–7. doi:10.1136/thoraxjnl-2021-218251

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2021-218251 on 15 A

ugust 2022. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4894-1689
http://orcid.org/0000-0003-2520-2859
http://orcid.org/0000-0002-3687-1313
http://dx.doi.org/10.1586/17476348.3.1.21
http://dx.doi.org/10.1186/1472-684X-10-15
http://dx.doi.org/10.1186/1472-684X-10-15
http://dx.doi.org/10.1177/0269216313488812
http://dx.doi.org/10.1089/jpm.2010.0479
http://dx.doi.org/10.1089/jpm.2010.0479
http://dx.doi.org/10.1378/chest.10-1753
http://dx.doi.org/10.1016/S2213-2600(14)70226-7
http://dx.doi.org/10.1071/AH19206
http://dx.doi.org/10.1177/0269216317705608
http://dx.doi.org/10.1136/thoraxjnl-2018-211589
http://dx.doi.org/10.1016/S2213-2600(14)70226-7
http://dx.doi.org/10.1177/0269216315600103
http://dx.doi.org/10.1183/13993003.00751-2015
http://dx.doi.org/10.1183/13993003.02139-2020
http://dx.doi.org/10.1016/j.jpainsymman.2016.04.010
http://dx.doi.org/10.1177/0269216309102520
http://dx.doi.org/10.1007/s40273-014-0170-x
http://dx.doi.org/10.1007/s40273-017-0506-4
http://dx.doi.org/10.2165/00019053-200826080-00004
http://dx.doi.org/10.1002/lary.23943
http://dx.doi.org/10.1186/s13063-016-1304-6
http://dx.doi.org/10.1186/s12916-014-0194-2
http://dx.doi.org/10.1016/j.jval.2013.02.002
http://dx.doi.org/10.1016/j.jval.2010.11.013
http://dx.doi.org/10.3310/hta8360
http://dx.doi.org/10.1177/0269216317690994
http://dx.doi.org/10.1177/1479973118816448
http://dx.doi.org/10.1111/jgs.15272
https://digital.nhs.uk/data-and-information/publications/statistical/ccg-outcomes-indicator-set/march-2020
https://digital.nhs.uk/data-and-information/publications/statistical/ccg-outcomes-indicator-set/march-2020
http://thorax.bmj.com/


Supplementary information to Yi et al.  

 

0 

 

Optimising breathlessness triggered services for older people with 

advanced diseases: a multicentre economic study (OPTBreathe) 
 

Deokhee Yi, Charles C Reilly, Wei Gao, Irene J Higginson on behalf of OPTBreathe collaborators 

 

Contents 
 

Sample size of the discrete choice experiment ................................................................................. 1 

Design of choice questions ................................................................................................................ 1 

Administration of discrete choice experiment questionnaire .......................................................... 1 

Table S1. Participating organisations and recruited participants...................................................... 3 

Table S2. Parameters in the Markov model in deterministic analysis .............................................. 4 

Table S3. All-cause mortality rate and respiratory mortality rate by age and sex used in the 

Markov model ................................................................................................................................... 5 

Table S4. Distribution of levels within attributes among choice questions chosen by participants . 6 

Table S5. Incremental cost effectiveness ratio of BSS for 5 years (unit: £) ....................................... 7 

Table S6. Preferences for attributes and levels of Breathlessness Service: subgroup analysis by 

patient and carer ............................................................................................................................... 9 

Table S7. Preferences for attributes and levels of Breathlessness Service: subgroup analysis by sex 

of patient ......................................................................................................................................... 10 

Table S8. Preferences for attributes and levels of Breathlessness Service: subgroup analysis by 

location (London and outside London) ........................................................................................... 11 

Figure S1. Example choice question presented to respondents ..................................................... 12 

Figure S2. Decision tree for Markov model analysis of breathless support service ........................ 13 

References ....................................................................................................................................... 14 

 

 

 

 

 

 

  

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

 doi: 10.1136/thoraxjnl-2021-218251–7.:10 2022;Thorax, et al. Yi D



Supplementary information to Yi et al.  

 

1 

 

Sample size of the discrete choice experiment  

 

To calculate the sample size of the DCE, we have considered the following:  

1) Regression analysis needs a sample size larger than the number of independent variables. We will 

be able to enter up to 20 independent variables and retain up to 14, if the rules of thumb 

suggested by Altman apply (n/10 variables and square root of sample size respectively).1 For each 

predetermined subgroup of the main sample (i.e., diagnosis group), a sample size should be larger 

than 30  

2)  Due to collecting multiple observations per participant, relatively small sample sizes are required. 

In the main phase, we plan to recruit 140 patients and expect approximately 25-30% of carers of them 

participate as well, this gives us an estimate of 190 participants. We will record multiple observations from 

each participant (18 data lines per participant—3 alternatives Χ 6 choice sets). This is within the middle 

range of samples size of DCEs reviewed, including six in palliative care2-7 which had 80 to 350 participants. 

Thus our study will be consistent with usual best practice.  

