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Abstract
Background  Obesity hypoventilation syndrome 
(OHS) is treated with either non-invasive ventilation 
(NIV) or CPAP, but there are no long-term cost-
effectiveness studies comparing the two treatment 
modalities.
Objectives  We performed a large, multicentre, 
randomised, open-label controlled study to determine 
the comparative long-term cost and effectiveness of 
NIV versus CPAP in patients with OHS with severe 
obstructive sleep apnoea (OSA) using hospitalisation 
days as the primary outcome measure.
Methods  Hospital resource utilisation and within 
trial costs were evaluated against the difference 
in effectiveness based on the primary outcome 
(hospitalisation days/year, transformed and non-
transformed in monetary term). Costs and effectiveness 
were estimated from a log-normal distribution using a 
Bayesian approach. A secondary analysis by adherence 
subgroups was performed.
Results  In total, 363 patients were selected, 215 
were randomised and 202 were available for the 
analysis. The median (IQR) follow-up was 3.01 (2.91–
3.14) years for NIV group and 3.00 (2.92–3.17) years 
for CPAP. The mean (SD) Bayesian estimated hospital 
days was 2.13 (0.73) for CPAP and 1.89 (0.78) for NIV. 
The mean (SD) Bayesian estimated cost per patient/
year in the NIV arm, excluding hospitalisation costs, 
was €2075.98 (91.6), which was higher than the cost 
in the CPAP arm of €1219.06 (52.3); mean difference 
€857.6 (105.5). CPAP was more cost-effective than 
NIV (99.5% probability) because longer hospital stay 
in the CPAP arm was compensated for by its lower 
costs. Similar findings were observed in the high and 
low adherence subgroups.
Conclusion  CPAP is more cost-effective than NIV; 
therefore, CPAP should be the preferred treatment for 
patients with OHS with severe OSA.
Trial registration number  NCT01405976

Introduction
Obesity hypoventilation syndrome (OHS) is char-
acterised by obesity and chronic hypercapnic respi-
ratory failure that is not secondary to other causes.1 
Around 90% of patients with OHS have related 
obstructive sleep apnoea (OSA),2 with 73% having 
severe OSA.3

Cardiovascular morbidity is more prevalent in 
patients with OHS than in patients with eucapnic 
OSA4 5 or in eucapnic obesity,6 7 leading to increased 
healthcare-related costs.7 Moreover, patients with 
untreated OHS are at increased risk of hospital-
isation and death,6–11 likely because of respiratory 
complications.12–14

Key messages

What is the key question?
►► No studies have assessed the cost-effectiveness 
of non-invasive ventilation (NIV) versus CPAP in 
patients with obesity hypoventilation syndrome 
(OHS) and severe obstructive sleep apnoea 
(OSA).

What is the bottom line?
►► Both NIV and CPAP improve clinical symptoms, 
polysomnographic parameters, daytime PaCO2 
and hospital resource utilisation in patients 
with OHS and severe OSA. However, CPAP is 
simpler to implement and is less costly than 
NIV.

Why read on?
►► This is the first randomised controlled trial that 
evaluates the cost-effectiveness relationship 
between CPAP and NIV showing that CPAP is 
more cost-effective than NIV; therefore, CPAP 
should be the first-line treatment for stable 
ambulatory patients with OHS with severe OSA.

    1Masa JF, et al. Thorax 2020;0:1–9. doi:10.1136/thoraxjnl-2019-213622
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Non-invasive ventilation

OHS is treated with positive airway pressure (PAP) therapy 
during sleep. The two most common modes of PAP therapy 
are non-invasive ventilation (NIV) and CPAP. The effectiveness 
of NIV has been assessed in several long-term, observational 
studies4 6–8 15–21 and medium-term randomised trials.3 22 23 CPAP 
prevents upper airway obstructive events although, theoreti-
cally, it is not the treatment of choice for non-obstructive sleep 
hypoventilation.19 Several medium-term3 24 25 and one long-
term26 randomised clinical trial have reported similar effective-
ness between NIV and CPAP.

CPAP is simpler to implement and is less costly than NIV.26 
However, there are no studies that have specifically investigated 
which of the two treatments is more cost-effective. To that end, 
we carried out a post hoc, within-trial, cost-effectiveness analysis 
using a large multicentre, open-labelled, randomised controlled 
study (Pickwick study).3 23 26–30 We aimed to determine the 
comparative cost-effectiveness relationship between NIV and 
CPAP based on 3 years of follow-up, using hospitalisation days 
as the primary outcome measure in a cost-effectiveness analysis, 
or considering the hospitalisation days in monetary term where 
the value of a hospitalisation day is approximate for its cost, in a 
cost–benefit analysis.

