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ABSTRACT: Formulating a rational health policy necessitates the ability to compare
between different healthcare interventions and disease scenarios. Continuous positive
airway pressure (CPAP) therapy with a conservative lifestyle strategy in sleep apnoea/
hypopnoea syndrome (SAHS) was evaluated using health utility and quality-adjusted
life years (QALYs) as outcome measures.

A total 71 SAHS (apnoea/hypopnoea index o15 h-1) patients completed a random-
ised, parallel group study over 3 months using utilities derived by the standard gamble
approach (Usg) and European quality of life questionnaire (Euroqol) (Ueq).

The severely impaired health status at baseline improved by 23% (Usg 0.32 to 0.55)
adding 8 QALYs in the CPAP group, compared to a 4% improvement with 4.7 QALYs
added in the lifestyle group (Usg 0.31 to 0.35). The Ueq showed a marginal change with
CPAP (0.73 to 0.77) but did not demonstrate any improvement with lifestyle
intervention.

The health status impairment in sleep apnoea/hypopnoea syndrome patients is
markedly improved by continuous positive airway pressure compared to a modest
improvement with conservative lifestyle strategies using the standard gamble utility,
which may be incorporated in effectiveness and economic analyses. The European
quality of life questionnaire did not reflect a similar degree of impact and is probably
not useful in this population.
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The obstructive sleep apnoea/hypopnoea syndrome
(SAHS) is characterised by repetitive sleep-induced
partial or complete collapse of the pharyngeal airway.
This leads to sleep fragmentation from repeated
arousals required to reopen the airway and restore
breathing [1]. The clinical consequences of SAHS are
diverse and include excessive daytime sleepiness
(EDS), deficits in neurocognitive function and an incr-
eased risk of morbidity and mortality from vascular
diseases [2]. SAHS is also now recognised to cause
significant deterioration in health-related quality of
life (HRQL) [3].

The nasal continuous positive airways pressure
(CPAP) device introduced in 1981, has been estab-
lished as the treatment of choice for patients affected
by this condition [4]. Research performed in SAHS
patients on CPAP has shown an effective reduction in
EDS, improvement in neurocognitive function and
recently an improvement in HRQL [5, 6]. The evalu-
ation of modern healthcare systems requires outcome
measures and tools which are applicable across the
disease spectrum and in different scenarios to allow
relevant comparisons to be made between the impact
of different health intervention strategies. Although
measuring the efficacy of treatment in SAHS patients
is possible with disease-specific parameters like the

apnoea/hypopnoea index (AHI), there is no consistent
relationship between patient symptoms and physio-
logy. HRQL tools on the other hand, provide
evidence of patient-generated outcome (and hence
effectiveness of therapy) but differ widely both in the
quality and quantity of response measured [7]. Thus,
there is a role for uniform outcome measures with a
potential to compare the overall impact of interven-
tion in SAHS with other diseases.

An individual9s self-valuation of the desirability of
various health states at a specific moment in time, as
embodied by the "utility" for that health state, is
utilised in economic evaluation studies [8, 9]. In most
cases the "utility" is scaled to a value between 0 (death)
to 1 (full health). Utilities may also be generated from
HRQL rating scales such as the European quality of
life instrument (Euroqol), but the standard gamble
(SG) method is the classical approach to calculating
utilities [10, 11]. The quality adjusted life years (QALY)
gained is generated by combining the utility value with
predicted life expectancy thus incorporating both the
quantity and quality of life in a generic measure of
benefit [12].

The aim of this study was to measure the effective-
ness of healthcare intervention in SAHS patients,
comparing CPAP with lifestyle strategies using two
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methods of health utility measurement; the indirect
Euroqol questionnaire-derived approach and the tradi-
tional and direct SG approach.

