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Abstract 
Background T he obstructive sleep apnoea syndrome 
(OSAS) is conventionally treated by continuous positive 
airway pressure set at a fixed level (fCPAP). Automatic 
mask pressure adjustment (autoCPAP) is increasingly 
used during home therapy. We investigated whether 
autoCPAP is equivalent to fCPAP in improving sleepiness 
in patients with OSAS in the long-term.
Methods I n this multicentre equivalence trial, 208 
patients with OSAS, with median Epworth sleepiness 
score (ESS) 13, apnoea/hypopnoea index 48.4/hour, were 
randomised to treatment with autoCPAP (5–15 mbar) 
or fCPAP (pressure set at the 90th percentile applied 
by autoCPAP during 2–4 weeks adaptation). Coprimary 
outcomes were changes in subjective and objective 
sleepiness from baseline to 2 years after treatment. 
Equivalence ranges were ±2 points in ESS and ±3 min 
sleep resistance time evaluated by recording responses 
to light signals.
Results A t 2 years, in the intention to treat analysis, 
the reduction in sleepiness versus pretreatment baseline 
was similar in patients using autoCPAP (n=113, mean 
ESS-change −6.3, 95% CI −7.1 to −5.5; sleep resistance 
time +8.3 min, +6.9 to +9.7) and fCPAP (n=95, mean 
ESS-change −6.2, 95% CI −7.0 to −5.3; sleep resistance 
time +6.3 min, +4.7 to +7.8). The 95% CI of difference in 
ESS-reduction between autoCPAP and fCPAP was −0.9 
to +1.4 and the 95% CI of difference in increase in sleep 
resistance time was −2.6 to +1.0 min. Blood pressure 
reduction and OSAS-related costs were similar between 
groups.
Conclusions A utoCPAP and fCPAP are equivalent 
within prespecified ranges in improving subjective and 
objective sleepiness in patients with OSAS over the 
course of 2 years. Costs of these treatments are similar.
Trial registration number ​C linicalTrials.​gov 
NCT00280800.

Introduction
The obstructive sleep apnoea syndrome (OSAS) 
is caused by intermittent upper airway collapse 
during sleep leading to apnoeas and hypopnoeas 
with hypoxemia and sleep disruption.1 Patients 
suffer from excessive sleepiness, impaired cogni-
tive performance and reduced quality of life. OSAS 
is associated with an increased risk of traffic acci-
dents and cardiovascular diseases.2 Epidemiological 
studies indicate an OSAS prevalence of 5%–15% 
in adults.3 The standard treatment is nocturnal 

application of CPAP via a mask. Traditionally, the 
fixed level of CPAP (fCPAP) set in the device for 
long-term therapy is determined by manual titration 
in the sleep laboratory so that all apnoeas and hypo-
pnoeas during the different sleep stages and body 
positions are eliminated.4 More recently, comput-
er-controlled CPAP devices adjusting mask pressure 
continuously by feed-back control (autoCPAP) are 
increasingly used to determine the effective CPAP.5 
In this approach, the therapeutic fCPAP level for 
home therapy is set at the 90th or 95th pressure 
percentile applied by an autoCPAP device during 
home titration over a few nights.6 The therapeutic 
fCPAP determined in this way agrees well with 
values obtained by labour-intensive manual titra-
tion.6 Some clinicians prescribe autoCPAP instead 
of fCPAP for long-term OSAS treatment, reasoning 
that the pressure required to splint the airway varies 
with changes in sleep stages and body position and 
over several nights with changes in body weight and 
other factors.7–9 AutoCPAP may therefore have the 
potential to be more effective and convenient than 
fCPAP by better matching the varying needs of the 
patient and by improving comfort through applying 
only the minimally required pressure. However, 
there is no robust evidence from randomised, 

Key messages

What is the key question?
►► Is CPAP therapy with continuous automatic 
mask pressure adjustment (autoCPAP) 
equivalent to conventional CPAP therapy with 
fixed mask pressure (fCPAP) in improving 
sleepiness in patients with obstructive sleep 
apnoea syndrome (OSAS) in the long term?