Methods
Trial design
We carried out a multicentre, open-label, randomised clinical 
trial with two parallel groups conducted at 16 clinical sites 
in Spain. There were no changes in the protocol after trial 
commencement.

Participants
From May 2009 to March 2013, we sequentially screened 
patients between 15 and 80 years of age who were referred for 
pulmonary consultation due to suspected OHS or OSA at 16 
tertiary care hospitals in Spain (see online supplement). OHS 
was defined as obesity, with a body mass index (BMI) ≥30 kg/
m2, stable hypercapnic respiratory failure (PaCO2 ≥45 mm Hg, 
pH ≥7.35, no clinical worsening during the two previous 
months), no relevant COPD (FEV1 >70% of predicted when 
FEV1:FVC <70), without neuromuscular, chest wall or meta-
bolic disease. Other inclusion criteria were as follows: (1) severe 
OSA (apnoea–hypopnoea index (AHI) ≥30); (2) an absence of 
narcolepsy or restless leg syndrome; (3) a correctly executed 
30 min PAP (CPAP/NIV) treatment test (see online supplement). 
The exclusion criteria were as follows: (1) a psychophysical 
inability to complete questionnaires; (2) severe chronic debili-
tating illness; (3) severe chronic nasal obstruction; (4) a lack of 
informed consent.

The Pickwick project consisted of two parallel randomised 
controlled trials conducted over two phases (online supplemen-
tary figure S1).

Interventions
Stable ambulatory patients with OHS and concomitant severe 
OSA (AHI ≥30) were randomised by an electronic database 
(simple randomisation without predetermined allocation rate) 
into NIV, CPAP or control group for the first 2 months (first 
phase). After this period, due to pre-specified ethical reasons, 
patients included in the control group (ie, lifestyle changes) 
were re-randomised to NIV or CPAP by a simple randomisation. 
Patients randomised to NIV or CPAP were followed for 3 years 
(second phase).

All patients, including those in the CPAP and NIV arms, were 
instructed on lifestyle modification (see online supplement). 
Oxygen therapy was added if baseline daytime or nocturnal 
hypoxemia during PAP adjustment was detected.30

Continuous positive airway pressure
Patients were instructed on how to use CPAP at a fixed pressure 
at home during the entire sleep period. The CPAP setting was 
determined based on a conventional CPAP titration study (see 
online supplement).

Non-invasive ventilation
Patients were instructed to use NIV treatment during the entire 
sleep period. The ventilator mode was set at a bi-level PAP with 
assured volume (see online supplement).

Masking strategy
The study was open label for both investigators and patients. 
Clinicians from the treating teams (routine care team), however, 
were unaware of the research study (see online supplement).

Follow-up and outcomes
Patients were evaluated on 12 occasions during 3 years: at base-
line, after the first and second months, and every 3 months until 
completing 2 years, then every 6 months until completing 3 
years of follow-up (see online supplementary table S1 and more 
details in the online supplement). Evaluations at months 1 and 
2 were performed before the re-randomisation of the control 
group to CPAP or NIV3 (figure 1). Consequently, these controls 
were not included in the 1-month and 2-month analyses.

During every visit after baseline 1, we assessed the primary 
outcome (hospitalisation days for any cause) and secondary 
outcomes such as hospital resource utilisation (admissions to the 
hospital, ICU and emergency department visits) and all-cause 
mortality. Mortality was ascertained from the medical records 
in the official electronic health system database and from the 
patient’s family. Patients also underwent arterial blood gas (ABG) 
on room air (see online supplement), sphygmomanometric 
blood pressure31 (see online supplement), spirometry,32 6 min 
walk distance (6-MWD) test33 and health-related quality of life 
(HRQL) tests using the Functional Outcomes of Sleep Ques-
tionnaire (FOSQ), the Medical Outcome Survey Short Form 36 
(SF36) and the visual analogical well-being scale (VAWS).34 35 
In the first, second and third annual visits, we assessed the inci-
dence of new cardiovascular events including new diagnosis of 
hypertension (or initiation of antihypertensive treatment), atrial 
fibrillation, hospitalisations for non-fatal myocardial infarction 
or unstable angina, non-fatal stroke or transient ischaemic attack, 
heart failure episode and cardiovascular death. This informa-
tion was obtained the same way as hospitalisation days. At each 
annual visit, we confirmed CPAP/NIV settings and measured 
adherence to CPAP/NIV using internal device hourly counters.

Statistical analysis
Sample size was calculated to detect differences in the primary 
outcome variable, assuming an alpha error of 0.05 and a beta 
error of 0.2. At the time of study design, the mean hospital stay 
in patients receiving chronic NIV was 2.5±1.1 days/patient-
year.7 We estimated that an intergroup mean difference of ≥0.5 
(SD 1.1) days/patient-year (20% difference) could be clinically 
relevant. We estimated a sample size of at least 77 patients in 
each group. No missing data imputation was carried out.

