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Scientific summary

Background

Rheumatoid arthritis is a chronic, systemic, inflammatory arthritis affecting over 400,000 (0.8%) of the UK
population. Rheumatoid arthritis has considerable health and socioeconomic impacts. The life expectancy

of patients with rheumatoid arthritis is reduced and the mortality rate is increased up to threefold compared
with the general population. This is largely because of the increased frequency of premature cardiovascular
disease, which accounts for up to 40% of mortality in rheumatoid arthritis patients and is independent of and
incremental to traditional cardiovascular disease risk factors.

According to current guidelines, patients with newly diagnosed rheumatoid arthritis should be treated with
conventional synthetic disease-modifying anti-rheumatic drug (csDMARD) therapy in combination with
short-term glucocorticoids in a 'treat-to-target' (with the target of remission) approach. Biologic disease-
modifying anti-rheumatic drug (0DMARD) therapy, including tumour necrosis factor inhibitor therapy, is
recommended in patients with inadequate disease control with csDMARDs [in the UK, National Institute
for Health and Care Excellence guidelines permit bDMARD after failure of at least after two conventional
agents, including methotrexate and in the presence of high disease activity].

Treatment of rheumatoid arthritis with methotrexate and tumour necrosis factor inhibitors has been shown
to have beneficial effects on cardiovascular disease in epidemiological studies, with relative risks in the range
of 0.72 and 0.46-0.70, respectively, in patients with established rheumatoid arthritis. It is not clearly known
if patients with a new diagnosis of very early rheumatoid arthritis already have signs of cardiovascular
disease, if disease-modifying anti-rheumatic drug (DMARD) therapy confers benefits in this patient group
and if DMARD therapy reduces the incidence of cardiovascular disease, including whether or not bDMARD
therapy has additional benefits over csDMARDs.

The VEDERA (Very Early vs. Delayed Etanercept in early Rheumatoid Arthritis) study was a phase IV, pragmatic,
single-centre, open-label randomised controlled trial with the aim of determining the effect of bDMARD therapy
with tumour necrosis factor inhibitor in patients with new-onset, treatment-naive early rheumatoid arthritis
compared with standard methotrexate + additional sDMARD therapy in a treat-to-target approach (with
escalation to tumour necrosis factor inhibitor if clinical remission was not achieved). Participants were randomised
to one of two first-line therapeutic strategies: (1) group 1 — immediate tumour necrosis factor inhibitor
(etanercept) and methotrexate or (2) group 2: methotrexate + additional csDMARD therapy in a treat-to-target
approach, with switch to delayed etanercept and methotrexate in the event of failure to achieve clinical remission
at 6 months. The primary end point of the VEDERA trial was a comparison of the proportion of patients in each
treatment arm achieving Disease Activity Score-28 remission at 1 year. Secondary end points included evaluation
of the response to first-line etanercept compared with delayed etanercept (following methotrexate).

The CADERA (Coronary Artery Disease Evaluation in Rheumatoid Arthritis) study was a bolt-on study to the
VEDERA trial in which patients randomised in the VEDERA trial underwent additional multiparametric
cardiovascular magnetic resonance imaging to assess cardiovascular disease at baseline and after initiation
of either of the two treatment strategies.

Objectives
Primary objectives

® To determine if cardiovascular abnormalities, as assessed by cardiovascular magnetic resonance
imaging, are present in a treatment-naive inception cohort of early rheumatoid arthritis patients
compared with control subjects.
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® To establish whether or not (any) rheumatoid arthritis DMARD strategy is associated with improvement in
cardiovascular abnormalities, as measured by cardiovascular magnetic resonance imaging, in a treatment-
naive inception cohort of early rheumatoid arthritis patients over a 1-year period.

® To establish whether or not tumour necrosis factor inhibitor therapy confers a quantitative difference in
cardiovascular disease, as measured by cardiovascular magnetic resonance imaging, compared with standard
therapy in a treatment-naive inception cohort of early rheumatoid arthritis patients over a 1-year period.

Secondary objectives

® To determine cardiovascular changes, as assessed by cardiovascular magnetic resonance imaging, in a
treatment-naive inception cohort of early rheumatoid arthritis patients over a 2-year period.

® |n additional analysis (in line with the VEDERA parent study), following a protocol amendment, to
evaluate the response relative to Disease Activity Score-28 control (Disease Activity Score-28 category
of remission-defined clinical response/non-response status) and therapeutic intervention (tumour
necrosis factor inhibitor/methotrexate and csDMARD including methotrexate).