What is the bottom line?
►► This randomised trial shows that autoCPAP and 
fCPAP are equivalent within prespecified ranges 
in improving subjective and objective sleepiness 
and several other outcomes in patients with 
OSAS over the course of 2 years while costs of 
these treatments are similar.

Why read on?
►► The results of this study suggest that both 
autoCPAP and fCPAP may serve as a first-line 
treatment of patients with OSAS.
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comprehensive, long-term trials to support this assumption. The 
current trial evaluates the hypothesis that autoCPAP is equiva-
lent to fCPAP in improving major manifestations of OSAS, in 
particular subjective and objective sleepiness and several other 
outcomes over a duration of 2 years. Since the selection of treat-
ment modality may have economic consequences, healthcare 
costs were also assessed.

Methods
Study design and objectives
This multicentre, randomised, parallel-group trial evaluated 
equivalence of autoCPAP versus fCPAP in improving subjec-
tive and objective sleepiness and other outcomes in the home 
therapy of patients with OSAS over a 2-year period. The trial 
was conducted from 1 January 2006 to 31 March 2014, at the 
University and Triemli Hospitals Zurich, the Cantonal Hospi-
tals Munsterlingen and St. Gallen and the Clinic Wald, Switzer-
land. The protocol was approved by local ethics committees and 
registered at ​ClinicalTrials.​gov (NCT00280800). Participants 
provided informed written consent.

Additional details on methods are provided in an online supple-
mentary file 1.

Participants
Patients with OSAS, aged 18–75 years, both sexes, diagnosed 
by a compatible history with complaints of excessive sleepiness 
(Epworth sleepiness score (ESS) ≥8)10 and apnoea/hypopnoea 
index (AHI) ≥10/hour in a sleep study (see online supplemen-
tary appendix)11 were invited to participate if they had success-
fully completed a 2–4 week CPAP adaptation period (see below).

Interventions
Participants were instructed in the use of CPAP and a mask was 
fitted. Patients then used autoCPAP (pressure 5–15 mbar) at 
home during a 2–4-week adaptation period. Participants using 
autoCPAP during adaptation for ≥2 hours/night and wishing to 
continue CPAP therapy were randomised to subsequent treat-
ment with either autoCPAP (pressure 5–15 mbar) or fCPAP 
with pressure set at the 90th percentile applied by the autoCPAP 
device during adaptation.5 Either a Philips Respironics RemStar 
or a ResMed AutoSet device were provided according to rando-
misation. Follow-up visits were scheduled at 1, 3, 12 and 24 
months. Patients were encouraged to contact study personnel if 
they had problems at any time during the study.

Assessments
A history and clinical examination were obtained. Subjective 
sleepiness was evaluated by the Epworth sleepiness scale, an 
8-item questionnaire with scores ranging from 0 to 24 with 
increasing sleepiness.10 Quality of life was evaluated by the short 
form medical outcome questionnaire (SF-36)12 and the func-
tional outcome of sleep questionnaire (FOSQ) including five 
items reflecting aspects of sleep-related quality of life (scale 0 to 
20 with increasing quality).13 The patient’s health status prefer-
ence was assessed by the short form six dimensions instrument 
(SF-6D) that provides an indirect utility index anchored at 1, 
perfect health and 0, death, based on responses to nine questions 
comprised in the SF-36.14

Sleepiness was assessed objectively by measuring the ability to 
resist sleep in a non-stimulatory environment using the Oxford 
sleep resistance test (OSLER).15 Patients underwent four 40-min 
test sessions over the course of 1 day sitting in a quiet room. They 
had to respond to light signals appearing every 3 s by touching a 

button. Sleep resistance time was recorded as the time to seven 
successive missed responses (or 40 min if this end-of-test crite-
rion was not met). The total number of missed stimuli was also 
recorded. Mean results for the four trials of 1 day are reported.

Sleep studies performed at 3, 12 and 24 months in patients 
using CPAP included pulse oximetry, mask pressure, chest wall 
excursions, ECG and body position.

