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Scientific summary
Background
Obstructive sleep apnoea syndrome (OSAS) is a disorder which gives rise to breathing difficulties during
sleep as a result of repetitive closure of the pharyngeal airway. The resulting sleep disruption sometimes
leads to severe daytime sleepiness, high blood pressure (BP) and a possible increased risk of heart attack,
stroke and neurocognitive dysfunction. OSAS is the third most common respiratory disorder, after asthma
and chronic obstructive pulmonary disease. In its severe form it affects from 2–4% of middle-aged people.
In older people, the prevalence is much greater, with up to 20% of older people having OSAS.
Obstructive sleep apnoea syndrome can be treated with continuous positive airway pressure (CPAP), which
stops the pharyngeal airway closure, thereby normalising breathing. A recent report by the National
Institute for Health and Care Excellence concluded that CPAP is clinically effective at reducing sleepiness
and is a cost-effective treatment for OSAS in middle-aged people. However, these beneficial effects of
CPAP are not generalised across all groups with OSAS, including older people. This is because older
patients with OSAS appear to experience fewer symptoms of sleepiness and therefore may receive less
benefit from treatment. In the older population there are also likely to be many other causes of sleepiness,
making it more difficult to know what symptoms are a result of OSA. Prior to the publication of this
report, very little information was available for clinicians and health-care professionals regarding the best
way to treat OSAS in older people, and even less information was available about how CPAP treatment
impacted on quality of life and about its cost-effectiveness in this population.

Objectives
Positive Airway Pressure in Older People: a randomised controlled trial (PREDICT) aimed to determine the
clinical efficacy of CPAP in older people with OSAS by way of reducing subjective sleepiness and to
establish its cost-effectiveness. A number of secondary outcomes, focusing on the important consequences
of untreated OSAS, were also measured, including neurocognitive function, road traffic accidents (RTAs),
changes in BP and metabolism. More general aspects thought to reflect successful treatment of a chronic
condition, such as improvements in mobility, quality of life overall and the use of health-care resources
such as visits to a general practitioner or hospital for treatment, were also measured. Adherence to CPAP
treatment was the tertiary outcome measure. Patients also recorded any side effects of CPAP treatment.
The specific outcomes are listed below.

Coprimary outcomes
1. Subjective sleepiness at 3 months was assessed using the Epworth Sleepiness Scale (ESS) mean score
at months 3 and 4, answering the question ‘Is CPAP clinically effective at 3 months?’ The ESS is a
well-established and validated scale for measuring subjective sleepiness; a reduction in ESS score reflects
symptom improvement.
2. Cost-effectiveness over 12 months was assessed using the European Quality of Life-5 Dimensions
(EQ-5D), and health-care resource use was measured monthly over the duration of the trial. Costs
were evaluated from the NHS perspective, and health outcomes were expressed as quality-adjusted
life-years (QALYs).
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Secondary outcomes
1. Subjective sleepiness at 12 months: the ESS mean scores at months 10, 11 and 12 were used to answer
the question ‘Is CPAP cost-effective at 12 months?’
The following outcomes were measured at 3 and 12 months:
1. objective sleepiness, measured using the Oxford Sleep Resistance (OSLER) test
2. quality of life and mood, assessed using the Short Form questionnaire-36 items (SF-36), the Sleep
Apnoea Quality of Life Index (SAQLI; a disease-specific sleep apnoea questionnaire which included
CPAP side effects) and the Hospital Anxiety and Depression Scale
3. functionality, as measured using the Townsend Disability Scale
4. nocturia, as self-reported frequency
5. mobility according to Timed Up and Go test
6. self-reported road accidents
7. cognitive function determined by the Mini-Mental State Examination, Trail Making Test Part B, Digit
Symbol Substitution test and simple and four-choice reaction time test
8. cardiovascular risk factors, such as systolic and diastolic BPs and fasting blood profile
9. new cardiovascular events, including myocardial infarction, stroke, transient ischaemic attack, angina,
atrial fibrillation and peripheral vascular disease.

