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Reproduced from Wikipedia. 

Plato (Plato’s Republic) described a group of people chained together inside a cave, who misperceived 

shadows of objects on a wall for reality. This misperception was only realized when one of those chained 

together escaped the shadows and discovered the light of the outside world. This offers an allegory of 

how “routinely collected data” generated as part of routine operation of the modern healthcare service 

may merely serve to increase confusion. There is keen interest in linking routine data with outcomes. 

Akin to the prisoners in Plato’s cave, vision scientists involved in imaging and reporting retinal image 

features could be misinterpreting a mere simulacrum of reality for reality itself. Scientists could not be 

said to know anything at all, not even that they are being deceived.  

It should be noted that in this thesis the term Ireland is used interchangeably with Republic of Ireland as 

a means of distinguishing it from Northern Ireland. The population studied was resident in Republic of 

Ireland (ROI), the screening programme was undertaken in ROI, whilst the research was directed from 

Queen’s University Belfast, Northern Ireland, UK. 
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Chapter One 

Introduction to screening for diabetic retinopathy. 

 

You can’t prevent what you can’t predict. 

K M MacAulay 

Prediction inevitably involves a degree of error, or risk. As public health moves into prevention, 

rather than reactive treatment or cure, it will inevitably open us all up to increased understanding 

of risk and require better definition of risk appetite and sensible risk management. 

. 
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1.1 Introduction 

Diabetes mellitus (DM) has attained epidemic proportions.1As a result, the number of people 

with diabetic retinopathy (DR) and its sight-threatening complications, diabetic macular oedema 

(DMO) and proliferative diabetic retinopathy (PDR), have continued to rise.2 3The global 

prevalence of DR has increased nearly 8 fold in the last five decades, from 1.2% in 1971 to 9.3% 

in 2019.4 The increase in prevalence is disproportionately high in low- and middle-income 

countries (LMICs)3 Epidemiological studies of diabetes prevalence are often based upon age and 

self-reported diagnosis. Consequently, differentiating type 1 and type 2 patients in population 

studies is difficult. In terms of absolute numbers, the Western Pacific region (particularly China) 

will have the largest increase of nearly 50%, to 100 million people with diabetes by 2025. The 

highest number of people with diabetes is currently in the 40 – 59-year-old age group, but 60 – 

79-year-olds are set to match this by 2025, with 166 and 164 million worldwide respectively. 

The contribution of insulin resistance and β cell dysfunction varies considerably between 

patients, as well as during the disease. Usually, there is a decline in both insulin sensitivity and 

insulin secretion in patients who progress from impaired glucose tolerance (IGT) to diabetes and 

undoubtedly environmental and genetic factors contribute to this process.4 

According to Diabetes Ireland and Diabetes UK respectively, there are almost 250,000 

people diagnosed as having DM in Republic of Ireland and a further 100,000 in Northern 

Ireland. 1 While it is generally agreed that widespread screening for diabetes is inappropriate, 

targeted screening of people at high-risk of developing diabetes has shown itself to be cost-

effective.5 McHugh et al. reported that despite nearly all (93%) general practitioners in Republic 

of Ireland screening high-risk individuals for diabetes, almost one third (31.2%) of diabetes cases 

amongst adults aged 45+ years in their study were undiagnosed.6  Hence, for every two people 

diagnosed as having diabetes in Ireland there is one other that remains undiagnosed. To add to 

the epidemiological uncertainty is the fact that whilst one in three cases of diabetes in Europe is 

unrecognised, in Asia and Africa between half and two thirds of cases of diabetes are 

undiagnosed. The onset of type 2 diabetes (T2D) is difficult to identify and is often only 

diagnosed when a complication associated with diabetes is recognized as having developed. 

The biochemical criteria for diagnosing DM and impaired glucose tolerance have often 

been defined by an association with microvascular disease development, and with DR in 
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particular.7 DR is the commonest complication of diabetes mellitus8 and is a significant global 

public health and economic burden. DR accounts for approximately 15–17% of all cases of total 

blindness in the USA and Europe.9 Screening for DR has been introduced to reduce preventable 

blindness. Telemedicine is a new intervention for DR screening which is becoming widely 

adopted.10 

The case for screening of all people with diabetes on an annual basis was not well 

established and yet annual screening became adopted as the default. However, as far back as 20 

years ago it was proposed that patients with type 2 diabetes (T2D) should be screened at 

diagnosis and that if the result was negative for retinopathy, further screening could be deferred 

for up to 4 years with little risk of sight loss occurring. In 2000 a cost-utility analysis of 

screening intervals for DR in patients with T2D concluded that annual retinal screening for all 

patients with T2D without previously detected retinopathy may not be warranted and that 

tailoring recommendations to individual circumstances may be preferable.11 Stratton et al 

observed that the rate of progression to vision threatening diabetic retinopathy (VTDR) ( see 

further Chapter 3) was 0.7% for patients with no DR and 1.9% for patients with mild non-

proliferative diabetic retinopathy (NPDR) in at least one eye at their last DR screening 

assessment.12  Risk stratification in the screening programmes has been suggested for nearly two 

decades as a possible cost-containment strategy13; and it is becoming an accepted strategy in 

many developed countries.14(see further Chapter 4) 

Improved understanding of  DR is not important merely because of the enormous 

contribution to global blindness DR is currently making,15 but also because of how improved 

understanding of DR is likely to enhance our knowledge of microvascular complications of DM 

in general.16 Current guidelines on diabetic eye care recommend more frequent eye examinations 

for more severe forms of DR to prevent undetected deterioration. Likewise, close follow-up and 

early intervention are important to limit disease progression of other DM complications.17 

DR, unlike other diabetic complications, can be visualized directly, originally by use of 

direct ophthalmoscopy18and subsequently by indirect ophthalmoscopy.19 20  In the past half 

century, the examination process has incorporated advances in camera technology, digital 

imaging, cloud storage of digital images, international consensus on classification systems of 
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disease severity, telemedicine, delegation of image grading to allied health professionals and 

automated image reading systems.21 The rapid developments in imaging and image interpretation 

are matched with rapid progress in our understanding of how DM impacts retinal structure and 

function (see Figure 1.1). 22  
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1.2 The Scale of the Problem 

The increased prevalence of DM worldwide seems to be predominantly due to a significant 

increase in the number of people living with T2D, amongst all those being diagnosed as having 

diabetes (type 1 or type 2). In many nations worldwide T2D constitutes 90% of that nation’s 

diabetic population.23  As Republic of Ireland does not have a national diabetes registry, 

modelling of prevalence in 2021 based on figures from Scotland, where the prevalence of 

diabetes was 5.6% of the total census population in 2020, has resulted in the estimate that 88% 

have T2D and 11% have type 1 diabetes (T1D) in Republic of Ireland.  

 

Total(census) 

population 

Total Diabetes 

Prevalence 

T2D prevalence T1D prevalence 

4,761,865 266,664 234,398 28,800 

 

 

   

Figure 1.2 Estimated prevalence of diabetes in Republic of Ireland. Reproduced from Central 

Statistics Office. 

In both, the developed and developing world, increasing food energy consumption 

relative to reducing energy expenditure attributable to a decline in physical activity 24combined 

with greater life expectancy has fueled this increase in disease prevalence.25 The epidemic of 

DM is not only associated with an increasing number of people living longer with the disease but 

also to an earlier age of onset of the condition; with T2D having become as prevalent as T1D in 

paediatric diabetes clinics due to childhood obesity.26 A survey on weight by Eurostat, the EU’s 

statistics agency, found that 26 per cent of Irish adults were obese in 2019, well ahead of the EU 

average of 16 per cent and trailing only Malta, where the rate was 28 per cent. In a similar 2014 

survey, Republic of Ireland was ranked seventh, with an obesity rate of 18 per cent. The figures 

for obesity are equally alarming in the UK.27 
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Lack of coordinated screening for diabetes mellitus amongst those at greater risk,28 29 has 

until now resulted in a relative under detection of DR prevalence due to under-detection of 

diabetes. The single most predictive risk factor for development of any DR amongst people with 

diabetes is duration of diagnosed diabetes.30 31 Meanwhile the single most common predictive 

risk of progression to vision threatening diabetic retinopathy (VTDR) is most-recent previous 

retinopathy grading result. Stratton et al in Gloucester, UK, estimated the risk of progression to 

VTDR (defined as R2, R3 or M1 in either eye) (Table 2.2)) in an individual with no overt 

retinopathy in either eye at presentation but who progressed to R1 in both eyes one year later to 

be ~ six times greater than that of someone with no overt DR in either eye on both occasions.  If 

there was bilateral R1 at baseline and one year later the risk of subsequent VTDR was ~18 times 

higher than if there was no overt retinopathy in either eye at both assessments. 12 A Liverpool-

based study has demonstrated that targeted risk-factor-based retinopathy screening for patients 

based on the duration of DM, HbA1c level, age, systolic BP, and total cholesterol can optimize 

retinopathy screening intervals with reference to cost-effectiveness and safety. The resultant 

reduction in the proportion of people becoming screen positive before the allocated screening 

date was 50% and this permitted targeting of resources toward the patients more at risk of VTDR 

development.32 This suggests that targeted screening of a more vulnerable population segment 

could reduce societal care costs by minimising DR-related blindness. In the absence of resources 

to offer universal retinopathy screening; a recent meta-analysis from India population studies 

supports targeted retinal screening based on risk factors. In 44,599 subjects aged ≥40 years the 

overall prevalence of any DR was 14.8% (18.4 and 4.7% in established and newly diagnosed 

DM respectively). The prevalence of VTDR was only 5.1%. Risk factors of VTDR development 

in the Indian study were older age (>50 years), diabetes duration >5 years, and higher systolic 

blood pressure (>140 mmHg). Targeted screening of people with diabetes using the high-risk 

category as obtained from this study was able to detect 93.5% of all individuals with VTDR.33
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1.3 The rationale in screening for DR 

DR in its various states is identifiable and classifiable by cost-effective screening mechanisms, 

especially if these are applied systematically, but DR screening is problematic since only those 

diagnosed with diabetes will be screened for DR.34 35 

Globally, prevalence of DR in the population with DM is roughly one-third; with one-

tenth of the diabetic population having the vision-threatening states, namely DMO and PDR or 

both in combination.36 It is clear that, to date, epidemiology has had an important impact on 

describing the risk of retinopathy in those with diabetes.37 Limited information has been 

collected about the prevalence of retinopathy in populations other than white Europeans and 

Americans.38Better information on other groups is needed because published data suggest that 

there may be differences in the relative importance of risk factors for retinopathy development 

and progression. There have been changes in medical therapies (e.g., for glycemia, blood 

pressure, lipids) and in personal/lifestyle factors (e.g., activity levels, body mass index). New 

risk factors are emerging (e.g., genetic factors and their importance has yet to be determined.39 

The phenomena we observe are dynamic and constantly changing. The factors associated with 

progression to RDR and the validity of prediction models that have been developed to identify 

patients with diabetes at high risk of developing an adverse event such as RDR may vary with 

reference to temporal and ethnic factors. A prediction model ideally provides valid predictions of 

outcome for individual patients at another setting than where the model was developed, e.g., 

differing in time and place. The validity of predictions can be assessed by comparing observed 

outcomes and predictions when empirical data from this external setting are available.40 External 

validation of the predictive accuracy of prediction model accuracy is becoming an established 

means of improving care pathways for people with diabetes.41 42 

  Whereas, photographic screening for age-related maculopathy (ARM) at a population 

level is not recommended as it does not fulfil the criteria as described by Wilson and 

Jungner,43screening for DR is advisable as colour fundus photography based screening is 

relatively noninvasive, cost-effective and has acceptable sensitivity and specificity. Also, 

effective therapies exist and there is an identifiable latent stage. As a result of screening; targeted 

intervention will mitigate sight loss leading to long-term cost savings.34 Additionally in contrast 

to ARM screening, those individuals at highest risk of DR do not rely solely on retinal evaluation 
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for detection, as systemic disease risk factors will also highlight those at most risk and this case 

selection has been the basis of much opportunistic screening to date.33 

1.4 Classification of diabetic retinopathy in photographic screening. 

There is a lack of consensus on the best method of screening which depends upon resources 

available in terms of both, manpower and equipment.10 A comprehensive assessment by an 

ophthalmologist using slit-lamp biomicroscopy and indirect lenses to assess the posterior pole 

and the peripheral retina is the most sensitive mechanism and is preferred still in USA.44  

Photographic screening may be alternated with slit-lamp biomicroscopy annually. Even 

assuming fundus photography is chosen as the preferred method; photographic screening 

methods vary between those best suited to identify any detectable DR as opposed to no 

detectable DR, DMO, non- proliferative diabetic retinopathy (NPDR) and PDR.45 46  This 

diversity in screening methods extends into disease severity classification and onward referral of 

referable diabetic retinopathy (RDR) cases follows on the grading of the images by trained 

accredited staff who voluntarily submit to ongoing quality assurance. Lack of consensus as to 

what constitutes RDR status in DR screening bedevils the process due to an excess of 

international retinopathy classification systems.47 See Chapter 2 for further details. 

Ultimately, classification schemes should function to provide a system to improve patient 

care through accurate disease categorization by researchers and clinicians. The lack of consensus 

frustrates rigorous trialing of new therapies for DR and the undertaking of systematic reviews of 

international clinical trials resulting from ambiguity in terminology due to differences in 

classification thresholds.48 49  It prevents in a similar manner the undertaking of predictive 

(prognosis) studies and meta-analysis. One example of the importance of disease categorization 

is the marked increase in disease risk of progression to PDR from NPDR when it moves from 

moderate NPDR (ETDRS 47) at 24.4% to severe NPDR (ETDRS 53) at 64.9%. (See Table 2.1.) 

Another example is the classification of DMO as recommended by Wilkinson and summarised in 

Table 2.3. This latter classification system has been superseded with the widespread adoption of 

optical coherence tomography (OCT) and led to calls for an updated classification system. 49 50 

  Mild non-proliferative DR (Image 1.1 in Chapter 1 Appendix) arises by chronic 

hyperglycemia and events triggered by it (see Fig 1.1).  Mild NPDR can progress at a variable 
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rate to moderate, severe, and very severe NPDR because of pathogenic mechanisms that lead to 

neurovascular degeneration, including capillary closure combined with increased capillary 

permeability. Intraretinal microvascular abnormalities (IRMAs) (Image 1.2) arise adjacent to 

areas of capillary closure. Other features associated with capillary closure include large 

intraretinal haemorrhages (deep blotchy haemorrhages) (Image 1.3), disruption of axoplasmic 

flow in the nerve fibre layer (cotton wool spots) and segmental vein dilatation (venous beading). 

Non-perfused retina releases vascular endothelial growth factor (VEGF), among many other 

growth factors, cytokines, and chemokines, which triggers both increased vascular permeability 

and new vessel formation. It is common to characterize this stage of severe NPDR using the 

4:2:1 rule, i.e., dot haemorrhages/microaneurysms or both in all 4 quadrants, venous beading 

occurring in two or more retinal quadrants; or prominent IRMAs in at least one quadrant. In 50% 

of the cases fulfilling the 4:2:1 rule, PDR will develop within 15 months. Repeat screening with 

short intervals between screening episodes (SEs) is necessary because of the transient nature of 

the characteristic features of severe NPDR. New vessels on or within one disc diameter of the 

optic disc (NVD) occur in 20% of cases of PDR whilst 40% of cases of PDR occur beyond one 

disc diameter from the disc, which are termed new vessels elsewhere (NVE). 40% of cases of 

PDR occur with  both NVD and NVE.51 

DMO characterized by intraretinal/sub retinal accumulation of fluid and lipoprotein 

exudates within the central 6 mm diameter area of the retina (the macula) can occur at any stage 

during disease progression from no detectable DR. Since vision loss in DM is primarily from 

DMO or PDR but since DMO is more commonly detected than PDR in people with T2D; it 

follows that DMO is the principal cause of vision threatening DR.23 Complicated DR takes the 

form of one or more of the following: 

 

1. Optic nerve, retina, and iris neovascularisation  

2. Fibrous proliferation 

3. Preretinal haemorrhage 

4. Vitreous haemorrhage 
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5. Tractional retinal detachment  

                                                                                  

The latter occurs because of fibroglial and vascular proliferation between the retina and 

the posterior vitreous surface as well as intravitreally. (See Appendix Image 1.8) 

The concept of DR as a microvascular disease has evolved, in that it is now considered a more 

complex diabetic complication, in which earlier neurodegeneration plays a significant role, at 

least in some patients.22 Glial activation and neuronal apoptosis are the two prominent hallmarks 

of this condition leading to neurovascular unit (NVU) damage and blood retinal barrier (BRB) 

disruption. In fact, the American Diabetes Association (ADA) has recently defined DR as a 

highly tissue-specific neurovascular complication involving progressive disruption of the 

interdependence between multiple cell-types in the retina.44 (See Figure 1.1) 

 

1.5 Maximising the effectiveness of the diabetic retinopathy screening programme. 

In this review of screening strategy, the focus has been on improving the effectiveness of DR 

screening programmes. Another critical consideration is the capability and capacity of primary 

care and primary care providers to cope with a flood of new patients.The maximal efficiency of 

screening depends on several factors which are examined sequentially.  

a. Prevalence of disease within the population. 

Screening for a disease that is not a major health issue in society is wasteful. European society 

places great store on trying to minimize development of visual disability especially if screening 

is inexpensive and the disease risk is relatively high in society. 

b. Uptake of screening by the eligible population. Socio-economic deprivation has been 

identified as the most referenced demographic characteristic of non-attendance at screening. 

There was also a significant difference between the least and most deprived quintile of 

deprivation in terms of screening attendance using the indices of deprivation.52 The second most 

referenced characteristic of non-attendance was age, with non-attendance highest amongst 
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younger patients followed by the much older patients, then ethnic minorities, and being born 

outside the country.53Factors that could serve to increase screening uptake are;  

1. Improved communication between GP practice and screening services through use of 

electronic patient records.54 Inadequate coordination and communication between 

primary care providers and eye care professionals along with limited access to eye 

treatments for DR are significant barriers to screening; increasing the incidence of DR 

related sight loss. 

2. Integrating retinal screening with other diabetic care. The evidence that retinal imaging is 

useful for identifying those at greater risk of cardiovascular disease or even cognitive 

impairment could change the concept of DR screening into a broader health 

examination.14  

3. Overcoming language barriers and provision of patient education  55 

4.   Developing an attitude of forgiveness amongst screening service staff towards clients 

with previously missed screening appointments but who are willing to re-engage.55 

  

 

 c. Performance statistics of screening method used. (See Chapter 2 Appendix h and Chapter 5) 

The reference standard for photographic screening for diabetic retinopathy (ETDRS) is to 

use seven-field stereoscopic fundus photography covering 65 to 75 degrees of the fundus.56This 

is used only in research protocols because of expense and difficulty in performance whilst 

simpler methods are required for clinical care, leaving aside screening which has to be as simple 

and inexpensive as possible.57 58-60 Under-detection of DR by the seven-field fundus photography 

method is estimated at 5 to 15%.61 62  Substantial diabetic retinal pathology can exist in the 

retinal periphery located outside the ETDRS 7 standard fields(7SF), which in total comprise 30-

40% of the retinal surface.63 Detailed peripheral retinal evaluation provides important 

information used to assess completely the risk of DR progression.64 Concern re missing DMO 

through non-stereoscopic photography screening methods has been an issue, which has caused a 
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high incidence of false positive referrals from screening. However the presence of hard 

exudate less than one-disc diameter from the center of the macula is 90% sensitive in detecting 

DMO.64(Image 1.10 Appendix) 

Anonymised data extracted from 30 UK NHS hospital trusts using a single ophthalmic 

electronic medical record (EMR) for the period from April 2000 to November 2010 was used to 

create the National Ophthalmology Database (NOD).65 From 2007,the EMR facilitated capture 

of a nationally agreed-upon standardised data set (DR Structured Assessment) relating to the 

presence or absence of clinical signs of DR and maculopathy. An algorithm in the 

software automatically calculated the ETDRS grades of retinopathy and maculopathy.The 

screening programmes in the UK have adapted to the large number of referrals with borderline 

suspected DMO with the introduction of digital surveillance clinics which incorporate OCT. 66 

 

d. Affordability of the method used  

The affordability of screening encompasses cost to the screening service, cost to the patient, 

societal cost of attendance at screening such as absence from work to attend screening. Studies 

from the UK have shown that uptake of screening is heavily influenced by social deprivation 

with those with T2D twice as likely to come from the most deprived quintile in society rather 

than the least deprived quintile.53Uptake of screening, in general, is lower in the more socially 

deprived groups within society.67 Patient level barriers to screening include the inconvenience of 

having the pupil dilated with dilating drops, competing priorities in a person's life and active 

disengagement with diabetic services.68I refer to this disengagement as retinapathy. 

1.6 Summary 

The aim of screening for DR through imaging the retina, image grading leading to disease 

severity classification and allocation to specific management plans of people living with diabetes 

(PLWD) is optimal care of the patient and prevention of avoidable blindness. This thesis aims to 

outline the history of this evaluative process to date (Chapter 2), to determine important risk 

factors for progression to RDR in an Irish population (Chapter 3) and the validation of risk 

prediction algorithms in this Irish cohort. (Chapter 4). New understandings are discussed in 
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relation to the rapidly evolving fields of imaging technology, grading classifications, prediction 

modelling and strategies for improving the cost-effectiveness of screening. (Chapter 5) Finally, 

signposting how new imaging modalities in association with artificial intelligence may have to 

be considered in mathematical models for future risk prediction is discussed. (Chapter 6) It is a 

central theme of this thesis that greater collaboration between primary care professionals (general 

practitioners, diabetes nurse specialists, practice nurses, community based endocrinologists and 

ophthalmologists, community optometrists) and those carrying out DR screening will serve to 

counter the risk from retinapathy becoming endemic as the incidence of diabetes related 

blindness continues its welcome decline in developed economies with national screening 

programmes for DR. Continued research is required to optimize diabetic eye screening given the 

rising demand and the many questions still to be answered regarding DR. 
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APPENDIX IMAGES AS PER INTERNATIONAL CLINICAL DIABETIC RETINOPATHY 

SEVERITY SCALE 

Image 1.1 Mild non-proliferative diabetic retinopathy showing haemorrhages and microaneurysms 

 

 

 

Image 1.2 Moderate non-proliferative diabetic retinopathy. Intraretinal microvascular abnormality (IRMA) 
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Image 1.3 Moderately severe NPDR Venous loop (VL)/Venous beading (VB)/ Venous reduplication 

Multiple blot haemorrhages (BH) 

 

 

Image 1.4 Severe non-proliferative diabetic retinopathy venous loop 
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Image 1.5-1.9 Proliferative diabetic retinopathy-         

            

 subtle new vessels disc (NVD) 

 

 

 

 

 

 

 

 

 

 

 

 

Image 1.6 Florid new vessels disc 
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Image 1.7 Pre-retinal haemorrhage 

 

 

 

Image 1.8 Fibrovascular proliferation 
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Image 1.9 Fibrovascular proliferation inducing macular traction 

 

 

 

Image 1.10 Diabetic macular oedema showing perimacular exudates. 
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Chapter Two 

Methods in use to evaluate diabetic retinopathy status in 

population health screening. 

 

“Microaneurysms are important lesions of diabetic retinopathy 

and even one or two microaneurysms in an eye should not be 

regarded as unimportant”. 

Kohner E 
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2.1 Introduction 

Ideally, a DR screening assessment should have as few elements as possible to avoid its 

misinterpretation as a comprehensive ophthalmic examination. Simplicity facilitates uptake and 

increases cost-effectiveness. The screening service staff should encourage clients to attend their 

eye care provider as they did prior to the introduction of the screening programme. This contract 

should apply to the eye care professional who should avoid seeking to dissuade clients from 

attending the screening service. Screening examinations are required to be accessible to all, 

affordable, convenient, quality-assured and capable of ensuring timely evaluation and onward 

referral, if required. Retinal examination mechanisms used in screening for diabetic retinopathy 

focus on identifying sight-threatening disease. Methods used in identifying the phenotypic 

features of DR have involved a range of formats: direct ophthalmoscopy, indirect 

ophthalmoscopy and slitlamp biomicroscopy using contact and non-contact lenses performed by 

an eye care professional experienced in the recognition of features associated with disease 

worsening.1 All of these means of assessment fail to satisfy the desire to have an objective 

system which would facilitate quality assurance and audit of decisions made. Fundus 

photography provides such assurance. 

In 1968 a group of experts met in Airlie House, Virginia to develop a standardized 

classification of DR based upon fundus photography. The Diabetic Retinopathy Study (DRS) 

classification consisted of comparing stereo-photographs in 7 standard photographic fields with 

the study patient’s findings in those same 7 photographic fields. This same classification was 

further modified for use in the Early Treatment of Diabetic Retinopathy Study (ETDRS) which 

assessed the risk of deferral of treatment for various retinopathy severity levels when first 

assessed. The level > 63 had already developed PDR. Severity of intraretinal microvascular 

abnormalities, haemorrhages and/or microaneurysms, and venous beading were found to be the 

most important factors in predicting progression. On the basis of these analyses and other 

considerations, a retinopathy severity scale was developed. This scale, which divides diabetic 

retinopathy into 13 levels ranges from absence of retinopathy to severe vitreous haemorrhage. 
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Table 2.1 Risk of developing high risk proliferative retinopathy in all eyes assigned to deferral of treatment by 

baseline retinopathy severity level 

ETDRS 

RETINOPATHY 

LEVEL 

1 YEAR RISK OF 

DEVELOPING HIGH 

RISK PDR (%) 

3-YEAR RISK OF 

DEVELOPING HIGH 

RISK PDR (%) 

5-YEAR RISK OF 

DEVELOPING HIGH 

RISK PDR (%) 

Level <35 0.8 6.7 15.5 

Level 43 3.3 14.2 26.5 

Level 47 8.6 24.4 39.4 

Level 53 a-d 14.6 39.5 56.0 

Level 53 e 45.0 64.9 71.3 

Level 61 21.7 48.6 63.8 

Level >63 (71,75,81,85) 45.5 67.2 74.7 

 

Reproduced from ETDRS Report No. 9. 

 

The modified Airlie House Classification of DR is based on grading of stereo-photographs of 7 

fields (Fig 2.1, Fig 2.2) and classifies DR into 13 levels ranging from level 10 (absence of 

retinopathy) to level 85 (severe vitreous haemorrhage or retinal detachment involving the 

macula). (see Table 2.1). It is an excellent tool in the research setting but its clinical applicability 

in population screening is limited due to its complexity. (see Fig.2.1 and Table 2.1) 

The Early Treatment Diabetic Retinopathy Study required use of a method for retinal 

examination that identifies the different features of DR, each with its own natural history and risk 

of progression to vision threatening diabetic retinopathy (VTDR). Like the earlier Airlie House 

Classification, the ETDRS used a montage of seven standard field (7SF) stereo photographs, was 

film based and is still perceived as the reference standard for use in clinical trials on DR. 

Polaroid photography was tried for a short period of time before being rejected as being inferior 
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in sensitivity to 35mm slide transparencies. Today’s digital technology offers significant 

enhancements for remote retinal viewing. Digital images resolution equivalent to 35mm slides 

can be readily transmitted anywhere in the world. Retinal cameras featuring auto-alignment, 

auto-focus and even auto-stereoscopic capabilities allows quality fundus photographs to be taken 

by non-ophthalmic photographers. Sophisticated mosaic software for panoramic viewing wide-

field digital images speeds up the assessment of retinopathy severity. This century saw a move 

away from film to the widespread use of digital imaging technology operated initially by 

ophthalmic photographers and subsequently by trained accredited ophthalmic technicians. 

Images included colour fundus photographs (CFP), 2 and optical coherence tomography (OCT) 

scans. 3  
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Figure 2.1 ETDRS classification 7 stereo fields 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seven standard fields of ETDRS classification (shown for the right eye). Field 1 is centred on optic disc, field 2 on 

the macula. Field 3 is temporal to macula. Fields 4-7 are tangential to the horizontal lines passing through the upper 

and lower borders of the optic disc. X=macula, =optic disc 

 

 

Figure 2.2 Mosaic composed of mydriatic 7-field 45° ETDRS images 
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Figure 2.2 Mosaic custom template indicating where individual fields would have been in a 30° standard field set 

superimposed on the 45° mosaic to guide readers in recording observations in a standard ETDRS field-grading form. 

 

 

 

 

 



35 
 

Figure 2.3 Eurodiab Insulin Dependent Diabetes Mellitus (IDDM) Complications Study fields of 

view. 

 

 

 

              

 

 

 

 

 

Figure 2.3 Eurodiab Insulin Dependent Diabetes Mellitus (IDDM) Complications Study fields of view. Two 45-

degree fields. Macular field (a) has the optic disc at the nasal end of the horizontal meridian. Nasal field has disc (b) 

positioned one disc diameter in from the temporal edge of the field, on the horizontal meridian. 