2 Masa JF, et al. Thorax 2020;0:1–9. doi:10.1136/thoraxjnl-2019-213622
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Figure 1  Flow chart of the study protocol. of 363 selected patients, 142 were excluded and 221 were randomised. After the first 2 months of 
treatment (first phase), patients included in the control group (ie, lifestyle changes) were re-randomised to CPAP or non-invasive ventilation (NIV) in 
order to be followed for a minimum of 3 years (second phase). 215 patients were randomised to either CPAP (n=115) or NIV (n=100). From the 115 
patients included in the CPAP arm, 8 abandoned the study early without follow-up and the rest (n=107) were available for the primary analysis. From 
the 100 patients included in the NIV arm, 3 abandoned the study early without follow-up and the rest (n=97) were available for the primary analysis. 
*Participants who at some point were lost to follow-up but did not withdraw informed consent were followed to the end of the study in order to 
obtain data on hospital resource utilisation (including the primary outcome of hospitalisation days), treatment type and mortality. †Patients who 
changed treatment after randomisation (ie, from CPAP to NIV or vice versa) were analysed in the original arm according to the intention-to-treat 
principle. OSA, obstructive sleep apnoea.

Cost-effectiveness analysis
The within-trial cost of the two arms was evaluated during the 3 
years of the study. We analysed the following cost groups based 
on the 2018 value of the Euro (€):
1.	 Primary outcome cost: The cost of hospitalisation days re-

ported by each centre.
2.	 Other hospital resource cost: The cost of ICU days and emer-

gency department visits reported by each centre.
3.	 The cost of short visits (non-annual visits) and long visits 

(baseline and annual visits): For these visits, 90% of the time 
was allocated to the nurses and 10% to the research physi-
cian in both arms. We also estimated the proportional bur-
den of the consultation space on the general budget of each 
hospital. The duration of the visits was estimated based on 
the average of time spent at three centres. The cost of the 
personnel (ie, nurse and physician) was calculated taking into 
account the staff salaries at each centre.

4.	 The cost of baseline daytime adjustment of NIV and associ-
ated tests included the time spent by the research physician 
in this task and the proportional burden of the consultation 
space on the general budget of each hospital. The time was 
estimated based on the average time spent at three centres.
a.	 ABG, spirometry and 6-MWD test costs included the time 

spent by the nurses, linear 5-year depreciation of equip-
ment (considering the estimated number of recordings 
conducted in this period in each hospital), consumables 
and the proportional burden of the Pulmonary Function 
Laboratory on the general budget of the hospital. The 
time for these tasks was stipulated by each centre. The 
time for the nurses was calculated taking into account the 
nurses’ salaries at each centre.

b.	 Polysomnographies (baseline and titration): Test costs in-
cluded time spent by personnel (technicians, physicians 
and secretaries), linear 5-year depreciation of equipment 

3Masa JF, et al. Thorax 2020;0:1–9. doi:10.1136/thoraxjnl-2019-213622
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Non-invasive ventilation

(considering the number of recordings conducted in 
this period in each hospital), consumables and the pro-
portional burden of the sleep laboratory on the general 
budget of the hospital. The technician cost of the poly-
somnography titration for CPAP was considered at half 
of the polysomnography technician cost for NIV because 
in our environment, a sleep technician attends two beds 
for CPAP titration but only one for a more complex NIV 
titration.

c.	 Blood pressure cost included the time spent by nurses, 
linear 5-year depreciation of equipment (considering the 
estimated number of recordings conducted in this period 
in each hospital), consumables and the proportional bur-
den of the consultation space on the general budget of 
the hospital. The time was the stipulated at each centre 
for this task. The cost of time was calculated taking into 
account the nurses’ salaries at each centre.

5.	 Medication cost: Because the cost of medications depends to 
a great extent on the comorbidities, we made assumptions 
based on recommendations of the correspondent clinical 
practice guidelines. For hypertension, we allocated a cost 
based on the number of drugs at baseline visit and the rest of 
the visits. For type 2 diabetes and dyslipidaemia, we allocat-
ed an average cost if the patient was on treatment or not at 
baseline and during the rest of the visits. For the rest of the 
comorbidities (stroke, ischaemic heart disease, atrial fibrilla-
tion, peripheral arteriopathy and heart failure), an average 
cost was applied at baseline and in each of the visits depend-
ing if a new event appeared (see online supplementary table 
S2).

6.	 Home care costs: Supplemental oxygen and CPAP/NIV costs 
were the monetary cost that each centre payed per patient to 
its home care provider. These costs included the time spent by 
personnel (technicians, nurses and secretaries), home visits, 
linear 5-year depreciation of equipment and consumables.

