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Abstract
Background: In patients with obstructive sleep apnea syn-
drome (OSAS), the preference-based, health-related quality 
of life in terms of utility has not been extensively studied. 
Objective: To address this point, we compared the perfor-
mance of different instruments assessing utility in patients 
with OSAS undergoing continuous positive airway pressure 
(CPAP) therapy. Materials and Methods: Data of 208 pa-
tients with OSAS (28 women, mean ± SE age 54.4 ± 0.7 years, 
apnea-hypopnea index (AHI) 51.9 ± 1.8/h, Epworth sleepi-
ness score 13.4 ± 0.2) participating in a randomized trial of 
different CPAP modalities over 2 years were analyzed. Evalu-
ations included sleep studies, Epworth sleepiness scale, and 
several utility instruments that measure subjective health 
preference on a scale ranging from 1 (most preferred and 

perfect health) to 0 (least preferred and very poor health). 
Results: After 2 years of CPAP therapy, the mean ± SE AHI 
was 6.7 ± 1.5/h and Epworth score 7.9 ± 0.4, both p < 0.001 
versus baseline. Baseline utilities and changes (95% confi-
dence interval) after 2 years of CPAP therapy were EuroQol 
5-dimensions 0.79 ± 0.01, 0.02 (0.00–0.05, p = 0.064); short-
form 6-dimension medical outcome questionnaire 0.72 ± 
0.01, 0.06 (0.04–0.08, p < 0.001); Euro-thermometer visual 
analog scale 0.70 ± 0.01, 0.09 (0.07–0.12, p < 0.001); time 
trade-off 0.82 ± 0.01, 0.03 (0.01–0.06, p = 0.002); and stan-
dard gamble 0.82 ± 0.01, −0.01 (−0.03 to 0.02, p = 0.712). 
Conclusion: The short-form 6-dimensions questionnaire, 
the Euro-thermometer, and the time trade-off instruments 
reflected the major clinical improvements in OSAS, while the 
EuroQoL 5-dimensions and standard gamble tests were not 
sensitive to CPAP effects. These results indicate that the eval-
uation of utility of a treatment for OSAS depends critically on 
the instrument used, which is important from an individual 
and societal perspective. © 2021 The Author(s)
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Introduction

Ideally, robust objective outcome measures such as 
mortality along with patient-centred outcomes such as 
quality of life measures are used to assess the effectiveness 
of new treatments [1–4]. Measuring subjective health 
preferences has become increasingly important in cost-
effectiveness evaluations because the preference of a pop-
ulation regarding health states serves as a rational basis 
for decisions on allocation of health-care resources [5]. 
Various instruments that evaluate subjective health pref-
erence, that is, the utility, on a scale from 1 (most pre-
ferred and perfect health) to 0 (least preferred and very 
poor health) have been described [6–8]. By multiplying 
the utility index with the length of time spent in a health 
state, so-called quality-adjusted life years (QALYs) can be 
computed [1, 3, 9]. Based on QALY’s and the costs, the 
incremental cost-effectiveness ratio, an index of the extra 
costs per QALY gained with a certain therapy, can be de-
termined. The incremental cost-effectiveness ratio is used 
to support decisions on resource allocation in health-care 
politics. Since the utility index is an important factor in 
such calculations, its reliability is crucial. There are differ-
ent instruments to assess utility either in a direct or indi-
rect way. Direct utility instruments are the standard gam-
ble test [10], the time trade-off test [11], and the Euro-
thermometer visual analog scale [12, 13]. Indirect utility 
indices can be derived from quality of life questionnaires 
such as the Short Form of the Medical Outcome Ques-
tionnaire (SF-36) [14–16] or the EuroQol questionnaire 
[13], that is, the short-form 6-dimension (SF-6D) and Eu-
roQol 5-dimension (EQ-5D) utility index. As utility is in-
fluenced by various factors such as age, sex, cultural, or 
socioeconomic conditions, they have to be validated for 
every specific population [17, 18].