Ambulatory 24 hours blood pressure recordings were obtained 
at 30-min intervals by an automatic device with an upper arm 
cuff (TM2430, A&D, Tokyo, Japan).16 High sensitivity C reac-
tive protein and total cholesterol/high-density-lipoprotein-cho-
lesterol ratio were determined in venous blood.17 18

Treatment adherence and the AHI during home therapy were 
derived from the CPAP device memory. The patient’s subjec-
tive assessment of treatment effectiveness and of side effects 
were evaluated by questionnaires (see online supplementary 
appendix).

Healthcare costs were obtained from a third party perspective 
by collecting health insurance, physician’s office and hospital 
bills. In addition, patients recorded expenses and hours of 
absence from work for health reasons.

Primary outcomes and sample size
Coprimary outcomes were the change in ESS and the change 
in mean sleep resistance time (OSLER) at 24 months compared 
with pretreatment baseline. Equivalence ranges were assumed 
as ±2 points for the Epworth score (ie, a difference of ±2 in 
the change in score by fCPAP minus change by autoCPAP) and 
at ±3 min for sleep resistance time (ie, a difference of ±3 in 
change by fCPAP minus change by autoCPAP) according to 
previous studies.19 20 Sample size calculations performed with 
estimated SD of between group difference in Epworth score 
of 4 and in sleep resistance time of 7 min based on previous 
trials19 20 indicated that 188 participants were required, in an 
equivalence design using two one-sided tests, to achieve 80% 
power at a 5.0% significance level with equivalence limits of 
sleep resistance time of ±3 min.21 Accounting for dropouts, we 
aimed for a minimal number of 205 participants.

Randomisation and masking
Randomisation of participants was performed according to a 
1:1 balanced block design by the study centre (Zurich University 
Hospital). To this end, envelopes containing codes for the treat-
ment mode and the CPAP brand for 12–24 participants were 
sent to participating centres as needed. The local coordinator 
drew a paper with the codes for each participant. Minimisation 
was intended in regard to the treatment mode (autoCPAP and 
fCPAP) and CPAP device brand (ResMed and Philips Respi-
ronics). Participants were informed that the study purpose was 
to investigate effectiveness of different CPAP operating modes 
without giving further details. True blinding of participants and 
clinical caregivers was not feasible since all participants had an 
initial phase of autoCPAP therapy. However, data were analysed 
blinded to the treatment mode.

Statistics
Analyses were performed both according to the intention-to-
treat principle including the full analysis set and per protocol 
including only data from participants adhering to the protocol 
and using CPAP for a mean of ≥2 hours/night.22 For the inten-
tion-to-treat analyses, missing data were replaced by multiple 
(20) imputations using regression models with chained equa-
tions.23 To this end, anthropometrics, variables from sleep 
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studies, vigilance tests, blood pressure, laboratory parameters 
and CPAP mask pressure were entered into the models. Mean 
values (with SE) of outcomes at successive follow-up times and 
changes versus baseline (with 95% CIs) were computed for 
patients treated with fCPAP and autoCPAP using multilevel 
mixed-effects linear regression models with time and treat-
ment mode as predictors in unadjusted analyses. To control for 
potential confounders adjusted analyses were also performed 
with baseline values of the dependent variable, age, sex, the 
baseline oxygen desaturation index (as a measure of sleep 
apnoea severity) and the CPAP device brand as predictors. 
Effect sizes were computed as the mean change in any variable 
divided by the SD at baseline with effect sizes>0.8 considered 
as large.24 Multilevel mixed effects regression models were 
also employed to evaluate effects of OSAS severity and of 
time effects over the course of the study (2006–2014). Equiv-
alence of autoCPAP versus fCPAP was evaluated by computing 
means and two-sided 95% CIs of unadjusted and of adjusted 

differences in treatment effects in the two groups.22 25 A prob-
ability of p<0.05 was assumed as statistically significant.