Figure 2.4 60-degree field as in use in English screening programme 

 

 

 

 

 

 

 

 

Fig 2.4 English screening programme captures two 45º fields one disc centred (shown in green); the other fovea 

centred (shown in blue) Two 45º images combine to offer a 60º field. 

X=macula, =optic disc 

Figure 2.3b Figure 2.3a 
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2.1.1 Standard colour fundus photography (CFP)-the least-worst option. 

Prior to the widespread commercial availability of colour fundus cameras, studies comparing 

direct ophthalmoscopy with the reference standard clinical trial method (ETDRS 7SF colour 

fundus photography) for detection and grading of severity of diabetic retinopathy and diabetic 

macular oedema were undertaken.4 5 Having been established as superior to direct 

ophthalmoscopy in detection of early and clinically significant DR, the comparison with slit-

lamp biomicroscopy was an obvious next step in validating CFP. It was already established that 

slit-lamp biomicroscopy (SLB) as an examination method is preferred over direct 

ophthalmoscopy as SLB provides much greater resolution, depth and width of field and control 

of illumination, as well as means of varying magnification.6 (See Fig.2.5) Whilst use of the 

handheld ophthalmoscope as a means of retinal examination would have widened the options 

with reference to suitable workforce to include primary care physicians and optometrists; its 

adoption as a means of screening meant abandonment of a permanent record as a pre-requisite 

and with that, the principle of quality assurance. 7 

The same inherent weakness applied to the subjective nature of SLB assessment by an 

ophthalmologist when seeking to detect any DR as opposed to no DR.8 Early retinopathy is 

better detected by using CFP than by using SLB.9 Detection of minimal DR is different however 

from having a mechanism able to accurately identify the principal forms of VTDR and especially 

maculopathy.10 The fact that sensitivity and specificity for detection of clinically significant 

macular oedema (CSMO) by retinal specialists using SLB compared with reading centre grading 

of stereo fundus photographs is no better than moderate, highlights an obvious paradox.11Using 

SLB after referral from CFP-based screening to confirm the presence of vision threatening 

diabetic retinopathy (VTDR) or its precursor RDR at follow-up clinics might appear counter-

intuitive. There is a distinct difference between standard 2-dimensional CFP and ETDRS 7SF 

photography linked with reading centre that outperforms SLB as a screening mechanism.12 Fig. 

2.2 shows how the custom template demarcates retinal regions in the mosaic produced by 

standard fundus cameras corresponding to the standard fields: optic disc, macula, temporal to the 

macula, and each of the four vascular arcades. The template guided readers to appropriate 

sections of the seven-standard-field grading form for recording presence and severity of diabetic 

retinal abnormalities per ETDRS severity definitions. 
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Previous lack of access to the means of accurate identification of clinically significant macular 

oedema (CSMO); explains the rapid adoption of OCT scanning as the means of patient 

surveillance to distinguish progression of retinopathy.13A major weakness in standard CFP still 

was its lack of a means of stereoscopic analysis and a dependence on proxy mechanisms based 

on surrogate retinal features for identification of likely cases of CSMO. 14(Fig 2.6-2.8) Film had 

been the basis for diabetic retinal evaluation for many years prior to the adoption of digital 

imaging systems. Criteria for colour film slides in DR studies were well established. There were 

no widely accepted digital photography standards for acquiring and reviewing DR. Results of a 

study comparing digital with film-based photography suggest that under controlled conditions, 

compression, absence of stereo effect, or deviation from ETDRS standard fields do not have a 

negative effect on DR assessment according to the ETDRS scale. 15 16Replicated properties of the 

ETDRS film protocol included: resolution high enough to distinguish the smallest DR lesion, 

colour balance similar to film, documentation of retinal regions essential to the ETDRS 

classification, and sufficient viewing magnification. 

A strength of SLB is that it permits a 3-dimensional assessment because of its binocular 

status. Whereas standard (as opposed to stereoscopic) digital fundus photography as a technique 

is 2-dimensional, not 3-dimensional, making it poor in assessing diabetic macular oedema 

(DMO) which relies upon volumetric macular analysis to identify macular thickening.  

A serious deficiency that remains however in the use of SLB is its subjectivity which 

means that quality assurance is dependent upon comparison between two retinal specialist 

ophthalmologists thereby inflating costs and complexity of a programme founded on SLB. An 

absence of quality standards such as those incorporated into national DR screening programmes; 

(appendix g) 17 demonstrates the weakness of opportunistic SLB examination by an 

ophthalmologist as a means of screening when compared with a quality-assured systematic DR 

screening programme assessment.18 19 Manual evaluation of DMO by an ophthalmologist using 

SLB is not adaptable in a large-scale screening scheme, especially in developing countries where 

there is a shortage of ophthalmologists. In the developed world the rapid increase in numbers of 

people suffering from T2D has outpaced the training of ophthalmologists proficient in 

distinguishing when DMO has progressed to CSMO and explains why OCT has been adopted as 

an important element in assessing the macula of an individual referred from photographic 

screening with suspected DMO/CSMO. 
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In the DWP, the SLB clinic attendance incorporated an additional same-day imaging and 

quality assured reporting to have a digital photographic record that could be reappraised by 

another ophthalmologist in a proportion of cases.  

 

 

2.1.2 Standard colour fundus photography (CFP)-Technical aspects 

Comparisons of CFP against ophthalmologist SLB examination in published studies as would 

normally be undertaken in a systematic review of methods is hampered because of heterogeneity 

in the number of fields imaged in the assessment, the width of field of the various cameras and 

how ungradable cases are managed in the analysis.8 17 20 Suffice to say that at this stage the 

question as to whether one might return to a means not involving digital imaging is moot because 

of the constraint of a global scarcity of eye specialists let alone retinal specialists. 21 22 When at 

least two thirds of those being examined are unaffected by DR, manual DR screening is poor use 

of the ophthalmologist’s time. By the end of the first two decades of diabetes, nearly all patients 

with type 1 diabetes and 60% of patients with T2D can be found to have retinopathy using 

standard CFP.23 It appears that improvements in systemic control of diabetes combined with 

screening for diabetes and DR have pushed the age of onset of visual impairment due to DR back 

to later in life. This reduction in the incidence of visual impairment during working age is to be 

considered a major improvement. 24 
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2.1.2.1 Field of view and number of images of each eye is linked to the Dilation or Non-

dilation question.

 

Figure 2.5 Fields of view with options for retinal assessment in comparison with single field 

widefield SLO -130º 

The ability of the ophthalmologist to examine different areas of the retina during biomicroscopy 

by asking the patient to switch their direction of gaze to help detect features of retinal 

neovascularisation is matched in digital imaging using CFP, by increasing the number of fields 

photographed from a single field.25 A debate over the need to take more than a single image of 

each eye to provide adequate screening has raged for decades and is linked to the use of 

mydriatic agents.26 In the Scottish screening programme dilatation is carried out only if the 

photographer is unable to obtain an adequate image through an undilated pupil.27 This is known 

as “staged mydriasis.” Digital imaging methods causing less discomfort and inconvenience to the 

patient are more acceptable to service users.28 When a mydriatic agent is not used to dilate the 

pupil, attendance for DR screening increases amongst those intending to return to work after the 

examination.29 Patients previously used to mydriasis were less likely to object to dilated 

 

Direct Ophthalmoscope 10-15º 

Indirect Ophthalmoscope 30º 

Slitlamp with 90D lens 

        Fundus camera 45º 

Widefield SLO-

130 degree  
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screening when routine eye drops were introduced compared to patients not used to routine 

mydriasis. This suggests that education and familiarity may be effective in improving attitudes to 

eye drops.30 However, poor image quality is an important limitation of digital retinal imaging, 

particularly if non-mydriatic systems are to be used when incidence of ungradable images can be 

greater than 10% and is likely to get greater as the screening population ages.31 

2.1.2.2 Non-mydriatic cameras. To dilate or not to dilate? 

Cameras that can capture images through small pupils are tailored for the physiological dilation 

that occurs in a darkened room. This feature makes them suitable for remote primary care units 

and for screening programmes not involving direct provision by eye-care professionals. Whilst 

single image photography of each eye is achievable without drug-induced mydriasis, it does 

require a period of adaptation for the pupil of the second eye to dilate again following recovery 

after the flash from the camera to the first eye. In an elderly Australian population study seeking 

to evaluate the quality of fundus photographs taken without mydriasis in both eyes and seeking 

to compare the quality of those taken second with those taken first. Gradable quality images were 

obtained from 95.8% eyes of participants, with 93.9% of participants having gradable photos of 

both eyes. The gradable rate for the eye photographed first (right), was significantly higher than 

that for the eye photographed second (left): 89.7% vs. 85.6%, respectively. The rate of 

ungradable photographs from the second eye was slightly greater than the first eye (4.5% and 

3.8%, respectively), but the difference in proportion was not statistically significant. Hence in the 

setting of a large elderly cohort study, non-dilated 45° digital retinal imaging is an acceptable 

method for fundus examination.32  

During the DWP protecting the second eye with an eye patch whilst the first eye was 

being imaged helped mitigate against this problem which had the potential to cause a cumulative 

delay on the screening schedule. If imaging was unsuccessful in acquiring two gradable images; 

non-mydriasis could be jettisoned in favour of a staged mydriasis protocol (i.e., mydriasis was 

used when non-mydriasis failed to acquire gradable images) as needed.  

 How the screening episode impacts on daily routine afterwards influences the likelihood 

of the client’s attendance at screening. The ability to drive afterwards when mydriatic has been 

omitted from the process improves screening acceptance. It also has implications on the indirect 

costs of screening attendance. The necessity of a person of working age to accompany the patient 
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means that mydriatic screening increases costs to society. Acceptance of screening is also 

increased by having people’s waiting time being minimal. In a systematic review of diagnostic 

accuracy of non-mydriatic cameras in 2017 it was reported that sensitivities ranged between 64 

and 97.9% and specificities ranged from 65.6 to 98% for non-mydriatic cameras used without 

pharmacological pupil dilation when used in a community dwelling scenario seeking to detect 

any retinopathy. If any DR is detectable on what was retinal photography in general practice, 

onward referral for further examination was arranged. The review included six studies with 

average ages of subjects being 37.6 to 68.5 years old. Three studies used only single field 

photography, whilst three used multiple fields photography. Percentage ungradable images 

ranged from 0 to 18.3%, increasing with lower numbers of fields. Studies that used multiple field 

images to detect DR in a younger population generally produced higher quality photos and more 

valid results.20 In the same review there were only 1.4-3.7% ungradable images when 

pharmacological dilatation was used. 

The technological advances of digital fundus photography with resolution of at least 30 

pixels per degree on a 45º digital CFP meant that the screening programmes in UK undertook 

dilated imaging using non-mydriatic cameras. Some cameras will now advise the technician of 

the failure to acquire an adequate image thereby allowing repeat imaging to occur after 

mydriasis. 33 By this means the call-back rate is reduced thereby increasing cost efficiency. 

 Whilst having to wait for drops to work to dilate the pupil can be time-consuming, the 

outcome of the photography is more dependable in ensuring adequate image quality. In studies 

using mydriatic photography there is a floor as to how few ungradable images will be acquired34 

as even with mydriasis, increasing age will decrease pupillary dilatation and that is before 

cataract development is considered.29 The Scots and the English disagree over the policy on 

mydriasis and numbers of photos per eye.35 36 In a systematic review of digital retinal imaging 

the proportion of ungradable images is three times higher in non-mydriasis(18.6%) compared to 

mydriasis(6.2%).37  Mydriasis also carries the risk of inducing angle closure glaucoma calculated 

to be 3 per 10,000 in caucasians.38 39It is possible that inducing angle closure may be a positive 

outcome as it alerts the screening service of a person with occludable angles thereby facilitating 

protective action. It is essential to inform the client about the risk of mydriasis induced angle 

closure and to provide advice on the means of coping with the attack. A successful 



42 
 

implementation of a decision not to dilate and still acquire gradable images has been elusive until 

the development of confocal scanning ophthalmoscopy. 

 Confocal scanning ophthalmoscopy allows up to 130º ultrawide field imaging and does 

not require mydriasis. (see Fig.2.5) This device is considerably more expensive than a digital 

fundus camera but may save money in the long run due to the large reduction in risk of 

unassessable image capture combined with the ability to detect peripheral retinal features 

indicative of a need for referral.40 

2.1.3.1 Severity of retinopathy as determined by feature-based classification.  

Historically, the preferred retinal assessment modality used reflected what was likely to be the 

principal indicative feature of disease progression in a person with diabetes. If, as an example,  

disease progression was assessed on the basis of microaneurysm turnover, then retinal 

assessment would revolve around quantifying microaneurysms.42 Microaneurysms are the 

hallmark feature of diabetic retinopathy, and this caused Kohner to investigate how their 

numbers and rate of appearance and disappearance link with predictive risk of progression.43 

Microaneurysm (MA) turnover relies upon automated MA analyses which establishes the 

absolute number of microaneurysm-type lesions at the same retinal location between consecutive 

assessments using CFP. Turnover is calculated as the sum of MA formation and disappearance 

rates.44 Rate of MA turnover correlates well with development of centre involving macular 

oedema.45  



43 
 

Table 2.2 Simplifying the ETDRS classification to facilitate national feature-based DR screening 

programmes 

ETDRS NSC SDRGS AAO RCOPHTH 

 

 

10 None 

 

 

R0 None 

 

 

R0 None 

 

No apparent 

retinopathy 

 

 

None 

 

20 Microaneurysms 

only 

 

 

 

 

R1 Background 

 

 

 

 

R1 BDR 

 

 

Mild NPDR 

 

 

 

 

Low risk 

*35 Mild NPDR  

 

 

 

Moderate NPDR 

 

**43 Moderate 

NPDR 

 

 

 

 

 

 

 

 

R2 Pre-proliferative 

 

 

 

 

R2 Moderate BDR 

 

 

 

 

 

High risk 

 

***47 Moderately 

severe NPDR 

 

53A-D Severe 

NPDR 

 

 

 

 

R3 Severe BDR 

 

 

 

 

Severe NPDR 

 

53E Very severe 

NPDR 

 

61Mild PDR  

65 Moderate PDR 

 

 

 

R3 Proliferative 

 

 

 

R4 PDR 

 

 

 

PDR 

 

 

 

PDR 71,75 High risk 

PDR 

81,85 Advanced 

PDR 

 

Table 2.2. Referral points from screening 
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Key NSC National Screening Committee (England and Wales), SDRGS Scottish Diabetic Retinopathy Grading 

System, AAO American Academy of Ophthalmology, RCOphth UK Royal College of Ophthalmologists, VB 

venous beading IRMA intraretinal microvascular abnormality, MA microaneurysm, H haemorrhage 

*Mild NPDR ETDRS (final) grade: 35a, 35b, 35c, 35d, 35e one or more of the following features: venous 

loops > definite in 1 field SE, IRMA, or VB questionable. Retinal haemorrhages present HE > definite in 1 field 

SE > definite in 1 field. This corresponds to risk of progression to PDR in 1 year = 6.2% ETDRS screening or clinic 

follow up intervals: 4 to 6 months 

**Moderate NPDR ETDRS (final) grade: 43a, 43b H/Ma moderate in 4 to 5 fields or severe in 1 field 

or IRMA definite in 1 to 3 fields (ETDRS: Grade 0 = no evidence of IRMA. Grade 1 = questionable IRMA. Grade 2 

= IRMA present < standard photo 8A. Grade 3 = IRMA present > standard photo 8A but < standard photo 8B. 

Grade 4 = IRMA > standard photo 8B) Risk of progression to PDR in 1 year (ETDRS interim): Level 41 = 11.3% 

ETDRS screening or clinic follow up intervals: 3 to 6 months 

***Moderately severe NPDR ETDRS (final) grade: 47a, 47b, 47c, 47d HMA moderate in 4 to 5 fields or severe 

in 1 field and IRMA definite in 1 to 3 fields or any one of the following: IRMA in 4-5 fields, HMA severe in 2-3 

fields, VB definite in one field 

Risk of progression to PDR in 1 year (ETDRS interim): Level 45 = 20.7% 

ETDRS screening or clinic follow up intervals: 4 months 

Key SE serous exudate, HE hard exudate  

The bulk of the features of pre-proliferative and PDR affect the retina beyond the macula, 

thereby necessitating a modality capable of imaging adequately the fields covered by the ETDRS 

7 field area. This modality spanning 60 to 75 degrees of the central retina through montaging 

seven 30-degree photos has been the reference standard mechanism of assessment since its 

inception in the 1960s.48 (see Fig.2.4) 

The epidemiology of DMO and PDR has changed due to the influence of factors such as 

earlier diagnosis of diabetes, the preponderance of T2D amongst people with diabetes, improved 

glycaemic and blood pressure control, thereby necessitating an enhancement of classification 

systems of RDR. 50 51 Increasing numbers of individuals with diabetes demands better disease 

categorization and prognostication of risk if screening is to remain cost-effective. In a limited 

resource country like India, a high-risk-group based targeted screening of individuals with DM 

could be prioritized.52 
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 As DMO has with time matched PDR’s prevalence of 7% on a global basis as a threat to 

retaining vision53 and as DMO affects the posterior pole,54 it  is well suited to colour fundus 

photography screening with a lesser field area than that mandated by ETDRS standards.12 The 

UK prevalence of visual impairment due to DMO is estimated at approximately 3% of the adult 

(aged 18+ years) diabetic population.55 The ETDRS severity scale did not include originally the 

grading of macular oedema, which is evaluated separately.  

2.1.3.2 Simplifying fundus imaging to acquisition of two non-stereoscopic images 

Simplifying fundus imaging to acquisition of two 2D (as opposed to stereoscopic) 45-degree 

images of each eye; one centred on the optic disc and the other centred on the macula but with an 

adequate sensitivity and specificity for detection of more than minimal retinopathy has shown 

itself to function adequately in comparison with 7SF.25 (Tables 2.2 and 2.3) The ETDRS 

screening protocol has become restricted to use in clinical trials rather than clinical practice. 8 

56Expanding access to DR screening necessitated a faster, less costly method suitable for a 

primary care setting.57-59 The widespread roll-out of internet access was pivotal in the use of 

teleophthalmology based screening for DR in the European context.59 Surrogate markers of 

diabetic macular oedema such as presence of haemorrhages and exudates within the macula 

compensated for the lack of stereophotography used in standard colour fundus photography. 25 56  

 

 

 

 

 

 

 

 

Table 2.3 English National Screening Committee level of retinopathy RM grading 
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LEVEL OF RETINOPATHY 

(APPROXIMATE ETDRS 

EQUIVALENT) 

FEATURES REFERABLE Y/N 

R0(10) No features of retinopathy N 

R1 

(14 TO 35) 

Microaneurysm(s), retinal haemorrhage(s) 

± any exudate not within the definition of 

maculopathy (see below) 

N 

R2 

(43 TO 53) 

Venous loop/Venous beading/ Venous 

reduplication. Intra-retinal microvascular 

abnormality / Multiple blot haemorrhages 

(cotton wool spots are not included, but if 

seen should promote a careful search for 

features of R2 above) 

Y 

R3 

(>61) 

Newly presenting vessels on disc/Newly 

presenting vessels elsewhere / Previous 

laser treatment not deemed stable. New 

features indicating reactivation of 

proliferation or potentially sight-

threatening change from fibrous 

proliferation /Pre-retinal or vitreous 

haemorrhage. 

 

Y 

LEVEL OF MACULOPATHY FEATURES REFERABLE Y/N 

M0 No features of maculopathy N 

M1 

Exudate within 1 disc diameter (DD) of 

the centre of the fovea / Group of 

exudates ≥½ disc area entirely within the 

macula / Retinal thickening within 1 DD 

of the centre of the fovea (if stereo 

available) / 

Any microaneurysm or haemorrhage 

within 1 DD of the centre of the fovea 

only if associated with a best visual acuity 

of ≤6/12 (if no stereo) 

Y 
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A five-stage disease severity classification for diabetic retinopathy proposed by Wilkinson et al 

in 2003; 14 57the International Clinical Diabetic Retinopathy (ICDR) severity scale specifically 

used common language to facilitate communication between general ophthalmologists and 

retinal specialists around the world.(Table 2.4) Diabetic macular oedema is simply classified as 

“apparently present” or “apparently absent.” The classification includes three stages of minimal 

risk, a fourth stage of severe non proliferative retinopathy, and a fifth stage of PDR. If training 

and equipment allow the screener to make a valid decision, macular oedema is further 

categorized as a function of its distance from the central macula.  

Table 2.4 The levels in this new diabetic retinopathy disease severity scale consist of five scales 

with increasing risks of retinopathy. 

INTERNATIONAL CLINICAL DIABETIC RETINOPATHY DISEASE SEVERITY 

SCALE 

Proposed Disease Severity Level Findings Observable upon Dilated Ophthalmoscopy 

No apparent retinopathy No abnormalities 

Mild nonproliferative diabetic retinopathy Microaneurysms only 

Moderate nonproliferative diabetic retinopathy 
More than just microaneurysms but less than 

severe NPDR 

Severe nonproliferative diabetic retinopathy 

Any of the following: 

More than 20 intraretinal hemorrhages in each 

of four quadrants 

Definite venous beading in two or more 

quadrants 

Prominent IRMA in one or more quadrants 

And no signs of proliferative retinopathy 

Proliferative diabetic retinopathy 

One or both of the following: 

Neovascularization 

Vitreous/preretinal hemorrhage 

IRMA = intraretinal microvascular abnormalities; NPDR = nonproliferative diabetic retinopathy 
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INTERNATIONAL CLINICAL DIABETIC MACULAR OEDEMA DISEASE 

SEVERITY SCALE 

Proposed Disease Severity Level Findings Observable upon Dilated Ophthalmoscopy 

Diabetic macular oedema apparently absent 
No apparent retinal thickening or hard exudates 

in posterior pole 

Diabetic macular oedema apparently present 
Some apparent retinal thickening or hard 

exudates in posterior pole 

If diabetic macular oedema is present, it can be categorized as follows: 

Proposed Disease Severity Level Findings Observable upon Dilated Ophthalmoscopy* 

Diabetic macular oedema present 

Mild diabetic macular oedema: Some retinal 

thickening or hard exudates in posterior pole 

but distant from the center of the macula 

Moderate diabetic macular oedema: Retinal thickening or hard exudates approaching the center 

of the macula but not involving the center 

Severe diabetic macular oedema: Retinal thickening or hard exudates involving the center of the 

macula 

* Hard exudates are a sign of current or previous macular oedema. Diabetic macular oedema is defined as retinal 

thickening; this requires a three-dimensional assessment that is best performed by dilated examination using slit-

lamp biomicroscopy and/or stereo fundus photography. Weakened capillary wall ruptures lead to intraretinal dot 

haemorrhages. Superficial or flame-shaped haemorrhages arise from the precapillary arterioles located in the retinal 

nerve fibre layer. Deep haemorrhages (dot and blot) haemorrhages affect the inner nuclear and outer plexiform 

layers of the retina.  

Screening in England and Wales and in Scotland uses a further simplification of both the ETDRS 

and ICDR classification systems to grade images as referable or non-referable. 58 59 (see 

Tables2.1, 2.2,,2.3) England and Wales photographers capture two images for each eye whilst 

Scottish photographers capture one image of each eye. The ENSC grading protocol grades the 

severity of retinopathy R0 to R3 and maculopathy from M0 to M1. The Scottish 

Grading protocol (SDRGS) grades run from R0 to R4, and maculopathy is graded 
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separately from M0 to M2. R6 is a stand-alone grade for inadequate quality images which cannot 

be graded. 

2.1.3.3 Quality assurance is an integral component of medical image disease grading 

There is a need for continuous evaluation of screening services for diabetic retinopathy against 

agreed performance standards.60 The decision to involve non-medically qualified personnel in  

DR evaluation in the NHS DR screening programmes is a major decision and caution has been 

demonstrated by the effort displayed in ensuring that the transition is undertaken as safely as 

possible. The dependency of quality assurance mechanisms on having a permanent record of the 

health status of the retina at a particular point in time is so firmly established now; 61 that its 

absence is almost equivalent to not documenting in the patient’s notes the clinician’s thought 

process involved in clinical diagnosis. The necessity to undertake quality assurance has the co-

existent benefit of enabling non-clinical personnel to be trained in imaging and grading and to 

meet standards set by consensus agreement between clinician-experts in the field. 

Establishing standards and then working to achieve them as efficiently as possible has 

been a defining feature of the DRS programmes in UK’s four nations.61-63 The fact that diabetic 

retinopathy is asymptomatic and affects only a minority of people with diabetes means that a 

screening programme may appear to function adequately for a long time before its deficiencies 

emerge. Diabetic retinopathy is a slowly developing frequently asymptomatic condition which is 

open to charges of neglect or failure to adequately investigate if retinal imaging were not to be 

undertaken. Screening must be capable of achieving standards higher than those considered 

acceptable in clinical medicine or public trust will be endangered with a collapse in uptake of the 

service.64 65  

Validity of testing is the number and proportion of all the observations in a 2 by 2 table 

that have been classified correctly by the test. Sensitivity is the probability that an individual who 

is diseased is assigned as diseased by testing. Specificity is the probability that an individual 

without disease is assigned as not diseased by testing. Because of the very high numbers 

requiring testing and the relatively low disease incidence, specificity was set to be as high as 

95% whilst sensitivity of 80% was deemed acceptable when standards for sensitivity and 

specificity of grading (80% and 95% respectively) were set at a meeting hosted by the British 

Diabetic Association. The Gloucestershire study group showed that these standards were 
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achievable in the setting of high-quality digital imaging when incorporated as one element of a 

well-trained photographic screening service.66 Sensitivities tend to increase as the prevalence of 

the disease increases. This reflects the graders tendency to consider the image positive for DR as 

the disease prevalence increases, an example of context bias.67 

Despite a century-long quest seeking to optimize objectivity in interpretation of 

diagnostic medical images, human bias remains a crucial factor. An example of bias in the 

human grader is where a grader who has become accustomed to “no disease” as an outcome 

mistakenly ascribes a “no disease” diagnosis to a vision threatening case. A detectable feature 

has been overlooked due to the image reader’s temporary suspension of vigilance when a series 

of no-disease/minimal retinopathy cases occur in succession. This difficulty in the rapidly 

expanding field of medical imaging technology may rely on artificial intelligence-based image 

reading software to perform as a pre-filter before the human involvement with the image reading 

thereby mitigating against human bias.68  

Previously graded image sets from the early years of the screening programme were 

submitted to re-examination with an automated grading software in the third year of the DWP.69 

70The automated grading software assessed the clarity of the images and field of view to ensure 

adequacy of both prior to undertaking a microaneurysm count as means for the early detection of 

disease. The software which was developed by the University of Aberdeen and Grampian Health 

Board in the UK is designed to interface with any patient management or camera system and 

delivers accurate first level grading results (disease / no disease), consistency of performance and 

is used to enhance grading capacity. In this instance the necessity for comparison of our graders’ 

decisions with a validated form of automated image analysis relied upon assuming that the 

arbitration decisions of two experienced manual graders was the reference standard to validate 

accuracy of the automated image analysis software. (Appendix h) The conclusion from this type 

of exercise was that first line (disease/no disease) grading was accurate. The significance of this 

was the fact that only 2% of no disease cases as determined at first level grading were routed 

through to the second line grader who could reallocate the path of a patient. The frequency of a 

discrepancy between first line and second line grader had not been formally evaluated and was a 

major weakness in that grading sensitivity was only investigated in the third year of the 

screening programme. 
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2.2 Screening strategy 

2.2.1 Image acquisition/storage/grading/reporting/onward referral as required 

Features-based grading (FBG) involves identification of the characteristic features of DR 

(microaneurysms, haemorrhages, exudates etc.) based on location and frequency of detection. 

This generates a grading for each eye and a composite grade for the individual based on the 

worse affected eye within the grading software. There is no means of over-riding the composite 

grade which is determined by rules automatically applied in the grading software.71 An example 

of this would be the case where a feature synonymous with M1 grading is detected. Within the 

grading software, choice of R0 grading is automatically excluded and a R1 grading at least must 

accompany the M1. This reflects the fact that maculopathy is a feature of DR. 

 In the DWP (as in the England and Wales programmes) only those cases deemed to have 

developed RDR (PPDR((R2)), PDR ((R3)), DMO((M1))) at grading were referred onwards to 

SLB assessment at specially arranged follow-up clinics. The threshold for referral used was 

equivalent to the ETDRS definition of moderate non-proliferative diabetic retinopathy or 

diabetic maculopathy.46 Table 2.2 shows National Screening Committee (England and Wales) 

level of retinopathy compared with equivalent ETDRS level. 