Tertiary outcome
Treatment compliance was measured objectively, by downloading data from the CPAP machines at 3- and
12-month assessments.

Methods
Design
This was a randomised, parallel, investigator-blinded multicentre trial over 12 months. Consecutive eligible
patients were offered trial entry. Patients had to be 65 years or older with newly diagnosed OSAS at
enrolment. The diagnosis of OSAS was based on a routine clinical sleep study performed in the recruiting
centres. The severity of OSAS was defined as oxygen desaturation index (ODI) at ≥ 4% desaturation
threshold level for > 7.5 events/hour and an ESS score of ≥ 9. All enrolled patients also underwent a
domiciliary overnight respiratory polygraphy (Embletta® GOLD™, Embla®, Amsterdam, the Netherlands).

Setting and team
The trial took place in NHS sleep clinics across the UK: Scotland (Edinburgh), Wales (Newport) and England
(12 centres). These centres had expertise in the assessment and treatment of OSAS. The cost-effectiveness
analysis was carried out by the Centre for Health Economics, York. The Medical Research Council Clinical
Trials Unit (MRC CTU) allocated the randomisation codes and carried out the clinical analysis. The trial was
managed by the Oxford Respiratory Trial Unit and Imperial College London and monitored by Trial Steering
and Data Monitoring Committees. An industrial partner [ResMed (UK) Ltd] supported the trial by providing
the CPAP machines and loaning the equipment required for the sleep studies.

Interventions
Patients were randomised (1 : 1) to CPAP with best supportive care (BSC) or BSC alone for 12 months.
Patients assigned to CPAP were established on autotitrating CPAP delivered using the standard clinical
protocols in the recruiting centres. BSC was defined as advice on minimising daytime sleepiness through
improved sleep hygiene, using naps or caffeine as required and weight loss if appropriate, which was
summarised in a booklet format. A booklet containing this information was compiled by the trial
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management team and provided to all patients. This could also be supplemented with information
routinely given at each centre.
Patients were randomised centrally by the MRC CTU using computer-generated randomisation. The
allocation group was revealed by telephone to the person initiating the intervention once baseline data
collection was complete. Structured assessments were performed at baseline, 3 and 12 months. All
patients received a telephone call at 1 week, 1 month and 6 months to record symptoms and side effects
and to optimise CPAP adherence. Patients also completed monthly diaries recording symptoms, side
effects, health-care resource use, change in medications, functionality and quality-of-life questionnaires.
Domiciliary overnight pulse oximetry was performed at 3 and 12 months.

Analysis
All analyses were pre-specified in the analysis plan. Analysis was by intention to treat with adjustment for
treatment allocation, minimisation factors and the corresponding baseline variable of the outcome using
standard statistical techniques and incorporating multiple imputation analysis.
Cost-effectiveness analysis took the perspective of the UK NHS over a time horizon of 1 year. Health
outcomes were expressed as QALYs using EQ-5D and Short Form-6 dimensions (SF-6D) derived from the
SF-36.

Results
From February 2010 to May 2012, 278 patients were randomised. Follow-up visits were conducted in 245
(88%) and 231 (83%) patients at 3 and 12 months, respectively. Overall, 231 (83%) patients completed
the trial. Mean (standard deviation; SD) age was 70.6 years (SD 4.7 years; range 65–89 years), ODI 28.7
(SD 19.1) events/hour (range 0.4–120.4 events/hour) and ESS score of 11.6 (SD 3.7; range 4–22).
In total, 140 patients were randomised to CPAP and 138 to BSC. Baseline ESS score was similar between
groups, mean (SD) 11.5 (SD 3.3) CPAP and 11.4 (SD 4.2) BSC. The demographics and clinical characteristics
were broadly similar between the two groups.