Methods

Subjects

Study population and baseline variables. All 141
patients referred to the Heartlands Sleep Clinic
between June 1998 and October 1999 with a history
of snoring and EDS [13] were invited to participate
in the study excluding those with neuromuscular
disorders, hypothyroidism and associated respiratory
diseases. The study was approved by the Birmingham
Heartlands and Solihull Hospital Research and Ethics
Committee. Patients (n=132) who gave written consent
in accordance with the Committee9s requirements then
underwent inpatient overnight polysomnography. A
total 71 patients with an AHI o15 h-1 were recruited.
Thirty-seven patients were randomised to Group 1
(CPAP therapy), four failed to tolerate CPAP and one
patient subsequently underwent surgery for a growth
hormone secreting pituitary tumour. There were 34
patients randomised to Group 2 (Lifestyle), five
patients were excluded due to health reasons (acute
abdomen, chest infection and visual impairment), two
patients preferred to go for surgery and six patients
dropped out leaving 21 patients to complete the study.
Patients completing the study in the CPAP arm
(Group 1; n=32) had a higher body mass index (BMI),
neck sizes and AHI than patients completing in the
lifestyle arm (Group 2; n=21). However both the
groups had similar age distribution, severity of EDS
and arousal index (AI), as shown in table 1.

Study design. All patients underwent an overnight
inpatient polysomnography and those with an AHI
o15 h-1 were recruited [13]. After a structured health
status interview subjects were randomised to one of
two treatment groups: Group 1 (CPAP therapy) or
Group 2 (Lifestyle intervention). Patients in Group 1
were given a single night9s home automatic CPAP
titration study before being set-up on CPAP treatment.

Each treatment phase lasted 3 months and concluded
with a repeat polysomnography and a health status
interview. Patients receiving lifestyle intervention were
completely unaware of the potential for being offered
CPAP at the conclusion of the trial. Compliance data
(usage at effective pressure) was automatically recorded
and downloaded for patients on CPAP.

Diagnosis of sleep apnoea/hypopnoea syndrome. Inpa-
tient overnight polysomnography was performed
in a dedicated two-bedded sleep laboratory with
Compumedics Sleep System v5.0 (Compumedics Plc,
Melbourne, Australia). The recording montage inclu-
ded two-channel electroencephalogram (EEG), sub-
mental electromyogram and electrooculogram, airflow
by oronasal thermistor, chest and abdominal wall
movement by inductive plethysmography, standard
limb lead II electrocardiogram, limb movements by
piezo-electric crystals and pulse oximetry (Minolta
Pulsox-7; Minolta Co Ltd, Osaka, Japan). Standard
criteria were used for scoring sleep [14], apnoeas/
hypopnoeas [15] and EEG arousals.

Health status interview (baseline). The diagnosis of
SAHS was discussed with patients and their partners
and both verbal and written information on clinical
and management options provided. Subjects then
completed the Euroqol and the Epworth Sleepiness
Scale (ESS) questionnaires unsupervised [10, 16]. The
Euroqol measures graded responses (1=no problem,
2=some problem, 3=extreme problem) in five dimen-
sions of health (mobility, self-care, pain, usual activities
and anxiety/depression). Utility values for health states
are generated by combining normative data on 243
possible combinations of responses to the five questions
with preferences/weights for various health states
provided by a UK population survey performed in
1993 and 1995/1996, (worst possible health state=-0.59
to full health=1) [17]. The Euroqol also incorporates a
linear visual analogue scale (i.e. health thermometer) to
value present health state (0=worst imaginable health
to 100=best imaginable health).

The interview included a simple explanation of the
SG method [11] and patients were asked to choose
either to remain in their current state of health "I" or

Table 1. – Characteristics of the patients in Groups 1 and 2 at baseline

Group 1 Group 2

CPAP Post-treatment Lifestyle Post-treatment

Subjects n 32 21
Age yrs 49¡11 52¡9.6
BMI kg?m-2 40¡14.5 40¡12.8 32.3¡5.5 31.7¡5.6*
Neck size cm 50¡6.4 48¡5.8 45¡5.6 45¡5.8
AHI?h-1 55¡28.7 8¡28*** 35¡19.1 34¡21
ESS (0–24) 16¡5.6 8¡6.4*** 14¡4.2 11¡5*
Usg 0.32¡0.17 0.55¡0.26* 0.31¡0.13 0.35¡0.12*
Ueq 0.73¡0.18 0.77¡0.18* 0.77¡0.12 0.77¡0.09
Euroqol thermometer (0–100) 59¡19.8 70¡18.1* 68¡16.8 68¡18.6

Data are presented as mean¡SD. BMI: body mass index; AHI: apnoea/hypopnoea index; Usg: standard gamble utiltiy;
Ueq: European quality of life questionnaire (Euroqol) derived utility. *: pv0.05; *** pv0.001.
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to be treated. The treatment had two outcomes; either
complete cure resulting in best possible health (I=1) or
failure leading to a much worse state of health/death
(I=0). The probability of success (p) or failure (1-p)
was varied using a probability wheel, until a point of
indecision was reached. The probability (p*) of suc-
cess at this "point of indecision" was used to calculate
the value/utility of health between 0 and 1 (Usg=p*).