2.2.2 Features of referable diabetic retinopathy 

The grading classification for R2 (PPDR) is: 

• venous beading (venous beading from ischaemia in DR does not occur in isolation) 

• venous reduplication 

• multiple blot haemorrhages (MBH) (refer only in the presence of IRMA if uncertain)  

• Intra-retinal microvascular abnormality (IRMA) 

The grading classification for R3 (PDR) consists of two categories –  

• R3A (active proliferative retinopathy) and  

• R3S (stable treated proliferative retinopathy).  

This allows for urgent attention where disease is active. It also helps maintain a high-quality 

monitoring pathway outside the hospital eye service (HES) for discharged people once treatment 

has stabilised the condition.72 
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People should be classified as R3A (active) when: 

• they have newly presenting proliferative retinopathy. 

• previous treatment has not been deemed stable by the treating ophthalmologist. 

• new features indicating reactivation of proliferation or potentially sight threatening 

change from fibrous proliferation can be seen. 

People should be classified as R3S (inactive) when there is: 

• evidence of panretinal photocoagulation laser treatment 

• a stable retina with respect to reference images taken at or shortly after discharge. 

Finally, a referral should be made as R3A in any case where there is doubt. 

The current grading classification for maculopathy M1 is where there is 

• a group of exudates the area of which is greater than or equal to half the disc area and all 

within the macular area. The area is calculated by joining the outer points of the exudates 

and comparing it to half the area of the optic disc. (Fig 2.6-2.7) Figure 2.6

 



53 
 

Figure 2.6 This would not be referred. This is an example of an area of exudates that is less than half a disc area, 

borderline in size, but less than half a disc within the macular area. 

 

 

 

Figure 2.7 

Fig 2.7 This example would be referred. This is an example of an area of exudates that is greater than half a disc. 

In 2006-2013 the M1 status in the English screening programme for DR was defined as any of 

the following 

• exudate within 1 disc diameter (DD) of the centre of the fovea. The fovea lies 2.5 DD 

temporal and slightly inferior to the midline of the optic disc. 

•  circinate or group of exudates within the macula 

•  retinal thickening within 1DD of the centre of the fovea (if stereo available) 

•  any microaneurysm or haemorrhage within 1DD of the centre of the fovea only if 

associated with a best VA of ≤ 6/12 (if no stereo available) 
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which is clearly likely to have a greater risk of referral as the threshold for referral is less 

restrictive especially when one included the MA/haemorrhage within 1 DD of the centre of the 

fovea. (Fig.2.8) 

 

Key DD disc diameter,     serous exudate,    haemorrhage(HA)/microaneurysm(MA), 

      retinal thickening 

Figure 2.8 demonstrating M1 status criteria based on distance of lesion from centre of fovea and in use during the 

eight years of the Diabetes Watch Programme. The macula is defined as a circle centred on the fovea, with a radius 

of distance to the disc margin. Dot haemorrhages are clinically larger than microaneurysms and may have an 

irregular margin. 

 

If the leakage involves or is near the fovea the condition is termed clinically significant macular 

oedema. Assumed presence of diabetic macular oedema (DMO) rather than high risk 

characteristics of proliferative diabetic retinopathy (PDR) is the increasingly common source of 

referral from screening. Approximately 50% of patients with DMO lose two or more lines of 

visual acuity within 2 years if left untreated.73 This explains the difference between presumed 

Circinate 

exudates 

HA 

MA 
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DMO and PDR cases in need for prompt follow-up after screening imaging. (See Appendix b, 

Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005) 

 

2.2.3 Grading as clinically significant macular oedema (CSMO) requires slit lamp 

biomicroscope (SLB) clinic assessment with ophthalmologist 

The programme had agreed for a community based SLB examination with the programme 

ophthalmologist prior to onward referral into the regional ophthalmic unit. This was with the 

specific intention of avoiding the screening programme adding to the demand on ophthalmology 

out-patient services in hospital eye clinics. The stereoscopic view achieved with the SLB enabled 

the ophthalmologist to distinguish CSMO from those cases which despite having surrogate 

markers for DMO did not appear to have developed retinal thickening and hence did not warrant 

more in-depth investigation prior to treatment. CSMO as defined at SLB is seen when one of the 

following occurs: 

• retinal thickening within 500 microns of the centre of the macula. (A) 

• hard exudates at or within 500 microns of the center of the macula with adjacent retinal 

thickening. (B) 

• retinal thickening greater than 1 disc diameter in size which is within 1 disc diameter 

from the center of the macula. (C) 

• (See Fig 2.9A, B, C) 
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Fig 2.9 CSMO as defined at slit lamp biomicroscopy Key         500um                      1 disc 

diameter,        serous exudate,            area of retinal thickening. 

In the DWP those cases which appeared to have CSMO at SLB, underwent OCT scanning to 

confirm a need for treatment. The florid cases of PDR were listed directly for laser treatment by 

the programme ophthalmologist who undertook the treatments. The DWP ran from 2006-2013 

and at that time, intravitreal injection treatment for DR was not an established treatment option in 

Republic of Ireland. Cases of focal DMO had focal argon laser treatment whilst cases of PDR 

were treated with PRP. In the case of a patient classified as having RDR by the grading 

programme who did not in fact require intervention with laser at that stage, was booked a 6-

month review appointment with the screening programme ophthalmologist at an ophthalmic 

review clinic. The intention was to avoid failing to treat promptly with laser when treatment was 

required to prevent sight loss. 

 

C 
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2.2.4 Grading as displaying high-risk characteristics of PDR has required slit lamp 

biomicroscope (SLB) clinic assessment with ophthalmologist 

There has been a longstanding difficulty when seeking to interpret reactivation of 

previously assumed to be treated PDR using PRP. The EMERALD study, sought to establish if 

access to multimodal imaging (spectral-domain OCT for DMO, and 7-field Early Treatment 

Diabetic Retinopathy Study [ETDRS] and ultra-widefield [UWF] fundus imaging for PDR) 

interpreted by trained ophthalmic graders could accurately detect reactivation of disease (e.g., 

R3A from previously graded R3S) was compared with the current standard care (SLB 

examination by ophthalmologists). The new pathway has been found to have acceptable 

sensitivity and could release ophthalmologists from repeated SLB assessment of previously 

treated patients.72 The new pathway showed sensitivity of 97% and specificity of 31% to detect 

DMO. For PDR, sensitivity and specificity using 7-field ETDRS images 85% and 48% 

respectively or ultrawide field (UWF) images 83% and 54% respectively were comparable. For 

detection of high-risk PDR, sensitivity and specificity were higher when using UWF images 87% 

and 49% respectively, versus 80% and 40% respectively, for 7-field ETDRS images. 

2.2.5. Establishing quality standards for a systematic screening programme 

Quality standards with reference to time intervals between screening and reporting or between 

screening and SLB examination in the programme kept to the standards in use in the English 

screening programme. Introduction of a novel mechanism of DR screening into the Irish 

jurisdiction necessitated continual evaluation of the quality of the screening mechanism utilized. 

Internal quality assurance and limited external quality assurance were incorporated in the DWP. 

(Appendix h) 
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2.2.5.1 Quality Assurance (QA) mechanisms incorporated in DR screening 

The initial decisions that a grader must make are 1) whether the retinal images are clear enough 

to grade and 2) whether the field of view is adequate to ascribe a disease/no-disease status to the 

case. 58 

 

 

 

 

 

Fig 2.10 Clinical decision pathway at first and second level grader. The definition of an adequate quality image of 

the macula has been set as one in which third generation blood vessels radiating around the fovea are visible. 

Adequate field of view necessitates the entire optic disc to be visible and the fovea must be located at least 2 DD 

from the edge of the image. 

Having decided that the image sets are sufficiently clear to grade, the grader must identify the 

features in the image sets that will enable a grade of retinopathy to be allocated to each image 

(see appendix a) and the algorithm within the software will form a composite grade which 

determines the route of the patient as per Fig. 2.10 above. 

Instead of attempting to conduct mass sampling on decisions made by the graders; 

targeted sampling on certain elements of the grading process is a more cost-effective and time 

efficient means of quality assurance (QA). An agreed level of faults in decision making by 

graders must be decided upon, and by sampling the level of faults within a sample it will be 

possible to decide if the acceptable level is being exceeded. It is necessary to accept a certain 

level of mis-referral arising out of limitations of the technology used. Human failure in the 

grading process may occur in a variety of ways. 

• The accuracy of the decision as to whether the image is gradable. 

• The accuracy of the decision to refer to ophthalmology (positive referral error) 

• The accuracy of the decision not to refer to ophthalmology (negative referral 

error) 

No 

Is image clear enough 

for grading and is the 

field of view adequate 

Alternative screening 

method e.g., Slitlamp  

Referable 

retinopathy 

Yes 

No 

Recall 

following year 

Refer to 

ophthalmology 

Yes 
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Negative referral errors are more serious than positive referral errors as positive referral error 

decisions will be fed back to the grading service by the ophthalmology service. However, 

recognising failure to identify an inadequate image or when a negative referral error has arisen is 

trickier especially if it is occurring repeatedly. The current method of bench marking screening 

suppliers against each other and comparing statistics between suppliers offers a mechanism for 

highlighting a need for further investigation of discrepancies or outliers from the majority. The 

impact of poor imaging on the proportion of ungradable image sets produced by different 

screeners explains the necessity to set standards in the cameras used to capture the images, whilst 

benchmarking graders requires uniformity in everything from the screens used to read the images 

through to the training and experience assumed to have been acquired during training to be a 

grader. Ongoing quality assurance mechanisms such as “Testing and Training” have as their aim 

the minimisation of deviation from the high standard of the best performing programme. 

Whatever the sampling technique chosen, a statistic will be calculated from images 

sampled for each grader and a criterion applied uniformly to decide whether a more extensive 

investigation is required. The choice of QA grader, i.e., another primary grader or an expert 

grader determines the statistical analysis used in the simulation of the impact of errors and 

determines whether further investigation of grading discrepancies is warranted.  

A crucial decision that requires consideration is how many images to sample each year 

from each grader. The mathematical model built into the QA system seeks to minimise the 

sample size required to estimate the proportion of incorrectly graded cases up to a prespecified 

limit. If the proportions of various grades for patients resampled are similar to those likely to 

occur in practice, realistic results of grading will arise from the sampling process. The numbers 

needed to be resampled to detect failings can be controlled by preferentially sampling from case 

sets that are rich in referable disease found in routine screening practice. A potential drawback of 

this is that graders, because of disease-rich sets in use, will be more likely to mark disease 

features as present. The intergrader agreement level should reflect well the figures found to occur 

between what are assumed to be competent graders. 

A detailed analysis carried out in Scotland’s screening programme seeking to detect 

errors with the least degree of disruption of the normal grading process and simulating 

misclassification of referable retinopathy concluded that verification of non-referrals by a 
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specialist grader who is aware of the initial grading result is the most effective method of internal 

QA and that preferential sampling of those with some degree of disease improves the efficiency 

of the system.74 Furthermore, it is believed that use of intergrader agreement based on QA 

grading done without knowledge of the original grading will result in a high proportion of false 

alarms, thereby disrupting system operation. ROC curves of sensitivity on the y-axis against 1-

specificity on the x axis allows quantification of the precision of decision making by the graders.  

Finally, it is important to make the distinction between the impact of a patient with 

referable retinopathy who is not referred as the referable lesions are outside the field of view 

covered by photography.40 This constitutes a false negative but a different type of false negative 

from a case where there is definite retinopathy on the photograph but is being misinterpreted. 

This latter type of false negative is more serious as it raises questions about the validity of the 

entire grading system. 

Retinopathy results from the DWP were available at an individual eye grading level; 

grading was a quality assured consensus of at least two graders,75 done prospectively and masked 

to the decision of the previous grader.(see Chapter 3 for further details). Grading involved the 

systematic hierarchical digital image assessment by increasingly experienced, accredited clinical 

graders who had completed a training course in image grading. This was followed up by ongoing 

mentoring by the programme medical ophthalmologist.  

When attempting to assess intra-grader agreement (i.e., the grader should arrive at the 

same grade when re-presented the same image set); a random selection of 2% of those cases 

initially graded as being free of diabetic retinopathy by the primary grader  were re-presented to 

the primary grader. Inter-grader agreement, on the other hand, was assessed by measuring 

agreement between first line and second line grader decisions. (Appendix i).  It was a feature of 

the grading process that no grading was complete until an agreed grade leading to an agreed 

outcome was arrived at by two graders. The third line grader performed arbitration grading on 

cases with disagreement between first- and second-line grader combined with all referable grade 

cases. Most completions of grading occurred at the second line grader level where it was 

important to ensure no-disease status by combing through an image for even a single feature of 

DR. The third line grader dealt with those cases submitted to second line grading because of 

detection of features of diabetic retinopathy plus a small proportion of the previously deemed as 
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disease negative cases. Images of those cases initially identified as having disease grading 

R1M0 were transmitted to the third line grader in the case of a disagreement between the 1º and 

2º grader for adjudication. Where the grading was R2M0, R2M1, R3M0 or R3M1 after 

examination by the 2º grader an appointment at the slit-lamp biomicroscopy review clinic was 

arranged for those RDR cases. In this way the levels of agreement between the 1º and final 

grader (2º or 3º) were established for disease positive cases, thereby determining sensitivity and 

specificity of the grading process in the accurate interpretation of digital images for the 

classification of the severity of diabetic retinopathy. All tests have a range of inversely related 

sensitivities and specificities such that when sensitivity is the highest, specificity is lowest, and 

vice versa. (Figure 2.11) By this means, the ability for non-clinical personnel (level 1 graders 

G1) to adequately conduct an initial grading on digital retinal images and achieve a sensitivity 

and specificity level sufficient to satisfy the internationally agreed standards for screening was 

undertaken. (80% sensitivity/95% specificity) 62 76The inverse association between sensitivity 

and specificity is shown in figure 2.11. High specificity means that people who warrant referral 

will be missed and as a result sensitivity will be reduced. However, failure to refer at the first 

instance of detectable RDR is not as serious in a screening service that periodically repeats the 

assessment. The fact that screening was repeated annually in national DR screening programmes 

until recently meant that there was a second chance to realise the error and minimize its impact. 

Maintaining a high specificity in screening serves to minimize unnecessary referrals to secondary 

screening.77 In Fig 2.11 the seriousness of False Positive (unnecessary referral) and False 

Negative (failure to refer what is in truth a disease positive case) are being treated as of equal 

magnitude. This rarely holds true in health screening and screening can be weighted to 

accentuate sensitivity or specificity by adjusting the referral threshold. 

It had been established that as many as 42% of cases referred for M1 grading from 2D 

CFP (two dimensional colour fundus photography) in the English screening programme were 

deemed as having no macular oedema as defined by standard OCT when followed up at OCT 

clinics linked to the screening process. The change in maculopathy (M) grading displayed in Fig 

2.6 and 2.7 as opposed to the M grading during the period of the DWP (Fig 2.8) which was 

significantly over-referring cases is an example of how altering the cut-off for referral will impact the 

viability of a screening programme. 
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Figure 2.11 Graphical illustration of sensitivity and specificity and how they related through threshold for referral 

----- is the threshold for referral from screening.  

 

2.2.5.2 External Quality Assurance and training of graders. 

Internal QA does not measure agreement and consistency between grading centres. This task is 

achieved by external QA which allows all graders from different screening programmes to be 

compared using the same image set. Testing and Training (TAT) software platform is the 

Internet-served monthly quality assurance and training-support system for graders of DR who 

work in systematic Diabetic Eye Screening Programmes in England and Wales. The system 

provides graders with access to sets of retinal images that are used to help identify and classify 

the retinopathy features present in the expert graded images. At the end of each month, graders 
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compare their responses and feature-list with the system results and the results of their local and 

national peers. EQA uses the consensus opinion of top-level graders. An image that is 

consistently graded as referable or non-referable by consensus graders is certainly suitable to 

quality assure graders during training. Whereas image cases where there is a lack of consensus 

are of little use for training purposes. In testing grading accuracy, the test used must distinguish 

justifiable uncertainty about a grading result (e.g., when distance of retinal lesion from fovea is 

unclear when disc diameter is not clearly distinguishable due to uncertainty about location of 

disc margin on photographic image) from clear grading errors. 

 External quality assurance of image grading in the Scottish DR screening programme 

found that mean sensitivity of detection of clinical features of DR (60.0% to 100%-median 

92.5%) increased to 62.5%-100% with serial QA involving the same 100 images.  78 Training of 

graders involved lead clinicians reviewing the graders’ results and providing guidance. Grader 

sensitivities became the same between different level graders. Specificity for level one graders 

was less than level two and three graders. Plotting ROC curves of individual graders and grading 

centres serves to identify outliers in need of more input in upskilling or training. 

In later years of the DWP the decision making of the graders was compared against the 

test sets used in the English screening programme’s Testing and Training (TAT) software 

platform. (Appendix i) This used the type of cases that have been identified as “edge cases” 

within the grading programme, i.e., the types of cases that have caused trainee graders to 

disagree over recommendations. These cases do not cause disagreement between more 

experienced graders and as a result, use of these case types limits the number of cases needed to 

train and test graders. 

2.2.6 Other imaging modalities used to quantify retinopathy after referral from 

community-based colour fundus photography screening 

  Optical coherence tomography (OCT) is an imaging modality like the fundus camera but based 

on optical reflectivity (analogous to ultrasound B mode imaging) and when imaging retinal 

structures in cases of suspected vision threatening DR, produces three-dimensional images of the 

central retina. OCT enables cross-sectional as well as volumetric imaging of the retina, thereby 

enabling visualisation of retinal thickening. It typically uses light in the near-infrared spectral 

range which has a penetration depth of several hundred microns in tissue. It quantifies, in 
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volumetric data, macular oedema as opposed to the subjectivity of slitlamp biomicroscopic 

assessment, routinely undertaken by ophthalmologists. Combination of CFP followed up with 

OCT of cases that appear to be disease positive could be used to establish if any of the three 

definitions of CSMO as defined at SLB is satisfied. Special OCT clinics linked to the screening 

programme may be required to more accurately detect and plot the extent of DMO in individuals 

highlighted with M1 grading in national screening programmes.79 OCT performs well compared 

with fundus stereophotography or slitlamp biomicroscopy to diagnose diabetic macular oedema. 

80 Amongst eyes identified as having macular oedema on OCT, one-third would not have been 

flagged by fundus photography screening.81 77  Even the presence of DMO confirmed on OCT 

need not necessitate treatment. With the increasing availability of OCT devices, together with 

their precision and the ability to inform on retinal layer structure, the OCT is widely recognised 

as the new reference standard for assessment of DMO, even in screening settings.  ETDRS SD-

OCT thickness measurements consist of nine separate regions, defined by three concentric rings 

centred on the fovea with diameters of 1, 3, and 6 mm, respectively. The two outer rings are 

divided into quadrants by intersecting orthogonal lines. 80(Fig.2.12) 

 In addition to its role in monitoring vascular retinal disease changes there has been great 

interest in its value in neuroglial degeneration. OCT is a non-invasive medical imaging 

technology that is playing an increasing role in the routine assessment and management of 

patients with neuro-ophthalmic conditions. Its ability to characterise the optic nerve head, 

peripapillary retinal nerve fibre layer and cellular layers of the macula including the ganglion cell 

layer enables qualitative and quantitative assessment of optic nerve disease. A microcystic 

macular oedema (MMO) in association with small hyporeflective spaces within the inner nuclear 

layer (INL) in the parafoveal region of the retina has been described in patients with 

demyelinating optic neuropathy. In addition to evaluating the damage (axonal and neuronal loss) 

after each episode of optic neuritis; OCT may serve to monitor the changes including predicting 

visual recovery. OCT can non-invasively document changes in single retina layer thickness and 

structure due to neuronal and retinal glial cells (RGC) modifications in systemic and local 

inflammatory and neurodegenerative diseases. (Vujosevic, S., Parra, M.M., Hartnett, M.E. et al. 

Optical coherence tomography as retinal imaging biomarker of 

neuroinflammation/neurodegeneration in systemic disorders in adults and children. Eye 37, 

203–219 (2023). https://doi.org/10.1038/s41433-022-02056-9) 
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Fig.2.12 ETDRS SD-OCT macular thickness measurements. T temporal, N nasal, S superior, I inferior 

 

2.3 The case for integrating DR screening with primary healthcare. 

In this project which offered the first mobile primary-care 82 based retinopathy screening service 

in Republic of Ireland when it was introduced in 20 GP practices in 2006, the foundations for 

what would become the national screening programme in 2014 were tested in a real-world 

situation. 19 The retinopathy assessments were an optional element for people registered as part 

of the project.(further details in Chapter 3) Simultaneously, whilst screening for retinopathy was 

being reallocated out of the hospital eye service, GPs and practice nurses were assuming the 

responsibility of caring for the vast bulk of people with T2D, most of whom had attended 

endocrinologists in hospital clinics previously.83 To improve access for the greatest number of 

patients with diabetes registered with the DWP, teleophthalmology (the exchange of medical 
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information from one site to another via electronic communication) based screening was chosen 

as the method. 17 71 84 Teleophthalmology programmes for diabetic retinopathy rely on a 

comprehensive and multidisciplinary approach with partnerships across specialties and health 

care professionals to attain wider acceptability. This necessity to integrate with other services 

forces the screening service to think more widely about its purpose. Acquiring fundus images by 

CFP of itself has no more impact on blindness prevention than updating one’s spectacles. 

However, acquiring fundus images as part of a purpose-led diabetic retinopathy screening 

programme with image file storage/grading (Appendix b) occurring in a bespoke retinopathy 

screening software linked with elements such as quality assurance/failsafe inter alia is a means of 

minimising the probability of visual impairment due to DR. The means of achieving what is the 

aims of the programme, shows local variation within even the four nations of the United 

Kingdom. 85 86 

The Scottish DR screening is more holistic in its attitude because of integration between 

retinopathy screening and clinical management of diabetes. A mandatory requirement of the 

Scottish system when being established was that the demographic data to populate the DRS 

system would be supplied by the local clinical management system. The results of the screening 

process (including a compressed image) had to be fed back into the local clinical management 

system-Scottish Care Information Diabetes Collaboration (SCI-DC).  The English screening 

programme’s GP2DRS project described in Chapter 4 of Scanlon’s 2015 “Development of a 

cost-effectiveness model for optimisation of the screening interval in diabetic retinopathy 

screening” was to investigate feasibility of linking GP practice data with DRS screening data. 87 

88 The retinopathy assessment of the DWP was only one component of a holistic approach to the 

care of the person with T2D in Republic of Ireland. This primary care based GP led model “cycle 

of care” is now the standard model of care in Republic of Ireland. 83 Currently, primary care 

providers (PCPs) deliver clinical care to ∼90% of individuals with type 2 diabetes, and this 

proportion is likely to increase over time.89 

Teleophthalmology provides capacity within services struggling with maintenance of 

quality care allowing evidence-based eye care to reach a much broader population.90 However, 

both imaging and asynchronous analysis depend on access to specialist equipment and training, 

which can be prohibitively expensive, especially in developing world countries.91 92 The 

screening of DR in the DWP made use of grading software devised to support the TOSCA 
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telescreening programme71 and used the grading classification used in the English National 

Screening Programme of Diabetic Retinopathy(ENSPDR) when it was established in 2003.63 

Furthermore, the DWP screening programme undertook quality assurance mechanisms so as to 

adhere to quality standards like those of the ENSPDR and subsequently Diabetic 

RetinaScreen.(see Appendix b, h) 

Currently, DR screening programmes typically employ the “store and forward” model of 

telehealth with the acquired CFP-generated image files linked with feature-based grading 

assessment of DR and onward referral of those requiring referral. The decision to refer is dictated 

by the inbuilt rules incorporated into the software management system used by the grading 

service. Unlike synchronous telehealth where real time interaction with patients takes place 

through video and audio consultations, and data sharing is live streamed; “store and forward” 

telemedicine involves sharing of patient data through a HIPAA compliant platform, to be 

reviewed later, without any interaction with the patients in real-time. HIPAA is an acronym that 

stands for the Health Insurance Portability and Accountability Act, a US law designed to provide 

privacy standards to protect patients' medical records and other health information provided to 

health plans, doctors, hospitals and other health care providers. Furthermore, in addition to the 

screening software: the retinopathy surveillance clinic software has a rules-based infrastructure 

restricting the decision-making process. The surveillance clinic uses retinopathy and 

maculopathy classification systems based on the ETDRS severity scale.  

 

2.4 Validating the data from the Diabetes Watch Programme for accuracy  

Quality assurance is essential for validating the decisions of staff reading and reporting image 

files from people with an asymptomatic disease which may take up to a decade to expose its true 

status and reveal the extent of incorrect decision making. The national screening service in 

England had dictated at its establishment; that a DR screening programme implementation must 

involve integral quality assurance mechanisms from the outset.61 62 Having accepted that 

microaneurysm detection is an early phenotypic feature of diabetic retinopathy it was rational to 

assert that the most accurate means of distinguishing disease from no-disease was to seek to 

identify microaneurysms on CFP images. Contact was made with suppliers of a retinopathy 

screening software trained to distinguish microaneurysms on CFP files. The training sets used in 
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the Aberdeen autonomous reading software were derived from retrospective analysis of 

fluorescein angiograms of DR cases from Scottish screening.70The Aberdeen group’s use of 

anonymised test set data had validated their grading algorithm which enabled identification of  

i)  ungradable image sets and  

ii) disease/no-disease status amongst the gradable image sets 

with sensitivity and specificity greater than 95%. Trained on image sets of one photograph per 

screenable eye encompassing both disc and macula; a direct comparison of sensitivity and 

specificity with image files of two images (one disc centred and one macula centred) per 

screenable eye from our data was likely to be tricky. It was accepted that the proportion of 

ungradable images would be unavoidably high but that if the sensitivity and specificity values on 

gradable image sets (using manual grading by two experienced graders when arbitration was 

required as the ground truth) were acceptable, then the decisions by the DWP manual graders 

would be objectively quality assured. As expected, the unassessable grade was the outcome for 

>10% of the automated reading systems results whilst the manual graders had 2.2% 

unassessable, when tested using our Irish data. (see Appendix h) The no-disease status was 

applied to 47.5% by automated reader whilst 68.5% were graded as no-disease by manual 

graders. This reflects the high percentage unassessable images for the reason previously stated. 

The difficulty of establishing a “reference standard” or “ground truth” relied upon arbitration of 

the disagreement cases by two experienced graders one of whom was not affiliated to the DWP. 

6 cases graded as unassessable by the manual grader were passed as assessable and disease 

negative by the automated process. After arbitration of these 6 cases a single disease positive 

case –featuring one cotton wool spot – was identified in the group. Seven cases graded as disease 

positive by the manual process were graded as disease negative by the automated process. After 

arbitration of these disagreement cases by the expert graders; no disease positive cases were 

identified amongst the seven. Hence, automated grading provided assurance of the manual level 

one grading in use by the DWP grading service and suggested that manual grading tended to err 

on the side of caution thereby inflating the proportion of R1 cases which an automated grading 

system might have downgraded to R0. The explanation for this discrepancy may have been 

related to the issue of dust in the camera causing an artefact which was being misinterpreted as 

retinal damage. The Aberdeen algorithm has compensated for this potential error by 
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incorporating means of identifying artefact at the same position in successive camera frames 

thereby avoiding overly sensitive grading and minimising false positive cases. (see Chapter 5 net 

reclassification improvement discussion) 

 Towards the end of the eight-year time-span of the Diabetes Watch Programme in 2011, 

the third level (arbitration) grader in the programme (the author) was able to access the on-going 

quality surveillance programme incorporated in the English screening programme. Testing and 

Training (TAT) provides a performance monitoring tool which is available to provide QA to 

screening in England. Each individual grader accesses test sets as part of on-going supervision 

and has a recorded grading performance sensitivity and specificity. A series of “edge cases” 

around each "boundary" in grading, (e.g., where R2 morphs into R3A) can be used to give 

reasonable confidence, using the assumption that if the decision maker behaves correctly at the 

edges, they should behave adequately with less extreme cases. Graders in the English screening 

programme struggling to reach the 80% sensitivity/specificity for R3A grade are offered 

mentoring to reach the required standards. Individual outliers in their decision making amongst 

grading staff are quickly identified as are outlier programmes amongst screening programmes 

offering DR screening in England. In 2010-2011,1.8 million people with diabetes out of a total of 

2.3 million– around 80% of those invited – took up the offer of DR screening in England when 

the screening provider to the DWP was allowed access to the NHS training sets. If graders are 

confident when using screening tests, but their confidence is not justified when audited due to 

systemic failings in the screening process, the consequences may be serious for both individuals 

and the healthcare system which commissioned the screening. 93 NHS diabetic eye screening is 

delivered locally by NHS and private providers in line with national quality standards and 

protocols.  By regularly auditing performance of grading programmes and comparison between 

programmes QA provides assurance of the validity of decisions made in the various 

programmes. (see Appendix i) 

  

2.5 The case for the use of a new classification of diabetic retinopathy severity scale 

The validation of ETDRS classification system against long term outcomes was carried out in the 

1980s and 1990s and necessitated establishment of a specific dataset and validation of any 

recommendations through both internal and external quality assurance. 94 The concept of having 
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a commonly used and consistently applied classification such as ETDRS based on the standard  7 

field stereo image may have reached its life end and yet the basic principles of a need for a 

means to quantitatively document retinal lesions persists in its simplified versions. The concept 

of hierarchical grading incorporated in the software mirrors the ETDRS method. In the 

assessment of the level of diabetic retinopathy, baseline colour fundus photographs would be 

graded independently by two graders. The initial field by field gradings of each member of the 

grader pair would be entered into a computer for comparison. If disagreements on the grading 

scale were separated by one step, they would be averaged. If there were grader disagreements of 

two steps or more, the characteristics of the fields in question would be graded, again, by each 

grader. If the two-step disagreement was not resolved, a more senior adjudicator, who remained 

masked to the original grades, would decide the final grades for the involved fields. In the 

ETDRS, the reproducibility between graders was assessed by calculating agreement and kappa 

statistics for duplicate gradings of baseline colour stereoscopic fundus photographs. 