Results
Figure 1 shows the patient flow. Of 952 patients assessed for eligi-
bility, 208 underwent randomisation, 172 patients completed 
the study, 92 randomised to autoCPAP, 80 randomised to fCPAP 
(p=0.596, χ² test for proportions); the proportion of patients 
who discontinued participation because of a lack of subjective 
benefit was similar in the two treatment arms (p=0.319, χ² test 
for proportions). Participant characteristics are listed in table 1.

Tables 2 and 3 summarise the results of assessments at base-
line and at 24 months along with the changes in outcomes for 
patients treated with autoCPAP and fCPAP. The unadjusted and 
the adjusted mean between group differences in changes with 
95% CIs for the intention-to-treat (table 2) and the per-protocol 
analyses (table 3) are also presented. Details of the regression 

Figure 1  Patient flow. autoCPAP, CPAP with autoadjusted mask pressure; OSAS, obstructive sleep apnoea syndrome. 
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analyses are shown in online supplementary tables 1 and 2. 
Figure 2 and online supplementary figure 1 illustrate the equiva-
lence analyses for the main outcomes.

According to the intention-to-treat analysis, patients in the 
autoCPAP and fCPAP group experienced significant improve-
ments in sleepiness as reflected in reductions in the ESS to the 
normal range, that is, an unadjusted mean reduction of 6.3 with 
autoCPAP (effect size −1.4, 95% CI −1.2 to −1.6) and 6.2 
points with fCPAP (effect size −1.5, 95% CI −1.3 to −1.7) at 
24 months. The mean sleep resistance time increased to 39.2 min 
in the 24 months follow-up evaluations corresponding to a 
mean unadjusted increase of 8.3 min (autoCPAP, effect size 1.1, 
95% CI 0.9 to 1.3) and 6.3 min (fCPAP, effect size 0.8, 95% CI 
0.6 to 1.0). Generic and sleep-related quality of life were both 
improved and patients preferred their health state during CPAP 
therapy compared with pretreatment baseline as indicated by 
the higher SF-6D utility index (tables 2 and 3). Sleep studies at 
24 months revealed a normalisation of the AHI and the oxygen 
desaturation index in both groups (tables 2 and 3). Improvement 
in sleep apnoea was associated with a reduction in the 24 hours 
systolic, diastolic and mean blood pressure by 3–4 mm Hg in the 
intention to treat analysis and by 4–6 mm Hg in the per protocol 
analysis. A separate analysis of diurnal and nocturnal blood pres-
sure revealed reductions by 3–5 mm Hg (intention to treat) and 
by 5–9 mm Hg (per protocol), similarly in the autoCPAP and 
fCPAP group (see online supplementary tables 3 and 4). There 
were no significant changes in high sensitivity C reactive protein 
and in total cholesterol/high-density-lipoprotein-cholesterol 
ratio in both groups (tables 2 and 3). The mean mask pressure 
applied by autoCPAP was significantly lower by approximately 
2 mbar than the pressure with fCPAP. The mean CPAP use was 
similarly high in both groups (>5 hour/night at all follow-up 
times).

Equivalence of autoCPAP versus fCPAP was assessed by mean 
differences and two-sided 95% CI of changes in outcomes at 24 
months (fCPAP-autoCPAP, tables 2 and 3, figure 2 and see online 
supplementary figure 1). In the intention-to-treat analysis, the 
95% CI of unadjusted differences in treatment effects (intention-
to-treat analysis) extended from −0.9 to +1.4 points for the 
Epworth score and from −2.6 to +1.0 min for the sleep resis-
tance time, were well within the equivalence ranges (figure 2). 
The 95% CI of differences in treatment effects are also shown 
for quality of life, AHI, nocturnal oxygen saturation and blood 
pressure (figure 2). As the CI were overlapping zero, no superi-
ority or inferiority of any of the treatment modes was suggested. 
The unadjusted mean differences in outcomes between treatment 
modes with the 95% CIs in the per protocol analysis corrobo-
rated the corresponding results of the intention-to treat-analysis. 
Moreover, the adjusted intention-to-treat and per-protocol anal-
yses provided similar results as the corresponding unadjusted 
analyses with slightly reduced equivalence ranges (tables 2 and 
3, figure 2 and see online supplementary figure 1).

