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Scientific summary
Background
Diabetic retinopathy is the most common microvascular complication of diabetes mellitus and is one of
the leading causes of blindness and visual impairment in the UK and throughout the world. However,
despite evidence supporting the effectiveness of diabetic retinopathy screening (DRS) in reducing the risk
of sight loss in people with diabetes, screening uptake is below the recommended levels in many screening
programmes. Research has highlighted that living in an area of high social deprivation, younger age
(< 40 years), having a longer duration of diabetes and belonging to a black, Asian and minority ethnic
group are all associated with lower levels of screening attendance. There is a need to identify the most
effective and cost-effective quality improvement (QI) interventions that increase attendance for DRS in
people with diabetes and to identify the modifiable barriers to/enablers of screening uptake.

Objectives
The specific objectives were as follows.
1. Systematically review the evidence from randomised controlled trials (RCTs) on the effectiveness and
cost-effectiveness of QI interventions that seek to increase attendance for DRS and code descriptions of
the interventions reported in the included RCTs in terms of the QI components and their constituent
behaviour change techniques (BCTs) (with BCTs being the ‘active components’ of interventions that aim
to improve screening attendance).
2. Systematically identify the published and grey literature reporting barriers and facilitators associated
with DRS and code barriers/facilitators according to the Theoretical Domains Framework (TDF) of
behaviour change and the Consolidated Framework for Implementation Research (CFIR) (with domains
being explanatory factors that are proposed to mediate change).
3. Assess BCTs (from objective 1) and barriers and facilitators (from objective 2) in terms of their
theoretical coherence (i.e. whether or not the components of existing DRS interventions target
important determinants of attendance).
4. Use data from objectives 1–3 to estimate the likely cost-effectiveness of interventions to increase
attendance at DRS.

Methods
The study design comprised three phases.
1. Phase 1 (objective 1): a systematic review of RCTs that used any QI intervention to improve attendance
for DRS. Interventions could be directed at patients with diabetes, health-care professionals (HCPs),
the health-care system or any combination thereof. The primary outcome for this review was attendance
for one or more visits for DRS within a 2-year period following randomisation. Secondary outcomes
included ongoing adherence to DRS based on attendance following the initial screening event post
intervention, resources required to deliver interventions and intervention cost-effectiveness. Intervention
content was coded using a classification system to describe the QI components and the BCT taxonomy to
identify the specific BCTs present in each intervention and their effectiveness was analysed by subgroup
analysis and meta-regression.
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2. Phase 2 (objective 2): systematic review of the published and grey literature reporting perceived barriers
and enablers associated with DRS attendance and categorisation of barriers/enablers according to
validated, theory-informed frameworks (TDF and CFIR).
3. Phase 3 (objectives 3 and 4): exploration of theoretical coherence between component BCTs used in
published interventions in the phase 1 review and the TDF domains representing the key barriers to and
enablers of DRS attendance identified in the phase 2 review. This was conducted using two validated
BCT and domain mapping tools. High coherence was defined as the use of BCTs that target important
TDF domains. Low coherence was defined as the use of BCTs that target less important TDF domains.
Missed opportunities for intervention design were noted as infrequent use of BCTs that are theoretically
coherent. A health economic evaluation was conducted using a Markov economic model to estimate
the cost–utility of QI components and BCTs used in interventions. Single BCT components were
compared in the model in terms of their cost-effectiveness. The effectiveness of BCT components was
estimated using multivariable meta-regressions, utilising the data obtained from the phase 1 systematic
review of intervention effectiveness. The costs of BCTs were estimated by assigning a resource use rank
to each intervention in each RCT and conducting a multivariable ordered logit regression. Costs were
assigned to each expected rank. Imprecision in the model was investigated using sensitivity analyses.
Finally, we conducted a formal 1-day knowledge exchange event with stakeholders and end-users to
present the outputs from the evidence synthesis and health economic modelling and discuss the
interpretation and service implications of the findings.

