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Scientific summary

Background

Pre-eclampsia (PE) is a multisystem disorder of pregnancy associated with new raised blood pressure (BP) and
proteinuria. It remains the second leading cause of direct maternal deaths in the UK and causes 20% of all
stillbirths. The 2010 National Institute for Health and Care Excellence (NICE) guideline for the management
of hypertensive disorders of pregnancy differentiates PE from gestational hypertension by the presence
of new significant proteinuria. This differentiation is critical in terms of monitoring and management, cost
and outcomes. NICE has acknowledged the lack of evidence relating both to the diagnosis of significant
proteinuria in pregnant women and the prognostic value of various urinary protein thresholds. The aim of
the study was to evaluate the various methods of measuring proteinuria in pregnant women with suspected
PE both in the diagnosis of significant proteinuria and in the prediction of clinically significant outcomes and
cost-effectiveness.

Objectives

The primary objective of the study was to evaluate the accuracy of quantitative assessments of spot
protein–creatinine ratio (SPCR) and spot albumin–creatinine ratio (SACR) at different thresholds in
predicting severe PE compared with 24-hour urine protein measurement in pregnant women with
hypertension and suspected proteinuria.

The secondary objectives, after amendment, were to:

l investigate differences between laboratory assay methods for 24-hour proteinuria estimation
l evaluate the accuracy of quantitative assessments of SPCR and SACR at different thresholds in

predicting adverse perinatal outcomes
l estimate the diagnostic utility of SPCR or SACR tests as a potential replacement for 24-hour protein

estimation by developing a decision-analytic model
l assess the cost-effectiveness using incremental cost per quality-adjusted life-year (QALY) gained by the

mother and baby in each test compared with standard practice.

Methods

Study conduct
As part of routine antenatal care to assess for PE, pregnant women have their BP measured and a urine
sample checked for protein using a urine dipstick. Potential participants were identified from women with
suspected PE, who were subsequently referred to a hospital maternity assessment unit, delivery suite or
outpatient department for repeat assessments.

The inclusion criteria for the study were pregnant women aged ≥ 16 years, who were at > 20 weeks’
gestation with new hypertension (systolic BP of ≥ 140 mmHg and/or diastolic BP of ≥ 90 mmHg) and a
trace or more proteinuria on an automated dipstick urinalysis, and who were able to give written
informed consent.

Women with pre-existing renal disease (proteinuria before 20 weeks), pre-gestational diabetes or chronic
hypertension were excluded.
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All eligible women were given a patient information sheet and invited to participate by a research midwife.

Eligible women who consented to take part in the study had provided a routine spot urine sample for
protein analysis (the recruitment sample). This sample of urine was used to provide five 1-ml aliquots,
which were frozen and stored for secondary analysis. The remainder was sent to a local laboratory for
quantitative assessment of SPCR.

Participants were asked to collect urine for 24 hours in a collection container, as either an inpatient or an
outpatient depending on their clinical management plan. An aliquot of the 24-hour sample was frozen
and stored for secondary analysis.

A further spot sample of urine was taken and stored for analysis immediately before delivery.

Six weeks after giving birth, women were followed up and the pregnancy diagnosis was confirmed.
Outcome data were collected from hospital records.

Index tests
There were four index tests on a spot sample of urine: (1) SPCR test (conducted at the local laboratory),
(2) SPCR test [conducted at the central laboratory using the benzethonium chloride (BZC) assay],
(3) SPCR test [conducted at the central laboratory using the pyrogallol red (PGR) assay] and (4) SACR test
(conducted at the central laboratory using an automated chemistry analyser). The comparator tests on
24-hour urine collection were a central test using the BZC assay and a central test using the PGR assay.

Reference standards
The primary reference standard was the NICE definition of severe PE: PE with severe hypertension,
symptoms, biochemical and/or haematological impairment.

l PE is defined as new hypertension after 20 weeks’ gestation (systolic BP of ≥ 140 mmHg and/or
diastolic BP of ≥ 90 mmHg) and significant proteinuria (≥ 300 mg from 24-hour urine collection using
the central laboratory’s BZC assay).

l Severe hypertension is defined as systolic BP of ≥ 160 mmHg or diastolic BP of ≥ 110 mmHg.
l Severe features included at least one of severe headache, visual disturbances, problems with vision,

severe pain just below the ribs or vomiting, papilloedema, signs of clonus (three or more beats), liver
tenderness, HELLP (Haemolysis, Elevated Liver enzymes, Low Platelets) syndrome, platelet levels below
100 × 109/l, abnormal liver enzyme levels (alanine aminotransferase or aspartate aminotransferase levels
of > 70 U/l).