The obstructive sleep apnea syndrome (OSAS) is a 
highly prevalent disorder characterized by intermittent 
collapse of the upper airway during sleep leading to ces-
sation of airflow with cyclic oxygen desaturations and 
fragmented sleep. Affected patients suffer from excessive 
daytime sleepiness and cardiovascular disease [19] and 
are prone to cause sleepiness-related accidents [20]. Apart 
from life-style modifications [21], different treatments of 
OSAS are available, among them nocturnal application of 
continuous positive airway pressure (CPAP) via a mask 
[22], mandibular advancement devices [23], and upper 
airway surgery in selected cases. Given the high preva-
lence of OSAS and its major impact on quality of life, 
morbidity, and mortality, evaluation of treatments in 
terms of patient-preference and cost-effectiveness are es-

sential. However, the performance of different utility in-
struments in the evaluation of treatment effectiveness in 
patients with OSAS over time has not been extensively 
evaluated [24]. Therefore, the current study compares the 
performance of various utility instruments in reflecting 
treatment effects in patients with OSAS participating in a 
randomized trial of CPAP using 2 pressure setting modes, 
that is, autoadjusted (autoCPAP) and fixed mask pres-
sure (fCPAP) over the course of 2 years [25]. We evalu-
ated the hypothesis that changes in utility induced by 
CPAP therapy depended on the instrument used.

Materials and Methods

This study was part of a Swiss multicenter, randomized, parallel-
group equivalence trial evaluating autoCPAP versus fCPAP in treat-
ment of OSAS over a 2-year period [25]. The co-primary outcomes 
were sleepiness evaluated by the Epworth sleepiness score (ESS) and 
the Oxford Sleep Resistance (OSLER) test. Baseline characteristics, 
co-primary outcomes, apnea-hypopnea index (AHI), oxygen desatu-
ration index (ODI), and SF-6D utility have been reported [25]. The 
analysis of various utility indices, the focus of the current study, has 
not been published. Participants gave written informed consent and 
the protocol was approved by the local Ethics Committees and reg-
istered at ClinicalTrials.gov (NCT00280800). This study was sup-
ported by the Swiss National Science Foundation, Lunge Zürich, 
Lungenliga St. Gallen. Sponsors had no role in study design or con-
duct, data analysis, and manuscript preparation.

Participants
Men and women, aged 18–75 years, diagnosed with OSAS by a 

consistent history of excessive daytime sleepiness (ESS ≥8) and an 
AHI ≥10/h recorded during a sleep study were invited to undergo 
CPAP treatment.

Interventions
After instruction and mask-fitting, participants used auto

CPAP with pressure 5–15 mbar for 2–4 weeks. If the average use 
during the adaptation period was ≥2 h/night and participants 
wished to continue, they were randomized to either autoCPAP or 
fCPAP (pressure set at 90th percentile applied by autoCPAP dur-
ing the adaptation period) and either to a Philips Respironics Rem-
Star or a ResMed AutoSet device. Follow-up was at 1, 3, 12, and 24 
months.

Assessments
Assessments included a medical history, clinical examination, 

direct and indirect utility instruments described below, ESS [26], 
Functional Outcome of Sleep Questionnaire (FOSQ) [27], SF-36 
[14], and a sleep study.

Utility Instruments [28]
Of 5 different utility instruments employed, 3 were direct (time 

trade-off, standard gamble, Euro-thermometer VAS) and 2 indi-
rect (SF-6D and EQ-5D). Patients were instructed in detail before 
performing tests.
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The Time Trade-Off test measures the theoretical disposition 
of someone to trade-off years of life for obtaining full health. Using 
an interactive computer program, participants indicated their 
preference of either living in the current health state for 20 years 
(selected time horizon) or to live for a shorter time but in perfect 
health. The time in perfect health was repeatedly varied until a 
point of indifference was reached. The utility index was computed 
as (20 years – number of years traded off)/20 years [7, 11].

The Standard Gamble test measures the theoretical willingness 
of a person to take a certain risk of immediate death for the chance 
of obtaining lifelong, perfect health. Patients were repeatedly asked 
to choose between 2 theoretical alternatives: either continue life in 
the current health state or receive a therapy that provides perfect 
health but is associated with a certain risk of immediate death. Us-
ing a computer application, the risk of immediate death was re-
peatedly changed until a point of indifference was reached. The 
probability of perfect health at this point (=1-risk of immediate 
death) was taken as utility index [7, 10].