Group 1: continuous positive airway pressure therapy.
Patients who were randomised to receive CPAP therapy
underwent a home-based CPAP titration study using
the Autoset II CPAP system (ResMed Plc, Abingdon,
Oxford, UK). This system used a validated algorithm
based on the flattening of the inspiratory flow curve
to detect obstructive apnoeas and hypopnoeas and
automatically titrate the CPAP pressure to eradicate
these events [18]. A 90th percentile pressure predicted
by the Autoset II titration study, was then used for
initial setting of CPAP machines (Sullivan V Elite,
ResMed Plc). Fitting of appropriate masks and
demonstration of the use of CPAP machines was
provided by an experienced technician followed by a
30-min trial in the laboratory. Subjects were given
direct access to the technicians and encouraged to ring
in case of any difficulties.

Group 2: lifestyle intervention. Each patient (along
with their partners) received standard verbal advice
and an explanation of the intention to measure the
effect of a conservative strategy on snoring, daytime
symptoms and nocturnal sleep disruption. A written
leaflet listing the strategies for sleep hygiene, quitting
smoking, reducing alcohol consumption and control-
ling stress was provided and discussed. After recording
body weights and neck measurements they were inter-
viewed by a hospital dietitian. Verbal and written
advice was provided on ideal body weight, weight
reducing diet and regular exercise. Follow-up appoint-
ments were arranged at 4 and 8 weeks. Patients were
asked to maintain a sleep diary with total number of
hours slept, and a visual analogue scale self-assessment
of their daily quality of sleep and daytime alertness
score.

Statistical analysis

The primary outcome measure was the number of
QALYs gained by treatment with CPAP compared to
lifestyle intervention. The change in health utility (d)
measured by the SG approach and the Euroqol and
the health thermometer value were compared between
the groups, along with the change in ESS scores. The
relationship between the HRQL and physiological
variables was also assessed. Data is expressed as mean
and SD. An independent t-test was used at baseline
between Group 1 and Group 2. The treatment effect
was analysed using the paired samples t-test. The corre-
lation between utility values and disease/demographic
parameters were measured using Spearman9s rho. The
corrected mean d utility values were evaluated using a
multiple linear regression model to adjust for the age,
sex, BMI, AHI and neck size between the groups. This

was then multiplied by the life expectancy of each
patient based on the UK 1996 population census [19]
to generate the QALYs gained by intervention in each
treatment group.

Results

Patients recruited to the study had a mean¡SD: age
50¡11 yrs; BMI 37¡12 kg?m-2; evidence of moderate
daytime sleepiness, ESS score 14¡5; respiratory and
sleep disturbance, AHI 49¡28 h-1; and AI 61¡30 h-1.
Baseline health status assessment using the SG
approach showed a very low valuation of general
health in both groups of patients (Group 1: Usg=0.32;
Group 2: Usg=0.31). However the Euroqol derived
health utility (Group 1: Ueq=0.73; Group 2: Ueq=0.77)
was higher than Usg in both groups of patients, shown
in table 1.

Three months after intervention, patients on CPAP
reported a 23% improvement in general health status
(Usg 0.32 to 0.55, p=v0.001) compared to 4% in
Group 2 (Usg 0.31 to 0.35, pv0.001). The Euroqol
derived utility showed a modest 4% improvement
(pv0.001) in the health status among subjects in
Group 1 but no change in Group 2. The Euroqol
health thermometer scores showed an 11% improve-
ment after CPAP use in Group 1 (pv0.001) but no
improvement in Group 2.

Subjects in Group 2 achieved a mean reduction
of body weight by 1.85 kg (range -3.8–5.9 kg) while
their mean BMI dropped to 31.7 from 32.3 kg?m-2

(pv0.05). There was no change in the BMI or body
weight of patients in the CPAP group.

