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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is an important 

health issue and is associated with comorbidities such as car-
diovascular disease,1 traffic accidents,2 depression,3 and wors-
ening of quality of life (QOL).4,5 The long-term treatment with 
continuous positive airway pressure (CPAP), especially in pa-
tients with severe disease and symptomatic patients, brought 
the possibility of improvements in both health and psychoso-
cial status.1,6,7 Nevertheless, literature reporting the outcomes 
of CPAP treatment for OSAS in terms of quality-adjusted life-
years (QALY) and health utility scores is scant.

Researchers have shown that patients with OSAS use high 
amounts of health care resources.8,9 Therefore, authorities en-
courage the execution of economic studies to establish the 
usefulness of OSAS treatment.9 Over the past decades, the mea-
surement of utility has been used to obtain the weight of QOL 
for many diseases. Utility is a parameter that was developed by 
economists, and it refers to the subjective satisfaction that people 
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derive from consuming goods and services. This parameter is 
used to refer to the subjective status of well-being in different 
states of health.10 The QALY combines both the increase in life 
expectancy and the improvement in health status.11 Both instru-
ments (utility and QALY) allow the assessment of health-related 
QOL, supporting cost-effectiveness and cost-utility studies.

Some studies have demonstrated that CPAP is cost-effec-
tive,12,13 from the third-payer or societal perspectives in the 
USA12 and Canada.13 In another study from Spain, CPAP rep-
resented an incremental cost < 6.000 euros/QALY, which in a 
disaggregated analysis, 84% of the incremental effectiveness 
was attributed to the improved quality of life.14

Our hypothesis is that CPAP treatment is associated with 
health and QOL improvements that can be measured as utility 
and QALY gains. In addition, we believe that the use of utility 
measurement is a useful tool to assess gains after CPAP therapy. 
Therefore, the aims of this study are to estimate the health utility 
score associated with 1 y of CPAP treatment and to introduce 
the concept and method of the utility measurement to the sleep 
medicine field.

METHODS

Study Population
One hundred one consecutive patients with moderate to se-

vere OSAS were recruited from the Sleep Clinic of Sao Paulo, 
Brazil. They were all administered CPAP, regardless of clinical 
symptoms. The inclusion criteria were both sexes, age between 
30 and 65 y, and apnea-hypopnea index (AHI) > 20 events/h 
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with comorbidities corrected with CPAP. We excluded indi-
viduals who were pregnant, had a body mass index > 40 kg/m², 
those with a diagnosis of pulmonary or neuromuscular diseases, 
and those who had previous contact with CPAP. The study was 
approved by the Universidade Federal de Sao Paulo’s Ethics 
Committee (number 0895/10) and registered at clinicaltrials.
gov under number NCT01590420. All of the subjects signed an 
informed consent form.

Study Design
This was a longitudinal study in which a sample of 101 pa-

tients with OSAS was evaluated and 95 completed the protocol. 
Two patients dropped out within the first week and four pa-
tients at the first month. The initial evaluation was composed of 
baseline and titration polysomnography (PSG), clinical assess-
ment, Epworth Sleepiness Scale (ESS), and noninvasive blood 
pressure (BP) assessment using the auscultatory method15; the 
QOL questionnaire was also used to evaluate the utility. The 
clinical assessment included general health information (such 
as associated diseases, medications usage, and pain prevalence), 
education, work status, and medical intercurrences. CPAP was 
prescribed by the sleep specialist and administered to all pa-
tients whose AHI was higher than 20 events/h of sleep, by a 
trained respiratory therapist.

Subsequently, clinical evaluation and CPAP compliance 
were checked at the first, sixth, and 12th mo of treatment. Non-
invasive BP was checked at baseline (B), 6 mo (6M) and 1 y 
(1Y) after the initiation of CPAP. In addition, CPAP usage was 
also checked monthly by telephone contact with all patients. 
Compliance was considered a minimal usage of 4 h per night 
for at least 70% of the period, as determined by the card reader.