Coprimary outcomes
1. Subjective sleepiness at 3 months: there was a significant reduction in ESS score at 3 months in patients
allocated to CPAP was –3.8 (SD 0.4) compared with BSC –1.6 (SD 0.3), with a difference of –2.1
[95% confidence interval (CI) –3.0 to –1.3; p < 0.001]. The treatment effect was significantly greater
in patients with higher baseline ESS score or higher CPAP use.
2. Cost-effectiveness at 12 months: the average QALYs obtained using the EQ-5D were 0.680 (95% CI
0.638 to 0.722) QALYs for CPAP and 0.666 (95% CI 0.627 to 0.705) QALYs for BSC. The relative increase
in QALYs with CPAP was 0.005 (95% CI –0.034 to 0.044). The average cost per patient allocated to CPAP
was £1363 (95% CI £1121 to £1606) and for BSC was £1389 (95% CI £1116 to £1662).
Overall, the CPAP group accrued on average –£35 (95% CI –£390 to £321) lower costs. The results were
not sensitive to different assumptions regarding missing data, although they were sensitive to different
scenarios regarding the cost of equipment. In addition, the probability of CPAP being cost-effective was
more certain in patients with higher baseline ESS scores. The probability that the intervention was
cost-effective at the thresholds conventionally used in the NHS (£20,000 per QALY gained) was 0.61.
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Secondary outcomes
1. The improvement in the ESS score on CPAP was maintained at 12 months [treatment effect –2.0
(95% CI –2.8 to –1.2; p < 0.001)].
2. When cost-effectiveness was assessed using SF-6D, CPAP improved QALYs by 0.018 (95% CI 0.003 to
0.034) and the probability of CPAP being cost-effective was 0.96.
3. Objective sleepiness was significantly reduced at 3 months (p = 0.02) but less so at 12 months (p = 0.06).
4. Mobility was reduced at 3 months (p = 0.03) but not at 12 months (p = 0.8).
5. The energy/vitality domain of the SF-36 improved at 3 months (p = 0.001) and 12 months (p = 0.004);
this was also the case for the disease-specific quality-of-life SAQLI (3 months p = 0.005; 12 months
p = 0.001).
6. CPAP improved total and low-density lipoprotein cholesterol at 3 months [treatment effect –0.2 mmol/l
(95% CI –0.3 to 0.0 mmol/l; p = 0.05) and –0.15 mmol/l (95% CI –0.29 to –0.01 mmol/l; p = 0.04),
respectively], but the effect was not sustained at 12 months.
7. There was a treatment effect on systolic BP, which was 3.7 mmHg (95% CI 0.2 to 7.3 mmHg; p = 0.04)
lower at 12 months, which was entirely attributable to a fall in systolic BP in the BSC group.
8. The incidence of new cardiovascular events did not differ between groups at 3 (p = 0.48) or 12 months
(p = 0.72). Atrial fibrillation was the predominant new pathology.
9. Measures of mood, functionality, nocturia, accidents and cognitive function were unchanged at 3 and
12 months.

Tertiary outcome
Of the 140 patients randomised to CPAP, 120 (86%) at 3 months and 99 (71%) at 12 months reported
they were still using CPAP. CPAP usage data were obtained in 117 patients at 3 months [median duration
of use 1 hour 52 minutes/night; interquartile range (IQR) 0 hours 19 minutes to 5 hours 12 minutes/night]
and in 102 patients at 12 months (median usage 2 hours 22 minutes/night; IQR 0 hours 10 minutes to
5 hours 9 minutes/night).

Serious adverse events
There were 37 serious adverse events, all of which were independently classified as unrelated to the trial:
in the CPAP group there were 15 serious adverse events (including one death) in 12 patients and in the
BSC group there were 22 serious adverse events (including one death) in 13 patients. CPAP was associated
with several common self-reported side effects, such as dry mouth. There was no clinically important harm
from CPAP use.