For the analysis, cost/patient was obtained dividing the cost 
by the years of follow-up. The comparison between the two 
arms was performed using two different approaches: (a) the 
primary outcome (hospitalisation days/year) was transformed 
to monetary term (see below) using the cost of hospitalisation 
days/year at each centre. This cost is compared with the rest 
of costs to determine the less expensive treatment; and (b) a 
conventional cost-effectiveness analysis where the effectiveness 
was assessed directly as hospitalisation days/year. In this analysis, 
the final decision will depend on how much the decision-maker 
is willing to pay for reducing hospitalisation days. This analysis 
is useful as a sensitivity analysis on what treatment is preferred 
for different willingness to pay for a day of hospitalisation. For 
both analyses, we adopted a probabilistic Bayesian approach,36 
where the parameters of interest are treated as random vari-
ables, and reports evidence in a probabilistic manner. Bayesian 
inference computes the posterior probability according to 
Bayes’ theorem combining the prior distribution with the like-
lihood of the data. We performed an objective Bayesian analysis 
where non-informative proper priors were assumed (see online 
supplement).37

A secondary cost-effectiveness was also carried out considering 
HRQL variables, in particular FOSQ, as measure of effectiveness 
(see online supplement). FOSQ presented a high proportion of 
missing data (28%), so the conclusions of this analysis should 
be interpreted with caution. The effect on the cost-effectiveness 
analysis of a higher proportion of early abandons in the CPAP 
group was studied through a sensitivity analysis in three scenarios 
(see online supplement).

Effectiveness assessed in monetary term
Because a large number of patients were not hospitalised during 
the study follow-up, we performed a hurdle model, which first 
estimated the probability of being admitted (according to the 
Bernoulli distribution) and, later, the average cost of hospital-
isation of those who were hospitalised.38 Due to the asymmetry 
of the cost distribution, a log-normal distribution was used. The 
average hospitalisation cost was estimated by the product of 
the probability of being hospitalised and the average costs of 
those who were hospitalised. The remainder of cost was calcu-
lated from the sum of costs in the different groups. A log-normal 
distribution was also used and the correlation between effective-
ness and cost was taken into account through multivariate log-
normal distribution. The cost-effectiveness plane illustrates the 
joint distribution of the incremental effectiveness in monetary 
term (savings from hospitalisation cost) and other incremental 
costs in an x–y plot.

Effectiveness assessed as hospitalisation days/year
The hurdle model for effectiveness and cost was similar to the 
previous approach but the effectiveness was assessed as hospi-
talisation days/year. We also assumed a log-normal distribution 
for the effectiveness. In addition to the cost-effectiveness plane, 
we calculated the cost-effectiveness acceptability curve in which 
the probability of preference for one of the two treatments is 
displayed as a function of the willingness to pay for one point on 
the reduction in hospitalisation days/year.

Adherence subgroups
The same analysis with the two approaches of cost-effectiveness 
relationship was repeated according to adherence subgroups. 
Adherence to CPAP or NIV was categorised in two groups using 
the lowest tertile of mean daily use (≤4 hours per day) as low 
adherence versus the highest two tertiles (>4 hours per day) as 
high adherence.26 Data management and statistical analyses were 
performed using SPSS V.22.0, Stata software (Stata Statistical Soft-
ware: Release 13; College Station, TX: StataCorp LP) and Open-
BUGS software (OpenBUGS, V.3; Free Software Foundation).

Results
Study participants
Of the 363 patients who met inclusion criteria, 142 were excluded 
(91 had AHI <30). In the second phase, 100 patients were 
randomised to NIV and 115 to CPAP (figure 1), and 97 patients 
in the NIV arm and 107 in the CPAP arm were available for the 
cost-effectiveness analysis. Table 1 summarises baseline charac-
teristics of the two groups. There were no significant differences 
in baseline characteristics. The median (IQR) follow-up was 3.00 
(2.92–3.17) years for CPAP and 3.01 (2.91–3.14) years for NIV 
group. The median (IQR) treatment adherence for CPAP was 6.0 
(3.00–7.00) hours/day. The median (IQR) treatment adherence 
for NIV was 6.0 (1.29–7.24) hours/day (online supplementary 
figure S2).