Polysomnography
Polysomnography (PSG) was conducted in all of the pa-

tients using the EMBLA® system (17 channels, Medicare 
Medical Devices Natus Neurology, Ontario, Canada). The fol-
lowing variables were monitored: electroencephalogram (four 
channels), electrooculogram (two channels), electromyogram 
(submentonian and anterior tibial muscles), electrocardiog-
raphy (ECG, modified DII channel), snoring, and body posi-
tion. Nasal flow was monitored using a pressure transducer, and 
respiratory effort was monitored using abdominal and thoracic 
sensors. Arterial oxygen saturation was recorded with a pulse 
oximeter (Ohmeda 3700, GE Healthcare, Finland). All of the 
PSGs were scored following the guidelines of the American 
Academy of Sleep Medicine for sleep studies.16

A second full PSG recording was performed for CPAP titra-
tion purposes. The CPAP titration PSG was considered satisfac-
tory if the respiratory disturbance index (apnea, hypopneas and 
flow limitation events) was ≤ 5 events/h of sleep.17

Short-Form 6 Dimension
The Short-Form 6 Dimension (SF-6D) was constructed with 

questions from the Short-Form 36 (SF-36) questionnaire and 
measured by the standard gamble and visual analogue scale. 
The SF-36 questionnaire was reduced by combining two do-
mains (physical role and emotional role).11 The final question-
naire involved a six-dimension descriptive system, each with 
multiple answers: (1) physical functioning, (2) role limitation, 

(3) social functioning, (4) pain, (5) mental health, and (6) vi-
tality. The classification system consists of four to six levels 
on each of the six attributes, giving a total of 18,000 health 
states.18 The SF-6D was translated to Brazilian Portuguese and 
culturally adapted,19 and preference weights and algorithm for 
the calculation of utility scores were analyzed using the value 
set for the Brazilian population.20 The questionnaire was con-
ducted in all patients by a trained and experienced interviewer, 
who was blinded to all CPAP evaluation.

The utility score was measured by the SF-6D. A utility is 
a metric used in health economic evaluations to capture QOL 
and is used as a basis of cost-utility analysis, one of the most 
common type of health economic evaluation used in health 
technology assessment.18 This instrument captures health ben-
efits alongside broader benefits, which are not solely health-re-
lated, and can facilitate economic evaluations. The score of the 
utility measurement ranges from 0 to 1.0, in which 1.0 indicates 
full health and 0 is regarded as equivalent to death.21

The QALY was derived from the health state utility scale. It 
uses QALY to measure health outcomes by combining survival 
and health-related QOL into a single index.22 Thus, the gained 
QALY was calculated from the difference between the 1-y and 
baseline utilities, multiplied by 1 y. The advantage of using the 
QALY index is that it allows researchers to simultaneously cap-
ture gains with the reduction of morbidity (quality) and with the 
reduction of mortality (quantity), in a single score.19

Statistical Analysis
The subjects’ characteristics are presented as the means 

and standard deviations. Shapiro-Wilk normality tests were 
performed for all variables. One-way analyses of variance 
(ANOVAs) were performed to evaluate differences between 
groups (i.e, compliant and noncompliant; hypertensive and 
nonhypertensive; BP normalization and non-BP normalization; 
diabetic and nondiabetic; sleepiness normalization and non-
sleepiness normalization). Repeated-measures ANOVA and 
Bonferroni post hoc tests were used to evaluate the differences 
at all follow-up times and between subgroups. Two regression 
models were built in which QALY index was the dependent 
variable. In model 1, classic variables were considered, such 
as age, AHI, body mass index (BMI), and CPAP compliance as 
categorical variable. Model 2 included CPAP compliance as a 
continuous variable, along with baseline utility score, 1-y ESS 
score, 1 y minus baseline systolic and diastolic BP. P values of 
0.05 or less were considered significant. The statistical analyses 
were performed using Statistic 9.0 software (Statsoft, Tulsa, 
OK, USA).