Conclusions
This trial found that CPAP reduced subjective sleepiness in older people with OSAS at 3 months, despite
low overall CPAP usage. The beneficial effects were maintained at 12 months and the magnitude of the
improvements was similar to that seen in middle-aged patients treated with CPAP.
The reduction in subjective sleepiness was corroborated by a significant improvement in objective
sleepiness measured by the OSLER test at 3 months. Quality of life, assessed using the SAQLI and SF-6D,
was significantly improved by CPAP.
Overall, the economic benefit of CPAP was linked to potential reduction in health-care use, offsetting the
cost of the CPAP equipment, although the EQ-5D may not have been the appropriate measure to use in
this disease group.
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Secondary outcomes related to cognitive function did not differ between the two groups despite
reductions in sleepiness in the CPAP group. In addition, mood, which may impact on cognitive function,
did not change. Nor were other secondary outcomes, nocturia and RTAs, improved with CPAP, which may
reflect their multifactorial aetiologies.
In terms of the cardiovascular outcomes, there was a significant reduction in total cholesterol at 3 months in
the CPAP group, but this was not sustained at 12 months. CPAP produced no improvement in BP. In the
BSC group, systolic BP fell, an observation previously reported and difficult to explain.
The mean CPAP usage was low at 3 and 12 months, although similar to other trials in minimally
symptomatic OSAS patients. Adopting a standard clinical approach rather than an intensive trial approach
may have resulted in lower CPAP use. In addition, other factors, such as reduced social support, may have
contributed to lower CPAP adherence, since 50% of the patients reported sleeping alone.

Limitations and strengths
A possible limitation of this trial was that sham CPAP was not used as a comparator, although any placebo
effect there might have been in the CPAP group is very likely to have disappeared by 12 months. In
addition, the objective OSLER test and the dose–response relationship between the treatment effect and
CPAP usage support a real effect.
One of the strengths of this trial was that patients were drawn from geographically diverse areas, with
treatment in a real-life clinical setting. PREDICT has also been the longest randomised CPAP treatment trial
in OSAS, assessing both clinical and economic benefits. In addition, it is one of the first trials specifically
aimed at older people (≥ 65 years).

Generalisability
The trial did not focus on asymptomatic older people with OSA and, although it could be argued that the
patients studied had a relatively low mean ESS score at baseline, they were sufficiently symptomatic to
seek treatment. At the other end of the disease spectrum, exclusion of highly symptomatic OSAS patients
(20%) in whom CPAP was considered mandatory is likely to have diminished the effect size. The
exploratory analyses revealed that the treatment effect was larger in patients with a higher baseline ESS
score or more frequent CPAP use. Equally, the marginal improvement in cost-effectiveness was more
favourable in the more symptomatic patients.

Recommendations
Based on the results of this trial, we suggest that future research:
l
l
l
l

focus on how best to optimise CPAP delivery especially in the older patient
aim to stratify older patients with OSAS according to comorbidities and to assess the effectiveness of
CPAP treatment
define patient-centred outcomes for treatment of OSAS in women and ethnic groups, both of whom
are currently under-represented in clinical trials
explore the hypothesis that OSA in different groups may have different causes anatomically and
physiologically, with different consequences.

This last point remains to be investigated and is fundamental to the understanding of OSAS.

Funding
The National Institute for Health Research Health Technology Assessment programme.

© Queen’s Printer and Controller of HMSO 2015. This work was produced by McMillan et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

vii

Health Technology Assessment

HTA/HTA TAR

ISSN 1366-5278 (Print)
ISSN 2046-4924 (Online)
Impact factor: 5.116
Health Technology Assessment is indexed in MEDLINE, CINAHL, EMBASE, The Cochrane Library and the ISI Science Citation Index.
This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE) (www.publicationethics.org/).
Editorial contact: nihredit@southampton.ac.uk
The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta. Print-on-demand copies can be purchased from the
report pages of the NIHR Journals Library website: www.journalslibrary.nihr.ac.uk

Criteria for inclusion in the Health Technology Assessment journal
Reports are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA programme, and (2) they
are of a sufficiently high scientific quality as assessed by the reviewers and editors.
Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis methods (to
minimise biases and random errors) would, in theory, permit the replication of the review by others.