Reproducibility was found to be very reliable for most characteristics. The technical aspects were 

subsequently translated into easier to perform and less expensive imaging and grading protocols. 

8 Comparison between the reference standard ETDRS mechanism of retinal recording and more 

convenient to use severity scales such as that used in the screening programme in England and 

Wales (Fig.2.6, 2.7) are necessary before widespread adoption of the newer imaging modalities 

such as scanning laser ophthalmoscopy or optical coherent tomography/OCT-angiography. The 

ETDRS defined CSMO based on location, severity and extent of retinal thickening in the 

posterior pole. Li et al have confirmed that wide angle mosaic digital imaging is comparable with 

7 standard field stereophotography.95 OCT measurements have been established as the most 

commonly used parameters to decide on treatment for DMO and introduction of a new OCT 

classification of DMO for use in reading centres opens the prospect for a less complex 

classification in the clinical context.96  

In the last decade the use of wide field scanning technology has caused researchers to re-

evaluate the conclusions arising from seminal publications relating predicted prognosis to 

disease severity scales.40 42 94 (Fig.2.4) UWF imaging has already demonstrated the potential to 

identify a subset of patients at increased risk of progression of diabetic retinopathy severity that 

cannot be assessed with traditional ETDRS 7-field imaging. 97(Appendix c) Not only does 

ultrawide field imaging exceed standard camera imaging when it comes to percentage retina 
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imaged but is significantly less cumbersome and faster to use. As a result of the development of 

these and other yet to materialise modalities; reliance upon only one screening modality is likely 

to be abandoned for a multimodal strategy with the likelihood that analysis of the data arising 

will require artificial intelligence to derive the maximum benefit. 72 98 

2.6 Artificial Intelligence use in managing the data created by digital imaging 

 The number of diabetic patients globally is growing faster than our ability to screen people for 

the need for treatment of their eye disease. Whilst the developed world has introduced screening 

programmes on a national scale and is already struggling with capacity issues, 99 the developing 

world is seeing numbers affected by DR soaring. Teleophthalmology linked to handheld camera 

imaging 100 17 101is likely to demand the use of automated reading systems to process the images 

produced. 102-104Unless artificial intelligence systems are developed that can identify features 

which reliably indicate the prognosis for disease progression, we may struggle to prevent a 

global epidemic of diabetes related visual disability. An important question for consideration is 

to determine which of the digital imaging modalities mentioned here, will contribute 

discriminating features to algorithms being developed using machine learning methods to enable 

healthcare systems to match supply with demand for screening in the face of the rapid rise in 

numbers affected with DR.   

 Conclusion 

The DWP facilitated a means of demonstrating the ability of non-ophthalmologists with training 

by ophthalmologists experienced in image grading to achieve the necessary standards of 

accuracy to match the reference standard results arising from consensus grading by two 

experienced graders working in DR. 29 Manual image grading by highly skilled readers is a 

labour-intensive and costly mechanism. Global adoption of DR screening may depend upon 

health economists’ evaluation of diverse locally based screening programmes. Evaluation will be 

dependent upon curating empirical evidence of its efficacy and cost-effectiveness; as has been 

done herein. (see Chapter 5)Accuracy of disease categorisation in predicting subsequent 

individual patient outcomes combined with clients’ uptake of available screening105 by the 

eligible population will determine the eventual sustainability of the DR screening programmes 

introduced internationally. The developed world must continue to innovate to make detection of 
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vision threatening DR as efficient and affordable as possible; so that the developing world’s 

health leaders will see the merit of DR screening being introduced. 
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a) Decision making process in grading process involves the following features being sought. 

1. Quality of image:  --- Good Adequate Inadequate     

2. Microaneurysm (anywhere) A microaneurysm starts with a localized dilation of a retinal 

capillary, probably secondary to increased hydrostatic pressure in the vessel and 

weakening of the structure of the capillary wall. The microaneurysm fills with thrombotic 

material and haemoglobin as erythrocytes become trapped. Vascular walls remain 

thickened at the site of damage. It is possible that microaneurysms may be aborted 

attempts at neovascularization due to loss of pericytes, which are presumed to inhibit 

endothelial cell proliferation. 

3. Blots (anywhere)      

4. Exudate (anywhere) Exudates appear as focal, well-defined yellowish-brown flecks or 

spots during fundoscopy. When surrounding the fovea, these spots may resemble a star-

like pattern due to orientation of the outer plexiform layer fibres in this region. These 

exudates are composed of precipitated serum lipid and protein from surrounding retinal 

vasculature and are indicative of a breakdown in vessel architecture and increased 

hydrostatic pressure due to hyper perfusion. Hard exudates are predominantly located in 

the outer plexiform layer of the retina.  

5. Haemorrhages Multiple deep, round or blot      

6. Venous beading      

7. Venous loop/reduplication      

8. Intraretinal microvascular abnormality (IRMA) IRMA looks like an area of flattened 

neovascularization and is often found near cotton wool spots. Unlike neovascularization 

however, which looks like a tangled cord, IRMA will appear more like a detour around 

an area of capillary occlusion. During fluorescein angiography, an area of IRMA will not 

leak, and it is thought that it serves as a germination bed for neovascularization elsewhere 

(NVE) 

9. New vessels elsewhere (NVE)  

10. New vessels disc      

11. Pre-retinal/Vitreous haemorrhage      

12. Fibrosis/Retinal detachment      

13. Exudates within 1DD      
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14. Exudates macular group      

15. Blot/MA within 1DD      

16. Laser (peripheral)      

17. Laser (macular)      

18. Cupped disc      

19. NFL defect      

20. Drusen      

21. Age-related macular degeneration      

22. BRVO      

23. CRVO / HRVO      

24. Collateral vessels      

25. Arterial emboli      

26. Myelinated nerve fibres      

27. Asteroid hyalosis      

28. Epiretinal membrane      

29. Pigmented lesion (naevus)    

30. Cotton Wool Spots (CWS) 

Cotton Wool Spots are so termed due to their fluffy white appearance on fundoscopy and 

result from accumulation of intracellular organelles that are transported retrogradely from the 

terminal end of the axon in the lateral geniculate body. Swelling of the nerve fibre layer in 

the affected area will cause incoming light to be scattered, accounting for the white 

appearance and indistinct borders. 

 

 

 

 

 

 

 

b) NHS Service Objectives and Quality Assurance Standards 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

1. Annual new certifications of severe visual 

impairment / visual impairment, predominantly 

due to diabetic retinopathy, compared to 1990/1 

rates of 9.5 & 9.3 respectively per million per 

annum (national data). 

 

2. Local identification of incident visual acuity 

predominantly due to diabetic retinopathy: 

 

 6/60 or worse in the better seeing eye. 

 [LogMAR  equivalent +1.0] 

 

 

 

 6/18 or worse in the better seeing eye. 

 [LogMAR  equivalent +0.5] 

 

 

 

Local services will need to prospectively audit both 

certifications of visual impairment and incidence of 

specified visual acuity in order to establish a 

baseline. 

 

10% reduction within 5 

years of start of screening 

programme. 

 

 

 

 

 

10% reduction within 5 

years of start of screening 

programme. 

 

10% reduction within 5 

years of start of screening 

programme. 

 

40% reduction 

within 5 years of 

start of screening 

programme. 

 

 

 

 

 

40% reduction 

within 5 years of 

start of screening 

programme. 

 

40% reduction 

within 5 years of 

start of screening 

programme. 

 



88 
 

Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

Completeness of database: 

1. Proportion of GPs participating 

2. % of known people with diabetes on register 

 

Percentage of eligible people with diabetes invited. 

 

 

90% 

90% 

 

100% 

 

98% 

98% 

Accuracy of addresses on database of persons age 

12 or more, as determined by Post Office returns. 

 

95% 

 

 

98% 

 

Percentage of eligible persons accepting the test: 

1. Initial screen 

2. Repeat screen 

 

 

70% 

80% 

 

90% 

95% 

Percentage ungradable patients in at least one eye. Raw ungradable, 

U <10% 

Raw ungradable, 

U <5% 

Inter- and intra-grader agreement 

1.   For referable images 

2.   For non-referable images 

3.   Ungradable images  

 

Advice on internal quality assurance processes 

will be developed nationally. 

 

Programmes must  

provide evidence of 

internal QA activity in 

annual reports and for 

peer-review QA visits. 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

1. Optometrists / ophthalmologists  

 

 

 

 

2. All other screener/graders 

 

 

Each optometrist should 

grade a minimum of 500 

patient imagesets per 

annum 

 

Each grader should grade 

a minimum of 1000 

patient imagesets per 

annum 

 

 

 

 

 

Each grader should 

grade a minimum of 

1500 patient 

imagesets per 

annum 

 

Time between screening encounter and issue of 

referral request: 

 

Flagged by screener/grader as R3 fast-track referral, 

where secondary grading and appropriate referral 

actioned within 1 week. 

 

 

 

 

95% referred within 1 

calendar week 

100% referred within 2 

calendar weeks 

 

 

 

 

98% referred within  

1 week 

 

Time between screening encounter and issuing of 

result letters to GP and patient. 

70%  <3 weeks  

100% <6 weeks 

95% <3 weeks 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

Time between notification of positive test and 

consultation: 

1.   Proliferative DR/Advanced DED, R3         

2.   PPDR, R2 

3. Maculopathy, M1 

4. All retinopathy grades 

 

 

 

70% <2 weeks 

70% <13 weeks 

70% <13weeks 

100% < 18 weeks 

 

 

95% <2 weeks 

95% <13 weeks 

95% <13 weeks 

 

Time between listing and first laser treatment, if 

listed at first visit to hospital eye service following 

screening: 

1.   Proliferative DR, R3 

2.   Maculopathy, M1 

 

 

 

90% <2 weeks 

70% <10 weeks 

 

 

95% <2 week 

95% <10 week 

Time between screening encounter and first laser 

treatment, if listed at first visit to hospital eye service 

following screening, does not exceed: 

 

1.   For patients referred as R3 

 

 

2.   For patients referred as M1 

 

 

 

 

70%  <4 weeks 

100% <6 weeks 

 

70% <15 weeks 

100% <26 weeks 

 

 

 

 

 

95% <4 weeks 

 

 

95% <15 weeks 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

Combined cancellation and DNA rate for 

ophthalmology clinic 

1.   For PDR  [R3] within 1 month 

2.   For PPDR [R2] within 6 months   

3.   For maculopathy within 6 months   

 

 

 

<10% 

<10% 

<10% 

 

 

<5% 

<5% 

<5% 

Monitor inappropriate referrals following screening 

1.   False positive rate of DR test (photograph) 

2.   Neither photograph or clinical examination 

warranted referral 

 

 

 

25% of patients referred 

 

 

 

20% of patients 

referred 

 

Time to re-screening compared to annual screening 

interval. 

 

70% of eligible patients on 

database re-screened 

within 12 months of 

previous screening 

encounter 

 

or 

 

95% of eligible patients on 

database re-screened 

within 15 months of 

previous screening 

encounter 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

Production of annual report. 

 

Production of annual 

report, for preceding 

financial year, according 

to national standard, by 

31st October. 

 

 

External quality assurance. 

 

 

1. Evidence of 

participation of all 

graders in external 

image test set scheme 

2. Participation in peer-

review visit 

programme 

3. Annual submission of 

national minimum 

dataset by 31st 

October. 

 

 

Minimum programme size. Population including 

12,000 people diagnosed 

with diabetes on current 

patient list 

 

Population including 

15,000 people 

diagnosed with 

diabetes on current 

patient list 
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Service Objectives and Quality Assurance Standards: Release 3, 20 July 2005 

 

Criteria Minimum Standard 

[all programmes] 

Achievable 

Standard 

[top quartile] 

 

1. Single collated list of all people with diabetes 

 

2. Systematic call/recall from a single centre of all 

people eligible for screening on the collated list 
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c) ETDRS 7SF superimposed on Ultrawide field imaging 
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d) Relating ETDRS level to severity of retinopathy 

Early Treatment Diabetic Retinopathy Study (ETDRS) Classification 

Nonproliferative Diabetic Retinopathy 

• No retinopathy: No retinal lesions 

• Very mild NPDR: Microaneurysms only 

• Mild NPDR: A few microaneurysms, retinal haemorrhages & hard exudates 

• Moderate NPDR: Retinal haemorrhages (about 20 medium-large per quadrant) in 1-3 quadrant + cotton 

wool spots (between the grades mild and severe NPDR) 

• Severe NPDR: fulfilling one rule of the 4-2-1 rule. 

o 4-2-1 rule 

▪ Severe haemorrhages in all four quadrants 

▪ Venous beading in 2 or more quadrants 

▪ Moderate IRMA in 1 or more quadrants 

• Very Severe NPDR: fulfilling two or more rules of the 4-2-1 rule
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e) Grading process and referral process 
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f) ETDRS retinal images with equivalent English screening grades 

 

ETDRS20-35 

 

ETDRS 43-47 
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ETDRS 43-53 

 

 

ETDRS 53 
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ETDRS 71-75 
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g) Compliance with Quality Standards as dictated by National Screening Service (NSS) by 

DWP screening provider Foresight Ltd. These quality standards were produced shortly after 

the introduction of screening. This information was presented at the Annual Conference of 

the Irish College of Ophthalmologists May 2015.  

Objective 1/2 

All new clients will be invited to participate in the screening programme within 1 month 

of the programme being notified of eligibility. All new clients who have consented will 

be offered a first screening appointment within 2 months of their consent to participate 

in the programme. 

Having been advised that screening for 2013 had been approved in the month of February 

Foresight undertook screening on 1466 people in the second quarter of 2013. This indicates a 

capacity to screen 6000 people per annum using the existent staff 

Objective 3  

To maximise uptake: To maximise the number of invited persons receiving the test. The 

proportion of those invited to screening who attend and have a satisfactory outcome*. 

70%  

(Foresight 1807/1941=93%) 

 

Objective 4 

To maximise performance of screening test: To ensure photographs are of adequate 

quality. Percentage of clients where a gradable digital image cannot be obtained. 7% 

total  

(Foresight 60/1588= 3.8%) 

Objective 5 

To maximise performance of screening test: To ensure grading is accurate 

One thousand five hundred and seventy-three patients were photo-screened of whom 1573 

were primary graded by one primary grader, 440 secondary graded by optometrist grader and 
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470 tertiary/arbitration graded by ophthalmologist. All graders have attended retinopathy 

grading courses in Birmingham and London have used the online External Quality Assurance 

provided by the English retinopathy screening program and have a minimum of three grading 

cycles at this stage. The optometrist grader is engaged in another screening program 

undertaking grading as a primary grader on five hundred patients sets per annum. Hence all 

staff are exposed to enough image sets to satisfy quality standards. 

 Objective 8 

To minimise harm: To ensure timely consultation for all screen-positive clients (those 

with referable retinopathy) 

 Time between notification of positive test and consultation.  

1. Urgent (R3aM0, R3aM1, Age-related Macular Degeneration*). 1a. 60% ≤ 12 business days 

(Foresight had 17 urgent cases of whom only 1 was seen in 12 days. There were 12 others 

seen in 60 days or less i.e., 75% were seen <60 days.)) 

2. Routine (R2M0, R2M1, R1M1, R3sM1, R3sM0, non-diabetic 70% ≤ 78 business days 

(Foresight had 56 routine cases 49/56 (88%) were seen <78 days and 100% were seen <100 

business days Range 12-100 days 

In addition, 11 cases seen using slit lamp assessment as the first line assessment and referred 

for OCT +/- Laser treatment the range of interval was 15-126 days. 

 

Objective 9 

To minimise harm: To follow-up screen positive clients (those with referable 

retinopathy) (failsafe) 

All screen positive clients   who do not attend for further assessment/treatment are 

contacted by the programme and an outcome recorded for each. 

 

Foresight has 100% follow-up on these cases 



103 
 

80 cases referred from screening because of sight threatening diabetic retinopathy but at slit 

lamp biomicroscopy 45 cases were downgraded to minimal or no retinopathy/8 cases were 

confirmed as stable treated diabetic retinopathy. 

16 cases were either Urgent or Routine hospital referral of whom 8 were treated by Dr Smith 

at the Mater Hospital, 2 were already attending the ophthalmologist at Our Lady of Lourdes 

Hospital Drogheda, 5 are still awaiting appointments for either OCT or fluorescein 

angiography and one has been invited to attend on numerous occasions and failed to attend.  

All those cases identified as having co-existent disease unrelated to diabetes have been 

followed up – most are already known cases of co-existent disease as the majority of those 

screened in this program have been in the program for several years and up to 8 years in 

some cases. 

 

Objective 10 

To minimise harm: To ensure timely slit lamp biomicroscopy assessment of clients 

recorded as  

Ungradable 

Maximum time between digital screening visit and attendance for assessment by slit 

lamp biomicroscopy to be no more than 42 business days. 80% <42% days 

 

Foresight had a total of 60 cases photographed that were unassessable and required follow-

up. 44/60 (73%) were seen in <42 days Range 12-95 days 

 

Objective 11 

Treatment: To ensure timely treatment of those requiring referral to ophthalmology 

 

16 cases were either Urgent or Routine hospital referral of whom 8 were treated by Dr Smith 

at the Mater Hospital, 2 were already attending the ophthalmologist at Our Lady of Lourdes 
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Hospital Drogheda, 5 are still awaiting appointments for either OCT or fluorescein 

angiography and one has been invited to attend on numerous occasions and failed to attend.  

All those cases identified as having co-existent disease unrelated to diabetes have been 

followed up – most are already known cases of co-existent disease as the majority of those 

screened in this program have been in the program for several years and up to 8 years in 

some cases. 

 

Objective 14/15 

Workforce: To ensure optimum workloads for all graders in order to maintain 

expertise Workforce training: To ensure that all photography and grading staff 

involved in the delivery of the programme are appropriately trained, competent and 

accredited by City and Guilds 

 

1573 patients photo screened of whom 1573 were primary graded by one primary grader, 440 

secondary graded by optometrist grader and 470 tertiary/arbitration graded by 

ophthalmologist. 

All graders have attended retinopathy grading courses in Birmingham and London have used 

the online External Quality Assurance provided by the C&G for the English retinopathy 

screening program and have a minimum of three grading cycles at this stage 

 The optometrist grader and ophthalmologist are engaged in another screening program 

(public service in Louth Community Care) undertaking grading on 500 patients sets per 

annum. Hence all staff are exposed to enough image sets to satisfy quality standards. 

 

Objective 16 

Commissioning – screening interval: To ensure that the screening interval is annual 

 

Screening of the eligible subjects in 2012 was completed in November of 2012 
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Objective 17 

Governance – reporting: Reports must be produced at regular intervals to ensure the 

public and health care professionals are informed of performance of the screening 

programme 

 

 The following summary was sent to Diabetes Watch Programme board of management on 

25/11/2013 

1807 screened = 93% attendance 

Urgent referral for treatment 1.05% 

Routine referral to hospital for risk of sight threatening retinopathy 4.4% 

Stable treated retinopathy 1.55% 

Advise GP of co-existent ophthalmic condition 2.3% 

Annual rescreen -minimal retinopathy 17.66% 

Annual rescreen -no retinopathy 72.3% 

Result not established i.e., initial unassessable who did not re-attend 0.1% 
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h) Internal Quality Assurance  

The retinal images of 835 type II diabetics that had been submitted to manual grading by up 

to 3 separate graders as recommended by the English screening programme were reanalysed 

to calculate inter-grader agreement. Patients’ images were excluded from the calculations if 

coexistent disease (other than diabetic retinopathy e.g., drusen at macula etc.) requiring 

further examination by at least a level 2 grader or if the images were deemed unassessable 

due to poor image quality. 501 (1002 eyes) patients’ images were included in the calculation 

of sensitivity and specificity of retinopathy grading on photographic images alone.  

Total number of patients with some disease at first level grade =            

          289 

Total number of patients with some disease at final level grade (true +ve) (TP)  

                                          204  

Total number of patients with no disease at first level grade     

                                          212 

Total no of patients initially graded as disease positive that were subsequently graded as no 

disease (false +ve) (FP)       85  

Total number of patients who were graded as no disease at final grade (true-ve) (TN) 

                                266  

Total number initially graded as no disease who subsequently were graded as disease (false-

ve) (FN)         8    

   

 FINAL GRADER 

PRIMARY GRADER POSITIVE NEGATIVE 

POSITIVE TRUE POSITIVE(TP) FALSE POSITIVE(FP) 

NEGATIVE FALSE NEGATIVE(FN) TRUE NEGATIVE(FN) 

Fig 2.10 Calculation of sensitivity and specificity  
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Sensitivity=TP/TP+FN=204/204+8=204/212=96.2% 

Specificity=TN/TN+FP=266/266+85=266/351=76% 

 

i) Validation of the grading decisions of Diabetes Watch Programme graders using Aberdeen 

automated grading software 

A total of 530 cases were included in the analysis where manual grading decisions were 

compared with automated grading decisions which identified microaneurysms and gave a 

microaneurysm count for each eye.  

Outcomes from the automated process were as follows.  

• 88 (16.5%) were unassessable, 

• 252 (47.5%) disease negative and  

• 190 (36%) disease positive. 

 For the manual grading process  

• 12 (2.2%) cases were unassessable,  

• 363 (68.5%) disease negative and  

• 155 (29.3%) disease positive.  
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j) NHS Testing and Training set used to externally quality assure grading 

 External quality assurance involved comparison of graders’ grading ability through access for a 

limited time to the online quality assurance the NHS Diabetic Eye Screening Programme Testing 

and Training (TAT) system which was based in Warwick University. TAT presents images to 

graders under test conditions similar to what they would be using in a normal image batch. The 

results form a component of the assurance system that local services have in place to assess the 

grading ability of their staff. 
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 NHS Diabetic Eye Screening Programme Testing and Training (TAT) and outcomes of audit of graders.

1st Line Grader 2nd Line Grader Arbitration Grader Grading service consensus Warwick External Quality Assurance Outcome

Case Number Macular view Nasal view Aggregate Grade Recommendation Macular view Nasal view Aggregate Grade Recommendation Macular view Nasal view Aggregate Grade Recommendation

1 R2M1 R2M0 R2M1 REFER ROUTINE R1M1 R1M1 R1M1 REFER ROUTINE R1M1 R1M0 R1M1 REFER ROUTINE R1M1 R1M1 Correct

2 R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 Correct

3 R2M0 R3M0 R3M0 REFER URGENT R3M1 R3M0 R3M1 REFER URGENT R2M1 R2M0 R2M1 REFER ROUTINE R3M1 R3M0 Incorrect

4 R3M1 R3M0 R3M1 REFER URGENT R3M1 R3M1 R3M1 REFER URGENT R3M0 R3M0 R3M0 REFER URGENT R3M1 R3M1 Correct

5 R3M1 R3M0 R3M1 REFER URGENT R2M1 R2M1 R2M1 REFER ROUTINE R2M1 R2M1 R2M1 REFER ROUTINE R2M1 R1M1 Incorrect

6 R1M0 R1M0 R1M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 Correct

7 R2M0 R1M0 R2M0 REFER ROUTINE R1M0 R1M0 R1M0 RETAIN R0M0 R1M0 R1M0 RETAIN R1M0 R1M0 Correct

8 R3M0 R3M0 R3M0 REFER URGENT R2M0 R2M0 R2M0 REFER ROUTINE R2M0 R2M0 R2M0 REFER ROUTINE R2M0 R2M0 Correct

9 R3M1 R3M0 R3M1 REFER URGENT R3M0 R2M0 R3M0 REFER URGENT R2M0 R2M0 R2M0 REFER ROUTINE R3M1 R3M0 Incorrect

10 R3M0 R3M0 R3M0 REFER URGENT R1M0 R1M0 R1M0 RETAIN R1M0 R1M0 R1M0 REFER ROUTINE R1M0 R1M0 Correct

11 R2M1 R1M0 R2M1 REFER ROUTINE R1M1 R1M1 R1M1 REFER ROUTINE R1M1 R1M1 R1M1 REFER ROUTINE R1M1 R1M1 Correct

12 R1M1 R1M0 R1M1 REFER ROUTINE R1M0 R1M0 R1M0 RETAIN R1M0 R1M0 R1M0 RETAIN R1M0 R1M1 Incorrect

13 R1M0 R1M0 R1M0 RETAIN R0M0 R1M0 R1M0 RETAIN R0M0 R0M0 R0M0 RETAIN R1M0 R1M0 Correct

14 R3M0 R3M0 R3M0 REFER URGENT R2M0 R2M0 R2M0 REFER ROUTINE R2M0 R2M0 R2M0 REFER ROUTINE R2M0 R3M0 Incorrect

15 R3M1 R3M0 R3M1 REFER URGENT R3M1 R3M1 R3M1 REFER URGENT R3M1 R3M1 R3M1 REFER URGENT R3M1 R3M1 Correct

16 R3M1 R3M0 R3M1 REFER URGENT R3M1 R2M1 R3M1 REFER URGENT R2M1 R2M1 R2M1 REFER ROUTINE R3M1 R3M1 Correct

17 R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 R0M0 RETAIN R0M0 R0M0 Correct

18 R3M1 R3M0 R3M1 REFER URGENT R3M1 R2M1 R3M1 REFER URGENT R2M1 R2M1 R2M1 REFER ROUTINE R3M1 R3M1 Correct

19 R2M1 R2M0 R2M1 REFER ROUTINE R2M1 R2M1 R2MI REFER ROUTINE R2M1 R2M1 R2M1 REFER ROUTINE R2M1 R1M0 Incorrect

20 R2M1 R2M0 R2M1 REFER ROUTINE R2M1 R2M1 R2MI REFER ROUTINE R2M1 R2M1 R2M1 REFER ROUTINE R2M1 R2M0 Incorrect
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KEY 

Refer Routine required a patient to be reassessed by the programme ophthalmologist within a 

twelve-week timespan. It was the recommendation for R1M1, R2M0, R2M1 cases at final 

grading.  

Refer Urgent required a patient to be assessed by the programme ophthalmologist within a 

two-week timespan following a R3 grading with or without M1 macular grading.  

 

k) What is the 4-year risk of treatment being required in those with RDR status as defined by 

photographic screening/grading? 

18 cases that in 2009 screening cycle were graded as >R1M0 who had a grading of either 

R0R0 or R1M0 (i.e., non-referable grades) the previous year (2008). This rapid worsening in 

status; moving from non-referable to referable DR amongst patients who remained under 

annual surveillance with the programme were monitored subsequently over a 4-year period at 

6-month intervals to minimise risk of missing the point at which treatment was required. 

Follow-up was for a maximum of 4 years with the outcomes as follows.   

 4-year risk of treatment being required in those with RDR status as defined by photographic 

screening/grading 

Outcome of surveillance Number 

LASER applied for either PDR or macular thickening 4 

Anti VEGF therapy applied 1 

CSMO at Slitlamp or DMO at OCT which regressed 

spontaneously and did not reach treatment level 

12 

Lost to follow-up after first year 1 

 
Total 18 

Taking case no. 71931a as an example; graded in 2008 as R0M0 right and left respectively 
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Case no. 71931b 2009 R1M1 macular exudate associated with VA less than 6/12 

Case no. 71931c 2011 R1M1P Arrow shows grid laser scars 

Case no. 71931d   2012 R1M1P Exudates are resolving following laser treatment 

 Case no.71931e 2013 R1M1P Exudates are accumulating in a perifoveal location once again. 

 

 

a a 

b c 
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The findings from this suggests that there may be a long interval after RDR has developed 

based on image grading before treatment to prevent vision loss will be required. Only 5 out of 

18 cases (28%) required treatment over the following 4-year follow-up period. This suggests 

that cases that progress rapidly unobserved because of a two-year screening interval having 

been established can subsequently still be managed safely using surveillance at 6-month 

intervals in the programme.  
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Chapter 3 

Risk factors associated with progression to referable diabetic 

retinopathy:  A Type 2 Diabetes Mellitus cohort study in the 

Republic of Ireland 

 

“What did she die of?”  