RESULTS

General Results
Ninety-five participants were included in the protocol be-

tween April 2010 and October 2011. The mean ages and AHI 
were 53.3 ± 9.3 y and 51.5 ± 25.0 events/h, respectively. Of 
the participants, 46 were male (48.4%). Sixty-one percent of 
patients were considered compliant to CPAP (mean usage 
of 5:18 ± 3:15 h); whereas 39% were not (mean usage of 
3:59 ± 0:37), P < 0.01. The baseline characteristics of the popu-
lation are presented in Table 1.
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Utility and QALY Results
The SF-6D questionnaire showed that 1 y of CPAP treat-

ment increased the health utility score from 0.611 ± 0.112 to 
0.710 ± 0.121 (P < 0.01). Therefore, the treatment resulted in 
a mean net gain of 0.0929 QALY/patient. The gained QALY 
was accompanied by decreases in the ESS (from 11.8 ± 6.2 to 
6.7 ± 4.8; P < 0.001), in systolic BP after 1 y (B: 138.6 ± 36.9, 
6M: 130.9 ± 14.9, 1Y: 129.8 ± 13.6 mmHg; P = 0.02), and in 
diastolic BP after 6 mo (B: 81.7 ± 10.2, 6M: 77.1 ± 11.6, 1Y: 
75.3 ± 9.7 mmHg; P < 0.001). The utility values and clinical 
outcomes are presented in Figure 1.

There were no differences in utility scores between all sub-
groups (Table 2). The QALY were similar between compliant 
and noncompliant (0.08 ± 0.16 versus 0.09 ± 0.15, respectively; 
P = 0.8), hypertensive and nonhypertensive (0.07 ± 0.10 versus 
0.11 ± 0.12, respectively; P = 0.1), diabetic and nondiabetic 
(0.07 ± 0.08 versus 0.09 ± 0.12, respectively; P = 0.4), and 
sleepiness normalization and nonsleepiness normalization 
(0.10 ± 0.16 versus 0.07 ± 0.16; P = 0.4). Nevertheless, BP 
normalization subgroup (≤ 130/85 mmHg) presented higher 
QALY/patient than nonnormalization group (0.10 ± 0.09 versus 
0.05 ± 0.10; P = 0.03) (Figure 2).

Regression Results
Age, AHI, BMI, and CPAP compliance did not show signifi-

cant association with QALY index in our population of patients 
with OSA (P > 0.05, all) (Table 3). However, 1-y ESS score 
(P = 0.03), diastolic BP reduction (P = 0.01) and baseline utility 
scores (P < 0.01) were significantly associated with QALY gain 
(Table 4).

DISCUSSION
To our knowledge, this is the first longitudinal study to 

evaluate the utility score and QALY after treatment with 
CPAP in patients with OSAS. Our analysis revealed that the 
gain in utility scores occurs within 1 mo of therapy and re-
mains throughout the first year with close assistance by the 
staff. Moreover, in those patients whose BP achieved values 
below 130/85 mmHg, QALY values after 1 y of CPAP was 
higher. Our study differs from previous ones because they were 

retrospective and used an analytical model to measure this 
relationship.12–14,23,24 One previous study compared various in-
struments to obtain the utility indices. The authors found that 
SF-6D utility index and Euro-thermometer visual analog scale 
seemed better suited to reflect the disease state of patients with 
OSA, and to track treatment-induced changes.23 For instance, 

Table 1—Baseline and polysomnography characteristics.
Age, y 53.3 ± 9.3
Sex, male (%) 46 (48.4)
Body mass index, kg/m² 32.7 ± 5.54
Epworth Sleepiness Scale 11.8 ± 6.2
Systolic blood pressure, mmHg 137.1 ± 35.5
Diastolic blood pressure, mmHg 80.9 ± 10.9
Hypertension, (%) 67 (70.5)
Diabetes, (%) 30 (31.6)
Current smokers, (%) 13 (13.7)
Employment status

Employed, (%)
Housewife/student/retired, (%)
Unemployed, (%)
Disable, (%)

51 (53.7)
23 (24.2)
14 (14.7)

7 (7.4)
Apnea-hypopnea index, events/h 51.5 ± 25.0
Arousal index, events/h 44.0 ± 24.3
Total sleep time, min 361.9 ± 68.3
Stage 1, % 10.4 ± 9.3
Stage 2, % 59.5 ± 13.5
Stage 3, % 13.8 ± 10.2
REM, % 16.0 ± 7.6
Sleep efficiency, % 83.2 ± 12.5
Lowest SaO2, % 74.4 ± 12.3
Mean SaO2, % 91.4 ± 3.8
Time of saturation < 90%, % of sleep 20.2 ± 24.5
Sleep latency, min 15.4 ± 17.1
REM latency, min 141.6 ± 97.4

REM, rapid eye movement; SaO2, oxygen saturation.