HTA programme
The HTA programme, part of the National Institute for Health Research (NIHR), was set up in 1993. It produces high-quality research
information on the effectiveness, costs and broader impact of health technologies for those who use, manage and provide care in the NHS.
‘Health technologies’ are broadly defined as all interventions used to promote health, prevent and treat disease, and improve rehabilitation
and long-term care.
The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform National Institute
for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for National Screening Committee (NSC)
policy decisions.
For more information about the HTA programme please visit the website: http://www.nets.nihr.ac.uk/programmes/hta

This report
The research reported in this issue of the journal was funded by the HTA programme as project number 08/56/02. The contractual start date
was in August 2009. The draft report began editorial review in November 2013 and was accepted for publication in September 2014. The
authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The HTA editors and
publisher have tried to ensure the accuracy of the authors’ report and would like to thank the reviewers for their constructive comments on
the draft document. However, they do not accept liability for damages or losses arising from material published in this report.
This report presents independent research funded by the National Institute for Health Research (NIHR). The views and opinions expressed by
authors in this publication are those of the authors and do not necessarily reflect those of the NHS, the NIHR, NETSCC, the HTA programme
or the Department of Health. If there are verbatim quotations included in this publication the views and opinions expressed by the
interviewees are those of the interviewees and do not necessarily reflect those of the authors, those of the NHS, the NIHR, NETSCC, the HTA
programme or the Department of Health.
© Queen’s Printer and Controller of HMSO 2015. This work was produced by McMillan et al. under the terms of a commissioning
contract issued by the Secretary of State for Health. This issue may be freely reproduced for the purposes of private research and
study and extracts (or indeed, the full report) may be included in professional journals provided that suitable acknowledgement
is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre,
Alpha House, University of Southampton Science Park, Southampton SO16 7NS, UK.
Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland
(www.prepress-projects.co.uk).

Editor-in-Chief of Health Technology Assessment and NIHR
Journals Library
Professor Tom Walley Director, NIHR Evaluation, Trials and Studies and Director of the HTA Programme, UK

NIHR Journals Library Editors
Professor Ken Stein Chair of HTA Editorial Board and Professor of Public Health, University of Exeter Medical
School, UK
Professor Andree Le May Chair of NIHR Journals Library Editorial Group (EME, HS&DR, PGfAR, PHR journals)
Dr Martin Ashton-Key Consultant in Public Health Medicine/Consultant Advisor, NETSCC, UK
Professor Matthias Beck Chair in Public Sector Management and Subject Leader (Management Group),
Queen’s University Management School, Queen’s University Belfast, UK
Professor Aileen Clarke Professor of Public Health and Health Services Research, Warwick Medical School,
University of Warwick, UK
Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK
Dr Peter Davidson Director of NETSCC, HTA, UK
Ms Tara Lamont Scientific Advisor, NETSCC, UK
Professor Elaine McColl Director, Newcastle Clinical Trials Unit, Institute of Health and Society,
Newcastle University, UK
Professor William McGuire Professor of Child Health, Hull York Medical School, University of York, UK
Professor Geoffrey Meads Professor of Health Sciences Research, Faculty of Education, University of Winchester, UK
Professor John Powell Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK
Professor James Raftery Professor of Health Technology Assessment, Wessex Institute, Faculty of Medicine,
University of Southampton, UK
Dr Rob Riemsma Reviews Manager, Kleijnen Systematic Reviews Ltd, UK
Professor Helen Roberts Professor of Child Health Research, UCL Institute of Child Health, UK
Professor Helen Snooks Professor of Health Services Research, Institute of Life Science, College of Medicine,
Swansea University, UK
Please visit the website for a list of members of the NIHR Journals Library Board:
www.journalslibrary.nihr.ac.uk/about/editors
Editorial contact: nihredit@southampton.ac.uk