Among Group 1 patients the sleep latency incr-
eased, total sleep time decreased and there were
significant reductions in the arousal index and mean
oxygen desaturation (table 2) as well as AHI and ESS
(table 1). However, Group 2 patients demonstrated a
reduction in AHI during rapid eye movement (REM)
sleep (which reduced from 42¡17.7 to 26¡19.6 h-1,
pv0.05), arousal index and ESS scores (pv0.05).

It was estimated that 8.2 QALYs were gained by
intervention in patients treated with CPAP compared
to 4.7 QALYs in Group 2, using the SG approach
(pv0.001). There were 1.4 QALYs gained in Group 1,
based on Euroqol-derived utility compared to no
significant change demonstrated in Group 2 (pv0.001),
as shown in table 3.

Analysis of the self-reported sleep diary data
amongst patients in Group 2 showed no change in
mean total hours of sleep in a 24-h period and daytime
sleepiness using a visual analogue scale, post-treatment
but only a 5% improvement in visual analogue scale
for sleep quality, pv0.05.

Baseline health status was not correlated with any
of the variables considered and 3 months on lifestyle
intervention did not significantly alter the health
status. However in the CPAP group, the change in
utility (dsg) correlated with baseline body habitus,
measures of respiratory disturbance during sleep (AHI
and arterial oxygen desaturation index) and the
change in ESS score on treatment (table 4).

The change in Euroqol health thermometer scores
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showed a negative correlation with baseline scores
(Spearman9s rho=-0.5, p=0.009) but demonstrated
a positive correlation to change in ESS scores
(Spearman9s rho=0.49, p=0.02), indicating that the
lower baseline health perception, the larger change on
treatment.

Discussion

When asked to assess their health status using a
direct approach incorporating the concept of risk with
the SG method, SAHS patients demonstrated a low
baseline value and a large improvement with CPAP
treatment compared to conservative lifestyle mea-
sures. This overall change in the "quality" of health
status when combined with the life expectancy
(quantity) in the QALYs yields a measure of effec-
tiveness which is generic and thus allows comparison
between different health intervention measures and
disease scenarios facilitating health resource alloca-
tion [20]. Using an alternative indirect utility measure-
ment with the five item-based Euroqol questionnaire,
assessing on a scale from 1–3 aspects such as mobility,
self-care, pain, usual activities and anxiety/depression,
the baseline health status was higher, the improve-
ment with CPAP in these parameters only minor and
there was no change demonstrated with conservative
strategies.

This study focused on comparing a widely imple-
mented traditional direct approach in measuring
health status (SG) with a questionnaire-derived
indirect utility assessment tool (Euroqol) that is widely
used in Europe and around the world. It was found

Table 2. – Polysomnographic variables at baseline and post-treatment

Variables Group 1 Group 2

Baseline Post Baseline Post

Sleep latency min 19.0¡23.7 33.9¡38.8* 24.8¡29.4 40¡38.2
Stage 1z2 min 180 (62.5) 166.2 (69.4) 221.9 (73.3) 211.6 (90)
Stage 3z4 min 64.7 (50.2) 69.5 (50.1) 81.2 (52.5) 85.3 (46.6)
REM latency min 125.8 (81.5) 105.7 (72) 155.7 (85.7) 114.6 (43.1)
REM period min 80.6 (39.3) 81.9 (35.8) 87.1 (40.5) 92.5 (47.8)
Total sleep time min 389.9 (113.4) 329.2 (86)* 434 (116.8) 387 (83.1)
Sleep efficiency % 67.7 (18.2) 67.5 (15.7) 71.6 (12.8) 74.4 (11.1)
Arousal index?h-1 64 (28) 38.9¡28.6*** 52.2 (28.5) 36.9 (21.5)*
Mean Sa,O2 desaturation % 6.9 (5.4) 3 (2.1)* 5.7 (5.8) 6.9 (5.3)

Data are presented as mean¡SD. REM: rapid eye movement; Sa,O2: arterial oxygen saturation; Sleep efficiency: sleep period/
time in bed; Group 1: continuous positive airways pressure; Group 2: lifestyle. *: pv0.05; ***: pv0.001.