Methods

Design

The CADERA study was a bolt-on study to the VEDERA parent randomised controlled trial. Patients
recruited to the VEDERA trial and randomised to the csDMARD or bDMARD treatment group underwent
cardiovascular resonance imaging at baseline and at 1 year and 2 years following initiation of therapy.

Setting

Participants were recruited from a single tertiary centre, an early rheumatoid arthritis rheumatology outpatient
clinic (Chapel Allerton Hospital, Leeds, UK), and underwent cardiovascular magnetic resonance imaging at
the Multidisciplinary Cardiovascular Research Centre (MCRC) at the Leeds Institute of Cardiovascular and
Metabolic Medicine.

Participants

The methods used in the VEDERA and CADERA studies have been published previously. Patients were
recruited between February 2012 and November 2015. Consecutive patients diagnosed with new-onset
rheumatoid arthritis according to American College of Rheumatology/European League Against Rheumatism
2010 criteria were invited to enrol into the VEDERA randomised controlled trial and parallel CADERA
substudy. Thirty control subjects (free of cardiovascular disease) were recruited through advertisements,
e-mail and word of mouth and were approximately individually matched by age and sex to the first 30
CADERA patients.

Outcome measures
The primary outcome measure was difference in aortic distensibility between patients and control subjects
at baseline and in patients from baseline to 1 year of follow-up.

Secondary outcome measures were myocardial perfusion reserve, left ventricular strain and twist, left
ventricular ejection fraction and left ventricular mass.

The exploratory outcome measure was myocardial extracellular volume.

Sample size

The sample size estimation for the primary end point aortic distensibility was based on previous published
studies showing improved aortic distensibilty in rheumatoid arthritis patients in response to interleukin-1-
directed therapy. Thirty-three patients in each treatment group would equate to 80% power to detect a

difference in aortic distensibility between the two treatment groups at a 5% significance level.
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Interventions
All recruited patients were randomised into two groups according to the VEDERA protocol.

1. Group 1: experimental treatment arm — etanercept group: immediate etanercept and methotrexate treatment.

2. Group 2: control treatment arm — standard treatment group: initial myocardial extracellular volume
monotherapy with treat-to-target regimen; escalation to combination DMARD therapy at or after 8 weeks
(up to week 24) if failing to meet the predefined target at 4-weekly assessments, and if failing to meet
the predefined target of clinical remission at week 24, step up to bDMARD, etanerceptand methotrexate.

Etanercept (Enbrel®, Pfizer Inc. New York, NY, USA) is a human tumour necrosis factor receptor p75Fc
fusion protein produced by recombinant deoxyribonucleic acid (DNA) technology. Methotrexate and/or
additional csDMARDs include sulfasalazine and hydroxychloroquine.

Study procedures

All patients underwent screening within the 4 weeks prior to the baseline visit for the VEDERA trial. At the
baseline visit eligibility for the study was confirmed, patients were randomised to one of the treatment
groups and study treatment was initiated. Further visits, which included assessment of disease activity,
took place at weeks 4, 12 and every 12 weeks thereafter, up to week 96, for both treatment arms, with
additional visits (for group 2) at week 8, 16 and 20 for safety and efficacy within a treat-to-target protocol.

At baseline and at 1 and 2 years following initiation of therapy, patients recruited to the CADERA study
were invited for cardiovascular magnetic resonance imaging. The cardiovascular magnetic resonance
imaging protocol included aortic cine imaging, cine imaging in left ventricular short- and long-axis
orientations, myocardial tissue tagging, adenosine stress and rest first-pass perfusion imaging using a
dual-bolus technique, with intravenous infusion of 0.01 and 0.1 mmol/kg gadopentetate dimeglumine
(Magnevist®, Bayer, Berlin, Germany), myocardial T1 mapping pre and post contrast and late gadolinium
enhancement imaging.

Analysis

All post-processing analysis of cardiovascular magnetic resonance scans was performed by experienced
blinded assessors using CVI 42 software (Circle Cardiovascular Imaging, Calgary, Canada). Aortic
distensibility was calculated from aortic cine images according to previously described methods. Left
ventricular contours were drawn manually at both end-diastole and end-systole on the left ventricular
short-axis cine stack and left ventricular volumes and mass derived. Left ventricular strain and peak left
ventricular twist were derived from tissue tagging images and myocardial extracellular volume was derived
from pre- and post-contrast T1 mapping.