Online supplementary figure S3 shows the histogram of hospi-
talisation days/year and its log transformation for the non-zero 
values. Online supplementary figure S4 shows hospitalisation 
costs. Online supplementary figure S5 shows these histograms 
but for other costs. The average stay of patients in the CPAP arm 
was slightly, although not significantly, higher in the CPAP group 
(in 35.5% who required hospital admission, the average stay 
was 5.2 days/year) than in NIV group (in 35.1% who required 
hospital admission, the average stay was 4.7 days/year) (table 2). 
The subsequent hospitalisation days cost/year was also higher in 

4 Masa JF, et al. Thorax 2020;0:1–9. doi:10.1136/thoraxjnl-2019-213622
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Table 1  Baseline characteristics*
CPAP
n=107
n (%) or mean (SD) or 
median (25; 75 IQR)

NIV
n=97
n (%) or mean (SD) or 
median (25; 75 IQR) P value†

Age, years 60 (49; 71) 65 (56.5; 71.5) 0.056

Sex, female 54 (50%) 61 (63%) 0.090

Smokers 33 (31%) 18 (19%) 0.052

 � Smoking, pack/year‡ 20 (10; 30) 20 (20; 22.5) 0.920

Drinkers§ 8 (7%) 13 (13%) 0.249

 � Alcohol, g‡ 37 (30.5; 77.5) 45 (35; 77) 0.645

BMI, kg/m2 42.7 (38.2; 48.8) 42.9 (38.1; 47.6) 0.604

Neck circumference, cm 45 (41; 48) 44 (42; 47) 0.578

ESS 10.6 (5.19) 11.4 (4.96) 0.348

FOSQ 73.3 (21.7) 74.8 (21.1) 0.607

SF36-Physical 34.7 (28.5; 44.8) 36.7 (27.7; 45.3) 0.786

SF36-Mental 45.8 (31.6; 50.1) 45 (32.7; 53.2) 0.933

VAWS 48 (30.8; 66.6) 50 (37.5; 58.3) 0.784

Dyspnoea MRC scale ≥2 54 (54%) 61 (63%) 0.209

Hypertension 71 (66%) 69 (71%) 0.546

 � Antihypertensive drugs‡ 2 (1; 2) 2 (1;2) 0.532

Systolic BP, mm Hg 138 (130; 145) 140 (130; 150) 0.765

Diastolic BP, mm Hg 80 (70; 90) 80 (70; 90) 0.336

Diabetes 36 (34%) 40 (41%) 0.311

Antidiabetic medications 34 (32%) 39 (40%) 0.243

Dyslipidaemia 43 (40%) 47 (48%) 0.260

Treatment of dyslipidaemia 37 (35%) 39 (40%) 0.469

Stroke 10 (9%) 6 (6%) 0.445

Ischaemic heart disease 10 (9%) 8 (8%) 0.999

Arrhythmia 6 (6%) 11 (11%) 0.204

Chronic heart failure 13 (12%) 17 (18%) 0.325

Leg arteriopathy 5 (5%) 5 (5%) 0.999

Pulmonary hypertension 9 (8%) 8 (8%) 0.999

At least one CVM 35 (33%) 33 (34%) 0.882

CVM 0 (0;1) 0 (0; 1) 0.575

pH 7.40 (7.38; 7.43) 7.40 (7.38; 7.42) 0.440

PaO2, mm Hg 60 (55; 67.1) 61 (56.7; 67) 0.787

PaCO2, mm Hg 49 (47; 52) 51 (48; 54) 0.300

Bicarbonate, mmol/L 29.5 (28; 32) 29.8 (27.8; 31.4) 0.693

FEV1 in % of predicted 77 (64; 90) 77 (67.3; 88.5) 0.728

FVC in % of predicted 82.4 (20.8) 77.1 (20.4) 0.069

6-MWD in metres 372.5 (283; 448.5) 378 (133.4; 450) 0.770

Polysomnographic 
parameters¶

 � TST, hours 5.35 (1.37) 5.2 (1.23) 0.519

 � Sleep efficiency 72.9 (59.7; 85.3) 72.2 (61; 84.9) 0.920

 � Non-REM 1 and 2, % 85 (74.6; 91.5) 85.4 (73; 92.2) 0.676

 � Non-REM 3, % 6 (6; 13.4) 3.8 (0; 16.2) 0.342

 � REM sleep, % 7 (3.3; 14) 9.18 (3.1; 14.3) 0.776

 � Arousal index 58.5 (31.7; 85) 56.5 (32; 75.5) 0.565

 � AHI 68.2 (41.6; 92.4) 68.7 (48.5; 97.1) 0.311

 � ODI 72.9 (39; 98.2) 68.8 (44; 94) 0.700

 � Mean SpO2 during sleep 86 (81; 90) 85 (82; 88) 0.284

 � TST with SpO2 <90%, % 75 (48.7; 94.2) 79 (51.8; 95.8) 0.611

Oxygen therapy** 29 (27%) 21 (22%) 0.417

Continued

CPAP
n=107
n (%) or mean (SD) or 
median (25; 75 IQR)