The Euro-Thermometer visual analog scale (VAS) consists of 
a line on a sheet of paper, 100 mm in length, and labeled with “very 
poor health state or death” at one end and “perfect health” at the 
other end. Participants had to make a mark on the line with a pen-
cil at a position representing their perceived health state. The util-
ity index was obtained by measuring the distance of the mark from 
the end labeled “very poor health state or death” in mm and divid-
ing it by 100 mm [12, 13].

The EQ-5D utility index was derived from the EuroQol ques-
tionnaire comprising the 5-dimension mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression. To derive the 
EQ-5D utility index, scores from a standard set of preference-
weights from general population samples are applied [12, 13].

The SF-6D utility index was obtained from responses to the 
short-form of the medical outcome questionnaire (the SF-36) [14, 
16]. It includes the dimension physical functioning, role limita-
tions, social functioning, bodily pain, mental health, and vitality. 
SF-6D utility scores were derived by using valuations obtained in 
a British population.

Main Outcomes and Sample Size
Main outcomes were the effect sizes of different utility indices. 

The sample size was computed for the primary outcomes of the 
main trial, the ESS, and the sleep resistance time [25]. At least 188 
participants were required to achieve 80% power (alpha = 0.05) to 
detect equivalence within predefined limits of ±2 points in ESS and 
±3 min in sleep resistance time.

Randomization and Masking
A 1:1 balanced-block randomization was applied. Participants 

and assessors were blinded to the treatment mode and brand.

Data Analysis and Statistics
Effects of CPAP treatment were evaluated by an intention-to-

treat analysis with missing data replaced by multiple imputations 
(n = 20) using regression models with chained equations [29]. 
Means (SD) of outcomes at baseline and changes versus baseline 
with 95% confidence intervals (95% CI) were computed using 
multilevel mixed-effects linear regression models with time as pre-
dictor. Adjusted analyses were performed with baseline values of 
the dependent variable, baseline AHI, and ESS. In further, explor-
atory analyses, the severity of sleep apnea, categorized by terciles 

of the AHI, the hours of CPAP use, and the CPAP mode were in-
cluded as predictors in regression models of utility indices. A per-
protocol analysis with all available data was also performed. Effect 
sizes were computed as mean change in any variable divided by the 
pooled SD with effect sizes ≥0.2–0.5 considered as small, ≥0.5–0.8 
as moderate, and ≥0.8 as large [30]. A probability of p < 0.05 was 
assumed as statistically significant.

Results

Of 952 patients assessed, 208 qualified for the study 
and were randomized. They were predominantly middle-
aged, mildly obese men with moderate to severe OSAS 
(Table 1). 36 participants dropped out because of several 
reasons (shown in Fig. 1). 172 patients, 148 men and 24 
women, completed the trial and represented the per-pro-
tocol population.

The main outcomes over the course of 2 years are sum-
marized in Table 2 and shown in Figure 2. In both auto
CPAP and fCPAP groups, there were major reductions in 
ESS and AHI from elevated baseline values (means ± SD 
for both groups ESS 13.4 ± 4.3, AHI 51.9 ± 15.9 events/h) 
into the normal range within 3 months of CPAP treat-
ment (mean for both groups ESS 7.9 ± 5.0, AHI 6.7 ± 21.6 
events/h, p < 0.001, both instances). These improvements 
were associated with a major increase in the SF-36 vital-
ity score (mean ± SD for both groups at baseline 43.5 ± 
27.4, at 3 months 63.6 ± 30.3, p < 0.001). The favorable 
effects of CPAP therapy were maintained over the follow-
ing 18 months until the end of the observation period 
(shown in Fig. 2). As the treatment mode (autoCPAP and 
fCPAP) was not a significant predictor of utility indices 
in regression analyses (see online suppl. Table 1; see www.
karger.com/doi/10.1159/000513306 for all online suppl. 
material), treatment effects are summarized for both 
groups together in Table  2. Mean utility indices were 

Table 1. Patient characteristics

Men and women, n (%) 180 (87); 28 (13)
Age, years 54.4±10.4
BMI, kg/m2 33.5±6.1
AHI, events/h 51.9±25.6
Oxygen desaturation index, events >3%/h 46.4±24.9
Nocturnal mean oxygen saturation by pulse 
oximetry, %