Patients were compared with control subjects for the primary outcome, aortic distensibility, using matched
pairs analysis and regression analysis. The objective was to determine if a significant difference (p < 0.05)
existed between patients and control subjects and to estimate the magnitude of this difference as a

95% confidence interval. The patients as a whole group and the two randomised treatment groups were
compared at baseline to 1 year with primary outcome aortic distensibility and aforementioned secondary
outcomes on 1-year follow-up.

Myocardial perfusion analysis is not included in this report.

Following a protocol amendment, further analyses were conducted for patients stratified as responders or
non-responders to therapy according to Disease Activity Score-28 remission status.

All analyses were adjusted for baseline aortic distensibility, age, sex, systolic blood pressure and pack-years
smoking (+ baseline Disease Activity Score-28-erythrocyte sedimentation rate as applicable). All analyses
were performed on 81 patients, with imputation of missing baseline and follow-up outcomes.
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A total of 82 patients were enrolled into the CADERA study and underwent baseline cardiovascular
magnetic resonance imaging. In one participant no aortic distensibility data could be acquired. Of the
remaining 81 patients at baseline, 71 underwent a 1-year cardiovascular magnetic resonance scan.

A total of four patients were withdrawn from the study during the first year of follow-up, one because of
treatment non-compliance and the other three because of serious adverse events relating to treatment.
The reasons for the remaining six patients not undergoing a 1-year cardiovascular magnetic resonance
scan were refusal or claustrophobia (five patients) and moved away and not able to attend a repeat scan
(one patient). In total, 56 patients attended for a 2-year cardiovascular magnetic resonance scan.

Early rheumatoid arthritis patients and control subjects were of similar median [interquartile range] age
[51 (21) and 54 (23) years, respectively] and systolic blood pressure [121 (26) mmHg and 121 (14) mmHg,
respectively]. Median (interquartile range) erythrocyte sedimentation rate, C-reactive protein and Disease
Activity Score-28 in early rheumatoid arthritis patients were 30 (30) mm/hour, 8 (23) mg/l and 5.3 (1.4),
respectively. In total, 64 (84%) and 57 (75%) patients were anti-citrullinated peptide antibody and
rheumatoid factor positive, respectively. A total of 17 (22%), 25 (33%) and 34 (45%) patients in the
rheumatoid arthritis group were current, former and never smokers, respectively, and 4 (13%), 5 (17 %)
and 21 (70%) patients in the control group were current, former and never smokers, respectively.

Primary outcome

The primary outcome measure aortic distensibility [geometric mean (95% confidence interval)] was
significantly reduced in patients (n =81) compared with control subjects (n =30) [3.0 x 10-3/mmHg
(2.7 x 103/mmHg to 3.3 x 103/mmHg) vs. 4.4 x 103/mmHg (3.7 x 103/mmHg to 5.2 x 10-3/mmHg),
respectively; p < 0.01]. Aortic distensibility improved significantly from baseline to 1 year across the
whole patient cohort [3.0 x 10-3/mmHg (2.7 x 10-3%mmHg to 3.4 x 10-3/mmHg) vs. 3.6 x 10-3/mmHg
(3.1 x 103/mmHg to 4.1 x 10-3/mmHgq), respectively; p < 0.01].

All differences remained significant when adjusted for age, sex, systolic blood pressure and pack-years smoked.

Secondary outcomes

Of the secondary outcome measures, left ventricular mass [geometric mean (95% confidence interval)] was
significantly lower in patients (n = 81) than in control subjects (n=30) [78.2 g (74.0 to 82.7 g) vs. 92.9 ¢
(84.8 to 101.7 q), respectively; p < 0.01]. Left ventricular mass in patients increased from baseline to 1 year,
from 78.2 g (95% confidence interval 73.7 to 83.0 g) to 81.4 g (95% confidence interval 76.3 to 86.9 g;
p=0.01). All differences remained significant when adjusted for age, sex, systolic blood pressure and
pack-years smoked.

Myocardial extracellular volume [geometric mean (95% confidence interval)] was significantly increased at
baseline in patients (n = 78) compared with control subjects (n=30) [27.1% (26.4% to 27.9%) vs. 24.9%
(23.8% to 26.1%), respectively; p < 0.01]. This difference remained significant when adjusted for age, sex,
systolic blood pressure and pack-years smoked. Myocardial extracellular volume in patients (n = 81) decreased
from baseline to 1 year [geometric mean (95% confidence interval)], from 27.2% (26.4% to 28.1%) to 26.4%
(25.6% to 27.3%), but this difference was not statistically significant (o = 0.06).