Results
Phase 1: diabetic retinopathy screening intervention effectiveness review
We screened 7277 studies, of which 66 RCTs (n = 352,879 participants) were included in the review
(The Cochrane Library, MEDLINE, EMBASE and trials registers; search date February 2017). Of the included
studies, 50 (75.8%) were of general QI interventions that evaluated their impact across a range of
outcomes (including DRS uptake) and 16 (24.2%) were of interventions that had a primary target of
improving attendance for DRS. The studies were conducted primarily (66.7%) in North America between
1988 and 2013. Thirty-five studies (53%) were parallel-group patient RCTs and 31 (47%) were cluster
RCTs in which the HCP or the health-care setting was the unit of randomisation. Interventions were
multifaceted and incorporated multiple QI components/BCTs targeting patients and HCPs. Fifty studies
compared a variety of QI interventions with usual care. A random-effects meta-analysis of these studies
found a 12% [risk difference (RD) 0.12, 95% confidence interval (CI) 0.10 to 0.14] absolute increase in
DRS attendance for the interventions compared with usual care. Although the pooled effect estimate was
larger for DRS-targeted interventions (RD 0.17, 95% CI 0.11 to 0.22) than for non-targeted interventions,
this difference was not statistically significant. Ten studies compared a less intensive intervention (‘active’
control) with a more intensive intervention. The aim of these studies was to determine whether stepping
up the intensity of an intervention component, or introducing further components, would increase DRS.
The pooled effect estimate for these studies was smaller (RD 0.05, 95% CI 0.02 to 0.09), in favour of
the more intensive intervention, suggesting that it is possible to further enhance the effect size by
increasing intervention intensity. The main comparison in this review (any QI intervention vs. usual care)
was associated with substantial heterogeneity. Heterogeneity was explored using subgroup analysis and
univariate meta-regression. Sufficient studies were available to investigate the impact of 17 BCTs targeting
patients or HCPs. All BCTs were effective in subgroup analysis, with pooled RDs ranging from 0.11 to
0.26. A meta-regression found that certain BCTs were more effective at improving DRS attendance,
including ‘goal-setting (in relation to outcomes or consequences of attending, not attendance itself)’
(regression coefficient 0.162, 95% CI 0.070 to 0.254; p = 0.001), ‘credible source’ (e.g. persuasive
communication from a respected person) (regression coefficient 0.097, 95% CI –0016 to 0.211;
p = 0.092) and ‘restructuring the social environment’ (e.g. introduce diabetes link workers) (regression
coefficient 0.085, 95% CI –0.001 to 0.172; p = 0.053). There was some evidence for larger effect sizes in
populations with lower baseline DRS attendance (regression coefficient –0.208, 95% CI –0.419 to 0.004;
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p = 0.054); however, much of the observed heterogeneity was unexplained. We found no studies
reporting our secondary outcome measure of ongoing adherence to DRS following the initial screening
appointment post intervention and no data on the relative effectiveness of interventions in particular
population subgroups, for example according to socioeconomic characteristics.

Phase 2: barriers/enablers review
We screened 3457 studies, of which 65 were included in the review (MEDLINE, EMBASE, PsycINFO and
sources of grey literature; search date March 2016). Of these, 41 (63%) used quantitative methods only
(e.g. questionnaires, surveys), 18 (28%) used qualitative methods only (e.g. interviews/focus groups) and
six (9%) used mixed methods. The majority (79%) of studies that used quantitative methods in full or as
part of a mixed-method design used a cross-sectional survey design. The majority of studies (79%) that
used qualitative methods in full or as part of a mixed-method design were descriptive and used no specific
analytical or theoretical approach. The studies were conducted primarily in North America (60%), with only
12 studies (18%) conducted in the UK. Fifty studies (77%) reported barriers/enablers from the perspective
of the patients only, 14 studies (21%) reported barriers/enablers from the perspective of both patients and
HCPs and one study (2%) reported barriers/enablers from the perspective of HCPs who were diagnosed
with diabetes. The TDF domains ‘environmental context and resources’, ‘social influences’, ‘knowledge’,
‘memory, attention and decision processes’, ‘beliefs about consequences’ and ‘emotions’ were identified
as representing the most important factors potentially influencing screening attendance. Thematic
synthesis within these six domains resulted in specific content themes at multiple levels, including at the
patient (e.g. fear/anxiety about vision loss, confusion between screening and routine eye care), HCP
(e.g. recommendation to screen, or lack of such recommendation, by the HCP), health-care system
(e.g. inaccurate registers) and wider community (e.g. lack of media coverage) levels. Overall, there were
almost three times as many content themes identified as barriers than as enablers (60 vs. 22). Many of the
themes/subthemes identified within the six TDF domains related to four broad areas: (1) perceptions of
convenience (e.g. transportation, scheduling appointment issues), (2) (lack of) awareness (e.g. of diabetic
retinopathy, screening importance/frequency), (3) comfort and support (e.g. trust in doctors, social support,
negative emotions) and (4) misconceptions that need to be addressed through improved message content
(e.g. DRS not necessary, confusion between attendance at retinopathy screening and routine eye tests).
Recoding the themes from the TDF domains into CFIR constructs did not offer any further insights as the
barriers and enablers reported in the studies were predominantly from the perspective of the patient rather
than the perspective of the organisation or HCP.