91.7±3.8

Score on Epworth sleepiness scale 13.4±3.5

Means ± SD. AHI, apnea-hypopnea index.
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0.70–0.82 at baseline. Changes over the course of the sub-
sequent CPAP treatment period were largest for Euro-
thermometer (increase by 0.08–0.09), SF-6D (increase by 
0.05–0.06), and time trade-off utility indices (increase by 
0.03–0.04). Changes in EQ-5D (−0.01) and standard 
gamble utility indices (0.02) were not statistically signifi-
cant. Similar trends as in unadjusted and intention-to-
treat analyses were seen in adjusted and per-protocol 
analyses (Tables 2, 3). Effects sizes of CPAP therapy were 
large to very large (>0.8) for the AHI, ESS, and SF-36 vi-
tality (shown in Fig. 3). Effect sizes were small to moder-
ate (>0.35) for utility indices from Euro-thermometer 

VAS, time trade-off, and SF-6D instruments. Effect sizes 
of utility indices from EQ-5D and standard gamble tests 
were very small with 95% CI overlapping zero in most 
instances (shown in Fig. 3). The lower limits of 95% CI of 
effect sizes of utility indices from Euro-thermometer 
VAS, time trade-off, and SF-6D do not overlap with rath-
er low mean effect sizes of EQ-5D and standard gamble 
utility indices, suggesting significant differences.

The CPAP use at 3, 12, and 24 months was 5.3 ± 1.6, 
5.4 ± 1.7, and 5.6 ± 1.8 h/night, respectively. Exploratory 
regression analyses did not reveal a significant effect of 
the hours of CPAP use on any of the utility indices (online 

113 assigned to autoCPAP

952 patients assessed
for eligibility

744 excluded:
•  213 refused to participate
•  50 chronic rhinitis
•  73 cardiovascular disease
•  156 psychiatric disease
•  27 lung disease
•  18 shift work
•  46 language
•  140 other medical problems
•  25 age > 75
•  86 did not tolerate CPAP
(82 with > 1 reason)

3 withdrew:
•  2 perceived no benefit
•  1 had medical condition

3 withdrew:
•  2 had no time
•  1 perceived no benefit

15 withdrew:
•  7 perceived no benefit
•  5 lost of follow-up
•  2 had no time
•  1 had medical condition

3 withdrew:
•  2 perceived no benefit
•  1 had medical condition

4 withdrew:
•  2 had medical condition
•  1 perceived no benefit
•  1 had no time

8 withdrew:
•  2 perceived no benefit
•  2 had medical condition
•  2 OSAS had improved
•  1 had no time
•  1 lost of follow-up

208 underwent randomisation

95 assigned to fCPAP

110 underwent 3 mo follow-up92 underwent 3 mo follow-up

95 underwent 12 mo follow-up84 underwent 12 mo follow-up

92 completed study at 24 mo80 completed study at 24 mo

Fig. 1. Participant flow.
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suppl. Table 2). To evaluate potential effects of sleep  
apnea severity on utility indices, patients were divided 
into 3 groups according to AHI terciles (AHI >10–37/h = 
1st tercile, AHI >37–62.8/h = 2nd tercile, and AHI 63–
136/h = 3rd tercile). In regression analysis, AHI terciles 
were not significantly associated with utility indices over 

the course of the CPAP treatment period with exception 
of slightly higher standard gamble utility indices at 24 
months in patients with more severe (2nd and 3rd AHI 
terciles) compared to milder sleep apnea (1st AHI tercile) 
(online suppl. Table 3).