Table 3. – Change in utility (d) and quality-adjusted life years (QALYs) gained with treatment

Utility Mean d Mean QALY

Uncorrected Corrected Uncorrected Corrected

Usg

Group 1 0.24¡0.23 0.23¡0.09 7.9¡7.8 8.2¡5.2
Group 2 0.04 (0.12) 0.15 (0.05) 0.8 (3.8) 4.7 (2.2)***

Ueq

Group1 0.04 (0.1) 0.04 (0.04) 1.5 (3.3) 1.4 (1.7)
Group 2 0.006 (0.1) 0.007 (0.02) 0.03 (3.0) 0.27 (0.53)***

Data are presented as mean¡SD. Usg: standard gamble utility; Ueq: European quality of life questionnaire-derived utility;
Group 1: continuous positive airways pressure; Group 2: lifestyle. The raw utilities were corrected using a multiple linear
regression model to adjust baseline differences in body mass index, apnoea/hypopnoea index and arterial oxygen desaturation
index to yield values predicted by the equation including all the above variables. These predicted values were used in
calculating the "corrected mean" and hence were adjusted for baseline differences. Significance tests were used for intergroup
differences. ***: pv0.001.

Table 4. – Significant correlations (Spearman9s rho) for the
difference in utility by the standard gamble approach in
Group 1

Variable Correlation coefficient p-value

ODI h-1 0.66 v0.001
Difference in ESS scores 0.59 v0.05
BMI baseline kg?m-2 0.58 v0.05
Baseline neck size cm 0.54 v0.05
Baseline weight kg 0.53 v0.05
Baseline AHI?h-1 0.45 v0.05
CPAP usage h?night-1 0.49 v0.05

ODI: arterial oxygen desaturation index; ESS: Epworth
Sleepiness Scale; BMI: body mass index; AHI: apnoea/
hypopnoea index; CPAP: continuous positive airways
pressure. Age, life expectancy, baseline utility, baseline
ESS score and electroencephalogram arousal index were
not significant.
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that the baseline utilities in untreated SAHS were
comparable with those seen in patients with a major
stroke (0.32–0.41) and much worse than prostatic
cancer with sexual and urinary dysfunction and minor
stroke (0.72) [21, 22].

In a Canadian study, TOUSIGNANT et al. [23]
reported 5.4 QALYs added by CPAP treatment in a
series of 19 patients in a retrospective analysis using
the SG approach, where the health status improved
from 0.63 to 0.87, a net change of 0.24. Interestingly
the patients in the present study reported a similar
degree of improvement, but from a more severely
impaired state to a more modest health state. As all of
the Canadian patients had already been established on
CPAP treatment for a considerable period of time,
and were then asked to retrospectively value their
pretreatment health status, substantial differences
might be anticipated with the present prospective,
randomised and controlled approach. The primary
methodological weakness in the Canadian retro-
spective study arises from the most likely failure of
"well-treated" patients to remember their previously
impaired state accurately, hence perhaps the higher
baseline health state, and the tendency for self-
reporting to overestimate any change on treatment,
in the absence of a control group.

Firstly, the present results confirm the findings that
correcting for interactions with traditional confound-
ing variables like age, sex, BMI and AHI CPAP
therapy, has a clear effectiveness among SAHS
patients in improving their net valuation of general
health status. Secondly, these results suggest that the
Euroqol questionnaire, which is widely used in gene-
rating QALYs, effectiveness assessments and in imple-
mentation of health policy may not be an ideal
instrument for use among SAHS patients. Even
among moderate to severely disabled SAHS patients,
Euroqol as a health status tool showed only a mild
change in patients with an effective positive treatment
response to CPAP and failed to record the mild
improvement in the lifestyle intervention group. No
association between disease severity and health status
at baseline and after treatment in both the groups
was found. In a previous analysis of Euroqol as an
outcome measure in SAHS, JENKINSON et al. [7]
reported a higher pretreatment health status com-
pared to the Short-Form 36 questionnaire and a lack
of sensitivity in measuring the impact of treatment.
This failure to discriminate between treatment effects
among patients on CPAP and lifestyle strategy may
result from the indirect derivation of utilities based on
a scaled response to mobility, self-care, usual activity,
pain/discomfort and anxiety/depression. This five-
dimensional model most certainly excludes dimen-
sions which are likely to be sensitive to the health
impairment in SAHS such as energy/vitality and
social functioning affected by tiredness and daytime
sleepiness. The more direct visual analogue scale
incorporated in the Euroqol questionnaire (health
thermometer) showed an 11% improvement in health
state after treatment, in the CPAP group. Thus, the
lack of sensitivity of Euroqol in this population may
have an impact on health resource planning using
such instruments.