“The same thing that gets everybody in the end: a 

combination of circumstances,” 

Jonathan Coe, What a Carve Up
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Introduction 

The costs of care for people with diabetes are known to be disproportionate to the numbers of 

people affected with diabetes. Investment by government in the prevention of diabetes and 

diabetes related complications would appear to be a cost-effective approach. 1The Cost of 

Diabetes in Ireland (CODEIRE)study (2006)  report stated that the annual cost of care to the 

Irish health service for patients with microvascular complications from diabetes mellitus was 

1.8 times the cost of treating those without clinical evidence of complications.2 In the United 

States in 2007 people with diagnosed diabetes, on average, had medical expenditures that 

were ∼2.3 times higher than what expenditures would have been  in the absence of 

diabetes.3  In today's U.S. population, about one in five individuals aged over age 60 years 

has diabetes, but one in three Americans born in 2000 is projected to develop diabetes over 

their lifespan.4 

 The commonest microvascular complication of diabetes is diabetic retinopathy affecting 1 in 

3 of those affected with diabetes.5  Colour fundus photography (CFP) carried out on a regular 

basis provides longitudinal surveillance of the phenotypic features of retinopathy, once it has 

developed. The most easily accessible form of surveillance of the impact of prior systemic 

metabolic management is fundus imaging.6 Microvascular complications such as diabetic 

retinopathy (DR) are a legacy issue of cumulative prior systemic management over the 

disease duration.7 Improved understanding of the interaction of systemic risk factors driving 

progression to referable diabetic retinopathy (RDR)( Chapter 2, Table 2.3,2.4), in particular; 

may translate into improved primary prevention of microvascular complications in general. 

The factors which predispose an individual to diabetic retinopathy also serve to predispose to 

diabetic neuropathy and nephropathy.8 

Screening for diabetic retinopathy helps prevent sight loss in people with diabetes.  It fulfils  

criteria as set out by Wilson and Jungner,9 and later adopted by the World Health 

Organisation (WHO), to justify screening for a disease.10 11 Screening for DR and timely 

treatment of its complications, diabetic macular oedema (DMO) and proliferative diabetic 

retinopathy (PDR),can prevent over 70% of expected cases of blindness.12  In Iceland, 

following the introduction of screening, the prevalence of legal blindness as a result of 

diabetes decreased from 2.4% to 0.5%, demonstrating its substantial benefit.13 

Digital retinal imaging and grading by experienced graders is the standard method used in 

DR screening programmes in Europe.14 The need for fixed annual ophthalmic evaluations for 
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all people with diabetes is currently being re-evaluated and it is no longer widely supported in 

an era where the prevalence of diabetes has reached epidemic proportions, those diagnosed 

have an increased life expectancy along with improved diabetes and arterial hypertension 

control. 15 The American Diabetes Association (ADA) advised extending the interval 

between screening episodes for people with well-controlled T2D and no overt DR at the most 

recent evaluation. 16 In 2015, a health technology assessment concluded that if a risk model is 

employed with personalised intervals, low-risk groups of people could be safely and 

effectively screened every 5 years. 17 A systematic review published in 2016 found little 

difference in clinical outcomes between screening annually or at 2-year intervals in those 

classified as low-risk T2D.18  

The risk of a person with T2D progressing to referable DR (RDR) and potentially vision-

threatening DR (VTDR) (DMO and/or PDR) between two consecutive ophthalmic 

evaluations, depends on interaction between multiple risk factors. Improved systemic disease 

management on a population-wide basis is a critical first step; if personalised screening 

intervals are to be introduced safely and have the desired effect of reducing needless 

screening episodes thereby reducing costs to the national government and the individual 

person with diabetes.  Application of survival analysis statistical modelling in the public 

health arena facilitates identification of prognostic factors for disease development and 

progression to a referable level. The current study provides insight on risk factors for 

progression to RDR in the Irish, a population from which data has been sparse to date. 

 

3.2 Participants and Methods 

Study participants  

A primary care-based screening programme, the Diabetes Watch Programme (DWP), 

developed by the public health service in Ireland, offered care to T2D people ≥ 18 years of 

age registered with 20 General Practitioners’ (GP) practices.    Diagnosis and assessments 

adhered to established methods.19  Patients with Type 1 diabetes and pre-diabetes and those 

currently accessing secondary care for T2D-related complications (other than ophthalmic) 

were excluded. The supervising ophthalmologist took responsibility for onward referral, 

further investigation as necessary and undertook most of the treatment in the regional 

ophthalmic unit.  
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From February 2005 until December 2007, 1265, individuals with pre-existent T2D were 

recruited to the DWP. Subsequently, between February 2008 and July 2013 targeted 

screening of asymptomatic patients identified 1505 newly diagnosed T2D individuals in the 

same 20 GP practices. See Figures 3.3 and 3.4 which show the duration of diabetes affecting 

those included in the model’s cohort(n=1775), used in this analysis as well as total time 

observed. All 2770 people accepted enrolment in DWP which included the use of their data 

for research purposes.  Microvascular complications were assessed by measuring kidney 

function, and screening of feet and eyes. Those individuals who developed a medical 

condition which increased their complexity beyond the scope of the general practitioner 

meant that they exited the DWP transferring to hospital care. Using calculations based on 

census data for the region, 20% of the four-county region’s population diagnosed with T2D at 

the time (2006-2013) were enrolled in the DWP. 20 21 

The DWP population allowed establishment of a prospective cohort study population which 

represents a comprehensive dataset on the natural course of T2D, with repeated clinical 

measurements and retinopathy outcomes during follow-up. 22 Standard analytic 

methodologies can be used to mine this real-world data and provide evidence for similar 

populations and subgroups. Whereas trials and conventional evidence inform how 

populations might respond to treatment interventions, real-world evidence seeks to provide 

evidence for subgroups within the population.23 24Cohort studies compare an exposed group 

of individuals to an unexposed (or less exposed) group of individuals to determine if the 

outcome of interest is associated with exposure. Prospective studies follow a cohort into the 

future for a health outcome, while retrospective studies trace the cohort back in time for 

exposure information after the outcome has occurred. A prospective cohort can be established 

using real-world data by creating a statistical start point in the data.25 

A defining feature of the Diabetes Watch Programme (DWP) was systemic evaluations 

undertaken at four-month intervals by specialist nurses from 2005 for those first enrolled. 

Visits to the nurse were combined with structured patient education.  Systolic and diastolic 

blood pressure (BP), glycosylated haemoglobin (HbA1c), serum lipids’ levels and body mass 

index (BMI) were measured at each visit. Patients recruited were voluntarily enrolled into 

linked DR surveillance.  Digital retinal imaging combined with masked image grading, as per 

the national screening programme for DR in England and Wales (ENSPDR),26 commenced in 

the DWP in 2006, continuing until 2013.  Systemic and ophthalmic evaluations were linked; 

invitation to attend ophthalmic evaluations was dependent upon continued attendance at 
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systemic evaluations in primary care.  Retinal imaging was undertaken by trained technicians 

at or near the GP practice by mobile screening services on an annual basis.  For each eye, 

best-corrected LogMAR visual acuity (BCVA), with the best current refraction or pinhole, 

and dilated digital retinal imaging (two 45-degree colour photographs; one macula and one 

disc centred) were obtained. A single Topcon NW6S imaging system linked to a Nikon D80 

succeeded by a D90 digital camera were used on the programme. Images were saved into a 

bespoke image capture system and then transferred to a central cloud-based image storage as 

part of the back-up process. 27 Individuals with clinically relevant disorders were referred to 

the hospital for management. Those deemed unsuitable for photographic assessment (e.g., 

inoperable media opacity) or previously identified VTDR, were assigned an ophthalmologic 

examination using slit lamp biomicroscopy.  The slit lamp assessments were undertaken by 

the same programme ophthalmologist. The threshold for active treatment were clinically 

significant macular oedema (CSMO) at slit lamp biomicroscopy /diabetic macular oedema 

(DMO) at optical coherent tomography/proliferative DR at slit lamp biomicroscopy or fundus 

fluorescein angiography.  

In accordance with the recommendations of the English National Screening Programme for 

Diabetic Retinopathy (ENSPDR),28 anonymized image grading was a 3-stage process with 

graders at primary, secondary and tertiary/arbitration levels depending on experience and 

training.  A bespoke software was used to manage/distribute images to specific graders. 27 

Grading staff underwent annual appraisal to ensure consistently high accuracy in grading; the 

online assessment tool of the ENSPDR was used to benchmark graders. 29 30 (see Appendix 2j 

and Appendix 3.a.) For this cohort study, a patient’s retinopathy grading result and the need 

for referral (i.e., diagnosis of RDR) was defined according to the consensus grading of their 

worst affected eye. 

Graders recorded the gradable status of images and graded them as R1 (background: at least 

one microaneurysm and/or retinal haemorrhage); R2 (pre-proliferative: multiple 

haemorrhages and/or definite intra-retinal microvascular abnormality [IRMA] and/or venous 

beading and/or venous reduplication); R3 (PDR) and M1 (two of the following: an exudate 

within 1-disc diameter of the centre of the fovea; a group of exudates within the macula; a 

microaneurysm or haemorrhage within 1-disc diameter of the centre of the fovea; provided 

this was associated with BCVA of >0.3 LogMAR [<6/12 Snellen equivalent]) or R0 or MO 

(no retinopathy, no DMO, respectively).(See Tables 2.1,2.2,2.3)  Patients graded as R1M1, 
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R2M0, R2M1, R3M0 or R3M1 in one/both eyes were considered to have RDR.(See Figures 

2.6,2.7,2.8,2.9). 

Survival analysis analyses the effect of input variables on an output such as, time-to-an-event 

within observational data, e.g., time to development of RDR in the DWP.  An initial 

univariable analysis in the form of a Kaplan-Meier (K.M.) estimator was run to assess impact 

of individual plausible variables to be included in any multiple variable analysis. The nature 

of the data in the DWP; with development of the outcome of interest at some point between 

the dates of two screening episodes (interval censored) is well suited to K.M. analysis. 31 For 

each specified interval of time, survival probability is calculated as the number of participants 

surviving divided by the number of persons at risk. Participants who have dropped out, died, 

or move out are not counted as “at risk” i.e., those who are lost (censored) are not included in 

the denominator. The survival curves relate the proportion of each group where the endpoint 

has not been reached. The curve represents the odds of an endpoint having occurred at each 

point in time (the hazard). The hazard ratio is simply the relationship between the 

instantaneous hazards in the two groups and represents, in a single number, the magnitude of 

distance between the Kaplan-Meier plots. The major limitation of Kaplan Meier estimate is 

that it cannot be used for multivariate analysis as it only studies the effect of one factor at the 

time. 

 Use of the semi-parametric survival methods inherent in the Cox proportional hazard 

model are used to estimate covariate-adjusted survival. 32 Probability of event occurrence as 

determined by independent variables interacting together can be expressed as hazard ratio: a 

hazard ratio takes account not only of the total number of events, but also of the timing of 

each event. A Cox proportional hazards model was used to assess impact of individual 

prognostic variables after adjustment for other explanatory variables included in the model. 

Variables chosen to estimate associations  and risk of progression to RDR were decided on 

by discussion  between clinicians based on their knowledge of the impact of various systemic 

biomarkers on the outcome of interest, from the available data collected at primary care.33 

The Cox regression (proportional hazard regression) for estimating the effect of several 

variables upon the time to a pre-specified event occurring in this case a dependent variable y 

(time until) a dichotomous or binary outcome (0 – representing no referral or 1- representing 

referral) based upon severity of retinopathy as graded by ENSPDR criteria is plotted against a 

predictor variable x. The predictor variables are the quantitative values (systolic and diastolic 

BP, HbA1c, and BMI etc.) assessed in a primary care setting. In this instance our aim was to 
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link back hazard of RDR being identified on fundus imaging in the form of a survival 

analysis to a probability function relating to a category of systemic disease variable. 32 Cox 

regression is considered a ‘semi-parametric’ procedure because the baseline hazard function, 

h0(t), does not have to be specified.  

The data collected as part of the DWP represents a panel data set with multiple entities 

representing systemic disease management, each of which has repeated measurements at 

four-monthly intervals.During follow-up, however, things may change e.g., the risk factor 

itself within a sample population may vary over time. A resulting time variant model includes 

the effect of variation in systemic measurements and is a direct time varying Cox model. This 

model was designed to quantify the effects of both current levels and changes in levels of 

the covariates on hazard of referral. This time variant model was direct in that systemic visits 

were not assigned to specific screening intervals.  The rates of change for each covariate were 

calculated between each pair of valid systemic visits for that patient, regardless of where they 

sat with regards to screening intervals.  

Figure3.1 Method used in combining retinopathy screening results with systemic assessment 

data for time variant model (n=1775). 
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    0 1              2            3            4                5              6          7            8 

Systemic measurements are included as 

time-varying covariates, by dividing the 

observation period into segments, one 

for each pair of 4 monthly consecutive 

systemic evaluations. For each covariate, 

a weighted average across time 

segments of the estimated associations 

was produced.  

Patient A 

index 

screening 

Three systemic assessment visits occur 

between retinal screening visits with final 

systemic assessment <180 days before 

index screening 

Patient B 

index 

screening 

End of  

study 

per iod  

Overall estimate of association with RDR risk is based on weighted average of 4 

monthly systemic measurements combined with index retinopathy screening result  

Follow-up period when the patient A develops RDR 

between 7and 8 years 

Follow-up period for patient B censored at final 

screening as the patient does not develop RDR 

during follow-up period and is therefore censored 

at 8 years 
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The structure of the DWP, with 4-monthly systemic evaluations and annual ophthalmic 

surveillance, permitted evaluation of the influence of changes in systemic parameters over 

time (e.g., decreases in HbA1c as patients brought diabetes under control) and how this 

influences risk of progression to RDR.34 35  The overall estimates can be interpreted to 

represent associations found over relatively short time periods (months rather than years). 

Systemic measurements were represented in two forms  

a) the most recently recorded value and  

b) the rate of change in the value between the two most recent evaluations. This time variant 

model cohort had to satisfy the following requirements for inclusion 

At least two complete systemic checks before at least one screening in the study period.  

a) No previous referrals.  

b) Valid Gender, DOB, and year of diagnosis.  

c) At least one systemic check interval longer than one month.  

This last criterion was used to prevent very large changes in covariate values due to 

measurement error. Hence the influences of both, current values, and rates of change, were 

evaluated. The retinal grading outcome at the initial ophthalmic evaluation was included as 

an additional covariate. 

To model hazard of referral as a function of changes in the systemic variables, suitable 

change metrics must be selected to summarise the patterns of change between screenings. In 

most cases there were three systemic visits between retinopathy screening visits. Given this 

frequency of measurement, a limited range of variable trajectories are possible: monotonic 

increase; monotonic decrease; fluctuation (increase then decrease or decrease then increase); 

static. Systemic measurements are included as time-varying covariates, by dividing the 

observation period into segments, one for each pair of 4 monthly consecutive systemic 

evaluations. For each covariate, a weighted average across time segments of the estimated 

associations was produced to provide an overall estimate of the association with RDR risk 

(i.e., a Hazard Ratio, HR). The hazard ratio is an estimate of the rate, sometimes referred to 

as instantaneous risk, of progression to RDR at any time during follow-up. The use of the 

word “risk” is used in this context to indicate probability of the adverse outcome of interest 

rather than risk of an adverse outcome.  
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Examination of the data for identification of improbable values was undertaken initially and 

then checked by the project statistician. The rate of change in variables (difference between 

old value and current value and dividing this by time) tended to cause extreme values as 

always happens when one studies rate. 36 All quantitative measurements were standardised 

prior to modelling by subtracting the median and dividing by the difference between the 75th 

percentile and the median. (See Table 3.5) This approach was undertaken as it was likely to 

be less sensitive to outliers for the rate variables or skewing of data values. Measurement 

error can be compounded when calculating rates of changes in variables and this was 

especially relevant in our real-world dataset where an error in data entry might have an effect 

in the analysis. Estimated HRs better represent the ranges with most data support for each 

variable.   

For a patient to be included in the model there had to be two complete systemic evaluations 

prior to at least one ophthalmic evaluation, to ensure that rates of change of the systemic 

covariates between consecutive assessments could be calculated.  Patients with pre-existent 

RDR at baseline and those that had been previously referred with RDR resulting in ocular 

treatment were excluded (i.e., only treatment-naïve patients were retained). (Figure 3.2) This 

model (the Cox regression model or the proportional-hazards regression model) where the 

hazard may be thought of as proportional to the instantaneous probability of an event at a 

particular time was suited to a skewed population distribution of variables as was the case in 

the data. Cox’s proportional hazard model multiplies the hazard function by a function of the 

explanatory covariates. This means that two units of observation have a ratio of their hazards 

that is constant and depends on their covariate values. Most recently recorded values of 

systolic and diastolic BP, glycosylated haemoglobin level (HbA1c), serum lipid levels and 

body mass index (BMI) are combined with weighted average of rates of change between 

consecutive measurements in the above systemic parameters. 

    An additional model was fitted in which the contribution of triglyceride levels to 

referral risk was assessed. The various subcategories within cholesterol (LDLc, HDLc, 

triglycerides) risks multicollinearity occurring i.e., risks a correlation between two variables 

that causes confusion in a study because the variables are too closely related, and as a result 

the project statistician performed again the analysis after assessment of the variance inflation 

factors. Triglyceride levels were calculated using the standard formula 37 

Total cholesterol = LDLc + HDLc + Triglycerides/5 



125 
 

rearranged to  Triglycerides = (Total cholesterol – LDLc – HDLc) * 5 

thereby enabling assessment of the effect on risk of referral of rapidly increasing and rapidly 

decreasing triglycerides to be included in the analysis. 

3.3 Results 

There were 2770 people with T2D included in the DWP.  During the eight-year period of the 

programme, 9604 ophthalmic evaluations occurred which were linked to 22,701 systemic 

evaluations, of which 19,172 (84.5%) had complete data for all variables selected. Figure 3.1 

graphically displays method of combining attendance of scheduled assessments (systemic and 

ophthalmic) of the entire study cohort population. Figure 3.2 shows the inclusion and 

exclusion criteria for this time-variant model (n=1775). 

2770 

 

 

1995 

 

1890 

 

 

 

1852 

 

 

 

1775 included in this time variant model.  

105 excluded due to previous referral 

38 excluded due to absence of data on DOB, gender, date of diagnosis 

with diabetes 

 

77 excluded due to referable retinopathy at baseline 

775 excluded due to absence of two systemic assessments prior to 

ophthalmic evaluation 
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Figure 3.2 

The model used baseline retinopathy grading outcome in combination with systemic disease 

values to determine the factors influencing progression to RDR. In this time variant model 

most recently recorded values of variables at most recent or two most recent systemic 

assessments (required to determine rates of change) are used. Figures 3.3-3.4 show the 

distribution of diabetes duration and observation periods (years) for the model.  

 

 

 

Figure 3.3. Distribution of duration of diabetes at entry into dataset which used incident case 

model (n = 1775). Duration of 0 signifies that the person is newly identified as being diabetic 

less than 12 months previously. 
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Figure 3.4. Distribution of total time observed in dataset used for incident case model (n 

=1775) Number of years of 0 signifies that the person is newly identified as being diabetic 

less than 12 months previously. 

 

Table 3.1 shows patients’ characteristics for the entire DWP cohort (n=2770) at presentation 

along with those for the time variant modelled population (n=1775). Table 3.2 shows 

distribution of variables’ values of predictor variables of the entire DWP cohort (n=2770). 

Table 3.3 shows the baseline retinopathy gradings for the model cohort of 1775 people. 

 

Table 3.1. Patients’ characteristics for the entire DWP cohort (n=2770) at presentation along 
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Table 3.1 R0 = No retinopathy; R1M0 = Minimal Background Diabetic Retinopathy; U = 

Unassessable; DWP = Diabetes Watch Programme; ETDRS = Early Treatment Diabetic 

Retinopathy Study; HbA1c = Glycosylated Haemoglobin 1Ac; BMI = Body Mass Index; 

HDL= High Density Lipoprotein Cholesterol; LDL = Low Density Lipoprotein Cholesterol; 

Patient characteristics Modelled cohort n=1775 Entire DW cohort n=2770 

Demographic Category Number (%) 

Ethnic Origin Irish 1746(98.4) 2723(98.3) 

 Non-Irish 29(1.6) 47(1.7) 

Gender Male 1007(56.7) 1588(57.3) 

 Female 768(43.3) 1137(41) 

 Gender 

unknown 

0(0) 45(1.7) 

Variable 

Baseline Retinal Assessment (ETDRS equivalent) Number (%) 

R0(10) 1378(77.6) 1683(60.7) 

R1M0(14 to 35) 259(14.6) 304(11) 

U 138(7.8) 175(6.3) 

Mean (Standard Deviation) 

Age at recruitment into DWP 62.4(12.5) 62.2(12.8) 

Duration of diabetes at 

recruitment(years) 

3.7(4.91) 2.5(5.07) 

HbA1c (%)[mmol/mol] 6.8[51] (1.2) 7.2[55] (1.6) 

BMI (Kg/m2) 30.8(6.14) 31(6.3) 

HDL (mmol/l) 1.2(0.93) 1.3(1.1) 

LDL (mmol/l) 2.3(0.83) 2.7(1.1) 

Triglycerides (mmol/l) 3.3(2.3) 3.6(2.9) 

Diastolic BP (mmHg) 77(9.34) 79(9.6) 

Systolic BP (mmHg) 136(16.8) 137(18) 
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BP= Blood pressure; SD = Standard deviation. Gender unknown means that the gender was 

not automatically discernible from the data available. 

Table3.2 Distribution of variables’ values of predictor variables of the entire DWP cohort 

(n=2770). 

Values for the entire DWP 

Predictor Variable Mean Standard Deviation % Missing data 

Body Mass Index (BMI)(Kg/m2) 31 6.3 8.2 

HbA1c (%) 7.2 1.6 5.4 

HDL Cholesterol (mmol/l) 1.3 1.1 5.1 

LDL Cholesterol (mmol/l) 2.7 1.1 5.1 

Diastolic BP (mmHg) 79 9.6 3.2 

Systolic BP (mmHg) 137.3 18 3.5 

Table 3.2 

A total of 9576 systemic evaluations were conducted on the modelled cohort during follow-

up and included in the survival analysis. One-hundred and forty-three subjects (8.1%) 

developed RDR during the follow-up.   

Table 3.3 Distribution of survival outcomes as determined by grading at initial screening in 

dataset used (N = 1775). 

Initial screening outcome Most recently recorded screening 

outcome when 

Not RDR i.e., (R0/R1M0) N (%) 

Most recently recorded screening 

outcome RDR 

(R1M1, R2M0, R2M1, R3) N (%) 

R0 1302(73.3) 76(4.3) 

R1M0 205(11.5) 54(3.0) 

Unassessable 125(7) 13(0.7) 

Total 1632(91.9) 143(8.1) 

Table 3.3 R0 is no detectable diabetic retinopathy. R1M0 minimal non-proliferative DR. 

Unassessable in this context refers to a case whose colour fundus photography result was 

deemed unassessable by the grader. These cases are subsequently assigned to slit lamp 

biomicroscopy by the ophthalmologist and a grade is applied. 
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Table 3.3 shows how the screening outcome at the initial ophthalmic evaluation was strongly 

correlated with the most recently recorded screening outcome (RDR/Not RDR) for those 

patients included in the model. Patients with minimal retinopathy (R1M0) were much more 

likely to be referred subsequently (54/259) (20.8%) than those with no retinopathy (R0) 

(76/1378) (5.5%).  This time variant model showed statistically significant associations in 

both systemic variables and retinopathy gradings. (Table 3.4) The outcome of the initial 

ophthalmic evaluation was strongly associated with risk of progression to RDR. (see Table 

3.3) Patients with R1 were much more likely to be referred subsequently than those with no 

retinopathy. People with background DR were four times more likely to progress to RDR 

than those with no retinopathy, after adjusting for all other variables (HR 4.02 [2.80, 5.78]; p 

< 0.001; Table 3.4).  Higher values of the most recently recorded glycosylated haemoglobin, 

systolic blood pressure and triglycerides were all associated with increased risk of developing 

RDR (Table 3.4).  

 

 

 

 

 

 

 

 

 

 

Table 3.4  Independent variables correlated with risk of RDR 
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Independent Variable Hazard Ratio CI (lower) CI (upper) p value 

Most recently recorded value of variable 

Body Mass Index (BMI) 0.83 0.73 0.95 0.007 

Systolic BP 1.29 1.15 1.45 0.001 

Diastolic BP 0.91 0.85 0.97 0.006 

HbA1c 1.22 1.11 1.34 0.001 

LDLc 1.01 0.89 1.13 0.931 

HDLc 1.01 0.97 1.06 0.543 

Triglycerides 1.10 1.03 1.18 0.004 

Rate of change between consecutive measurement of systemic variable 

BMI Rate 0.98 0.95 1.02 0.287 

Systolic BP Rate 0.98 0.88 1.09 0.707 

Diastolic BP Rate 1.03 0.93 1.14 0.572 

HbA1c Rate 0.99 0.94 1.05 0.853 

LDLc Rate 0.97 0.92 1.03 0.290 

Triglycerides Rate 0.94 0.90 0.98 0.004 

Ophthalmic evaluation result at initial assessment as compared with outcome when initial evaluation result was 

R0 

Result=R1M0 4.02 2.80 5.78 0.001 

Result=R0 1.0    

 

CI, confidence interval BP, Blood pressure, HbA1c, Glycosylated haemoglobin LDLc, Low 

density lipoprotein cholesterol, HDLc, High density lipoprotein cholesterol, BMI, Body mass 

index. Result refers to the retinopathy grading result at the initial ophthalmic evaluation. 

Rate, rate of change. e.g., BMI rate, rate of change of BMI between consecutive 

measurements Ophthalmic Evaluation (result=R0), comparator R0, No retinopathy, R1M0, 

Minimal Background DR, U, Unassessable.  Statistically significant variables are shown in 

bold print. 
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Those with rapidly increasing triglyceride levels (HR 0.94 [0.90, 0.98] p=0.004) were slightly 

less likely to be referred than those with high but stable triglyceride levels (HR 1.10[1.03, 

1.18] p=0.004 (Table3.5). High current BMI (HR 0.83 [0.78, 0.95]; p=0.007) and diastolic 

BP (HR 0.91 [0.85, 0.97]; p=0.006) were associated with reduced referral risk (Table 3.4).  

Values for systemic variables following standardization of percentiles included in the model 

are shown in Table 3.5. Those study participants who were retained within the DWP and who 

were followed up for the longest time periods were more likely to have better controlled 

diabetes. (See Table 3.5) It is believed that the DWP is representative of a Western-European, 

semi-urban population of people with T2D.   
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Distributions of systemic variables following standardization included in the model are 

shown in Table 3.5.  

Current value of variable 25th percentile Median 75th percentile 

BMI 26.7 30 34 

Systolic BP 125 135 145 

Diastolic BP 70 79 82 

HbA1c (mmol/mol) 43 49 57 

HbA1c (%) 6.1 6.6 7.4 

LDL Cholesterol 1.0 1.1 1.3 

HDL Cholesterol 2.0 2.9 3.8 

Rate of change of variable 25th percentile Median 75th percentile 

BMI -1.4 0 1.2 

Systolic BP -18.4 0 16.7 

Diastolic BP -10.7 0 9.4 

HbA1c(mmol/mol) -0.6 0 0.6 

LDL Cholesterol -0.6 0 0.5 

HDL Cholesterol -0.2 0 0.2 

Triglycerides -1.6 0 1.5 

Table 3.5 HbA1c = Glycosylated haemoglobin A1c; LDL= Low Density Lipoprotein 

cholesterol; HDL = High density lipoprotein cholesterol; BMI = Body Mass Index; BP = 

Blood Pressure.  
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3.4 Discussion 

High HbA1c, systolic BP and triglycerides were all associated with increased risk of 

progressing to RDR, whereas high BMI and diastolic BP were associated with reduced risk in 

this Irish population.38  The presence of any DR (irrespective of how minimal) when entering 

the cohort, when compared with no overt retinopathy, markedly increased the risk of RDR, 

with a four-fold increased risk in people with R1, M0 when compared with those with R0, 

M0.  