Table 2. Effect of CPAP therapy – intention-to-treat analysis

Characteristic Baseline Mean change 
(95% CI)
3 months-BL

p value Mean change 
(95% CI)
12 months-BL

p value Mean change 
(95% CI)
24 months-BL

p value

AHI events/h 51.9±15.9 −45.0 (−48.1; −41.9) <0.001 −44.1 (−47.6; −40.7) <0.001 −43.7 (−46.9; −40.4) <0.001
ODI >3% – events/h 46.4±15.9 −38.2 (−41.1; −35.3) <0.001 −37.5 (−40.6; −34.5) <0.001 −36.8 (−39.8; −33.9) <0.001
Score on Epworth sleepiness scale 13.4±4.3 −5.5 (−6.1; −4.9) <0.001 −5.6 (−6.2; −5.0) <0.001 −5.7 (−6.3; −5.1) <0.001
SF-36 vitality score 43±20.2 20 (17; 23) <0.001 20 (17; 23) <0.001 19 (16; 22) <0.001
EQ-5D utility index 0.79±0.16 0.01 (−0.01; 0.03) 0.437 0.01 (−0.01; 0.03) 0.436 0.02 (0.00; 0.05) 0.064
EQ-5D utility index, adjusteda 0.01 (−0.01; 0.03) 0.529 0.01 (−0.01; 0.03) 0.547 0.02 (0.00; 0.04) 0.064
SF-6D utility index 0.72±0.13 0.05 (0.03; 0.07) <0.001 0.05 (0.04; 0.07) <0.001 0.06 (0.04; 0.08) <0.001
SF-6D utility index, adjusteda 0.05 (0.03; 0.06) <0.001 0.05 (0.04; 0.07) <0.001 0.06 (0.04; 0.07) <0.001
Euro-thermometer VAS utility index 0.70±0.16 0.09 (0.06; 0.11) <0.001 0.09 (0.06; 0.11) <0.001 0.09 (0.07; 0.12) <0.001
Euro-thermometer VAS utility index, adjusteda 0.08 (0.06; 0.11) <0.001 0.09 (0.07; 0.11) <0.001 0.09 (0.07; 0.12) <0.001
SG utility index 0.82±0.18 0.01 (−0.01; 0.04) 0.280 0.02 (−0.01; 0.05) 0.119 −0.01 (−0.03; 0.02) 0.712
SG utility index, adjusteda 0.01 (−0.01; 0.04) 0.187 0.02 (0.00; 0.05) 0.034 −0.01 (−0.03; 0.02) 0.638
TTO utility index 0.82±0.17 0.04 (0.02; 0.06) <0.001 0.04 (0.02; 0.06) <0.001 0.03 (0.01; 0.06) 0.002
TTO utility index, adjusteda 0.04 (0.02; 0.06) <0.001 0.04 (0.02; 0.07) <0.001 0.04 (0.02; 0.06) <0.001

ODI, oxygen desaturation index >3% dips; SF-36, short-form medical outcome questionnaire; EQ-5D, EuroQol 5-dimensions questionnaire; SF-6D, 
short-form 6 dimension; VAS, visual analog scale; BL, baseline; CPAP, continuous positive airway pressure; AHI, apnea-hypopnea index; TTO, time trade-
off. a Adjusted for baseline values of the corresponding variable.

Table 3. Effect of CPAP therapy – per-protocol analysis

Characteristic Baseline Mean change 
(95% CI)
3 months-BL

p value Mean change 
(95% CI)
12 months-BL

p value Mean change 
(95% CI)
24 months-BL

p value

AHI events/h 51.9±14.4 −45.3 (−48.0; −42.6) <0.001 −46.1 (−48.9; −43.4) <0.001 −46.9 (−49.8; −44.1) <0.001
ODI >3% – events/h 46.4±14.4 −38.4 (−41.0; −35.9) <0.001 −39.4 (−42.0; −36.8) <0.001 −39.6 (−42.3; −36.9) <0.001
Score on Epworth sleepiness scale 13.4±3.6 −5.5 (−6.0; −5.0) <0.001 −5.9 (−6.4; −5.4) <0.001 −6.2 (−6.7; −5.7) <0.001
SF-36 vitality score 43±14 20 (18; 23) <0.001 21 (19; 24) <0.001 19 (17; 22) <0.001
EQ-5D utility index 0.79±0.16 0.01 (−0.01; 0.03) 0.516 0.01 (−0.01; 0.03) 0.412 0.02 (0.00; 0.04) 0.056
EQ-5D utility index, adjusteda 0.01 (−0.01; 0.03) 0.529 0.01 (−0.01; 0.03) 0.547 0.02 (0.00; 0.04) 0.064
SF-6D utility index 0.72±0.13 0.05 (0.03; 0.06) <0.001 0.05 (0.04; 0.07) <0.001 0.06 (0.04; 0.07) <0.001
SF-6D utility index, adjusteda 0.05 (0.03; 0.06) <0.001 0.05 (0.04; 0.07) <0.001 0.06 (0.04; 0.07) <0.001
Euro-thermometer VAS utility index 0.70±0.16 0.08 (0.06; 0.11) <0.001 0.09 (0.07; 0.11) <0.001 0.09 (0.07; 0.11) <0.001
Euro-thermometer VAS utility index, adjusteda 0.08 (0.06; 0.11) <0.001 0.09 (0.07; 0.11) <0.001 0.09 (0.07; 0.12) <0.001
SG utility index 0.82±0.18 0.01 (−0.01; 0.03) 0.273 0.02 (0.00; 0.04) 0.080 −0.01 (−0.03; 0.01) 0.407
Standard gamble utility index, adjusteda 0.01 (−0.01; 0.04) 0.187 0.02 (0.00; 0.05) 0.034 −0.01 (−0.03; 0.02) 0.638
TTO utility index 0.82±0.17 0.04 (0.02; 0.07) 0.001 0.05 (0.02; 0.07) <0.001 0.04 (0.02; 0.07) 0.002
TTO utility index, adjusteda 0.04 (0.02; 0.06) <0.001 0.04 (0.02; 0.07) <0.001 0.04 (0.02; 0.06) <0.001