The patients perceived the treatment subjectively as very effec-
tive (see online supplementary table 5). Minor side effects such 
as mask leaks, dryness of the mouth or nasal obstruction were 
common and occurred with similar frequency with both treat-
ment modes (see online supplementary table 5).

Regression analyses did not indicate any effect of OSAS 
severity quantified by the baseline oxygen desaturation index on 
the relative effectiveness of autoCPAP versus fCPAP in improving 
sleepiness in terms of the Epworth score and the sleep resistance 
time (see online supplementary tables 6 and 7) and there was no 
effect of the elapsed time during the study period 2006–2014 
on the relative effectiveness of treatment modes on the Epworth 
score and sleep resistance time (see online supplementary tables 
8 and 9).

Table 1  Baseline characteristics of the study participants

Characteristic All (n=208) fCPAP (n=95) autoCPAP (n=113)

Age (years) 55.5 (47.0 to 62.0) 56.0 (47.0 to 61.0) 55.0 (47.0 to 62.0)

Male sex—no. (%) 180 (87%) 83 (87%) 97 (86%)

Body mass index (kg/m2) 32.7 (29.3 to 36.9) 32.8 (29.4 to 36.9) 32.5 (29.1 to 36.8)

AHI (events/hour) 48.4 (31.4 to 69.0) 52.2 (32.1 to 71.0) 43.0 (30.0 to 65.9)

ODI>3% (events/hour) 42.3 (29.9 to 61.0) 44.0 (30.0 to 65.7) 40.1 (29.4 to 57.0)

Patients—no. (%) with ODI>3%

≤15 (events/hour) 16 (8%) 4 (4%) 12 (11%)

>15–30 (events/hour) 41 (20%) 21 (22%) 20 (18%)

>30–50 (events/hour) 73 (35%) 30 (32%) 43 (38%)

>50 (events/hour) 78 (38%) 40 (42%) 38 (34%)

Nocturnal mean SpO2 (%) 93 (90 to 94) 93 (90 to 94) 92 (91 to 94)

Score on Epworth Sleepiness Scale 13 (11 to 16) 13 (11 to 16) 13 (11 to 16)

24 hours mean blood pressure (mm Hg) 95 (90 to 100) 94 (89 to 100) 95 (91 to 101)

Medication use—no. (%)

 � Statin 24 (12%) 12 (13%) 12 (11%)

 � Antihypertensive medication 148 (71%) 62 (65%) 86 (76%)

 � Antidiabetic medication 10 (5%) 6 (6%) 4 (4%)

 � Platelet aggregation inhibitor 26 (13%) 12 (13%) 14 (12%)

 � Antidepressant 14 (7%) 8 (8%) 6 (5%)

Values are medians (quartiles).
AHI, apnoea/hypopnoea index; fCPAP and autoCPAP, CPAP with fixed and autoadjusted mask pressure; ODI, oxygen desaturation index; SpO2, oxygen saturation by pulse 
oximetry. 
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The effect of CPAP therapy was most pronounced within the 
first 3 months but slight further changes were observed over 
the course of the subsequent study period up to 24 months 
(figure 3 and online supplementary table 10). Over the course 
of the 2-year study period, the cumulative OSAS-related and 

total healthcare costs and the hours of health-related absence 
from work were similar in patients treated with autoCPAP and 
fCPAP (table 4).

Costs for unscheduled consultations were also similar in both 
groups. The main costs (90% autoCPAP group, 93% fCPAP 