A second reference standard was a clinician diagnosis of severe PE, which was defined as those instances
in which a woman was treated with magnesium sulphate or put on a severe PE protocol. The use of such
a protocol is a core compliance standard for clinical risk assessment followed by all participating units.

Adverse perinatal outcome (composite identified by Delphi survey of clinicians) was defined as one or
more of perinatal or infant mortality, bronchopulmonary dysplasia, necrotising enterocolitis or grade III/IV
intraventricular haemorrhage. The definition used for bronchopulmonary dysplasia was oxygen dependence
at 36 weeks of postmenstrual age (gestational age at delivery plus chronological age of baby).

For the economic analysis, the diagnostic accuracy of each test, derived from the statistical analysis of the
clinical study, was combined with the intervention cost and length of stay in maternal and neonatal units
obtained from study sites and, cost and utility assumptions in the hypertension in pregnancy models
published in NICE clinical guideline (CG) number 107 (NICE. Hypertension in Pregnancy: The Management
of Hypertensive Disorders During Pregnancy. CG107. London: NICE; 2010). The study estimated the
incremental cost per QALY in deterministic and probabilistic sensitivity analyses.
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Analysis
Diagnostic performance of the index tests against the reference standards were compared using prespecified
thresholds of 30 mg/mmol for SPCR and 2 mg/mmol for SACR. Sensitivities, specificities, positive likelihood
ratios and negative likelihood ratios (LR–s) and area under receiver operating characteristic (ROC) curves were
calculated. For the economic evaluation, a modelling approach was used to estimate the incremental cost
per quality-adjusted life-year (QALY) gained of the test, comparing comparator and other index tests against
the local laboratory’s SPCR test (standard care comparator). The analysis was based on the clinician diagnosis
of severe PE as the reference standard.

A rule-out test for severe PE would require a LR– of ≤ 0.1 and a sensitivity of ≥ 90% with a high specificity.

Sample size
To demonstrate that a quantitative assessment of SPCR or SACR at a given cut-off point could rule out
severe PE, the original sample size required 240 women with severe PE. Assuming that 5% of recruited
women would develop severe PE, the recruitment target was set at 3000 women with new hypertension
and suspected proteinuria.

Interim reports indicated that the prevalence of severe PE might be higher; the Trial Steering Committee
recommended that the proportion of women with severe PE be estimated from the first 500 participants.
The laboratory assessments (NICE definition) were not available for all participants, so a surrogate
definition was agreed (the clinician diagnosis of severe PE). Using this, the prevalence was estimated to be
78 out of 500 (15.5%) and a new recruitment target was calculated of 1790 women.

Results

Population
In total, 1823 women were recruited and, of these, 959 had no missing test data for all four test index
assays and were available for primary analysis. There were 475 women with PE (NICE definition), of which
417 out of 475 (88%) had severe PE.

Using the NICE definition of severe PE, the prevalence in this group was 43% (417/959), the majority of
whom (339/417) had severe hypertension. In total, 23% of women delivered prior to 36 completed weeks
of gestation (preterm) and 6% of babies had severe perinatal morbidity. There were no maternal deaths in
this group, but there were still 30 cases of eclampsia.

Using the surrogate clinician diagnosis of severe PE, the prevalence rate was 20% (193/959) of women,
of whom the majority (149/193) both followed a severe PE protocol and received magnesium sulphate.
Only 32% of those with severe PE (NICE definition) had a clinician diagnosis of severe PE, and 8% of those
with a NICE definition of severe PE and 15% with a clinical definition had an adverse perinatal outcome.