ODI, oxygen desaturation index >3% dips; SF-36, short-form medical outcome questionnaire; EQ-5D, EuroQol 5-dimensions questionnaire; SF-6D, 
short-form 6 dimension; VAS, visual analog scale; BL, baseline; CPAP, continuous positive airway pressure; AHI, apnea-hypopnea index; TTO, time trade-
off; SG, standard gamble. a Adjusted for baseline values of the corresponding variable.
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Fig. 2. Effects of CPAP therapy on mean (SD) main outcomes in pa-
tients with the over the course of 2 years. Results are not statistically 
different for patients randomized to autoCPAP and fCPAP, and main 
effects were achieved within the first 3 months of treatment. *p < 0.05 

for changes of autoCPAP and fCPAP at 3 months versus baseline and 
#p < 0.05 for changes of fCPAP at 24 versus 3 months. CPAP, con-
tinuous positive airway pressure; fCPAP, fixed CPAP; auotCPAP, 
autoadjusted CPAP; OSAS, obstructive sleep apnea syndrome.
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Fig. 3. Plot of mean effect sizes with 95% 
CIs of CPAP therapy compared to pretreat-
ment baseline. Each panel shows results af-
ter 3, 12, and 24 months of CPAP therapy. 
AHI, apnea-hypopnea index; ESS, Ep-
worth sleepiness scale; SF-36_vt, short-
form medical outcome questionnaire vital-
ity score; EQ-5D, EuroQol 5-dimension 
utility index; SF-6D, short-form 6-dimen-
sion utility index; VAS, Euro-thermometer 
visual analog scale utility index; TTO, time 
trade-off utility index; SG, standard gamble 
utility index; CPAP, continuous positive 
airway pressure; AHI, apnea-hypopnea in-
dex; CI, confidence interval.
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Discussion

The current study is the first to systematically investi-
gate the response of several utility instruments to CPAP 
therapy over the course of 2 years in a large group of pa-
tients with OSAS participating in a randomized trial of 
different CPAP modalities. We found that only 3 of 5 
commonly used utility indices, that is, those derived by 
the Euro-thermometer VAS, the SF-6D, and the time 
trade-off test, were responsive to CPAP therapy with 
small to moderate effect sizes. In contrast, 2 other com-
monly used utility indices, the EQ-5D and the standard 
gamble test, did not significantly change with CPAP ther-
apy even though patients revealed major improvements 
in symptoms and in AHI which are important metrics of 
OSAS severity and response to treatment. Our results 
suggest that it is essential to account for the instrument 
used to evaluate quality of life in terms of utility when as-
sessing effects of disease and its treatment in patients with 
OSAS.

An analysis of the literature reveals that utility instru-
ments have not been extensively evaluated in patients 
with OSAS. Study designs, utility instruments used, and 
results were quite heterogeneous.