 

Design of choice questions   

Combination of all attributes produced 864 (3 Χ 2 Χ 4 Χ 3 Χ 3 Χ 4) profiles. Pairs of profiles were to be 

presented to respondents. Due to practicality and cognitive burden, we reduced the number of pairs with a 

D-optimal design strategy,26 after removing implausible combinations, resulting in 18 sets of choices (36 

profiles). To further reduce the number of choices presented, we used block design by randomisation. Each 

respondent faced six choices (see Supplementary Figure S1 for an example choice) and one warm-up at the 

beginning which was not used in the analysis. We included a third alternative (Neither, in which case 

patients do what they do to manage and treat their breathlessness) in each choice, which represents the 

current treatment or management of breathlessness and prevents us from overestimating preferences or 

acceptance.   

 

Administration of discrete choice experiment questionnaire 

 

DCE questions were administered with background, contextual information and task instructions. We gave 

a written vignette to respondents and read it aloud to make respondents familiar with the settings and 

services that BSS was suggesting. We also explain the common and/or different aspects of the BSS from the 

pulmonary rehabilitation service provided in NHS. We described attributes again prior to starting. Then, 
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there was a warm-up exercise where we asked the participants to describe their current health care service 

to manage breathlessness in terms of attributes (this tested their understanding of the task, attributes and 

levels as well as how well they knew the characteristics of the service they were on) and a warm-up 

example choice set with annotations. We used icons for each level in attributes, unveiling and reading 

aloud attributes one by one to ensure participants consider each and every one of them when making 

choices. The vocabulary was user-friendly, checked and improved in pre-pilot and pilot stages, asking 

participants to explain why they chose the option for each task to detect heuristics and need for 

improvements in the choice tasks. 

  

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

 doi: 10.1136/thoraxjnl-2021-218251–7.:10 2022;Thorax, et al. Yi D



Supplementary information to Yi et al.  

 

3 

 

Table S1. Participating organisations and recruited participants 

Organisation Participant (n) 

Patient Carer Total 

King’s College Hospital NHS Foundation Trust 61 27 88 

Guy's and St Thomas' NHS Foundation Trust 26 15 41 

Lewisham and Greenwich NHS Trust 6 3 9 

South Tyneside NHS Foundation Trust 29 12 41 

Derby Hospitals NHS Foundation Trust 13 0 13 

Weston Area Health NHS Trust 8 3 11 

Sherwood Forest Hospitals NHS Foundation Trust 27 2 29 

Epsom and St Helier University Hospital NHS Trust 6 3 9 

Cambridgeshire and Peterborough NHS Foundation Trust 14 3 17 
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Table S2. Parameters in the Markov model in deterministic analysis 

Variables   Parameter 

Age   75 

Uptake probability Best scenario (BSS I*) Man 0.85 

  Woman 0.87 

 Worst scenario (BSS II*) Man 0.33 

  Woman 0.55 

Health and social care costs Usual care Initial status £3,709 

  For 12 weeks  £2,816 

 BSS plus Usual care Initial status £2,911 

  For 12 weeks  £2,844 

 BSS with lasting effects Initial status £2,911 

 For 24 weeks  £2,844 

Intervention costs   £357.94 

QALYs Usual care Initial status 0.35 

  For 12 weeks  0.34 

 BSS plus Usual care Initial status 0.35 

  For 12 weeks  0.44 

 BSS with lasting effects Initial status 0.35 

 For 24 weeks  0.44 

Notes: BSS I involves the consultations with specialist at outpatient clinic, reviewing both medicinal & non-

medicinal treatments, home visits by therapists and support from a social worker. Better mobility and 

independence at home and outside home, and more social activities are anticipated. Fewer hospital 

admissions are expected, and patients need to wait 2 weeks to get the first appointment. BSS II offers two 

consultations with GPs or nurses at GP surgeries, reviewing medicinal treatments. There is no additional 

support provided. Better mobility and independence at home and fewer visits to GP surgeries are 

anticipated. Waiting time for the first appointment is 8 weeks. Probabilities of taking part in the BSS is 

derived from the discrete choice experiments data analysis by gender.  
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Notes: 95% confidence intervals are in the parentheses. BSS I involves the consultations with specialist at outpatient clinic, reviewing both medicinal & non-

medicinal treatments, home visits by therapists and support from a social worker. Better mobility and independence at home and outside home, and more 

social activities are anticipated. Fewer hospital admissions are expected, and patients need to wait 2 weeks to get the first appointment. BSS II offers two 

consultations with GPs or nurses at GP surgeries, reviewing medicinal treatments. There is no additional support provided. Better mobility and 

independence at home and fewer visits to GP surgeries are anticipated. Waiting time for the first appointment is 8 weeks. Probabilities of taking part in the 

BSS is derived from the discrete choice experiments data analysis by gender. Costs are in 2014 UK sterling pounds. 
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Figure S1. Example choice question presented to respondents 
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Figure S2. Decision tree for Markov model analysis of breathless support service  

 

 

Notes: Probabilities of taking Breathlessness Services as well as age- and sex- specific, all cause and 

respiratory mortality (see Table S3) was used in defining the transitional chances. Simulations with 

10,000 replications were estimated to generate costs and outcomes per person for 5 years (20 

cycles).  
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