 The stage of DR seems a major determinant of risk of DR progression. 39In the UK 

Prospective Diabetes Study (UKPDS), a randomised clinical trial that examined the effect of 

tight glycaemic control in T2D, 0.2% and 2.6% of people with no overt retinopathy at 

baseline (R0/ETDRS10) required laser at 3 and 9 years, respectively, when compared with 

15.3% and 31.9% for those with mild to moderate non-proliferative DR (NPDR) 

(R2/ETDRS35-43).40 Stratton et al 41estimated the risk of progression to STDR  (defined as 

R2,R3 or M1 in either eye) in an individual with no overt retinopathy in either eye at 

presentation but who progressed to R1 in both eyes one year later to be ~ six times greater 

than that of someone with no overt DR in either eye on both occasions.  If there was bilateral 

R1 at baseline and one year later the risk of subsequent STDR was ~18 times higher than if 

there was no overt retinopathy in either eye at both assessments.  In agreement with these 

findings, in the Irish population of the DWP, early signs of DR when compared with no DR 

in people with T2D markedly increased the risk of progression to RDR. 

3.4.1 Modifiable systemic risk factors for progression to RDR. 

Several systemic risk factors were associated with progression to RDR in our population of 

people with T2D in Ireland.  

3.4.1.1 Glycaemic control and risk of progression to RDR. 

Diabetes mellitus (DM) is a condition primarily defined by hyperglycaemia-related 

microvascular damage (retinopathy, nephropathy and neuropathy). Elevated HbA1c level, is 

a well-recognised modifiable risk factor for development and progression of DR in T2D. 42-45  

In the UKPDS 42(1977-1999),  3867 newly diagnosed T2D patients were randomized to 

conventional and intensive treatment groups with median HbA1c values of 7.9% and 7.0% 

respectively. For every percentage point HbA1c reduction (e.g., from 8% to 7%) there was a 

37% reduction in risk of all microvascular complications. Over a median 10-year follow-up 
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period, there was a 27% reduction in progression of retinopathy in patients with tighter 

control compared to those with conventional control. More recently, (2008),  the Action in 

Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled 

Evaluation (ADVANCE) trial, involving 11,140 patients with T2D randomized to intensive 

or standard control groups with a 5-years follow-up median HbA1c of 6.5 and 7.3% 

respectively; failed to show a reduction in incidence of new or worsening retinopathy in the 

intensive treatment group.46 Thereby, suggesting that the influence of systemic risk factors on 

progression to RDR will be gradually updating itself in relation to changes in normal values 

in the population studied. 

The Action to Control Cardiovascular Risk in Diabetes (ACCORD)47 trial, a landmark 

clinical trial that included 10,251 adults with type 2 diabetes who were at especially high risk 

for myocardial infarct, stroke or cardiovascular death. The study evaluated three intensive 

strategies compared with standard treatments for lowering cardiovascular risks associated 

with diabetes. A key question in the main ACCORD study was whether intensive glucose 

control, previously demonstrated to reduce risk of microvascular disease including 

retinopathy risk in diabetes, would reduce macrovascular disease that causes cardiac 

mortality. Intensive treatments included control of blood sugar to near normal levels, control 

of blood pressure to normal levels, and combination treatment of multiple blood lipids with 

Fenofibrate and Simvastatin compared to standard treatment with Simvastatin alone. A higher 

mortality in diabetic patients randomized to intensive glucose control (HbA1c goal was 6.0%) 

resulted in early termination of the study. 47Taken together ACCORD and ADVANCE 

suggest that the optimal HbA1c goal for diabetic patients may lie between 6.0% and 6.5%, 

especially with a view to reducing microvascular complications of diabetes, while 

minimizing the incidence of hypoglycemia or cardiovascular mortality.  

 Type 2 diabetes is a strong, independent risk factor for myocardial infarction, stroke, 

and premature death.48 Most patients with type 2 diabetes mellitus develop cardiovascular 

disease (CVD), with substantial loss of life expectancy. Nonfatal CVD contributes greatly to 

excess healthcare costs and decreased quality of life in patients with diabetes. The current 

epidemic of obesity has raised concerns that CVD associated with type 2 diabetes will 

become an even greater public health challenge into the future. Studies have shown DR 

related visual loss is associated with increased mortality, principally related to cardiovascular 

disease. 49 
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Studies have identified a previously unrecognized harm of intensive glucose lowering 

in high-risk patients with T2D and high glycated hemoglobin levels. 50 Possible explanations 

for this include prolonged exposure to elevated glucose levels, insulin resistance, endogenous 

hyperinsulinemia, and obesity. Hyperglycemia and insulin resistance, among various other 

factors, contribute significantly to atherosclerotic changes and the pathogenesis of 

macrovascular complications in diabetes. Though both are commonly observed in diabetic 

patients, insulin resistance usually develops years before hyperglycemia becomes clinically 

detectable. 51If the ambition is to limit the macrovascular complications of diabetes, new 

guidelines arising from Veteran Affairs Diabetes Trial (VADT)52,ACCORD and ADVANCE 

recommend less-tight glycaemic control.  Glycaemic control is still recommended, but the 

expected benefits must be balanced against the potential risks associated with progressive 

treatment. Use of pharmaceutical combinations in the relentless pursuit of glycaemic control 

performance indicators on a population-wide basis must be balanced against the individual 

risk of medication-induced severe hypoglycaemia or excessive body weight gain. 53 54 

Individualised treatment plans based on risk benefit analysis will require personalization of 

treatment goals based on risk from destabilization of co-morbidities/expected longevity etc.55 

The A1c and ABCD of glycaemia management in T2D has been proposed with the glycaemia 

target based on A (age), B (body weight), C (complications), and D (duration of diabetes).56 

 Despite the relatively good diabetic control in our cohort (mean HbA1c 6.8%), the 

deleterious effect of increasing HbA1c on risk of progression to RDR was observed in our 

model population which used, most recently recorded value of the systemic variant (HR 1.22 

CI, 1.11-1.34 p=0.001). Thus, underlining the importance of current HbA1c as a risk factor 

on progression of DR in the DWP. 

  It had been expected that glycaemic variability would affect risk of progression with 

rapid tightening of glycaemic control expected to be associated with progression to RDR as is 

the case in nephropathy.57 The DCCT which studied people with T1D, had recommended that 

in those patients whose retinopathy was already approaching the high-risk status, it may be 

wiser to delay initiation of intensive treatment until photocoagulation could be completed, 

particularly when HbA1c is high.58 We, along with others assessing the link, failed to find any 

association between HbA1c- rate of change and progression to RDR.59 HbA1cvariability was 

calculated for each patient as the intraindividual SD (HbA1c-SD), for HbA1c values obtained 

during follow-up observation period. This absence of correlation in our cohort populations 

may reflect a comparatively short follow-up period or the relatively modest elevation in 



137 
 

glycosylated haemoglobin levels and the limited reductions achievable therein. Also, those 

individuals known to be affected with severe microvascular disease related 

nephropathy/neuropathy were not recruited into the primary- care based DWP as they were 

under the care of nephrologists/neurologists/endocrinologists, and this might have affected 

associations detectable using multivariable analysis. 

 In the DCCT it was felt that it was more the magnitude, as opposed to the rapidity, of 

the reduction in HbA1c during the first 6 months of intensive treatment that was the important 

risk factor for what has been called “early worsening”. “Early” refers to the beginning of 

intensive glycaemic control rather than early in the disease duration.  Intensive treatment 

superimposed on previous poor control led to an approximately 2-fold increase in the risk of 

early worsening which in turn increased the risk of subsequent retinopathy progression 2- to 

4-fold. Recently a review article presented the case for acute reductions in retinal glucose 

levels accompanying intensive glycaemic control exacerbating hypoxic retinal injury 

associated with capillary closure.35 A sudden dramatic tightening of glycaemic control may 

limit the protective effect of moderate hyperglycaemia. Long-term hyperglycaemia is 

deleterious to retinal microvasculature, despite the short-lived protective effect of 

hyperglycaemia on neurons in the context of retinal hypoxia.60  

  Research using the United States National Health and Nutrition Examination 

Survey(US NHANES) reported that from 2007 to 2010, only 52.5% of people with diabetes 

achieved an A1c<7%. 61 “Clinical inertia” has been defined as the tendency of a physician or 

nurse to purposely undertreat, by means of absence of treatment intensification despite failure 

to achieve a predefined treatment goal. An example would be continuation of Metformin 

monotherapy despite a persistently elevated HbA1c >7.0%. Potential solutions most likely 

require a combination of approaches involving fundamental changes in medical care. These 

could include the adoption of a person-centred (individualized) model of care to account for 

the complex considerations influencing treatment decisions by patients and physicians. Better 

patient education about the progressive nature of T2D and the risks inherent in long-term 

poor glycaemic control may also reinforce the need for regular treatment reviews, with 

intensification when required.62 Time until intervention is significantly affected by the 

baseline HbA1c. Inertia  has been found to occur more commonly in those with a borderline 

elevation of HbA1c above target as opposed to those with significantly elevated glycosylated 

haemoglobin.63  It is also the case that the probability of a patient attaining target HbA1c in 

the long-term is more likely in those who undergo early intervention (i.e., within 6 months) 
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when compared with those undergoing later or no intervention. 64  Failure to intervene early 

when it is indicated, can have a lasting effect on the ability to attain glycaemic control. The 

legacy effect of the failure of early intervention increases the likelihood of the development 

of future diabetes related complications.65 

It was a feature of the DWP that the practice nurse would actively target the standards 

recommended by the UKPDS for optimizing control and hence improving management of the 

systemic risk factors associated with development of complications in T2D. The 4-month 

interval between systemic assessments facilitated this real-time optimization. It was optional 

to extend the interval to 6 months if intensification of therapy had been achieved whilst 

ensuring minimal risk of hypoglycaemia. The aim of achieving the desired effect by early 

intervention is just as likely in those managed in primary care as opposed to specialist care if 

adequate education (of patient and professional) was an integral element of the programme; 

as was the case in the DWP.64 In order to obtain glycaemic control, clinicians and patients 

were obliged to escalate therapeutic interventions in a timely fashion or justify why it was not 

possible to intervene. The aim of having generalizable data on how to best manage T2D in 

primary care was at the heart of the design of the DWP and led to the “cycle of care”(primary 

care based management of T2D).66 

3.4.1.2 Metabolic legacy as opposed to mere glycaemic legacy  

The legacy of good glycaemic control in the early stages of T2D translates into permanent 

benefit with regard to micro and macro vascular complications. 67 Nevertheless, the results of 

recent studies indicate that intensive glucose control in this population has minimal effect on 

the rate of cardiovascular events or hard microvascular complications (laser treatment, 

cataract extraction, vitrectomy, and new neuropathy) during a period of 5 to 6 year follow-up. 

68 Targeting normoglycemia is feasible and desirable in T2D patients especially those 

younger patients without cardiovascular risk factors. Those affected by cardiovascular 

morbidity were prohibited from inclusion in the DWP as it was deemed necessary to transfer 

care from primary care (general practice) and this may have influenced our findings. 

However, going beyond glycaemic control to improved metabolic control such as that based 

on the results of STENO-2 provided compelling evidence that by combining management of 

hyperglycaemia, elevated blood pressure and hypertriglyceridaemia; substantial differences 

in the incidence of defined endpoints are achievable over many years.69 In STENO-2 

progression of retinopathy (a tertiary endpoint) was defined as an increase of at least one 
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level in the EURODIAB grading scale in either eye. Conventionally and intensively treated 

blood glucose study patients had equal benefit from blood pressure lowering in the UKPDS. 

Likewise, the tightly and less tightly controlled blood pressure study patients had equal 

benefit from blood glucose lowering. Thus, both hyperglycemia and hypertension should be 

vigorously treated when they occur together with an expectation that reductions in 

microvascular and cardiovascular outcomes will be additive. Indeed intensive targeting of 

blood pressure may help to prevent diabetes developing in the first instance.70 Ironically, after 

more than a decade of progress from 1999 to the early 2010s, glycemic and blood-pressure 

control declined in adult NHANES participants with diabetes, while lipid control leveled 

off.71 

3.4.1.3 Blood Pressure control and risk of progression to RDR. 

A total of 1148 hypertensive patients with type 2 diabetes in the UKPDS were randomized to 

less tight (180/105mmHg) and tight blood pressure control (150/85mmHg). With a median 

follow-up of 8.4 years, patients assigned to tight control had a 34% reduction in progression 

of retinopathy and a 47% reduced risk of deterioration in visual acuity of three lines 

compared with the less tight control group.72 The results of the UKPDS blood pressure study 

indicate that aggressive treatment of even mild-to-moderate hypertension is beneficial in 

reducing complications. Moreover, continued reduction of blood pressure into the normal 

range resulted in fewer complications. Hence, blood pressure targeted at/ or below 130/85 

mmHg, as recommended by the American Diabetes Association, was a desired outcome in a 

patient in the DWP.   

However this consistency in  association was not observed in the Wisconsin 

Epidemiological Study of Diabetic Retinopathy (WESDR); 73in which high systolic BP was a 

significant risk factor for development of DR only in people with younger-onset diabetes 

(onset <30 years of age) but not in those in whom diabetes developed later in life (onset at or 

after 30 years of age).  In the ACCORD Eye Study 74 lowering systolic BP did not affect 

significantly DR progression.  There were no differences in DR progression among 

participants treated to an intensive systolic blood pressure target of less than 120 mm Hg 

compared with those treated to a standard target of less than 140 mmHg. A systematic review 

and meta-analysis revealed that intensive control of BP (similar to intensive control of 

glycaemia)68 had preventive effects on 4-5 years incidence of DR but not on progression 

when DR was already present.75 Post-trial monitoring of patients in the United Kingdom 
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Prospective Diabetes Study (UKPDS) examined whether risk reductions for microvascular 

and macrovascular disease, achieved with the use of improved blood-pressure control during 

the trial, would be sustained.65 Unlike intensive glycaemic control which has a lasting benefit 

termed as “metabolic memory”; improved blood-pressure control must be maintained to 

attain a beneficial effect, i.e., no legacy effect.  

  It is possible that differences observed among studies on the effect of BP on 

incidence/progression of DR may relate to different baseline levels of BP in different 

populations (e.g., in intervention studies, if the levels of blood pressure at study entry were 

not very elevated, reducing the BP further may have not had an impact on reducing risk of 

retinopathy).  It is also possible that certain risk factors may affect different populations in a 

different manner (i.e., some may be more susceptible than others).  Of particular interest in 

the DWP, was the finding that higher diastolic BP appeared to be protective.  It could be 

speculated that the increased diastolic BP in people with high systolic BP would reduce pulse 

pressure 76 77 which, in turn, would have a positive effect by reducing shear forces in retinal 

blood vessel walls, reducing blood vessel damage and progression of DR. 

3.4.1.4 The effect of serum lipids and risk of progression to RDR. 

In the DWP, elevated triglycerides increased the risk of progression to RDR.  A recently 

conducted meta-analysis of case-control studies in people with T1D and T2D found mean 

levels of serum triglycerides to be significantly higher in patients with DMO when compared 

with those without it.78  It is not possible to determine whether the increased risk of RDR in 

the DWP associated with increased triglycerides related to DMO referrals, as RDR in the 

DWP included also R2 and PDR, in addition to DMO.  In the DWP, the increased risk 

associated with triglycerides was higher in individuals with longer standing high levels when 

compared with those with rapid increases suggesting that time is required for the deleterious 

effects of triglycerides to occur; similar to how glycaemic and blood pressure control had a 

greater influence on incidence than on progression of pre-existent disease.68 Other studies 

support a potential deleterious effect of dyslipidaemia on the incidence of DR, DMO and 

PDR. 79 80 In the ACCORD lipid study; which compared Simvastatin treatment alone against 

combination lipid therapy of Fenofibrate plus Simvastatin retinopathy progression was 

reduced by about one-third, from 10.2 percent to 6.5 percent, over four years.81 This appeared 

to confirm the FIELD (Fenofibrate Intervention and Event Lowering in Diabetes) study 

which found a significant reduction in the need for laser treatment for either DMO or PDR in 
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the Fenofibrate group as compared with the placebo group.82 In both ACCORD-Eye and 

FIELD the risk reduction, however, seemed to be independent of lipid concentration 

reduction suggesting a previously unrecognised mechanism of action by Fenofibrate 

ameliorating retinal vascular leakage and leukostasis, downregulating vascular endothelial 

growth factor, and reducing endothelial cell and pericyte loss.83-85 Statin therapy was 

associated with a decreased risk of DR and need for treatments for VTDR in Taiwanese 

patients with T2D and dyslipidemia.86(See Fig1.1) 

3.4.1.5 Body Mass Index and risk of progression to RDR. 

Obesity has been included amongst the modifiable risk factors for DR as a result of its impact 

on metabolic syndrome. 87Addressing the problem of obesity becomes important since being 

a disease itself, obesity represents a risk for many metabolic and cardiovascular diseases 

including T2D.88 Body mass index (BMI) is a popular indicator of obesity.89 Moreover, other 

studies demonstrated that a significant decrease in HbA1c and a significant increase in HDLc 

and blood pressure were observed in higher BMI individuals, all of which are the risk factors 

for DR. Whilst higher BMI is a risk factor in diabetic patients for cardiovascular morbidity or 

mortality and nephropathy; results from previous studies that investigated the relationship 

between BMI and DR have been contradictory.90 The protective effect of BMI on the 

development of RDR observed in the DWP appeared counterintuitive until one discovered 

the lack of consensus in the published literature. A systematic review and meta-analysis did 

not find higher BMI to be associated with increased risk of DR.91 Some studies have 

suggested that obesity or higher BMI increase the risk of DR, 92 93 but other studies have 

reported no association or even conflicting results in which higher BMI is associated with 

lower prevalence of DR.94-96 The absence of agreement in the association between BMI and 

DR may in part be due to the limitation of BMI as a measure of obesity or the result of 

variation in the threshold values between different ethnic groups. Emerging evidence 

indicates that measuring central or abdominal obesity, waist circumference or waist-hip ratio, 

are better anthropometric markers of obesity-related, metabolic risk than BMI. Whilst the 

human body is composed of various tissues such as fat, muscle, bone, and water, BMI is 

calculated using only body weight and height. A score of 30 or more in Caucasians and 25 or 

more in Asians is regarded as obesity. However since BMI does not provide information on 

adiposity, evaluating the effects of specific bodily traits on DR may be more appropriate.91  

Similarly to the DWP; other studies have found higher BMI to be protective.97 98 Whilst, BMI 

provides an indication of general obesity; waist to hip ratio (WHR)99 assesses abdominal 
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obesity and visceral fat. Thus, BMI alone may not be adequate as a risk predictor.93  Persons 

with diabetes who had higher levels of  C-reactive protein (CRP) and BMI were less likely to 

have DR in the Singapore Malay Eye Study (SiMES).98 The correlation between BMI and 

WHR varies considerably among individuals from different ethnic groups.100  Further studies 

are needed to better understand the effect of general and/or abdominal obesity on incidence 

and progression of DR in different populations.  

Another factor to consider is the influence of weight loss following incident diabetes 

diagnosis. Among people with incident type 2 diabetes, pre-diagnosis BMI was positively 

associated with microvascular complications, whereas a reduced risk was observed with 

weight loss when compared with stable weight.101 

3.4.2 Non-modifiable systemic risk factors for progression to RDR. 

The duration of diabetes is probably the strongest predictor for development and progression 

of retinopathy. It is worth noting that in populations who are actively screened for diabetes 

the rate of any DR is much lower (<10%) than the prevalence in a population of people 

known to have diabetes.102 103 104 Nearly all patients with type 1 diabetes and > 60% of 

patients with type 2 diabetes will develop retinopathy within the first two decades of the 

disease.5 In the WESDR prevalence of DR varied from 28.8% in persons who had diabetes 

for less than five years to 77.8% in persons who had diabetes for 15 or more years. The rate 

of PDR varied from 2.0% in persons who had diabetes for less than five years to 15.5% in 

persons who had diabetes for 15 or more years. 105 An increased inherent susceptibility to DR 

with earlier-onset type 2 diabetes supports the importance of delaying development of 

diabetes and implies a need for more stringent metabolic targets for younger individuals.106 It 

has been shown that there is a much lower prevalence of DR than was seen in the WESDR in 

patients diagnosed after 70 years, which serves to offset the high prevalence of diabetes 

amongst the elderly.107 The low incidence of DR in our cohort population reflects the 

opportunistic active screening for DM undertaken in the GP surgery. 

 Polygenic Risk Scores (PRS) arise because people commonly have different versions 

of a gene, and some of these versions are associated with disease risk. An example 

of “precision health”, polygenic risk scores combine the different versions of many genes that 

are related to a specific disease within a population. They are currently being introduced into 

clinical practice, with a move to combine them with clinical and demographic risk factors to 

develop a holistic disease risk. 108 Genetic susceptibility determines the actual probability of 



143 
 

the development of complications of diabetes in response to the metabolic environment 

engendered by management by the specific individual dealing with for example the 

hyperglycaemia combined with other modifiable risk factors.  Individuals in the top 

polygenic risk score decile had a 1.8-fold elevated risk for DR diagnosis versus the bottom 

decile (P = 0.002).109 

  There is a longstanding controversy as to whether gender is an independent risk factor 

for DR.44 110 111 According to previous reports, serious DR risk is greater in men however the 

present study failed to show a statistically significant association with progression to RDR 

(an aggregate of R2,R3,M1 referrals). Although the reasons for male-female differences 

identified in a recent review are unknown, gender appears to be a significant factor in certain 

aspects of diabetes incidence and DR.  Development of the more serious form of RDR (PDR) 

was more likely amongst men when the RDR referral cases were disaggregated thereby 

suggesting that men present later with more severe disease. 112 Modelling the data in the 

present study showed that the only common determinant of progression of DR for both men 

and women was the duration of T2D. 

3.4.3 The value of adding systemic risk factors to retinopathy grading 

The value of adding systemic risk factors to retinopathy grading, as determined in one or both 

eyes at one or two consecutive screening visits, 113with the goal of increasing the accuracy of 

estimates of risk of progression to advanced disease, whether RDR (R2, R3, M1) or STR (R3, 

M1), remains to be fully elucidated.  If predictions were made more accurate and cost-

effective by including systemic risk factors in addition to retinopathy grading, when 

compared with predictions based on retinopathy gradings alone; then efforts to overcome 

possible difficulties of accessing all required information at the screening platforms for this 

purpose should be made.  In this regard, an algorithm first developed in Iceland and validated 

in other populations, is available to determine individual risk and corresponding screening 

interval. (See Chapter 4) This algorithm uses retinopathy grade, gender, duration, and type of 

diabetes but only HbA1c and systolic BP as systemic risk factors.  It is not known whether 

the accuracy of its predictions could be augmented by adding other risk factors that may be 

important in particular populations or by recalibrating the model114 to better reflect the 

population where the algorithm is going to be applied (e.g., triglycerides and diastolic BP in 

Irish population, following findings of the DWP).   
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Future studies evaluating risk factors for progression to RDR should examine them, 

differentially, for DMO and PDR (rather than together, under RDR or STR definitions), given 

that consequences of DMO and PDR are different. 115  DMO does not cause rapid visual loss, 

nor does it cause loss of peripheral vision, unlike PDR which, if accompanied by contraction 

of the posterior hyaloid face and pre-retinal fibrosis, can rapidly progress to tractional retinal 

detachment (TRD) with loss of central and peripheral vision. 

 

3.5 Strengths and Limitations 

This study has several limitations.  Although the DWP T2D cohort constituted almost 20% of 

the total population with T2D in the four-county region of Ireland, it is not possible to 

definitively state that this group is representative of the Irish T2D population. However, 

baseline characteristics of DWP participants were very similar to those presented for a T2D 

population in community-based care elsewhere in Ireland suggesting DWP participants may 

represent well the wider diabetic population.22 116  The categorisation of RDR (integrating 

DMO and PDR in the DWP) hindered our ability to look separately for risk factors for 

DMO115 117 or PDR and may have disguised associations to one or another which may have 

been revealed if these entities had been studied separately.115  

  Strengths include the standardised evaluation of patients, the relatively large cohort 

followed for a relatively long period of follow-up, the availability of systemic data at regular 

intervals in addition to the DR grading, and the use of not only single values of systemic risk 

factors but also their change over time in the statistical model.   

3.6 Conclusions and recommendations 

The main conclusion from our analysis was that we could identify contributory and inhibitory 

factors for DR progression in people with T2D in Ireland. Although the majority of the risk 

factors identified are the same as those identified by other investigators in other populations, 

the findings that higher systolic blood pressure would promote progression to RDR in Ireland 

whereas its influence in UK was less apparent in the past decade indicates that the impact of 

blood pressure modification has yet to be realised in Ireland’s diabetic population. Also, the 

fact that higher diastolic BP was protective against disease progression possibly as a 

consequence on the arterial pulse pressure is novel.  
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The increasing use of patient data to better focus resources in health care has driven the need 

to identify which predictive factors are likely to be modifiable and how modification of the 

standard model of patient engagement will impact upon this. Traditional factor analyses have 

revealed that the risk factors for microvascular complications of T2D vary in specific 

populations. Whereas it is potentially possible to stratify the population based on risk it is 

quite another matter to accurately determine the risk of development of RDR in people with 

diabetes, individually. In Chapter 4 I look at the attempts to stratify and individualise 

screening intervals in diabetic retinopathy screening. 

 

“If there is a pitfall in personalized medicine it is that we underestimate what patients can do 

for themselves”. “Healthcare is what you’ the patient do for yourself, not what the NHS does 

for you.” 

 Muir Gray, Oxford University,2017 
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APPENDIX 3a Intergrader agreement levels when patient level grading applied. 

 
G1 

  
G2 

  
G3 

   

Case 

No. 

Macula 

view 

Nasal 

view 

Final 

Grade 

Macula 

view 

Nasal 

view 

Final 

Grade 

Macula 

view 

Nasal 

view 

Final 

Grade 

Agreement 

level 

1 R2M1 R2M0 R2M1 R1M1 R1M1 R1M1 R1M1 R1M0 R1M1 3 

2 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 3 

3 R2M0 R3M0 R3M0 R3M1 R3M0 R3M1 R2M1 R2M0 R2M1 1 

4 R3M1 R3M0 R3M1 R3M1 R3M1 R3M1 R3M0 R3M0 R3M0 3 

5 R3M1 R3M0 R3M1 R2M1 R2M1 R2M1 R2M1 R2M1 R2M1 3 

6 R1M0 R1M0 R1M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 3 

7 R2M0 R1M0 R2M0 R1M0 R1M0 R1M0 R0M0 R1M0 R1M0 2 

8 R3M0 R3M0 R3M0 R2M0 R2M0 R2M0 R2M0 R2M0 R2M0 2 

9 R3M1 R3M0 R3M1 R3M0 R2M0 R3M0 R2M0 R2M0 R2M0 1 

10 R3M0 R3M0 R3M0 R1M0 R1M0 R1M0 R1M0 R1M0 R1M0 2 

11 R2M1 R1M0 R2M1 R1M1 R1M1 R1M1 R1M1 R1M1 R1M1 2 

12 R1M1 R1M0 R1M1 R1M0 R1M0 R1M0 R1M0 R1M0 R1M0 2 

13 R1M0 R1M0 R1M0 R0M0 R1M0 R1M0 R0M0 R0M0 R0M0 1 

14 R3M0 R3M0 R3M0 R2M0 R2M0 R2M0 R2M0 R2M0 R2M0 2 

15 R3M1 R3M0 R3M1 R3M1 R3M1 R3M1 R3M1 R3M1 R3M1 3 

16 R3M1 R3M0 R3M1 R3M1 R2M1 R3M1 R2M1 R2M1 R2M1 1 

17 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 R0M0 3 

18 R3M1 R3M0 R3M1 R3M1 R2M1 R3M1 R2M1 R2M1 R2M1 3 

19 R2M1 R2M0 R2M1 R2M1 R2M1 R2MI R2M1 R2M1 R2M1 3 

20 R2M1 R2M0 R2M1 R2M1 R2M1 R2MI R2M1 R2M1 R2M1 3 

 

Key G1-Grader 1 primary level grader, G2-Grader 2 intermediate level grader, G3 arbitration 

grader 

Agreement level (1-3) represents degree of agreement between 1 and 2, 2 and 3 level graders. 

1 means that the final grading made by the arbitration grader differed from both primary and 

secondary level graders. 2 means that 1 and 2 agreed on the composite grade but that this 

differed from the grade the arbitration grader decided or that 2 and 3 agreed on a grade 

different from that of the primary grader. 3 means that in cases where the final grade is 

agreed by all three graders (either by exact agreement or because of inconsequential small 

discrepancies that would not affect individual patient management) 
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 The Diabetes Watch (DW) Retinopathy Screening Programme 2006-2013 and the 

Development of the National Retinopathy Screening Programme in Republic of Ireland  

Enabling healthcare providers and their patients to deal proactively with chronic illness will 

lead to patients receiving better and more acceptable care, improved clinical outcomes and 

quality of life, resulting in reduced need for healthcare in the future. The primary-care based 

diabetes management programme ‘Diabetes Watch’ commenced annual retinopathy 

screening for people with type 2 diabetes mellitus(T2D) in 20 GP practices in the Northeast 

of Ireland in 2006. It was terminated in 2013 to be succeeded by the introduction of DiGP 

(Diabetes in General Practice) and the national diabetic retinopathy screening programme 

(Diabetic RetinaScreen).  