In one study, 19 patients with OSAS (mean baseline 
AHI of 67/h) retrospectively rated utility before initiation 
of therapy as 0.63 and as 0.87 after 9.5 months on CPAP 
[31]. In another study in 32 patients with OSAS (mean 
baseline AHI of 55/h), the standard gamble utility was 
much lower, that is, 0.32, and improved by 0.23 after 3 
months of CPAP therapy [32]. In the current trial in 208 
patients with a mean baseline AHI of 51.9/h, the pretreat-
ment standard gamble utility was higher (0.82, Table 2) 
than that in the cited studies [31, 32] and did not change 
with treatment even though sleepiness and AHI im-
proved significantly (very large effect sizes of 1.33 in ESS 
and of 1.56 in AHI, shown in Fig. 3) confirming effective 
treatment. When applying the time trade-off test to the 
same patients, baseline utility was also 0.82, and CPAP 
therapy improved utility by 0.03 at 24 months corre-
sponding to a small effect size. In a previous study in 66 
untreated OSAS patients, we recorded even higher utility 
indices using the standard gamble (0.97) and time trade-
off (0.94) tests [28]. To our knowledge, no other studies 
have evaluated the effect of CPAP therapy in OSAS pa-
tients using the classical standard gamble or time trade-
off utility tests. In our experience, both tests require ex-
tensive explanations to patients and represent a major 
challenge to their capability of imagination. Therefore, 
and based on the limited available data showing a large 

variability in untreated patients and no consistent treat-
ment effect, these tests seem not well suited for applica-
tion in OSAS patients.

The EQ-5D questionnaire, an indirect utility instru-
ment recommended for valuing health effects by the 
British NICE guidelines [3], has been employed in OSAS 
patients with variable results. In a Spanish survey in 46 
patients (baseline AHI 41.3/h), the EQ-5D utility index 
was 0.74 and increased after 3 months of CPAP therapy 
by 0.07 [33]. In a study in 71 British OSAS patients, a mi-
nor improvement in EQ-5D utility of 0.04 was observed 
after 3 months of CPAP treatment, while standard gam-
ble utility improvement was larger (0.23) [32]. In con-
trast to these positive effects of CPAP on EQ-5D utility, 
4 studies including >560 British patients with OSAS [34] 
did not observe significant improvements in EQ-5D util-
ity with CPAP (472 patients) [34–36] or a mandibular 
advancement appliance (90 patients) [37]. Since one 
large study included 278 patients older than 65 years 
[34], age may have modified the outcome. In 2 of the 
cited studies [34, 37], the SF-6D utility instrument was 
also employed and revealed a positive treatment effect. 
In the current study, no significant effect of CPAP on 
EQ-5D utility was found while SF-6D utility improved 
by 0.06 over the course of 2 years. In 95 Brazilian OSAS 
patients, an increase in SF-6D utility of 0.09 after 1 year 
of CPAP therapy has been reported [38]. Thus, of the 2 
indirect utility instruments (EQ-5D and SF-6D), the EQ-
5D did not consistently capture the improvement in 
well-being achieved in OSAS patients with CPAP thera-
py. Presumably, the dimensions of quality of life ad-
dressed by the EQ-5D (i.e., mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression) are 
not changing significantly with the treatment of OSAS 
and/or are not affected by the disorder to a major degree 
[13]. In turn, the SF-6D seems to include aspects of qual-
ity of life such as mental health and vitality that are quite 
relevant for patients with OSAS and that have shown ma-
jor treatment effects in various randomized trials evalu-
ating efficacy of CPAP therapy [15].

The Euro-thermometer VAS has been incorporated 
into the EuroQoL questionnaire as a more direct utility 
instrument than the EQ-5D. Similar to the direct utility 
instruments (standard gamble and time trade-off) the Eu-
ro-thermometer VAS does not evaluate specific quality of 
dimensions but is not preference-based. In one study in 
OSAS patients [32], 3 months of CPAP therapy improved 
the Euro-thermometer VAS by 0.11, the standard gamble 
utility by 0.23, and the EQ-5D by 0.04. In the current 
study, a similar improvement in the Euro-thermometer 
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VAS of 0.09 was observed but no significant change in the 
EQ-5D and the standard gamble utilities (Table 2).