Figure 2  Equivalence plots for the intention-to-treat analysis. The squares and horizontal lines represent the mean difference in changes of 
outcomes at 24 months versus pretreatment baseline (fCPAP minus autoCPAP) and the corresponding 95% CIs for the unadjusted (filled symbols) and 
adjusted analysis (open symbols). As a favourable effect for certain outcomes is a decrease and for others it is an increase, the direction of the x-axes 
scale has been arranged so that differences in favour of autoCPAP are displayed to the right of the 0 difference. LEB and UEB for the Epworth score 
and the sleep resistance time, respectively, are shown as vertical dashed lines. fCPAP and autoCPAP, CPAP with fixed and autoadjusted mask pressure; 
FOSQ, functional outcome of sleep questionnaire; LEB, the lower boundary of the prespecified equivalence ranges; OSLER, Oxford sleep resistance 
test; SF-36, short form of the medical outcome questionnaire; SpO2, oxygen saturation by pulse oximetry; UEB, the upper boundary of the prespecified 
equivalence ranges. 
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Figure 3  Changes in main outcomes over the course of the 2-year study period. The mean±SE of outcomes at pretreatment baseline and after 
3, 12 and 24 months of treatment are shown for the intention-to-treat analysis of data from patients using autoCPAP (n=113, closed circles) and 
fCPAP (n=95, open circles). Major changes occurred in the first 3 months but regression analysis of data from 3 to 24 months revealed additional 
minor changes in some variables (see also online supplementary table 10). * and # indicate significant (p<0.05) changes from BL to 3 months in the 
fCPAP and autoCPAP group; ** and ## indicate significant changes from 3 to 24 months in the fCPAP and autoCPAP group. BL, baseline; fCPAP and 
autoCPAP, CPAP with fixed and autoadjusted mask pressure; FOSQ, functional outcome of sleep questionnaire; OSLER, Oxford sleep resistance test; 
SF-36, short form of the medical outcome questionnaire; SpO2, oxygen saturation by pulse oximetry. 
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group) and most of the health-related absence from work (78% 
autoCPAP group, 86% fCPAP group) were observed in the first 
year of treatment.

Discussion
The current randomised, multicentre trial in patients with OSAS 
shows that treatment with autoCPAP is equivalent to treatment 
with fCPAP in improving subjective and objective sleepiness 
over a 2-year period. The 95% CI of differences in treatment 
effects by autoCPAP and fCPAP were well within the predefined 
equivalence boundaries of ±2 points in the Epworth score and 
±3 min in sleep resistance time (figure 2 and see online supple-
mentary figure 1). Moreover, autoCPAP and fCPAP provided 
similar improvements in quality of life, sleep-related breathing 
disturbances, blood pressure and several other health-related 
outcomes within narrow confidence limits. Cumulative health-
care costs over the course of the first 2 years of autoCPAP and 
fCPAP treatment were similar. These results support the use of 
autoCPAP as a convenient alternative to fCPAP in the long-term 
treatment of OSAS.

The strengths of the current study are its long observation 
period of 2 years, the design as a equivalence trial including an 
appropriately large sample size and assessing a comprehensive set 
of health outcomes as well as costs. The effects of autoCPAP on the 
ESS (effect size −1.4) and on the sleep resistance time (effect size 
1.1) were large. The changes in these primary outcomes (tables 2 
and 3) were at least as great or exceeded those achieved previously 
with fCPAP in patients with severe OSAS.26 27 Regression analysis 
did not suggest any difference in effectiveness of autoCPAP and 
fCPAP in symptomatic patients with different OSAS severity in 
terms of improving sleepiness (see online supplementary tables 6 
and 7). Effectiveness of the two brands of autoCPAP devices in 
improving various outcomes was similar (see online supplemen-
tary tables 1 and 2). We observed a high adherence of >5 hours/
night to both treatment modes (table 2). Limiting the analysis to 

patients using CPAP for a mean of ≥2 hours/night (per-protocol 
analysis, table 3) did not change the conclusions from the trial.

A Cochrane meta-analysis including data from 609 patients 
with OSAS revealed similar effects of autoCPAP and fCPAP 
on subjective sleepiness assessed by the Epworth score.7 With 
few exceptions,19 20 the analysed trials were not designed to 
evaluate equivalence or non-inferiority of autoCPAP. In a 
more recent meta-analysis of different trials performed in 616 
patients, autoCPAP was associated with a slightly greater reduc-
tion in the Epworth score than fCPAP (mean difference −0.48, 
95% CI −0.81 to −0.15).8 This result was mainly influenced 
by one cross-over study in 181 patients.28 The current parallel 
trial in 208 participants extends previous data by the consid-
erably longer observation period of 24 months, by demon-
strating equivalence of autoCPAP versus fCPAP in improving the 
Epworth score within 95% CIs of −0.9 to 1.4 points (figure 2 
and online supplementary figure 1) and by comparing costs of 
the two treatments.