 ‘Diabetes Watch’ had developed as an outshoot initiative resulting from the detection 

of a high prevalence (19%) of diabetes in a primary-care based programme called ‘Heart 

Watch’.1 ‘Heart Watch’ was a secondary prevention programme in primary care in Ireland 

that was initiated in 2003, based on the second European Joint Task Force recommendations 

for secondary prevention of coronary heart disease. Its aims were to examine the baseline 

levels of risk factors and therapeutic interventions relevant to secondary prevention and their 

trends over time and to record the incidence of cardiovascular events in patients participating 

in the programme. More intensive, structured management for people with type 2 diabetes 

(T2D) who were not enrolled in ‘Heart Watch’ were to be considered in a diabetes-specific 

programme known as ‘Diabetes Watch’.  

 Significant improvements in systemic risk factors for cardiovascular disease had been 

achieved because of this primary-care based ‘Heart Watch’ intervention with an associated 

decrease in cardiovascular disease. (2,3) The hope in public health circles was that, by 

introducing a programme of diabetes management in general practice (Diabetes Watch), the 

reduction in cardiovascular morbidity achieved by Heart Watch could be replicated with 

specific reference to microvascular complications of diabetes. Epidemiological studies such 

as UK Prospective Diabetes Study (UKPDS), (4,5) and Wisconsin Epidemiologic Study of 

Diabetic Retinopathy (WESDR)(6) demonstrated the role of systemic disease management in 

delaying the onset and progression of microvascular complications such as diabetic 

retinopathy. 
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The education course was an integral part of the intervention and involved a consideration of 

current treatment guidelines. Targets for HbA1c, blood pressure (BP) and cholesterol levels 

were agreed by all participating clinicians. The targets for optimal control were HbA1c <7%, 

total cholesterol <5 mmol/l and BP <140/80 mmHg. The targets chosen were those 

recommended in the international literature, although clinicians decided to aim to achieve 

optimal glycaemic, BP and lipid control in stages by applying individualized management 

targets. These were agreed at review appointments with patients, stated on the patient's 

individual record card and reinforced during routine reviews in general practice. The 

community diabetes nurse specialist (DNS) visited each practice for 1–2 half-days a month 

depending on practice size. The practice nurse (PN) generally requested that the DNS train 

the PN and then step back and provide ongoing support as needed. 

Biochemical tests were carried out in a single laboratory in Our Lady of Lourdes Hospital, 

Drogheda, County Louth. HbA1c was assayed using low-pressure liquid chromotography 

(local reference range 3.7–5.7%). Serum total cholesterol was assayed using the Beckman 

Synchron CX7 Analyser (target range <5.2 mmol/l). It was not possible to measure subtypes 

of cholesterol as the patients were not fasting prior to data collection. Systolic and diastolic 

BP were measured with the patient sitting, using an Omron M4 portable sphygmomanometer. 

Weight was measured using the Seca 880 scales. Height was measured at baseline using the 

Seca Leicester portable stadiometer.7 

 At the same time as these public health initiatives designed to be delivered by general 

practice; the Irish ophthalmology community, through its engagement with the TOSCA 

programme, (8) had demonstrated the value of digital retinal imaging, in screening for diabetic 

retinopathy in Ireland. (9,) Integrating primary-care based diabetes management with 

longitudinal digital screening for diabetic retinopathy, promised the possibility of primary 

prevention of diabetic retinopathy by targeted systemic management. The opportunity to 

access de-identified patient data from the Republic of Ireland, combined with existence of 

studies such as UKPDS, WESDR and ETDRS and their impact on understanding 

development and progression of diabetic retinopathy form the basis of this thesis.  
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Chapter 4 

Testing the performance of risk prediction models to 

determine progression to referable diabetic retinopathy in an 

Irish type 2 diabetes cohort 

 

“Since all models are wrong, the scientist must be alert to 

what is importantly wrong. It is inappropriate to be concerned 

about mice when there are tigers abroad.” George Box. 

Journal of the American Statistical Society, 1976 

 

Classification and continuous modeling are two approaches used to predict conditions. 

Neither approach makes perfect predictions, making assessments prone to error. Previous 

consideration of prediction error has largely assumed that errors are random, overlooking, 

systematic prediction errors which can be as large as random errors but are unrecognized or 

ignored. 
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Introduction  

4.1 Framing the problem. How a disparity between demand for screening and the 

capacity to supply that screening in a systematic fashion has arisen. 

Type 2 diabetes mellitus (T2D) is a global epidemic. In 2019 there were approximately 463 

million adults living with diabetes worldwide up from 150 million as recently as 2000; this 

number is estimated to rise to 700 million 1 (with an estimated global population of 9.4 

billion people) by 2045. 2 The prevalence of diagnosed diabetes in Ireland increased from 

2.2% of the adult population in 1998 to 5.2% in 2015.3 The prevalence is higher (8.4%) in 

adults older than 50 years, and higher in men than women.4 5 Diabetic retinopathy and its 

sight-threatening complications, namely diabetic macular oedema (DMO) and proliferative 

diabetic retinopathy (PDR), which occur in ~ 7% of people with T2D, 6 greatly increase the 

individual’s subsequent risk of blindness and visual impairment. 7 8 Many studies have shown 

that the risk of visual loss can be mitigated by combining a systematic approach to diabetes 

management, adherence with early retinal screening for those newly diagnosed with T2D as 

result of diabetes screening in primary care and access to prompt treatment of sight 

threatening DR. The subsequent interventions are dependent upon enhanced access to quality 

assured, affordable DR screening.9-12Screening of the diabetic population by digital fundus 

photography has the primary aim of early detection of complications of DR with the intention 

of providing timely treatment13 and, thereby, reducing visual loss and blindness in society.14 

15 The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) group found that 

up to 3% of people diagnosed with diabetes after age 30 years will have high risk DR features 

(such as clinically significant macular oedema, CSMO) when first diagnosed with diabetes. 16 

17  

Because of the relatively low cost of retinal fundus imaging systems and the 

permanent record of the retinal appearance that is required for the quality assurance of 

grading, no realistic alternative to colour fundus imaging systems exist in population-based 

screening for DR. This fact combined with ease of mobile screening has facilitated 

widespread adoption of this method of retinal monitoring.18 Data from 

Gloucestershire showed that progression from mild NPDR in both eyes to moderate (or more 

severe retinopathy) in one or both eyes occurs in approximately 18% of patients over a 4 year 

period and progression from mild NPDR in both eyes to referable DR (which includes two-

dimensional markers of screen positive maculopathy) occurs in approximately 1 in 3 patients 
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over the 4 year period.19 If there was no DR in either eye at baseline the rate of progression to 

either moderate (or more severe retinopathy) or referable retinopathy in one or both eyes is 

<5% over 4 years. According to the American Academy of Ophthalmology in 2002, any level 

of retinopathy more severe than mild retinopathy (defined as the presence of microaneurysms 

only) warrants examination by an ophthalmologist.20(see Table 2.2) 

Most international guidelines have until recently recommended annual screening 

using fundus photography for people with diabetes and no or mild DR; repeated examinations 

by fundus photography at 6-month intervals for those with moderate DR; and referral to an 

ophthalmologist equipped with both slit-lamp biomicroscopy and optical coherence 

tomography (OCT) for people with referable DR (RDR), including those with higher stages 

of DR (pre-proliferative DR [PPDR]) or its complications (i.e., maculopathy and/or PDR). 21  

Screening procedures in Europe range widely from systematic photographic screening 

(annually for all in UK and Ireland until changed in 2020) or biennially/triennially 

(Netherlands/Sweden)22 23(see Addendum Table 4i) to non-systematic (opportunistic and ad-

hoc) case examination. 24  It is now two decades since it became clear that an annual 

appointment for examination with an ophthalmologist using slit-lamp biomicroscopy for 

everyone with diabetes was an unachievable target, triggering a change in direction. 25 26  In 

recent years, with the rapidly increasing prevalence of T2D, an enormous health care capacity 

problem has arisen demanding re-evaluation of the recommended screening strategy.23 27  The 

case for screening on an annual basis is not well established and as far back as 1992 it was 

proposed that patients with type 2 diabetes should be screened at diagnosis and that if the 

result was negative for retinopathy, further screening could be deferred for up to 4 years with 

little risk of sight loss occurring.28 In the early years of this century, the suggestion of 

extending screening intervals for those individuals determined to be at low risk of 

progression was mooted. 29  In 2000 a cost-utility analysis of screening intervals for diabetic 

retinopathy in patients with T2D concluded that annual retinal screening for all patients with 

type 2 diabetes without previously detected retinopathy may not be warranted and that 

introducing tailored recommendations to individual circumstances might be preferable.30  

4.1.2 Development of risk prediction models to improve population screening through 

population stratification of risk 

By combining prior retinopathy screening results with baseline values of predictor variables 

for progression of retinopathy it may be possible to more accurately define an individual 
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patient’s level of risk and, thereby, personalize screening. 31 32 By this process of combining 

country specific data with epidemiologic models, people at lower risk could be seen less 

frequently, freeing capacity to increase the frequency of screening of those at higher risk and 

ensuring the sustainability of existent screening programmes. 33The need for this is most 

acute in LMICs.34 

 The regression in severity of retinopathy status seen in the Eurocondor study, 

(European Consortium for the Early Treatment of Diabetic Retinopathy) consequent of 

improvements in systemic management appeared to confirm that improved predictive 

accuracy with reference to disease dynamics, is derived by combining outcomes of 

retinopathy screening with measures reflecting systemic disease control.32  Retinal imaging 

had superior predictive performance for retinopathy severity scale improvement than the use 

of demographic/ systemic measurements. However, combining phenotypic retinal features 

acquired by retinal screening with demographic/ systemic measurements proved to be the 

most predictive mechanism. 

A variety of risk prediction models for progression to various degrees of vision 

threatening DR have been developed and validated in a variety of European populations to 

date. 35 36 Performance of models is best estimated using calibration (agreement between 

predicted and observed retinopathy risk) and discrimination (the ability of the model to 

distinguish between those who will develop retinopathy and those who will not). A 

systematic review of models for prediction of development of vision threatening diabetic 

retinopathy and applied to a Dutch population identified the Gloucester and Icelandic models 

as the most accurate. 36 Calibration was assessed by visual inspection of calibration plots. 

Calibration plots were created by plotting the observed mean retinopathy risk against the 

predicted mean retinopathy risk within quintiles of the predicted risk. For a well-calibrated 

risk, the predicted risk would be similar to the observed risk, resulting in a calibration slope 

approaching the 45° line of the plot. For each model, the mean 5-year retinopathy-free 

survival rate of the Dutch cohort was used. The Gloucester models displayed good 

calibration. Discrimination was assessed for each model using C statistic, accounting for the 

censored nature of the data. The Iceland model displayed good discrimination. In an earlier 

paper (van der Heijden 2014) had updated the Iceland model with Dutch data and had shown 

this to improve calibration.  
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  Herein, we used real-world data on diabetic retinopathy development and progression 

linked to data on systemic disease control from a mixed prospective cohort of people with 

both prevalent and incident T2D in Ireland, to evaluate the performance of the same two 

prediction models.  

4.2 Participants and Methods  

4.2.1 Study participants  

Details of this screening programme from which this real world data derives have been 

provided previously. 37In brief, from February 2005 until December 2007, 1265 individuals 

with pre-existent T2D were recruited to the DWP. Subsequently, between February 2008 and 

July 2013 targeted screening using the FINDRSIC questionnaire38 identified a further 1505 

newly diagnosed T2D individuals for a total cohort of 2770 people.  Systemic evaluations 

including systolic and diastolic blood pressure (BP), HbA1c, serum lipids levels, and body 

mass index (BMI) were undertaken at four-month intervals.  Screening for any DR and RDR 

using digital retinal imaging occurred annually using the GP practice as the screening 

location. 

To facilitate comparison of accuracy of prediction of progression to RDR between the 

two models, the final stage of the Icelandic algorithm39, where a safe time interval before 

next screening episode is determined, was omitted.  The ability to accurately assign risk to an 

individual was established by comparison between the expected outcomes as derived by the 

models and the observed outcomes which occurred over the pre-specified two-year time 

horizon. The reason a two-year time horizon was chosen was that it is unlikely that the 

screening interval will be extended beyond two years in the first instance until the impact on 

timely disease detection is evaluated. 

 The Icelandic model determines risk and provides a recommended interval for next 

screening based on retinopathy grading, the type and duration of diabetes, HbA1c (or mean 

blood glucose) and blood pressure (BP).  The algorithm has been developed based on 

epidemiological data for the prevalence of DR from an Icelandic eye-screening database and 

on risk factors from published reports (RetinaRisk TM, RISK ehf. Reykjavik, Iceland). 40 

Within the model, the baseline survival probability of being free from STDR [S0(t)] was 

calculated as: S0(t) = exp[−exp(α)tp], where t is the diabetes duration. The variables α and p 
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defined the shape of the survival function. To calculate the individual estimate [S(t)] of being 

free from STR, S0(t) was exponentiated by a linear combination of the risk factors.  

The Gloucester model has three variant formats, one using retinopathy grades at two 

consecutive screening episodes alone(GM1),(see Appendix4ii) another using, in addition to 

two consecutive retinopathy gradings, HbA1c and total serum cholesterol levels(GM2), and a 

third using results of a single screening episode, duration of diabetes, HbA1c and total serum 

cholesterol levels(GM3). For duration to be calculated the interval between diagnosis of 

diabetes and index screening appointment date is used.  

Risk scores were determined, and Time Dependent Receiver Operating 

Characteristics (TDROC) curves plotted. TDROC curves were used as it is not known at 

which point between two screening episodes progression to RDR took place. 41 

 

4.2.2 How a valid comparison of predictive accuracy was ensured by mandating 

uniformity in inclusion/exclusion criteria 

For a valid comparison between prediction models, the same prospective cohort eligible to 

have the various forms of predictive algorithms applied to it was identified and characterized. 

Identical follow-up periods for each of the various forms of the Gloucester algorithm and the 

Icelandic algorithm were used. (Table4.1) Inclusion criteria and the follow-up periods were 

determined by the more restrictive of the two models (the Gloucester algorithm). The key 

constraining criterion being that patients had to have at least three retinal screening episodes, 

two of which are needed to determine the risk group index and index-1 (with or without use 

of systemic data) and a third to determine the outcome. (Fig4.1 a-c)  

Retinopathy results from the DWP were available at an individual eye grading level; 

grading was a quality assured consensus of at least two graders, 42 done prospectively and 

masked to the values of the predictor variables. RDR was defined as R1M1 (i.e., presence of 

maculopathy), R2M0 (i.e., presence of pre-proliferative DR), R2M1 (pre-proliferative DR 

and concomitant maculopathy), R3M0 (PDR) or R3M1 (PDR and concomitant maculopathy) 

in either eye. Patients were included in the cohort only if they were within one of the risk 

groups defined by Stratton et al. 43  having one of three categories of DR at both of the first 

two eye screenings (index-1, index):  1) No DR in either eye; 2) mild DR in only one eye; 3) 

mild DR in both eyes. Individuals with other combinations of screening results were 
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excluded, as were those in two of the risk groups (B and C; group B = R1 in the first 

screening in one eye and R0 in both eyes in the second screening; group C = R1 in the first 

screening in both eyes and R0 in both eyes in the second screening) where DR was present at 

the first screen but not at the second. These groups were not included in one of the variants of 

the Gloucester model reported in Scanlon et al. 44 (Table 15B page24) and so risk predictions 

could not be made. (See Appendix 4.i-iii) 

The first two recorded screening episodes for an individual were used to define the 

risk groups (quintiles 1-5) for those Gloucester models requiring two consecutive screening 

episodes. Whilst for the remaining Gloucester model and the Icelandic model only the second 

screening was required for the prediction. We refer to the second recorded retinal screening 

episode as the “index” screening, after which, follow-up commenced for all models. 

 

Fig4.1a Legend. Patient A and Patient B appear as examples. RDR = referable diabetic 

retinopathy. 

Measurements of systemic variables were drawn from the most recent visit prior to the index 

screening (but less than 180 days from the index screening) at which a full set of 

measurements of the variables used by the algorithms were taken (Figure 4.1a). No further 

measurements of systemic variables were required after the index screening and 

commencement of the follow-up period. Follow-up extended from the date of the index 

screening episode to either the date of referral or, for those not referred (i.e., not developing 

RDR), to the date of the last recorded screening episode, at which remaining patients were 

censored (Figure 4.1a). Figure 4.1a summarizes the methodology followed for data analysis 

of all four of the models. For fair comparison all included in the analysis cohort must have 

the variables required in any of the four models as displayed above. 



181 
 

 

 

 

 

 

 

 

 

Fig4.1b Legend. Gloucester model (GM1) which required two annual retinal assessments 

preceding the time to event analysis (index and index-1). Gloucester model (GM2) of two 

consecutive screening episodes +/- HbA1c and total cholesterol. For model (GM2) using 

systemic variables; in this study, values of systemic variables were obtained at the visit 

immediately before the index-screening (within 180 days prior to this visit).  

+ systemic variables recorded within 180 

days of index (GM2) 

Index 

Two consecutive screenings 12 

months apart (GM1) 

Two consecutive screenings 12 months 

apart 

A 

B 

Index-1 
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Fig 4.1c Legend.The Icelandic model requires a single annual retinal assessment as does 

Gloucester model (GM3).  Icelandic model of single screening episode, plus HbA1c, type and 

duration of diabetes, and BP . Gloucester model of single screening episode, plus HbA1c, 

total cholesterol and duration of diabetes. 

 Key         Point in time of measurement of systemic variables in advance of index SE. (within 

180 days prior to this visit). 

4.2.3 Statistical analysis  

All analyses were conducted in the R statistical software environment.45 A cohort was 

identified of those individuals in the DWP dataset for which all the necessary input data was 

available for each of the four candidate prediction models. To ensure a fair comparison 

between the various models, the exact same group of individuals had each of the four model 

formats applied to it. This facilitated generation of stratified referral risk plots. 

We sought to quantify the capability of the prediction models, originally designed for 

prediction of survival (i.e., not developing RDR within the prediction horizon), to accurately 

assign likelihood of referral using the various forms of the Gloucester and the Iceland 

models. Classification accuracy involves first using a classification model to make a 

prediction for each example in a test dataset. Whereas the current screening programmes in 

UK and Ireland treat all those individuals suffering from T2D and having no or minimal 

diabetic retinopathy as having the same safe interval between screening episodes of 12 

months. The three different Gloucester models are believed to be able to assign differing 

levels of risk for the development of RDR when risk scores are calculated by each model. If 

A 

B 
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this is the case, then stratification of risk into quintiles should be possible and the accuracy of 

assignment of risk quantified.  

 Classification accuracy involves first using a classification model to make a prediction for 

each example in a test dataset. The predictions are then compared to the known outcomes for 

those examples in the test set. Accuracy is then calculated as the proportion of examples in 

the test set that were predicted correctly, divided by all predictions that were made on the test 

set. (see page 217) To compare different classifiers, it can be useful to summarize the 

performance of each classifier into a single metric (area under the ROC curve, abbreviated to 

AUC). Both sensitivity and specificity for all threshold levels are incorporated in the number 

given by AUC. It is equivalent to the probability that a randomly chosen positive instance is 

ranked higher than a randomly chosen negative instance by the classifier. In this instance the 

AUC can be interpreted as the probability that a patient with the outcome (RDR) was 

categorised as being at higher probability of the outcome by the model than a randomly 

chosen patient without the outcome.  

In the statistical programme R, the pROC package provides a comprehensive way of making 

ROC plots. Ideally models’ validation test sets should be truly independent and drawn from a 

different data source to that providing the training data. The use of an independent test set 

such as our Irish patient population is considered as “reference standard” for assessing the 

predictive power of models and is the most stringent approach. 

By this means, performance of the models was evaluated on the Irish cohort data, with the 

input being risk score and the outcome being whether development of RDR during follow-up 

was observed in the cohort population. Risk score calculations were undertaken as described 

by the authors of the models in their original papers. In the Icelandic model this merely 

involved substituting the values observed in the Irish cohort into their model. A survival 

score was calculated at each index screening (time t years since diabetes diagnosis) by first 

taking a linear combination of the published coefficients from (Aspelund et al. 2011) 39and 

the corresponding systemic variables’ values in the Diabetes Watch dataset at the last 

systemic visit before the index screening. The linear combination was then exponentiated and 

multiplied by the baseline survival probability to give the survival probability S(t). The 

individual hazard at time t was approximated by risk(Δt|disease free at t)=1−S(t+Δt)/S(t) 

where Δt = 1 month. Thus, relevant values from the Diabetes Watch dataset were substituted 

into the equations in (Aspelund et al. 2011).  The hazard was multiplied by 100 for use as the 

file:///C:/Users/David%20Wright/OneDrive%20-%20Queen's%20University%20Belfast/Consulting/Diabetic-retinopathy-screening/algorithm%20comparison/screening_algorithm_comparison_2020-10-05.html%23ref-aspelund_individual_2011
file:///C:/Users/David%20Wright/OneDrive%20-%20Queen's%20University%20Belfast/Consulting/Diabetic-retinopathy-screening/algorithm%20comparison/screening_algorithm_comparison_2020-10-05.html%23ref-aspelund_individual_2011
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individual risk score because AUC calculations were unstable when the probability scale was 

used. (Fig.4.1 c) 

For the two Gloucester models requiring systemic disease data to be applied to the Irish data, 

individual risk scores were calculated by taking a linear combination of the published 

coefficients drawn from Tables 15A-C (p24) of (Scanlon et al. 2015) 44 and the corresponding 

variables in the Irish dataset, as recorded at the last systemic visit before the index screening 

episode. One of these two Gloucester models required data from two screening episodes, 

whilst the other required only the index screening episode data. Examples of how these 

calculations are undertaken were given in (Scanlon et al. 2015)(p16). 44 Using these risk 

scores and incorporating the values from the Irish data a direct comparison between the three 

different forms of the Gloucester models and the Icelandic model was undertaken. (Fig.4.1b 

and Fig.4.1c) 

4.3 Results 

4.3.1 Prospective cohort created from the entire Diabetes Watch population 

The analysis cohort consisted of 939 individuals (Figure 4.2) followed for a total of 2929 

person years, with a total of 2906 screening episodes (excluding the screening episodes used 

to define the risk scores). Figure 4.2 describes cohort creation from the 2770 individuals 

registered with DWP. Only those individuals who had undergone at least three screening 

episodes, with clinical variables having been measured shortly in advance of the second 

screening episode were eligible for inclusion. (see Fig.4.1b for further explanation) 

Figure 4.2: Diagram demonstrating how the cohort of patients (n=939) for the analysis 

presented in this study was drawn from the whole cohort of the Diabetes Watch population 

(n=2770). 
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Fig 4.2* = the 91 individuals were in groups B = R1 in the first screening in one eye and R0 

in both eyes in the second screening and C = R1 in the first screening in both eyes and R0 in 

both eyes in the second screening. 

For comparison of models requiring either one single or two consecutive screening episodes 

and then at least one further screening episode there was automatic exclusion for those with 

less than the mandatory three screening episodes. 

4.3.2 Characteristics of the study cohort 

Characteristics of the study cohort included here and those of the entire DWP are shown in 

Table 3.1. The cohort was followed for a median of 3 years (range 0.4-6.4 years; 80 patients 

were followed up for ≤ 11 months; 6 for ≤ 9 months and only 1 for ≤ 6 months). There were 

40 referrals for RDR, encompassing referrals for diabetic maculopathy/ pre-proliferative DR 

(R1M1, R2M0, R2M1) and proliferative DR (R3M0, R3M1).   
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Patient characteristics Modelled cohort n=939 Entire DW cohort n=2770 

Gender Number (%) 

Male 534 (56.9) 1588 (57.3) 

Female 405 (43.1) 1137 (41.0) 

Gender unknown 0 (0) 45 (1.7) 

Baseline Retinal Assessment (ETDRS equivalent) 

R0(10) (both eyes) 817 (87.0) 1750 (63.2) 

R1M0(14 to 35) (either eye) 122 (13.0) 247 (8.9) 

Grade other than R0, R1M0 or 

not available 

0 (0) * 

 

773 (27.9) 

Mean (Range) 

Age (years) 64 (30, 89) 63 (17, 108) 

Duration of diabetes (years) 3 (0, 45) 0 (0, 72) ∞ 

Patient characteristics Modelled cohort n=939 Entire DW cohort n=2770 

Mean (Standard Deviation) [n missing] 

HbA1c (%) 6.8 (1.2) [0] 7.2 (1.6) [149] 

HbA1c (mmol/mol) 50.8 (12.7) [0] 55.6 (17.8) [149] 

BMI (Kg/m2) 31.1 (6.4) [64] 31.0 (6.3) [228] 

HDL (mmol/l) 1.2 (0.4) [1] 1.3 (1.1) [142] 

LDL (mmol/l) 2.4 (0.8) [2] 2.7 (1.1) [140] 

Triglycerides (mmol/l) 3.2 (2.0) [2] 3.6 (2.9) [159] 

Diastolic BP (mmHg) 78 (9.6) [5] 79 (9.6) [90] 

Systolic BP (mmHg) 136 (16.4) [0] 137 (18.0) [98] 

Table 4.1. Characteristics of the study cohort population evaluated in comparison with those 

of the entire Diabetes Watch Programme cohort.
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Legend 

Patient characteristics of the cohort modelled in the analysis (n=939) and in the entire 

Diabetes Watch population (n=2770). 

DW = Diabetes Watch; ETDRS = Early Treatment Diabetic Retinopathy Study; R0 = no 

diabetic retinopathy on fundus images; R1M0 = Mild non-proliferative diabetic retinopathy 

and no maculopathy; HbA1c = glycosylated haemoglobin; BMI = body mass index; HDL = 

high-density lipoproteins; LDL = low-density lipoproteins; BP = blood pressure.  

Note: Characteristics of the entire Diabetes Watch Cohort were from the first systemic visit 

(and diabetic retinopathy screening episode if retinopathy grade was available). 

* This is a feature for inclusion in the modelled cohort i.e., no grade other than R0, R1M0 is 

eligible for inclusion. 

∞ For the entire DW COHORT the mean number of years since diagnosis is zero, meaning 

that more than 50% of the patients were diagnosed within the same year as being enrolled in 

the programme 

 The characteristics for the modelled cohort were from the index screening as shown in 

Fig.4.1a.  

4.3.3 How the follow-up period varied in this real-life dataset 

The cohort was followed for a median of 3 years (range 0.4-6.4 years; 80 patients were 

followed up for ≤ 11 months; 6 for ≤ 9 months and only 1 for ≤ 6 months). There were 40 

referrals for RDR, encompassing referrals for diabetic maculopathy/ pre-proliferative DR 

(R1M1, R2M0, R2M1) and proliferative DR (R3M0, R3M1).   
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4.3.4 Comparison of model performance by plotting of stratification curves and receiver 

operating characteristic curves 

Icelandic and Gloucester models performed similarly in terms of discrimination at two years 

post index screening (Figure 4.3), with an AUC of 0.72 (95% CI: 0.61, 0.81) for the Icelandic 

model, 0.69 (95% CI: 0.61, 0.77) for the Gloucester model that derives its risk score solely on 

two consecutive screening episodes(GM1); 0.74 (95% CI: 0.64, 0.85) for the Gloucester 

model that includes two screening episodes outcomes but also, HbA1c and total 

cholesterol(GM2); and 0.76 (0.65, 0.85) for the model that includes retinopathy grading 

results from one screening episode, HbA1c, total cholesterol and duration of diabetes(GM3).  

Predictions for both the Gloucester and Iceland models were also similar when estimated 

across the entire follow-up period,(i.e. going beyond the 2 year time horizon) using standard 

time-independent ROC curves [AUC of 0.74 (95% CI: 0.65, 0.83) for the Icelandic model, 

0.69 (0.61, 0.77) for the Gloucester model that includes only grading results of two 

consecutive screening episodes;  0.76 (0.67, 0.84) for the Gloucester model that includes two 

consecutive screening episodes with in addition, HbA1c and total cholesterol; and 0.77 (0.69, 

0.85) for the Gloucester model that includes DR grading from one screening episode, HbA1c, 

total cholesterol and duration of diabetes.  
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Figure 4.3 Receiver operating characteristic (ROC) curves for Iceland model and three 

variants of Gloucester model. 

Considering the entire observation period, for all the models, rates of referral were 

higher among those with higher calculated risk scores. For example, referral rates among 

those with Icelandic risk scores in the highest risk quintile were eight times greater than those 

in the lowest risk quintile (Figure 4.4 and Table 4.2).
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Figure 4.4: Progression to referable diabetic retinopathy by risk group, as determined by the Icelandic model. 