Matched pairs analyses corroborated the significant differences between the control group and the
rheumatoid arthritis group for aortic distensibility, myocardial extracellular volume and left ventricular mass

(with left ventricular mass showing a consistent magnitude of change).

No significant differences were seen in the other secondary outcome measures between patients and
control subjects at baseline or in patients between baseline and 1 year of follow-up.
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Secondary objectives

At the 2-year follow-up time point, differences in the primary end point of aortic distensibility and in the
secondary end point of left ventricular mass were maintained. In addition, peak left ventricular twist
significantly increased from baseline to the 2-year follow-up, from a geometric mean of 14.9° (95% confidence
interval 14.0° to 15.9°) to a geometric mean of 16.6° (95% confidence interval 15.5° to 17.8° p =0.02).

As part of the additional analyses (following the protocol amendment), no significant differences in aortic
distensibility improvement were seen in the following comparisons (geometric means):

® group 1 (n =40 at baseline) versus group 2 (n =41 at baseline): 3.8 x 103/mmHg versus 3.4 x 10-3/mmHg;
p=0.49

® combined group 1 and 2 non-responders (n = 38) versus combined group 1 and 2 responders (n = 43):
3.5 x 10-3/mmHg versus 3.6 x 103/mmHg; p=0.87

® group 1 non-responders (n = 17) versus group 1 responders (n = 23): 3.6 x 10-3/mmHg versus 3.9 x 10-3/mmHg;
p=0.73.

There was a trend towards a 10-30% difference between treatment strategies comparing group 1 responders
(n = 23) with group 2 responders (n = 13): geometric mean 3.9 x 103/mmHg versus 2.8 x 10-3/mmHg;

ratio 0.7 (95% confidence interval 0.4 to 1.2; p = 0.19); ratio adjusted for baseline aortic distensibility 0.8
(95% confidence interval 0.5 to 1.2; p =0.29); ratio fully adjusted for baseline characteristics 0.9

(95% confidence interval 0.6 to 1.4; p =0.56).

Discussion

The CADERA study presents the first evidence from a randomised controlled trial of the effects of DMARD
therapy on cardiovascular magnetic resonance imaging markers of cardiovascular disease in patients with
early, treatment-naive rheumatoid arthritis. The CADERA study has demonstrated that aortic distensibility,
a measure of aortic stiffness and a surrogate marker of cardiovascular disease risk, is lower in patients

with new-onset early rheumatoid arthritis than in control subjects. This finding suggests that cardiovascular
disease abnormalities are an early manifestation of rheumatoid arthritis, with potential implications for the
routine care of these patients.

The CADERA study has further shown that aortic distensibility improves at the 1- and 2-year follow-ups after
the initiation of DMARD therapy. Although there was no significant difference between the two treatment
regimes, first-line etanercept/methotrexate responders had a higher aortic distensibility at 1 year than first-line
methotrexate/csDMARD responders. This finding suggests that, in those patients who respond well to first-line
therapy, bDMARD treatment may be of further benefit. However, these preliminary findings are based on
modest patient numbers and require corroboration in future prospective studies.

Among the other cardiovascular magnetic resonance measures, we have demonstrated elevated myocardial
extracellular volume in patients compared with control subjects, which shows a trend towards improvement
after therapy. Myocardial extracellular volume is a marker of diffuse interstitial fibrosis and the elevated values
may relate to myocardial inflammation in early rheumatoid arthritis.

We have also observed lower baseline left ventricular mass in patients compared with control subjects
and an increase in left ventricular mass in patients from baseline to the 1- and 2-year follow-ups. This
observation may relate to the phenomenon of 'rheumatoid cachexia' caused by the reduced physical
activity in rheumatoid arthritis patients prior to the initiation of therapy.

© Queen'’s Printer and Controller of HMSO 2021. This work was produced by Plein et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. 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



viii

SCIENTIFIC SUMMARY: THE CADERA OBSERVATIONAL STUDY

Conclusion

These randomised controlled trial data show changes in vascular function and myocardial composition

in treatment-naive early rheumatoid arthritis of < 12 months’ symptom duration compared with control
subjects. Optimal DMARD therapy (whether csDMARDs or bDMARDSs) to control rheumatoid arthritis
disease activity is associated with significant improvements in aortic distensibility at 1 year. However,
aortic distensibility improvement appears not to be associated with response status per se (whether within
a treatment arm strategy or not). Exploratory evaluation suggests greater aortic distensibility improvement
with etanercept/methotrexate than with methotrexate (when controlling for response status).

Trial registration

This trial is registered as ISRCTN89222125 and ClinicalTrials.gov NCT01295151.