In four previous shorter-term studies (1–6 months obser-
vations), improvement in objective sleepiness assessed by the 
OSLER did not significantly differ between patients treated with 
autoCPAP and fCPAP.19 20 28 29 The current study suggests equiv-
alence of autoCPAP versus fCPAP at 24 months within the range 
of ±3 min (95% CI of difference in treatment effects −2.6 to 
1.0 min, figure 2).

Trials comparing quality of life in patients with OSAS treated 
with autoCPAP versus fCPAP were heterogeneous preventing a 
pooled analysis. In eight trials, there was no statistically signifi-
cant difference in the measure of quality of life, one cross-over 
trial found a slightly better quality of life in certain domains 
with autoCPAP than fCPAP.8 In the current study, autoCPAP and 
fCPAP provided similar improvements in quality of life (tables 2 
and 3, figure 2 and online supplementary figure 1).

AutoCPAP and fCPAP were equally effective in improving 
sleep-related breathing disturbances within narrow limits 

Table 4  Cumulative direct and indirect healthcare costs

Direct cumulative costs from a third party payer perspective (thousand Swiss francs)

All costs OSAS-related costs

Follow-up autoCPAP fCPAP autoCPAP fCPAP

 � 3 months 4.13 (3.02 to 8.90) 4.75 (2.81 to 9.84) 2.52 (1.85 to 2.95) 2.21 (1.79 to 2.98)

 � 12 months 10.20 (6.79 to 18.45) 10.66 (6.35 to 20.82) 4.51 (3.73 to 5.15) 4.23 (3.71 to 4.97)

 � 24 months 11.38 (7.95 to 21.19) 11.44 (7.39 to 21.18) 5.25 (4.58 to 6.11) 5.07 (4.53 to 5.74)

 � Unscheduled consultations* 0.00 (0.00 to 0.48) 0.18 (0.00 to 0.43) NA NA

Health-related absence from work (hours)

All OSAS-related

Follow-up autoCPAP working fCPAP working autoCPAP fCPAP

 � 3 months 23 (19 to 48) 34 (19 to 60) 17 (15 to 18) 16 (14 to 19)

 � 12 months 53 (38 to 95) 60 (37 to 115) 28 (25 to 31) 27 (25 to 30)

 � 24 months 68 (49 to 105) 70 (48 to 142) 37 (35 to 40) 38 (35 to 42)

 � Unscheduled consultations* 0 (0 to 2) 1 (0 to 2) NA NA

Cumulative costs were computed from the end of the CPAP adaptation period to the corresponding follow-up time. Costs for initial diagnosis are not included. Values are 
medians (quartiles) of individually recorded costs in thousand Swiss francs in 102 patients using autoCPAP and in 88 patients using fCPAP. Absence from work hours were 
computed for patients receiving salaries for work (n=70 patients using autoCPAP, n=67 using fCPAP).
*Unscheduled consultations (n=89 in the autoCPAP group and n=104 in fCPAP group) refers to telephone contacts or clinic visits related to OSAS or CPAP-related problems. 
These costs are included in the cumulative costs.
fCPAP and autoCPAP, CPAP with fixed and autoadjusted mask pressure; OSAS, obstructive sleep apnoea syndrome; p, NS, all comparisons between autoCPAP and fCPAP at 
corresponding follow-up times. 

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2016-209699 on 5 O

ctober 2017. D
ow

nloaded from
 

https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
https://dx.doi.org/10.1136/thoraxjnl-2016-209699
http://thorax.bmj.com/


183Bloch KE, et al. Thorax 2018;73:174–184. doi:10.1136/thoraxjnl-2016-209699

Sleep

(95% CI of differences in changes of AHI −4.4 to 3.7 events/
hour and in nocturnal oxygen saturation −0.6% to 1.1%).