Table 2—Utility scores for subgroups.

Group Baseline 1 mo 6 mo 1 y P
Compliant (n = 57) 0.62 ± 0.12 0.67 ± 0.13 0.67 ± 0.13 0.68 ± 0.12 0.2Non-compliant (n = (38) 0.61 ± 0.10 0.69 ± 0.14 0.62 ± 0.13 0.71 ± 0.10

Hypertensive (n = 58) 0.60 ± 0.09 0.67 ± 0.13 0.63 ± 0.13 0.68 ± 0.11 0.7Non-hypertensive (n = 37) 0.64 ± 0.13 0.69 ± 0.12 0.68 ± 0.14 0.74 ± 0.11

BP normalization (n = 30) 0.58 ± 0.06 0.67 ± 0.15 0.63 ± 0.12 0.69 ± 0.14 0.6No BP normalization (n = 28) 0.61 ± 0.10 0.67 ± 0.12 0.64 ± 0.14 0.66 ± 0.09

Diabetic (n = 30) 0.59 ± 0.09 0.70 ± 0.15 0.65 ± 0.14 0.67 ± 0.11 0.6Nondiabetic (n = 65) 0.62 ± 0.11 0.66 ± 0.12 0.65 ± 0.13 0.71 ± 0.12

Sleepiness normalization (n = 71) 0.61 ± 0.11 0.68 ± 0.14 0.67 ± 0.14 0.71 ± 0.12 0.4Non-sleepiness normalization (n = 24) 0.63 ± 0.10 0.66 ± 0.10 0.62 ± 0.11 0.66 ± 0.11

BP normalization: BP values ≤ 130/85 mmHg.15 Repeated measures analysis of variance; P ≤ 0.05. BP, blood pressure.
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previous studies used probability analysis and decision trees, 
based on projecting results. Tan et al.13 used a Markov deci-
sion analytical model to evaluate the utility values in a 5-y time 
horizon for a specific population of drivers. Similarly, Ayas NT 
et al.12 used a decision model and utility values from published 
studies to analyze the costs and QOL improvements with CPAP 
therapy, accounting for the gains from reduced vehicle acci-
dents. The Markov model and decision tree model was also 
used in previous studies from Spain14 and USA,24 taking into 
account utility values from evidences already published to con-
struct their economic evaluations. We followed and evaluated 
all patients for 1 y to accurately analyze health improvements 
data, compliance, and utility values.

Economic studies have found that nontreated patients with 
OSAS consume significantly more health resources and present 
with decreased work performance,8,25,26 which creates deficits 
that extend beyond health resources, affecting other areas of 
economic functioning. CPAP treatment has the potential to 
decrease these costs and the direct costs with health; however, 
previous studies have not quantified the gain in QALY asso-
ciated with health benefits. Our data demonstrated that 1 y of 
CPAP was effective in significantly reducing blood pressure 
levels and diurnal excessive sleepiness. In addition, CPAP 

Figure 1—Utility score and clinical outcomes after 1 y of CPAP. Repeated measures analysis of variance, P ≤ 0.05. (A) utility score, (B) Epworth Sleepiness 
Scale score, (C) systolic blood pressure, (D) diastolic blood pressure. * Differ from baseline.