In a previous study, patients seem not to have consid-
ered OSAS as a directly life-threatening condition and, 
therefore, were not willing to trade-off years of life as re-
flected in high utility indices in time trade-off and stan-
dard gamble tests of 0.8–0.9 [28]. In contrast, OSAS pa-
tients in another study rated standard gamble utility 
much lower (0.32), similar to patients suffering from a 
stroke. Nevertheless, the EQ-5D utility index in the same 
OSAS patients was considerably higher (0.73) [32]. In the 
current study, the mean EQ-5D utility index in OSAS pa-
tients was even higher (0.79) exceeding also correspond-
ing values reported previously in patients with chronic 
obstructive pulmonary disease (COPD, 0.644) [39] and 
patients with various chronic diseases [40] such as osteo-
porosis (0.59), COPD (0.62), leg ulcer (0.62), lower back 
pain (0.69), and irritable bowel syndrome (0.73). Of note, 
in the cited study [40], EQ-5D utility indices were lower 
(by a mean of 0.05) than SF-6D utility indices, while the 
current study revealed lower SF-6D than EQ-5D utility 
indices (mean difference 0.07). Available evidence, there-
fore, suggests that subjective health preference may be 
modified by the instrument used for assessment, as well 
as by age, social and cultural conditions, challenging the 
concept of utility as a universal, and generic measure al-
lowing uncritical comparison of health state preferences 
among patients with different diseases.

The perception of health state and performance of util-
ity instruments may also be affected by impairments re-
sulting from OSAS itself [17]. Thus, excessively sleepy 
OSAS patients may not care or may not be vigilant enough 
to reliably complete utility tests of quite different com-
plexity such as the standard gamble test and the Euro-
thermometer VAS. These drawbacks may change with 
improvement of OSAS with CPAP therapy. However, we 
did not observe a significant effect of sleep apnea severity 
over the course of the CPAP treatment period on any of 
the utility indices with exception of slightly higher time 
trade-off utility indices at 24 months in patients with se-
vere compared to patients with milder sleep apnea (on-
line suppl. Table 3). Further analyses did not reveal an 
association of the nightly CPAP use with utility indices 
(online suppl. Table 2), possibly related to the high treat-
ment adherence in the current study. To our knowledge, 
the minimally important difference in utility indices has 
not been conclusively determined. Thus, in studies in-
volving a total of 940 patients with COPD [41], the mini-
mally important difference was found to be 0.051 for EQ-
5D and 0.069 for VAS utility. Based on data from 8 stud-

ies in 323 patients with various diseases [42] (leg ulcer, 
back pain, limb reconstruction, irritable bowel syndrome, 
myocardial infarction, osteoarthritis, rheumatoid arthri-
tis, and COPD), the authors suggested a minimally im-
portant difference in EQ-5D utility of 0.074 and SF-6D 
utility of 0.041; corresponding effect sizes were small to 
moderate (0.30 and 0.43). In the current study, effect siz-
es of CPAP on utility in patients with OSAS were of sim-
ilar magnitude (0.41–0.49) when evaluated by VAS, SF-
6D, and time trade-off instruments. In analogy to the cit-
ed studies, we, therefore, propose that these instruments 
were suitable to capture a minimally important effect of 
CPAP on health state preference in patients with OSAS, 
while the EQ-5D and standard gamble instruments were 
not significantly responsive to the treatment.

Inclusion criteria for the current study selected a phe-
notype of patients with moderate to severe OSAS without 
major comorbidities such as cardiovascular, respiratory, 
or psychiatric disease which might limit the generalizabil-
ity of the results. It is uncertain whether such comorbidi-
ties may affect subjective health preference in patients 
with OSAS. The current study did not include a random-
ized control group receiving a placebo intervention or no 
CPAP therapy. While this may have affected the quantita-
tive assessment of CPAP effects on utility and other out-
comes, the comparison among different utility instru-
ments, the main goal of the study, was still valid. The re-
peated assessments over the course of 2 years have 
created a unique dataset allowing to compare the respon-
siveness of different utility instruments to CPAP therapy 
in OSAS patients over a much longer period than in pre-
vious studies. This strength of our study may have en-
tailed the potential drawback of influencing the motiva-
tion of patients and test performance.

In conclusion, the current study provides a unique 
comparison among the performance of 5 different util-
ity instruments evaluated in a large group of patients 
with OSAS over the first 2 years of CPAP therapy. Only 
3 of the instruments (the SF-6D, the Euro-thermometer 
VAS, and the time trade-off test) were responsive to 
CPAP treatment, while 2 (including the widely used EQ-
5D and the standard gamble test) remained unchanged 
despite major improvements in breathing disturbances 
and symptoms. Since OSAS is a highly prevalent disease 
associated with significant morbidity and mortality, our 
findings represent important novel information essen-
tial for cost-utility estimations and decisions on treat-
ment of OSAS both from an individual and a societal 
perspective.
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