Primary objective analysis
The diagnostic performance of the four assays testing the spot urine sample at recruitment against the
reference standard of severe PE (NICE definition) was similar. The three SPCR tests had sensitivities in
excess of 90% at prespecified thresholds, with poor specificities and LR–s of ≥ 0.1. The central laboratory’s
SACR test had a significantly higher sensitivity of 99% [95% confidence interval (CI) 98% to 100%] and
lower specificity. The ROC curves, when overlain, were similar (area under ROC curve between 0.87 and
0.89); the area under the central laboratory’s SACR curve was significantly greater than the local
laboratory’s SPCR curve (p = 0.004).

Using the severe PE (the clinician diagnosis) as reference standard, the three SPCR tests had sensitivities
below 90% at the prespecified thresholds. The central laboratory’s SACR test had significantly higher
sensitivity (97%, 95% CI 93% to 99%) than the local laboratory’s SPCR test, but with a significantly lower
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specificity (16%, 95% CI 14% to 19%). When overlain, the ROC curves for the assays were similar, and
demonstrated a much poorer diagnostic performance than with the NICE definition of severe PE. The
negative predictive values of each of the three SPCR tests was 92–93% (98% for the SACR test), so a
negative result from one of these tests brings the risk of developing severe PE down to 7–8% (2% for the
SACR test), compared with the pre-test risk of 43%.

Comparing the central laboratory’s PGR and BZC assay methods to diagnose significant proteinuria from
the 24-hour urine sample, 55% and 50%, respectively, of samples were identified as having significant
proteinuria (≥ 300 mg/24 hours). Consequently, the proportion of women categorised as having severe PE
(NICE definition) was greater using the PGR assay (48%) than using the BZC assay (43%). Using the data
from the PGR assay in the reference standard, the diagnostic performance of the index tests was similar:
the three SPCR assays had sensitivities above 90% with low specificities. LR–s were slightly higher than
those found using the BZC assay in the proteinuria component of the definition.

There is a non-linear relationship when comparing the two assays using a Bland–Altman plot. Up to values
of around 1200 mg/l the PGR assay value is typically higher, whereas from 1200 to 2000 mg/l the PGR
assay value is typically lower.

In terms of adverse perinatal outcomes, the diagnostic performance of the four assays testing the spot
urine sample at recruitment against the reference standard of adverse perinatal outcomes was similar. The
three SPCR tests had sensitivities below 80% at prespecified thresholds, with poor specificities. The central
laboratory’s SACR test had a significantly higher sensitivity of 94% (95% CI 84% to 98%) and lower
specificity of 14% (95% CI 12% to 16%), with poor likelihood ratios. The ROC curves, when overlain,
were similar, and all demonstrated poor diagnostic performance.

Economic evaluation
The standard care comparator (local SPCR test) generated 52.39 maternal and neonatal QALYs, at a
lifetime cost of £6621. Across the six tests, the differences in cost and QALYs were small; the incremental
cost-effectiveness analysis found that there was a difference of only 0.04 QALYs between the best and
worst performing test. Cost differences were greater, with urine dipstick testing alone generating £66
more than the local laboratory’s SPCR test. The central laboratory’s SACR test was the most effective
strategy (52.42 QALYs gained).

Conclusions

From the results of this study we can draw the following conclusions:

1. The SACR test has marginally better diagnostic performance characteristics than the SPCR test when
predicting severe PE according to the NICE CG107 definition.

2. All four tests could be used as rule-out tests for the NICE definition of severe PE, in that if we get a
negative test result the odds of severe PE are considerably reduced (by 10-fold or more) compared
with the odds in the target population as a whole before we do the test.

3. The collection of a 24-hour urine sample confers no additional value over a spot urine sample to
quantify proteinuria in women with hypertension in pregnancy.

4. The threshold level of SPCR that performs best for the prediction of severe PE is the current threshold
of 30 mg/mmol.

5. The threshold level of SACR that is equivalent to this in terms of clinical performance is 8 mg/mmol.
6. Urine dipstick testing without laboratory testing of SPCR or SACR performs poorly as a predictive

strategy for either severe PE or adverse perinatal outcome.
7. The measurement of ‘maximum proteinuria’ or a ‘rise in proteinuria’ confers no advantage in the

prediction of severe PE or adverse perinatal outcomes in hypertensive pregnancies.
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8. Biochemical assays for proteinuria are not universal and as such some assays (e.g. PGR assay) will
overdiagnose PE compared with the BZC assay by at least 5%.