NIV
n=97
n (%) or mean (SD) or 
median (25; 75 IQR) P value†

 � Oxygen therapy flow, L/
min‡

1.5 (1.3; 2) 2 (1.1; 2) 0.519

*Data presented as %, median (25; 75 IQR) or mean (SD).
†Non-parametric Mann-Whitney U test for continuous variables and χ2 test for binary variables.
‡Includes only patients who reported to be active smokers or drinkers or patients with hypertension or 
with oxygen therapy.
§People who drink more than 30 g of alcohol/day in men and 20 g in women.
¶Polysomnography was performed in baseline conditions without CPAP/NIV or oxygen therapy in-
place.
**Oxygen therapy was prescribed during the baseline visit.
AHI, apnoea–hypopnoea index; BMI, body mass index; BP, blood pressure; CVM, sum of cardiovascular 
morbidities; EES, Epworth Sleepiness Scale;FOSQ, Functional Outcomes of Sleep Questionnaire; MRC, 
Medical Research Council; 6-MWD, 6 min walk distance; NIV, non-invasive ventilation; ODI, 3% oxygen 
desaturation index;SpO2, oxygen saturation by pulse oximetry; TST, total sleep time; VAWS, visual 
analogical well-being scale.

Table 1  Continued

the CPAP group (an average of €1867.5/year) than in NIV group 
(an average of €1694.8/year), although not significantly.

Effectiveness assessed in monetary term using Bayesian cost 
analysis
The NIV arm had lower mean hospitalisation days/year costs 
(€484.8 for NIV vs €604.3 for CPAP) (table  3). The lower 
proportion of patients admitted (35.4% for NIV vs 35.8% for 
CPAP) did not explain this lower cost but rather shorter stays of 
those hospitalised who were in the NIV arm. As it relates to the 
other costs, the average cost of patients treated with NIV was 
higher than CPAP, €2076.0 versus €1219.1, respectively. This 
higher cost was greater than the savings observed from hospital-
isation days. Therefore, CPAP is preferred to NIV (99.5% prob-
ability) given that treatment with CPAP led to sufficiently lower 
costs to overcome the cost of longer hospital stay (figure 2A).

Effectiveness assessed as hospitalisation days/year using 
Bayesian cost-effectiveness analysis
Patients in the NIV arm had lower average days of hospital 
stay (1.89 days/year) in comparison with CPAP (2.13 days/
year) (table 3). Taking into account this incremental effective-
ness, the probability that the number of hospital days with 
NIV is lower than that of CPAP is 62.2% (ie, 100%–37.8%). 
The average cost of patients treated with NIV (other cost 
groups without effectiveness cost) was much higher (€2076.0) 
than with CPAP (€1219.1) (table 3). NIV was, therefore, more 
effective, but more expensive (figure 2B). The preferred treat-
ment will depend on how much clinicians, patients and stake-
holders are willing to pay to reduce the hospital length of stay.

The cost-effectiveness acceptability curve (figure 2C) shows that 
treatment with NIV was not preferred for a willingness to pay per 
one hospital day less than €3433. The willingness to pay per one 
hospital day should include its cost and the cost derived from to 
prevent a hospitalisation day. Taking into account that the cost 
estimated for a hospitalisation day was between €340 and €516 
(depending on the hospital), we can conclude that the willingness 
to pay per one hospitalisation day does not reach the threshold, so 
we conclude that CPAP was the preferred treatment.

Sensitivity analysis for early abandons
Three scenarios were explored in regards to treatment abandons 
and the results were consistent in favour of CPAP treatment (see 
online supplement).
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Table 2  Raw data of effectiveness and costs*

CPAP
n=107
n (%) or mean (SD)

NIV
n=97
n (%) or mean (SD)

Total
n=204
n (%) or mean (SD) P value†

Effectiveness

 � Patients with admission 38 (35.5%) 34 (35.1%) 72 (35.3%) 0.945

 � Follow-up hospitalisation days‡ 16.0 (20.6) 14.0 (19.9) 15.0 (20.1) 0.415

 � Hospitalisation days/year‡ 5.2 (6.3) 4.7 (6.7) 5.0 (6.5) 0.332

Effectiveness cost

 � Follow-up hospitalisation days cost, €‡ 5723.9 (6925.3) 5042.1 (6713.3) 5401.9 (6786.6) 0.415

 � Hospitalisation days cost/year, €‡ 1867.5 (2120.6) 1694.8 (2276.7) 1786.0 (2181.8) 0.321

Other resources costs/year 0.578

 � ICU days and emergency department visits, € 202.5 (574.3) 151.6 (488.5) 178.3 (534.5) 0.329

 � Short/long clinic visits, € 65.2 (10.5) 69.1 (43.3) 67.0 (30.8) 0.000

 � NIV daytime adjustment and tests, € 451.8 (53.2) 670.3 (1420.7) 555.7 (983.9) 0.000

 � Medication, € 177.2 (218.9) 186.0 (207.1) 181.4 (212.9) 0.336

 � Home care for PAP therapy, € 338.3 (174.0) 1138.2 (823.3) 718.7 (704.7) 0.000

 � Total other resources, € 1235.0 (629.3) 2215.2 (2322.7) 1701.1 (1731.7) 0.000

*Data per patient, except the percentage of patients with admission that is related to all population.
†Non-parametric Mann-Whitney U test for continuous variables and χ2 test for binary variables.
‡Includes only patients who reported to be hospitalised at least once.
NIV, non-invasive ventilation.