Phase 3.1: mapping
Published interventions included a median of four BCTs targeting patients (range 0–16) and three targeting
HCPs (range 0–14). Ten BCTs were frequently identified in intervention arms targeting patients and seven
were frequently identified in intervention arms targeting HCPs. The majority (80%) of frequently used
BCTs in patient intervention arms, and all (100%) frequently used BCTs in HCP intervention arms, were
paired with at least one of the six domains that were identified as important in the review in phase 2,
representing high theoretical coherence. Only two BCTs in the patient intervention arms had a low level
of coherence (i.e. they were paired only with domains of lesser importance): ‘goal-setting (outcome, i.e.
consequences)’ and ‘problem-solving (involving personalised barrier identification together with finding
solutions)’. All frequently used BCTs were effective, regardless of whether they had low or high theoretical
coherence. However, the majority (88%) of effective BCTs were highly coherent. Missed opportunities for
intervention design were identified for all six important theoretical domains, that is, at least one coherent
BCT was not frequently identified in the interventions. Opportunity seized was highest for ‘memory,
attention, and decision processes’ (50% of the theoretically coherent BCTs were frequently used in
interventions), followed by ‘knowledge’ (42% of the theoretically coherent BCTs were frequently used in
interventions). The most missed opportunities were observed for the ‘emotions’ domain; none of the
coherent BCTs paired with this domain were frequently used in existing DRS interventions (range 0–3
intervention arms).

© Queen’s Printer and Controller of HMSO 2018. This work was produced by Lawrenson 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.

v

SCIENTIFIC SUMMARY: INCREASING ATTENDANCE FOR DIABETIC RETINOPATHY SCREENING

Phase 3.2: economic modelling
The probability of an intervention being cost-effective at a societal willingness-to-pay threshold of
£20,000 per quality-adjusted life-year was determined using economic modelling that considered the
situation of annual screening, age at screening of 64 years and likelihood of attending screening without
any additional intervention of 70%. The QI component with the highest probability of being cost-effective
was patient education, but in general QI components were unlikely to be considered cost-effective. The
patient-targeted BCTs of ‘goal-setting’, ‘feedback on outcomes of behaviour’ (such as timely treatment),
‘social support’ and ‘information about health consequences’ had extremely high probabilities of being
cost-effective compared with no BCT intervention (≥ 0.975). For the HCP-targeted BCTs, adding objects to
the environment (e.g. reminder systems) had a probability of being cost-effective of > 0.9. The sensitivity
analyses showed that the probability of being cost-effective increased with lower baseline DRS attendance
levels and when the screening interval was increased to biennially or every 3 years.

Conclusions
The results of this study suggest that a number of strategies are likely to improve attendance for DRS.
QI interventions targeted at the person with diabetes, HCPs or the health-care system improve attendance
by 12% on average compared with usual care. There was some evidence to indicate that a larger effect
size could be anticipated in poor attenders. Current interventions are generally using appropriate BCTs that
mediate change in screening behaviour, with a high probability of being cost-effective.

Implications for practice
Including behavioural interventions to support the uptake of DRS services could improve the uptake of DRS.
Such interventions included providing feedback on the consequences of attendance or non-attendance;
encouraging social (interpersonal) support to attend; providing more information on diabetic eye disease,
including information about its health consequences and the process of screening; and introducing
reminder systems or ensuring that patient information is provided by a credible source, such as national
clinical guidelines. These interventions can be delivered at a patient level and at the level of the health
system, including health-care professionals. We identified that these interventions are effective, potentially
cost-effective and also likely to target the important factors associated with attendance at DRS.
For services with lower levels of uptake, the cost-effectiveness evidence and evidence on the effectiveness
of BCTs suggest that providing ‘feedback’ and ‘information about health consequences’ could be worthwhile.
Examples of possible approaches include providing information on diabetic retinopathy, the consequences
and benefits of DRS and explaining the difference between DRS and attendance for regular eye tests. Other
possible approaches include introducing processes to facilitate attendance and improvements in the screening
environment, for example processes to improve convenience for patients such as online management/
booking systems or monitoring tools such as diabetes passports.

Implications for research
The evidence from this study can be used to inform the development of a future RCT to evaluate the
effectiveness and cost-effectiveness of multifaceted interventions for DRS attendance. Intervention
components that target the emotional barriers to and enablers of screening attendance, such as anxiety
regarding the process or outcome of screening, should be considered. Usual care should be specified in
sufficient detail such that BCTs present in the control arm can be identified. Outcome assessment at a
minimum of 24 months is suggested to capture attendance and ongoing attendance at DRS. The evidence
suggests that the target participants should be those who do not regularly attend for DRS. Before carrying
out a trial, a programme of preliminary research is recommended to identify the population with a low
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DRS attendance rate. A qualitative exploration of key determinants of attendance in subgroups of low
attendees and the feasibility of and ethical concerns around targeting population subgroups is needed.

Study registration
This study is registered as PROSPERO CRD42016044157 and PROSPERO CRD42016032990.

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

© Queen’s Printer and Controller of HMSO 2018. This work was produced by Lawrenson 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 13/137/05. The contractual start date
was in September 2015. The draft report began editorial review in April 2017 and was accepted for publication in August 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 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 HTA programme or the Department of Health and Social Care..
© Queen’s Printer and Controller of HMSO 2018. This work was produced by Lawrenson 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).

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

NIHR Journals Library Editors
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 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 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 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 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 editors: www.journalslibrary.nihr.ac.uk/about/editors
Editorial contact: journals.library@nihr.ac.uk