Figure 2—Quality-adjusted life-years (QALY) index and blood pressure 
(BP) normalization. One-way analysis of variance, P ≤ 0.05. Black squares 
represent the mean, whiskers represent 95% confidence intervals.
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resulted in a mean gain of 0.0929 QALY/patient in an 
OSAS population with other comorbidities such as hy-
pertension and diabetes. A common problem found in 
the literature is the lack of consensus of what is the 
ideal CPAP compliance. It may depend on the outcome 
evaluated. CPAP usage higher than 4 h for at least 70% 
of time would be associated with better cardiovascular 
outcome.27 However, for improving sleepiness higher 
compliance has been suggested.28 We used the former 
compliance criteria, and found that CPAP benefits 
both groups, compliant and less compliant. A poten-
tial explanation is that a mean usage of 3.59 h in the 
less compliant group might have been sufficient to 
improve QALY. It may suggest that different compli-
ance criteria might be required for achieving different 
outcomes.

Utility assessment has been used for chronic dis-
eases with public health relevance. In recurrent major 
depressive disorder, 2 y of venlafaxine was associated 
with a QALY of 0.055.29 In 151 diabetic subjects with 
moderate to high risk of cardiovascular disease, a 3-y 
program of lifestyle modifications composed of phys-
ical activity plus dietary changes resulted in a gain of 
0.07 QALY, when it was measured using the SF-6D.30 
In addition, in patients with primary insomnia, eszopi-
clone compared to placebo led to a QALY of 0.006831 after 
6 mo of follow-up.31 Data from other diseases, such as from 
patients with chronic obstructive pulmonary disease, showed 
that treatment with indacaterol32 and tiotropium33 resulted in 
QALY gains values of 0.0026/y and 0.012/y, respectively. Fur-
thermore, smoking cessation was associated with a QALY in-
crease of 0.009.34

However, it appears that the treatment of hypertension 
brings better results in the utility gained. In hypertensive and 
smoker subjects, the treatment was associated with a QALY 
of 0.54/patient in opposition to a gain of 0.5/patient in those 
who did not receive any treatment for hypertension.35 Our study 
showed similar results. In those patients in whom BP normal-
ized, QALY/patient value was higher than in those whose BP 
did not normalize. Indeed, we found that diastolic BP reduction 
was significantly associated with 1-y QALY gain. This finding 
suggests that BP reduction, or at least diastolic BP reduction, 
may be an important CPAP treatment outcome. Diastolic BP 
reduction has already been reported in previous studies after 
CPAP treatment.36 ESS score after 1 y of CPAP treatment was 
also significantly associated with QALY gain. Excessive day-
time sleepiness is usually the most commonly reported variable 
showing improvement after CPAP treatment in patients with 
OSA.28 Our study reinforced the concept that sleepiness is also 
an important clinical outcome to be monitored in CPAP-treated 
patients. Probably, QALY index is significantly associated with 
improvements in health (such as decreases in BP and sleepi-
ness) in a sample from a patient with OSA.

In our study, long-term CPAP treatment resulted in a QALY 
similar to other chronic disorders, such as depression, diabetes, 
and insomnia. Nevertheless, one factor that may have nega-
tively affected the utility score in our study was the high preva-
lence of pain complaints in our population (82%) that may have 
impaired daily activities. Nevertheless, pain complaints were 

reported both at baseline and during the follow-up time. Per-
haps pain is a comorbid unrelated health problem that should be 
taken into account in future studies. The lack of a control group 
of untreated patients with OSA and the absence of measuring 
the utility score 1 y prior to the initiation of CPAP are potential 
limitations of this study.

The SF-6D questionnaire is an easy and accessible tool that 
allows for the evaluation of the long-term effectiveness of 
CPAP, and the current analysis showed improvements in health 
status with the CPAP for OSAS. CPAP effectiveness evaluated 
by utility and the QALY index provides a measure that can be 
universally useful, even for different economies and countries.

Potential limitations of this study are the single-center data 
collection, and the relatively small number of patients.

In conclusion, this longitudinal study showed a significant 
QALY/patient gain after 1 y of regular CPAP use, and higher 
QALY index in those patients whose BP normalized. Conse-
quently, utility scores can provide more complete analyses of 
the total benefits of CPAP treatment in patients with OSAS. 
Utility and economic studies should be encouraged to support 
decision making in the health care system.
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