9. The SACR test was deemed to have a 100% probability of being the most cost-effective option at the
standard willingness-to-pay threshold of £20,000–30,000 per QALY recommended by NICE.

10. Clinicians continue to plan care (and interpret results) in an inconsistent manner when caring for
women with severe PE.

11. The non-uniform application of NICE CG107 severe PE management algorithms and definitions by
clinicians does not confer any additional benefits in reducing the number of women who will have
adverse perinatal outcome.

Implications for clinical practice

l Evidence would suggest that all proteinuria assessments should be performed by an initial dipstick
screening test read on an automated dipstick reader, and for all non-negative tests a SACR test should
be considered. In the absence of a SACR test being available, a SPCR test could be used as an alternative.

l Given the intermethod/laboratory variability of protein assays demonstrated, all ‘protein’ tests should be
viewed with extreme caution and consideration should be given to a urine albumin assay being employed
for future definitions.

l Clinically significant proteinuria should remain defined at a level of 8 mg/mmol as measured by the
SACR test or 30 mg/mmol as measured by the SPCR test.

l The evidence from this clinical study does not support the recommendation of 24-hour urine sample
collection in hypertensive pregnant women.

l Once confirmed to be > 30 mg/mmol, no further proteinuria measurements are required during
hypertensive pregnancy.

l Whenever possible, proteinuria measurements should be by a single (accepted as standard) assay.
When this is not a BZC assay, clinicians should be aware that some assays can overdiagnose proteinuria
and, hence, PE.

l In the presence of hypertension in pregnancy without proteinuria, the progression to severe maternal
disease is unlikely (7% for SPCR and 2% for SACR). Adverse maternal and perinatal outcomes do
occur and all women with gestational hypertension should be closely monitored.

Trial registration

This trial is registered as ISRCTN82607486.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.

HEALTH TECHNOLOGY ASSESSMENT 2017 VOL. 21 NO. 61 (SCIENTIFIC SUMMARY)

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Waugh 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: 4.236

Health Technology Assessment is indexed in MEDLINE, CINAHL, EMBASE, The Cochrane Library and the Clarivate Analytics 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: journals.library@nihr.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 10/65/02. The contractual start date
was in September 2012. The draft report began editorial review in September 2016 and was accepted for publication in March 2017. 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 2017. This work was produced by Waugh 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

Health Technology Assessment 

NIHR Journals Library

Professor Tom Walley Director, NIHR Evaluation, Trials and Studies and Director of the EME Programme, UK

NIHR Journals Library Editors

Editor-in-Chief

Professor Hywel Williams Director, HTA Programme, UK and Foundation Professor and Co-Director of the
Centre of Evidence-Based Dermatology, University of Nottingham, UK

Professor Ken Stein  Chair of HTA and EME Editorial Board and Professor of Public Health, 
University of Exeter Medical School, UK

Professor Andrée Le May  Chair of NIHR Journals Library Editorial Group (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

Dr Tessa Crilly  Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin  Senior Scientific Advisor, Wessex Institute, UK

Dr Peter Davidson  Director of the NIHR Dissemination Centre, University of Southampton, UK

Ms Tara Lamont  Scientific Advisor, NETSCC, UK

Dr Catriona McDaid  Senior Research Fellow, York Trials Unit, Department of Health Sciences, 
University of York, UK 

Professor William McGuire  Professor of Child Health, Hull York Medical School, University of York, UK

Professor Geoffrey Meads  Professor of Wellbeing Research, University of Winchester, UK

Professor John Norrie  Chair in Medical Statistics, University of Edinburgh, 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 Jonathan Ross  Professor of Sexual Health and HIV, University Hospital Birmingham, UK

Professor Helen Snooks  Professor of Health Services Research, Institute of Life Science, College of Medicine, 
Swansea University, UK

Professor Jim Thornton  Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences,  
University of Nottingham, UK

Professor Martin Underwood  Director, Warwick Clinical Trials Unit, Warwick Medical School,
University of Warwick, 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:  journals.library@nihr.ac.uk



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article summaries \(executive summary, scientific summary, lay summary\). RGB colour space, low-resolution images.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