The goal of treatment in SAHS patients has tradi-
tionally focused on improvements in daytime symp-
toms and function. Although severity of SAHS is
defined by the evidence of nocturnal respiratory dis-
turbance in the presence of significant symptoms,
there is only a very weak relationship between the
AHI (r=0.4) [24] and response to treatment. Hence
measures such as the AHI and AI do not lend
themselves for use as good outcome measures to
assess the effectiveness of therapy. In a study with
moderate-to-severe SAHS patients, BALLESTER et al.
[6] compared 37 patients on a 3-month conservative
therapy (sleep hygiene and weight loss) programme
with 68 patients on conservative plus CPAP therapy.
Their results demonstrated the odds for experiencing a
treatment response in the CPAP plus conservative
therapy group (combining ESS plus three dimensions
of the Short-Form 36 questionnaire) as 6.5 (95%
confidence interval 2.5–17.6). HRQL has a multi-
dimensional approach and hence the response to
therapy recorded with individual tools varies between
the various dimensions like energy/vitality from Short-
Form 36 to mental health. There is also a lack of a
consistent relationship between the HRQL measures
and nocturnal physiological events. A consistent and
reproducible linear relationship between the improve-
ment in the dimensions of HRQL affected and the
physiological parameters of disease severity is not yet
identified. Hence the role for a generic instrument,
such as the SG, which measures the net effect of
treatment on overall health status is suggested, as this
is applicable to different patient groups and health-
care scenarios.

A modest contribution of lifestyle intervention mea-
sures in health status improvement among SAHS
patients was found, although this is considered to be
the first-line strategy by many clinicians. There was
a clear trend of improvement in polysomnographic
parameters especially in daytime somnolence, AHI
during REM sleep and AI after introduction of
lifestyle and sleep hygiene measures, though other
parameters i.e. mean AHI, sleep latency, sleep effi-
ciency did not reach statistical significance. The high
dropout rate among this group suggested the inherent
difficulty in achieving a real change in lifestyle among
tired and disenchanted patients and probably a mis-
match between the patient expectation and benefits
derived. Patients on lifestyle measures were delibe-
rately not informed of any alternative future measures
like the CPAP, which may be offered if these measures
failed in order to ensure a commitment to lifestyle
changes, hence may have contributed to their failure
to complete the trial. The reduced number of patients
completing the trial in Group 2 is likely to have
reduced the power of this study to significantly
measure such changes. Others have reported a
weight loss of 1.1–3.1 kg among their patients with a
similar 3-month programme [6, 24]. Poor results have
been previously reported for conservative weight loss
strategies, while the only substantial improvement in
disease severity was achieved by gastro-jejunal surgery
[25]. It has been postulated that in SAHS sufferers a
lack of motivation, energy and vitality can make it
difficult to achieve clinically significant loss in body
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weight. This was certainly the case in the authors9
experience.

Conclusion

To conclude, sleep apnoea/hypopnoea syndrome
sufferers experience severe health impairment and
therefore, have a low valuation of their health status,
which improves remarkably with continuous positive
airway pressure therapy compared to marginal impro-
vement with a lifestyle intervention strategy, (includ-
ing weight-loss programmes). The standard gamble
approach to measuring health utility clearly demon-
strates the impact of healthcare intervention stra-
tegies, while the European quality of life questionnaire
showed only a much lower magnitude of change with
continuous positive airway pressure and did not
measure the change with lifestyle strategy. Hence,
the European quality of life questionnaire is perhaps
an inappropriate tool for use in assessing outcome in a
sleep apnoea/hypopnoea syndrome population. Utility
values derived from the standard gamble approach
should allow comparison of continuous positive
airway pressure intervention with other interventions
in healthcare.
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