Table 3  Bayesian cost-effectiveness estimation*

CPAP
n=107
Mean (SD)
(95% CI)

NIV
n=97
Mean (SD)
(95% CI)

NIV−CPAP
Mean (SD)
(95% CI) Prob (NIV−CPAP>0) (%)

Probability of hospitalisation 35.8% (4.6)
(27.1 to 44.9)

35.4% (4.8)
(26.3 to 45.0)

−0.4% (6.6)
(−13.3 to 12.6)

47.4

Effectiveness (hospitalisation days/year) 2.13 (0.73)
(1.17 to 3.91)

1.89 (0.78)
(0.95 to 3.82)

−0.24 (1.07)
(−2.30 to 1.94)

37.8

Effectiveness (hospitalisation days/year cost), € 604.3 (162.9)
(364.0 to 990.9)

484.8 (147.3)
(277.1 to 836.9)

−119.5 (219.6)
(−563.5 to 308.8)

26.9

Other costs/year, € 1219.1 (52.3)
(1125.0 to 1331.0)

2076.0 (91.6)
(1907.0 to 2073.0)

857.6 (105.5)
(654.9 to 1070.0)

100.0

Total costs/year, € 1823.0 (179.4)
(1540.0 to 2237.0)

2561.0 (181.7)
(2266.0 to 2969.0)

738.1 (255.2)
(231.9 to 1238.0)

99.5

*Data per patient, except ‘probability of hospitalisation’ that is the Bayesian estimation of the individual probability of being hospitalised.
NIV, non-invasive ventilation; Prob, probability.

High and low adherence subgroups: NIV versus CPAP
High and low adherence subgroups had cost-effectiveness results 
similar to the entire cohort (see online supplement). The high 
adherence subgroup had a better cost-effectiveness relationship 
than low adherence subgroup, regardless of whether the patient 
was being treated with NIV or CPAP.

Cost-effectiveness analysis with FOSQ
CPAP was the preferred treatment similar to that was observed 
in the main cost-effectiveness analysis (see online supplement).

Discussion
This study is the only reported analysis to date showing the 
comparative long-term cost-effectiveness between NIV and 
CPAP in ambulatory patients with stable OHS with severe OSA. 
The main results can be summarised as follows: (1) the effec-
tiveness (hospitalisation days) was slightly better with NIV but 

without reaching a statistically significant difference; (2) the 
costs (without hospitalisation days costs) was much higher with 
NIV; (3) the cost-effectiveness relationship was favourable to 
CPAP because the lower cost of CPAP sufficiently compensated 
its higher cost of hospitalisation days, even for willingness to pay 
for a day of hospitalisation greater than the mean cost of this 
service in the centres analysed; (4) similar results were found in 
the high and low NIV and CPAP adherence subgroups.

There is limited information on the cost of OHS and there are no 
cost-effectiveness studies. A retrospective Danish study assessed the 
direct and indirect costs of OHS using a top-to-bottom method-
ology.8 The direct cost was close to four times higher than control 
subjects (citizens without a diagnosis of OHS paired by age, sex 
and socioeconomic status) and the sum of direct and indirect costs 
were more than seven times of that in controls. The influence of 
CPAP or NIV on the total cost was not evaluated. The direct cost 
of OHS was €6843 year-patient.8 However, in our study, the mean 
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Figure 2  (A) Cost-effectiveness plane converting effectiveness to 
monetary term. The probabilistic Bayesian analysis indicated that 
CPAP was preferable. Although non-invasive ventilation (NIV) saved 
hospital cost, NIV was much more expensive in terms of the remaining 
services. (B) Cost-effectiveness plane assessing the effectiveness as 
hospitalisation days/year. The probabilistic Bayesian analysis indicated 
that CPAP was preferable. Although NIV reduced hospitalisation days, 
NIV was much more expensive. (C) Cost-effectiveness acceptability 
curve assessing the effectiveness as hospitalisation days/year. The 
probabilities of preference for NIV by different levels of willingness to 
pay for one extra day of hospitalisation. The advisable willingness to pay 
limit corresponds to the 50% cost-effectiveness probability indicating 
that in some situations, NIV is preferred.