Changes in blood pressure induced by autoCPAP and fCPAP 
in patients with OSAS have not been extensively studied.28 29 
In one trial,30 161 patients using fCPAP for 4 months had no 
greater reduction in office systolic blood pressure, the primary 
outcome, than 161 patients using autoCPAP, although a slightly 
greater reduction (by 1.4 mm Hg) in the 24 hours diastolic blood 
pressure by fCPAP was reported. The trial was not designed to 
evaluate non-inferiority or equivalence. In the current study, 
reductions in 24 hours systolic, diastolic and mean blood pres-
sure at 24 months were considerable with both CPAP modes 
(3–4 mm Hg in the intention-to-treat analysis and 4–6 mm Hg 
in the per-protocol analysis, tables  2 and 3). AutoCPAP was 
equivalent to fCPAP in reducing 24 hours systolic, diastolic 
and mean blood pressure within a 95% CIs of −2 to 3 mm Hg 
(figure  2 and see online supplementary figure 1); a separate 
analysis of diurnal and nocturnal blood pressure confirmed 
equivalence of autoCPAP and fCPAP in reducing blood pres-
sure (see online supplementary tables 3 and 4). The differ-
ence in cardiovascular risk associated with such a minor blood 
pressure difference seems small31 but regular blood pressure 
measurements are advisable in patients with OSAS independent 
of treatment.

A direct comparison of the individual subjective preference 
of the treatment mode as performed in some previous cross-
over trials was not feasible in participants of the current paral-
lel-design trial. However, the subjectively perceived efficacy of 
treatment was similar in patients using autoCPAP and fCPAP 
(see online supplementary table 5) and the treatment adher-
ence in the unadjusted analyses and the proportion of patients 
discontinuing CPAP did not differ between groups (tables 2 and 
3 and figure  1). In the adjusted analyses, there was a slightly 
greater use of 6 min/night (intention-to-treat) and 24 min/night 
(per-protocol) in patients using fCPAP compared with those 
using autoCPAP. The clinical relevance of this difference is 
uncertain since the main outcomes of this trial were equivalent 
with the two treatment modes. The current protocol included 
an initial adaptation period with autoCPAP before starting long-
term therapy with the assigned modality. This might have influ-
enced the subjective perception of comfort and efficacy of the 
long-term therapy. However, the trial reflected the increasingly 
common practice of determination of effective mask pressure 
by autoCPAP during an adaptation period before setting a fixed 
CPAP for subsequent long-term treatment and the results are 
therefore relevant for the current clinical practice. In patients 
who are unable to successfully complete an adaptation period 
on autoCPAP additional coaching and/or consideration of other 
treatment options might be required.

Total and OSAS-related costs and hours of health-related 
absence from work in patients using autoCPAP and fCPAP 
were similar and dominated by costs in the first year (table 4). 
As the study protocol required the same procedures for initia-
tion of CPAP treatment and follow-up in both groups, potential 
cost savings by using autoCPAP that does not require pressure 
adjustments might have been missed. A complete cost-effective-
ness analysis was beyond the scope of the current study and the 
conclusions related to the costs of treatment cannot be extrap-
olated to different healthcare systems and longer time horizons. 
Potential limitations of our study are the comprehensive assess-
ments during follow-up that might have influenced some of 
the outcomes and the relatively long recruitment period from 
2006 to 2014. However, regression analysis did not suggest 
any change in relative effectiveness of autoCPAP and fCPAP in 

improving sleepiness over the study period (see online supple-
mentary tables 8 and 9).

In conclusion, the current randomised multicentre trial 
demonstrates equivalence of autoCPAP and fCPAP in improving 
subjective and objective sleepiness over the course of 2 years in 
patients with different severities of OSAS and it shows similar 
costs associated with the two treatment modes. Taking the effec-
tiveness and convenience of autoCPAP into account this treat-
ment seems appropriate as a first-line therapy for OSAS.
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