Funding

This project was funded by the Efficacy and Mechanism Evaluation programme, a Medical Research Council
and National Institute for Health Research (NIHR) partnership, and will be published in full in Efficacy and
Mechanism Evaluation; Vol. 8, No. 4. See the NIHR Journals Library website for further project information.
Pfizer supported the parent study, VEDERA, through an investigator-sponsored research grant reference
WS1092499.

NIHR Journals Library www. journalslibrary.nihr.ac.uk



Efficacy and Mechanism Evaluation

ISSN 2050-4365 (Print)

ISSN 2050-4373 (Online)

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 EME archive is freely available to view online at www.journalslibrary.nihr.ac.uk/eme. 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 Efficacy and Mechanism Evaluation journal
Reports are published in Efficacy and Mechanism Evaluation (EME) if (1) they have resulted from work for the EME programme,
and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

EME programme

The Efficacy and Mechanism Evaluation (EME) programme funds ambitious studies evaluating interventions that have the potential to make
a step-change in the promotion of health, treatment of disease and improvement of rehabilitation or long-term care. Within these studies,
EME supports research to improve the understanding of the mechanisms of both diseases and treatments.

The programme supports translational research into a wide range of new or repurposed interventions. These may include diagnostic or
prognostic tests and decision-making tools, therapeutics or psychological treatments, medical devices, and public health initiatives delivered in
the NHS.

The EME programme supports clinical trials and studies with other robust designs, which test the efficacy of interventions, and which may use
clinical or well-validated surrogate outcomes. It only supports studies in man and where there is adequate proof of concept. The programme
encourages hypothesis-driven mechanistic studies, integrated within the efficacy study, that explore the mechanisms of action of the intervention
or the disease, the cause of differing responses, or improve the understanding of adverse effects. It funds similar mechanistic studies linked to
studies funded by any NIHR programme.

The EME programme is funded by the Medical Research Council (MRC) and the National Institute for Health Research (NIHR), with contributions
from the Chief Scientist Office (CSO) in Scotland and National Institute for Social Care and Health Research (NISCHR) in Wales and the Health
and Social Care Research and Development (HSC R&D), Public Health Agency in Northern Ireland.

This report

The research reported in this issue of the journal was funded by the EME programme as project number 11/117/27. The contractual start date
was in April 2013. The final report began editorial review in November 2018 and was accepted for publication in August 2019. The authors
have been wholly responsible for all data collection, analysis and interpretation, and for writing up their work. The EME editors and production
house have tried to ensure the accuracy of the authors’ report and would like to thank the reviewers for their constructive comments on the
final report document. However, they do not accept liability for damages or losses arising from material published in this report.

This report presents independent research. 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, the MRC, NETSCC, the EME programme or the Department of Health and Social Care. 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 EME programme or the Department of Health
and Social Care.

© Queen'’s Printer and Controller of HMSO 2021. This work was produced by Plein et al. under the terms of a commissioning
contract issued by the Secretary of State for Health and Social Care. 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).



NIHR Journals Library Editor-in-Chief

Professor Ken Stein Professor of Public Health, University of Exeter Medical School, UK

NIHR Journals Library Editors

Professor John Powell Chair of HTA and EME Editorial Board and Editor-in-Chief of HTA and EME journals.
Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK, and Professor of
Digital Health Care, Nuffield Department of Primary Care Health Sciences, University of Oxford, UK

Professor Andrée Le May Chair of NIHR Journals Library Editorial Group (HS&DR, PGfAR, PHR journals) and
Editor-in-Chief of HS&DR, PGfAR, PHR journals

Professor Matthias Beck Professor of Management, Cork University Business School, Department of Management
and Marketing, University College Cork, Ireland

Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin Senior Scientific Advisor, Wessex Institute, UK

Dr Peter Davidson Consultant Advisor, Wessex Institute, University of Southampton, UK
Ms Tara Lamont Senior Scientific Adviser (Evidence Use), Wessex Institute, University of Southampton, 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 Emeritus Professor of Wellbeing Research, University of Winchester, 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 Great Ormond Street 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 Ken Stein Professor of Public Health, University of Exeter Medical School, UK

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

Please visit the website for a list of editors: www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: journals.library@nihr.ac.uk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Italic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ([Based on 'PREPRESS_WEB\(No Down Sampling of Images\)'] Web PDFs for NIHR Journals Library article text. RGB colour, low-resolution images, bookmarks and hyperlinks included.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /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 true
      /IncludeHyperlinks true
      /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