direct costs year-patient using the Bayesian approach was €1823.0 
for CPAP and €2561.0 for NIV (table 3), observing a ratio of 1:1.4 
which increases to a ratio 1:1.7 if hospital costs are not included. 
In contrast to the Danish study,8 the methodology of the present 

trial included real cost from a population of patients with OHS 
during 3 years with minimal imputation and without disaggregated 
costs typical of a top-to-bottom approach. Moreover, Denmark 
has close to two times higher international gross domestic product 
than Spain, and therefore, much higher cost may be expected in 
such countries.39

A few observational and registry studies have shown increased 
healthcare resource utilisation in patients with untreated OHS 
compared with controls,4 8 11 and reduction in healthcare 
resource utilisation after initiating nocturnal PAP therapy.4 In the 
present analysis, the overall duration and frequency of hospital-
isation was lower than a prior retrospective study published in 
20014 (2.5 days/year after 2 years of follow-up vs 2.13 days/year 
in our CPAP group and 1.89 days/year in our NIV group after 
a mean of 3 years of follow-up) (table  3). The reason for this 
discrepancy may be due to different follow-up periods, time of 
study performance with different ventilators, mode of ventila-
tion and protocols, among others.

Patients treated with CPAP had slightly higher hospitalisa-
tion days but similar number of hospital admissions than those 
treated with NIV. There was significant variability in the duration 
of hospital days and a few patients treated with CPAP had long 
admissions. Despite this unfavourable result for CPAP, the advan-
tage in cost (excluding hospitalisation days/year cost) was €857.6 
per year-patient (table 3). The cost-effectiveness relationship was 
favourable for CPAP. Even when we assessed the effectiveness 
(hospitalisation days) as a monetary burden, the final saving from 
CPAP was €738.1 per year-patient, reinforcing the favourable 
cost-effectiveness relationship. The cost-effectiveness advantage of 
CPAP was mainly driven by its lower home care cost.

The subgroup with higher adherence had lower hospital 
resource utilisation and mortality than the subgroup with lower 
adherence.26 Consequently, the cost of PAP (both CPAP and 
NIV) was lower in the high adherence subgroup (online supple-
mentary tables S5 and S6). However, the cost-effectiveness rela-
tionship (considering the effectiveness in hospitalisation days or 
in monetary term) was also favourable for CPAP in both high 
and low adherence subgroups, indicating that the observed cost-
effectiveness results are consistent.

Limitations
Hospitalisation days for any cause was selected as the primary 
outcome, as an indicator of healthcare resource utilisation, 
because when the trial was designed in 2007, the only long-
term outcome existing in the literature was hospitalisation 
days/year. Patients with OHS have many comorbidities and 
PAP therapy could possibly improve some of these comor-
bidities leading to reduced hospitalisation. HRQL variables 
(FOSQ, SF36 and VAWS) were also collected but they had a 
high proportion of missing data (above 25%), so they were 
discarded as primary outcome for the main cost-effectiveness 
analysis. A secondary analysis using FOSQ showed similar 
conclusions to that obtained by the main analysis (see online 
supplement).

The study was designed to show inequality between inter-
ventions under the assumption of a change in the mean 
differences for the primary outcome −0.5 days/year. The 
mean difference for hospitalisation days was −0.24 days/year. 
However, −0.5 days/year is included in the CI of hospitalisa-
tion days (−2.30 to 1.94). This inaccuracy leads to a certain 
degree of uncertainty in the inequality affirmation. Neverthe-
less, considering all of the outcomes,26 our interpretation of 
the data was that both treatment groups seem to have similar 
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long-term effectiveness. Besides, the favourable cost analysis of 
CPAP means that although NIV may have a similar or slightly 
higher effectiveness, CPAP is preferable given its lower cost.

Our cost estimate could be biased because of the post hoc 
nature of the analysis. Since the intervention groups are 
well balanced and we have most of the outcomes assessed in 
cost units, these biases should affect both arms similarly. We 
believe that the differential costs (and its longitudinal changes) 
between CPAP and NIV are accurately included in the anal-
ysis. Another limitation is that our study calculated the within-
trial costs which may vary in real-life clinical practice. Our 
study was performed exclusively in Spain and cost burdens 
are logically different in other countries/communities. Since 
the cost-effectiveness results were quite robust, we do not 
expect a change in the result in other countries, although the 
difference in cost between CPAP and NIV may vary according 
to the international gross domestic product of each nation. 
Our cohort was limited to patients with OHS who also had 
concomitant severe OSA. However, the great majority of 
patients with OHS have severe OSA,3 therefore increasing the 
generalisability of our findings.

In summary, the present cost-effectiveness analysis rein-
forces the conclusion that CPAP should be considered the first 
line of treatment in ambulatory patients with severe OSA, 
but a case-by-case assessment is also recommended because 
the cost-effectiveness advantage may be counterbalanced if 
patients treated with CPAP have high rates of hospitalisation 
or hospital resource utilisation.
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