A similar pattern was seen for the Gloucester models (Figures 4.5 and 4.6) (Table 4.2), with a ten-fold difference between lowest and highest 

risk groups.  
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Figure 4.5: Progression to referable diabetic retinopathy by risk group, as determined by the Gloucester model using the results of two diabetic 

retinopathy screenings and systemic parameters HbA1c and total cholesterol. 

 

 



192 
 

 

 

Figure 4.6: Progression to referable diabetic retinopathy by risk group, as determined by the Gloucester model using the results of one diabetic 

retinopathy screening episode only, duration of diabetes and systemic parameters HbA1c and total cholesterol.  

 

Table 4.2. Risk predictions for the different risk groups as determined by the Icelandic and Gloucester models and referable diabetic retinopathy 

(RDR) events observed in the Diabetes Watch Programme cohort during the study period.
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Model 

 

Risk 

group 

Number in 

risk group 

Number of 

events 

Rate of progression to 

RDR (per 1000 PYs) 

Exposure time 

(PYs) 

Icelandic (score quintile) using single screening plus 

systemic variables 

1 188 3 5.6 537 

2 188 3 5.2 581 

3 188 5 8.3 601 

4 188 6 9.4 636 

5 187 23 40.0 576 

Gloucester model using two consecutive screenings  

only GM1(risk groups) *Fig1b 

A 819 20 7.7 2585 

D 58 13 80.0 162 

E 20 2 32.8 61 

F 4 0 0.0 11 

G 20 3 44.4 68 

H 7 0 0.0 21 

I 11 2 88.2 23 
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Gloucester model using two consecutive screenings 

and systemic variables GM2 (score quintile) 

Fig1b 

 

 

 

 

Gloucester model using single DR screening and 

systemic variables plus diabetes duration GM3 (score 

quintile) 

Fig1c 

1 188 2 3.4 582 

2 188 4 7.3 546 

3 188 5 8.8 570 

4 188 10 16.0 626 

5 187 19 31.3 606 

 

1 188 2 3.6 557 

2 188 4 7.1 562 

3 188 4 6.9 577 

4 188 6 9.3 649 

5 187 24 41.1 584 
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RDR = referable diabetic retinopathy, PYs = patient years.  Risk groups A =no DR in both 

eyes in first and second screenings; D = no DR in first screening, background DR in second 

screening in one eye; E = background DR in one eye in first and second screening; F = 

background DR in both eyes in first screening, background DR in one eye only in second 

screening; H = background DR in one eye in first screening, background DR in both eyes in 

second screening; I = background DR in both eyes in first and second screenings. 

*Note: For completeness, but not included in Gloucester model assessment were group B = 

R1 in the first screening in one eye and R0 in both eyes in the second screening; group C = 

R1 in the first screening in both eyes and R0 in both eyes in the second screening. 

 

4.4 Discussion  

4.4.1 Decision making in health care is increasingly data dependent. 

Using data from a longitudinal cohort of people with T2D established in Ireland we found 

that the risk prediction models developed in Iceland 39and Gloucester, 44 had an acceptable 

performance 46 with an AUC of ~ 0.70 or above. This indicates that there would be a >70% 

probability that a randomly selected subject from the screening cohort who developed RDR 

would have been allocated to the higher risk score category. We chose to test the Icelandic 

and Gloucester prediction models because in a recently conducted systematic review 36  they 

were found to have performed best overall from the prediction models evaluated.  We 

decided to determine predictions over a 2-year time-horizon as it is unlikely screening 

intervals will be extended, initially, beyond that period. That is as a result, at least partly, of 

concern that extending screening intervals further may have an impact on attendance.47 We 

also checked predictions across the entire follow-up period which, reassuringly, produced 

similar results as over the 2-year time-horizon. The accuracy of the predictions in the Irish 

population of the models tested seemed to be somewhat less than that found in other studies. 

39, 44, 36 A summary of these is in appendix section A. This variation may relate to intrinsic 

differences in the populations tested or reflect statistical limitation related to the smaller 

cohort and small number of people converting to RDR in the Irish study population. It is not 

entirely clear as to how generalisable any of these prediction models will be when applied to 

a population in a different country. There is likely to be variation in the factors that may 

influence the progression of disease including for example ethnic makeup of the population, 
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national health system, mode of delivery of care to people with T2D, adherence with 

recommendations for optimal disease management, socioeconomic factors, amongst many 

others. Data from NICOLA (Northern Ireland Cohort for the Longitudinal Study of Ageing) 

and TILDA (The Irish Longitudinal Study of Ageing) is used to compare health care 

utilization among people with diabetes in NI and ROI respectively with equivalent 

demographic, lifestyle and illness characteristics (age, gender, education, smoking status and 

self-related health, number of other chronic diseases and number of diabetic 

complications).Despite the physical proximity between Northern Ireland and Republic of 

Ireland, there are substantial differences in the prevalence of diabetes and its related 

complications which are unattributable to health care utilization in the two jurisdictions 

which have been shown to be remarkably similar.48 

 

4.4.2 Improving cost-effectiveness of DR screening by use of predictive models. 

Although initially planned as an annual occurrence for people with diabetes, the Icelandic DR 

screening programme moved to biennial screening for people with no evidence of DR in 

1994 with subsequent analyses validating this decision. 27 49    Iceland has had screening for 

diabetic retinopathy longer than any other country in the world with the prevalence of 

blindness within the diabetic population having decreased from 2.4% to 0.5%.50 51  and the 

fact that blindness due to diabetic retinopathy is now almost unheard of in Iceland has 

provoked a questioning of the strategy of offering everyone with diabetes an annual retinal 

assessment.52 In addition to an early adoption of diabetic retinopathy screening in Iceland, 

diabetes services offered in primary settings include lifestyle counseling, education, blood 

glucose testing and monitoring, drug therapies, and provision of insulin. People-centered care 

is broader than patient and person-centered care, encompassing not only clinical encounters, 

but also including attention to the health of people in their communities and their crucial role 

in shaping health policy and health services.53It has recently been announced that biennial 

screening is to be introduced in UK and Ireland for people at low risk of progression to RDR.  

How to identify low and high risk groups for this purpose is debatable and an area of active 

research currently. 54 55 56 57 

Statistical methods used by epidemiologists to assess etiologic associations are not 

adequate to determine the potential performance of a marker for classifying or predicting risk 

for persons. Developing the means for individual-level risk classification and prediction, 



197 
 

(personalized medicine) relies upon use of appropriate statistical techniques when evaluating 

research studies aimed at assessing their performance. The performance of prediction models 

can be assessed using a variety of different methods and metrics. Traditional measures of 

predictive performance for binary and survival outcomes include the concordance (or c) 

statistic for discriminative ability (or area under the receiver operating characteristic (ROC) 

curve), and goodness-of-fit statistics for calibration.58 Use of statistical measures of 

performance, such as reclassification metrics, provide insight into the value of adding a novel 

predictor to an established model.57(see Figure 5.5) 

 

4.4.3 Prediction models’ forecasting capacity can be compared by statistical methods 

4.4.3.1 Iceland Model 

The concept of a prediction model forecasting a binary outcome such as DR progression was 

formally proposed in Iceland.  39 The Icelandic model used as input variables the individual’s 

worst affected eye retinopathy grading on a single occasion, as defined by the ETDRS 

classification system, alongside information on type and duration of diabetes, HbA1c values 

and systolic blood pressure with the output being the development of sight threatening 

diabetic retinopathy (STDR) (i.e., DMO and/or PDR).  The algorithm, which is now available 

as an app, 40provides a recommended time interval before next screening, making it both 

practical and simple to use, provided that there is access to all required information, including 

HbA1c and blood pressure values. 

   The validity of this algorithm has been shown in different populations from Denmark 

39,Spain, 59 Netherlands, 60 UK  35 and now Ireland,45 with AUC values varying from 0.74 59 

for a mixed population of T1D and T2D in Spain to 0.80 in UK 35 and 0.83 in Netherlands 60 

for people with T2D exclusively.  Accepting a 2-year ceiling on screening interval, a 40% 

reduction in screening frequency would be achievable using this algorithm.35 60 In our Irish 

population this algorithm performed adequately, despite the fact that the Icelandic algorithm 

was originally created to predict risk of STDR (PDR and DMO)and we used it to predict risk 

of RDR(R2(pre-proliferative DR) as well as PDR and DMO).  A dynamic modeling strategy, 

in which trends through time and thus changes in risk factor levels are related to the 

development of complications, may have led to a higher accuracy of the estimates.61 (see 
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Chapter 3 for further detail on rates of change in variables and their impact on disease 

progression). 

When making comparison of accuracy with other countries studies such as 

Netherlands using the Eurodiab (0-5) classification it should be noted that in the Dutch 

Diabetes Care Study (DCS) “grade 4” (“photocoagulated retinopathy”) was included in the 

definition of sight threatening diabetic retinopathy (STDR) along with “grade 3” (severe pre-

proliferative retinopathy) and “grade 5” (proliferative diabetic retinopathy).  People who have 

had pan retinal photocoagulation (PRP), if stable, are not in fact, at risk of sight loss and, 

even if active, would be expected to be at a lesser risk of sight loss than patients who are 

treatment-naïve. Hence, drawing too many conclusions from direct comparison of a 

difference in AUC for Icelandic model in our Irish population (0.74) and that for the Dutch 

population (0.83) is inappropriate.  

 

4.4.3.2 Gloucester Models 

Three algorithms developed by the Gloucester group were tested herein: one using solely 

results of DR screening at two consecutive yearly visits; another using, in addition, HbA1c 

and total cholesterol levels and a third using results from a single DR screening, HbA1c, total 

cholesterol and duration of diabetes.  From a practical perspective, requiring HbA1c, lipid or 

blood pressure levels to estimate risk complicates matters by requiring the DR screening 

programmes to have a link in place between retinopathy grading and measures of systemic 

parameters, currently not in place. However, the system of offering primary care-based 

diabetes management which replaced Diabetes Watch (Cycle of Care) captures all the 

systemic assessment data carried out in primary care. This information could be linked 

through a unique patient identifier as was the case in Diabetes Watch thereby facilitating the 

means of prediction model algorithmic safe screening interval generation. 

  As suggested previously, 43stratifying people based on phenotypic characteristics 

(presence/absence of mild NPDR in one or both eyes at first and/or second DR screening)  

may be all that is required to identify those at very low risk of progression to RDR, in whom 

the screening interval could be extended, and could be easily implemented by screening 

programmes.  This would reduce the burden of screening for DR and should be cost saving. 

The results presented herein, however, suggest that adding systemic parameters to the model 
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may increase the accuracy of the prediction (with improved predictions from an AUC of 0.69 

when retinopathy grading alone was used to 0.74 when HbA1c and cholesterol were added as 

per the Gloucester models). Similarly, using a single retinopathy grade but including HbA1c, 

cholesterol and duration of diabetes improved the prediction (although not statistically 

significant), with an AUC of 0.76. Whilst the Iceland model specifies type of diabetes as an 

input variable, the Gloucester group emphasised explanatory information which linked type 

of diabetes to disease duration and HbA1c values, thereby eliminating type of diabetes from 

necessary input variables. 

 

4.4.4 National screening programmes’ data are being used to adjust screening interval 

guidelines 

Annual screening for people with low risk is not cost-effective 44 and considering the 

pressures related to capacity faced by screening programmes in England and Scotland, the 

alteration in screening guidelines in 2020 towards extended screening for those at low risk, 

was inevitable. The recently published Dutch population studies 36 62 advocate a move away 

from the stratified screening policy that has been in place previously in Netherlands. This 

advocated biennial or indeed triennial screening for low-risk patients as defined on 

retinopathy screening findings solely. (Table 4i addendum) Through the identification of all 

published prognostic models predicting retinopathy risk applicable to people with T2D, the 

Dutch investigators assessed their quality and accuracy. The Dutch group was able to 

establish which of the various prediction models could be validated for predictive accuracy in 

a head-to-head comparison with each other. Those models suitable for comparison were thus 

compared alongside the currently used Netherlands stratified interval scheme, using an 

independent type 2 diabetes cohort (the Hoorn Diabetes Care Study-DCS population). The 

two most successful models of Scanlon (Gloucester)19 44 and Aspelund (Iceland)39 performed 

best overall and contain a parsimonious combination of easy-to-measure predictors, thereby 

increasing their suitability for clinical practice.  

In the Dutch group’s evaluation of the various available prediction models other than 

the Iceland model; the absence of an individual eye grading in the Dutch data set meant that 

they used the aggregate grading value for the worst affected eye in an individual as a proxy 

instead. Lack of individual eye grading results as specified by the authors of the Gloucester 

models, meant that the Dutch researchers’ comparison using Dutch patients’ data was 
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suboptimal for the Gloucester models. Through our application of the Gloucester models to 

the individual eye graded Diabetes Watch population data; we feel that our study has for the 

first time, truly, externally validated these models on a cohort of people from outside 

England. 

 

4.4.5 Balancing risk against cost-effectiveness in implementing changes in screening 

strategy 

A crucial concept in risk stratification is represented by the data fed into the stratification tool 

which must not only be available during the design and development of the predictive model, 

but also during deployment of the risk stratification tool. Hence, the selection of a 

stratification tool is highly dependent on the data sources available, and this aspect can 

considerably reduce the number of models suitable for the selected scenario. This necessitates 

creation of a unified and centralized database or creation of a reliable linkage between the 

different available databases where all the parameters needed by the risk stratification tool are 

stored.63 Moreover, this activity facilitates future maintenance and updating tasks, such as 

recalibration, reclassification, etc. of the risk stratification tool.64 By collaboratively building 

a resource of anonymized multimodal ophthalmic data, clinicians can advance data-driven 

eye care in unprecedented ways.65 

Implementing changes in screening strategies should be done with caution.66  A 

recently published study 62 showed that personalised screening for DR using the Icelandic 

prediction model 39 would be cost-saving, but would increase by ~11% the number of delayed 

cases of STDR being identified.  The actual implications of the delayed diagnosis in these 

cases are not known, as this was not investigated (i.e., it is uncertain whether the delayed 

diagnosis in these cases would have led to permanent visual loss).  

Liu et al 67found that average time before progression with no retinopathy to 

background retinopathy in people with T2D in Taiwan was 10.86 years and for people with 

background DR to progress to the pre-proliferative retinopathy status was 8.33 years. 

Transition probabilities from one state to another representing the disease natural history of 

DR were derived from empirical estimation, that is, the annual transition probabilities for 

each stage to the next as follows: mild NPDR to moderate NPDR 19.37%, moderate NPDR 

to severe NPDR 17.41%, severe NPDR to PDR 28.95%, and PDR to blindness 21.10% .68 
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This suggests that there would be a margin of safety even if the model underestimates the risk 

of progression in some cases. 

 

4.4.6 Model implementation 

Clinical acceptability thresholds of prediction models if employed are yet to be established 

and systematic post-deployment monitoring depends upon consensus built on firm 

foundations. Advances in the implementation of prediction models will necessitate 

widespread agreement as to what the requisite data integration requirements may entail.69 

When designing incentive plans for chronic disease management, 70more attention needs to 

be paid to factors that could produce unintended consequences.71 Whereas the DWP involved 

the general practice in a holistic diabetes management programme, the Irish national 

screening programme for diabetic retinopathy is detached from the general practice and this 

may partially explain the modest uptake by the eligible population to date.72 Patient-focused 

interventions have a positive effect on patient self-care outcomes. 73 74 

 

4.4.7 Individualized Screening for Diabetic Retinopathy (ISDR) study uses updated 

information to streamline screening 

A recently conducted randomised controlled trial demonstrated that individualised screening 

based on demographics, DR screening and clinical data was non-inferior to annual screening, 

and it was safe and cost-effective. 75 76 Using a randomised control trial equivalent protocol to 

randomise participants to either individualised screening based on calculated risk (at 6,12,24 

months) or to remain on annual screening. Determination of risk by the risk calculator used 

local demographic, retinopathy screening and clinical data. The study showed that 

individualised, risk-based, variable interval screening appeared to be safe. Attendance at the 

first follow-up visit was equivalent to that for annual screening and secondary safety findings 

on the detection of STDR, visual function and glycaemic control were supportive. The 

approach reduced the number of appointments by more than 40% with no detectable effects 

on quality-of-life measures combined with convincing cost savings (21% in overall 

programme costs). 
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4.4.8 Strengths and weaknesses in our study 

Strengths of this study include the use of observational data from routine clinical practice, 

relatively long follow-up, standardised criteria for referral and the quality assured retinopathy 

grading.  When reporting this study, we followed the TRIPOD guidelines for prediction 

model validation.77 The strict criteria we used to construct the cohort of patients in which we 

tested the different prediction models meant we lost some of the population of the entire 

Diabetes Watch cohort but it meant that all models were tested in the exact same people, 

making comparisons among the models equitable.  

  Limitations include the relatively small cohort of patients eligible for the testing of the 

algorithms and the small of patients that developed RDR during the follow-up period. 

Substantial effective sample sizes were required for external validation studies of predictive 

logistic regression models.78 A weakness in our analysis which may be worth addressing is an 

absence of a calibration graph of the observed risk of having STDR within each quintile of 

the predicted risk for the algorithm. However, use of calibration graphs, with so few events, 

is questionable. Some foreshortened screening intervals were an unfortunate consequence of 

the necessity to schedule screenings in a particular GP practice, as and when space permitted 

and when the screening provider could schedule a practice visit with an adequate number of 

clients for screening to justify the screening service’s attendance. In the case of a client 

failing to attend the first offered appointment in the screening cycle for that particular year 

but subsequently attending a screening appointment late in the same calendar year; the 

interval until their next scheduled screening appointment alongside others from that practice 

the following year was necessarily foreshortened. Hence the lower range value of 0.4 years 

for screening interval. It should be noted that the great majority of people in this Diabetes 

Watch cohort (as also in the Irish diabetic retinopathy screening programme report)79 and 

used in this study had no DR in either eye (87%) when entering the programme. 

In conclusion, we found that risk prediction models developed in Iceland and Gloucester 

could with an accuracy of at least 70% correctly assign a randomly selected individual with 

no or minimal retinopathy at initial assessment, who would subsequently develop RDR, to 

annual screening as opposed to an extended screening interval.

SIGNIFICANCE OF FINDINGS AS A RESULT OF THIS STUDY. 

• Current prediction models using a combination of systemic risk factors and most recent retinopathy grading(s) can with acceptable 

accuracy identify the subgroups at greatest risk of progression to referable diabetic retinopathy in the population.  

• The incorporation of new imaging modalities into screening, combined with newly recognised systemic factors, demographic 

features and genetic factors is likely to challenge the current prediction models. 
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APPENDIX 

 

Table 4i Determination of the screening interval based on the results of (prior) screenings: 

This is currently in use in Netherlands. 

 

Screening result in English Screening 

Programme 

Next screening interval 

R0 both eyes once 2 years 

R0 both eyes (twice consecutively) 3 years 

R1 one eye 1 year 

R1 both eyes 

R2, R3, M1 either eye 

Refer to ophthalmologist 
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Table 4ii Nine classes of risk based on screening episode outcomes in Gloucester model 

based on two screening episodes (SE) only. See Table 4.2 for further detail on results of this 

classification observed in the Diabetes Watch Programme cohort during the study period. 

CLASS Outcome of first SE(a) Outcome of second SE(b) 

A.  R0, R0 R0, R0 

B.  R0, R0 R1M0, R0 

C.  R0, R0 R1M0, R1M0 

D.  R0, R1M0 R0, R0 

E.  R0, R1M0 R0, R1M0 

F.  R0, R1M0 R1M0, R1M0 

G.  R1M0, R1M0 R0, R0 

H.  R1M0, R1M0 R0, R1M0 

I.  R1M0, R1M0 R1M0, R1M0 

Two groups were not included in one of the variants of the Gloucester model reported in 

Scanlon et al. 44(Table 15B p24) and so risk predictions could not be made. First SE 

background one eye Second SE no DR represented by D above. First SE background two eyes 

Second SE no DR represented by G above.  

First SE no DR Second SE no DR acts as Reference represented by A above 

Table 4iii The model which combines the results of both eyes from a single SE(c) the classes 

are shown 

CLASS Outcome of single SE(c) 

1 R0, R0 

2 R0, R1M0 

3 R1M0, R1M0 
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Calculation of and presentation of prediction accuracy 

 

The predictions are then compared to the known outcomes for those examples in the test set. 

Accuracy is then calculated as the proportion of examples in the test set that were predicted 

correctly, divided by all predictions that were made on the test set.  

i.e., Accuracy = Correct Predictions / Total Predictions. Conversely, the error rate can be 

calculated as the total number of incorrect predictions made on the test set divided by all 

predictions made on the test set  

i.e., Error Rate = Incorrect Predictions / Total Predictions 

Evaluating performance using accuracy (TP +TN) /(TP + TN + FN + FP) favours classifiers 

that always predict a negative outcome for rare events. This is not useful if the rare event (in 

this case RDR) is what is being sought. ROC analysis goes beyond accuracy by using all 

available classification thresholds. The ROC curve is produced by calculating and plotting 

the true positive rate against the false positive rate for a single classifier at a variety 

of thresholds. ROC analysis of the prognostic capacity of the tested algorithms was 

performed using the pROC and tdROC packages in R.  Risk scores were calculated using all 

four candidate algorithms and time-dependent ROC curves fitted predicting outcomes at two 

years post index screen; 95% confidence intervals for AUC values were obtained using 100 

bootstrap samples.  A good classifier model achieves high TPR at low FPR (at optimal 

threshold). ROC curve analysis is an analysis of the discriminatory power of a risk 

stratification system and does not depend on the class distribution within a population. It 

enables comparison of one system of population stratification with another one but giving no 

evidence on the actual accuracy of predicted value.
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Title of 

publication 

(Corresponding 

author) 

Reference 

Linked references 

 

Journal 

(Year) 

((Population) 

Grading 

system 

used 

 

Variables 

used 

Threshold 

point used in 

binary 

classification 

Total in 

study 

population 

(concept of 

study) 

Method 

Prediction 

point 

Measureme

nt Tool 

Eye used. 

Risk 

margin 

used 

Recom

mendati

on 

Result % 

Reducti

on in 

screenin

g 

frequen

cy (cost 

saving) 

Can the retinal 

screening interval 

be safely increased 

to 2 years for type 

2 diabetic patients 

without 

retinopathy? 

(Chalk) 

Diabetes Care. 

2012 

Aug;35(8):1663-8. 

doi: 10.2337/dc11-

Diabetes Care 

(2012((Devon and 

Exeter, UK)) 

 By using existing 

data, such as the 

incidence and 

progression rates 

of diabetic 

retinopathy, we 

can construct a 

model that 

simulates the 

progression of the 

UK 

National 

Screening 

Committee 

Grading 

R2, R3, M1. 

The initial 

retinopathy 

gradings are 

modelled for 

the risk of 

STDR 

developing on 

the basis of 

historical 

data. The 

simulation did 

not apply to 

Modelled 

population 

of 5000 T2D 

patients over 

15 years 

progressing 

through 7 

progression 

paths to 

vision loss. 

 

Simulation 

modeling is 

Simulated 

modelling 

technique 

to predict 

the likely 

impact of 

screening 

patients 

with T2D 

with no 

DR to date 

every 

other year 

Cost 

comparison 

Risk of 

sight 

threatening 

retinopathy 

in more 

severely 

affected 

eye 

Mortalit

y rates 

for 

patients 

in the 

model 

were 

included 

(i.e., 

competin

g risk 

was 

consider

N/A 

 

The 

impact 

of risk 

factors, 

such as 

through 

individu

alization 

of 

screenin

g 

25% 

reductio

n in cost 

with no 

increase

d risk of 

vision 

loss. 

By 

increasi

ng the 

screenin

g 
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2282. Epub 2012 

May 7. 

disease and 

patient screening, 

thereby allowing 

us to alter 

parameters to 

generate 

predictions on the 

impact of certain 

changes 

Simulation is the 

process of using a 

model to study the 

performance of a 

system. It is an act 

of using a model 

for simulation. 

macular 

oedema risk 

an 

operational 

research 

technique 

that can be 

used to 

predict the 

impact of 

specified 

changes to a 

defined 

pathway, 

such as 

changes to 

the screening 

policies for 

diabetic 

retinopathy 

in this 

instance 

rather than 

annually. 

ed as per 

Bek or 

Chalk 

also 

included 

a Cox 

proportio

nal 

hazards 

model, 

from 

which 

we 

estimate

d rate 

adjustme

nts for 

the 

various 

stages of 

intervals 

(Aspelu

nd et 

al), may 

be 

benefici

al in 

assessin

g 

whether 

diabetic 

patients 

who 

have 

develop

ed 

retinopa

thy can 

also 

be 

screene

interval 

for 

patients 

without 

retinopat

hy, it is 

possible 

that 

early 

stages of 

retinopat

hy will 

be 

diagnose

d later. 

Howeve

r, even if 

a patient 

progress

es 

through 
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retinopat

hy.  

d less 

frequent

ly 

dependi

ng on 

their 

clinical 

assessm

ent and 

control 

of their 

conditio

n 

one or 

two 

stages of 

retinopat

hy in the 

2-year 

interval, 

they will 

be 

screened 

more 

frequent

ly once 

this is 

identifie

d. It is 

unlikely 

that a 

lower-

risk 

patient 
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would 

progress 

from no 

retinopat

hy to the 

prolifera

tive 

stage 

within a 

2-year 

period 

Stratton I., 

Aldington S., 

Taylor D., Adler 

A., Scanlon P. A 

Simple Risk 

Stratification for 

Time to 

Development of 

Sight-

Threatening 

Diabetes Care 

(2013) 

((Gloucestershire 

NHS Diabetic Eye 

Screening 

Program over 6 y 

period from 2005-

2010)) 

UK 

National 

Screening 

Committee 

Grading 

R2, R3, M1. 31329 

people with 

a mixture of 

T1D, T2D. 

14554 

patients with 

assessable 

images 

showing 

R0M0 or 

Risk 

Stratificati

on of 

longitudin

al data of 

results 

from 

retinal 

screening 

for time to 

Estimates of 

proportions 

of patients 

expected to 

have STDR 

at 1.2.3.5. 

and 10 years 

after baseline 

by log-

Each eye is 

considered 

separately 

before 

being 

combined 

with the 

fellow eye 

to produce 

 Stratific

ation of 

risk 

from 18 

times 

higher 

risk in 

the 

highest 

risk 

N/A 
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Diabetic 

Retinopathy. 

Diabetes Care 

2013; 36: 580–

585. 

R1M0 in one 

or both eyes 

at two 

consecutive 

screening 

episodes one 

year apart 

developme

nt of 

STDR on 

the basis 

of two 

consecutiv

e 

screening 

episodes 

logistic 

modelling 

9 

categories 

group 

compare

d with 

the 

lowest 

risk 

group. 

(R1M0 

both 

eyes on 

both 

occasio

ns v R0 

both 

eyes on 

both 

occasio

ns 
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The influence of 

background 

diabetic 

retinopathy in the 

second eye on rates 

of progression of 

diabetic 

retinopathy 

between 2005 and 

2010 

(Scanlon) 

Acta Ophthalmol. 

2013 Aug; 91(5): 

e335–e339. 

Published online 

2013 Apr 1. doi: 

10.1111/aos.12074 

Acta Ophthalmol 

(2013) 

UK 

National 

Screening 

Committee 

Grading 

R0, R1a 

(R1 in one 

eye),Rib(R

1 in both 

eyes) 

R2, R3, M1. 19,044 

patients were 

categorized 

into groups 

on the basis 

of the 

presence of 

retinopathy 

in neither, 

one or both 

eyes at 

baseline 

screening 

episode 

Followed 

from 

baseline  

until 

referable 

retinopath

y 

developed 

or until no 

more 

screening 

episodes 

were 

available 

KM 

estimates 

were used to 

plot survival 

curves. 

Cox PH 

models were 

used to 

derive HRs 

for 

development 

of RDR 

Each eye is 

considered 

separately 

before 

being 

combined 

with the 

fellow eye 

to produce 

3 

categories 

 8.3% of 

those 

with 

R1a 

progress 

to RDR 

v 28.2% 

of those 

with 

R1b 

progress 

to RDR. 

N/A 

 

Modelling the 

cost-effectiveness 

of adopting risk-

 

 

Diabetic Medicine 

 

Scottish 

diabetic 

retinopathy 

 

 

R3,M2,R4 

 

255712 

individuals 

with at least 

  

A continuous 

time hidden 

Markov 

 

Risk of 

sight 

threatening 
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stratified 

approaches to 

extended screening 

intervals in the 

national diabetic 

retinopathy 

screening 

programme in 

Scotland 

(Scotland) 

Modelling the 

cost-effectiveness 

of adopting risk-

stratified 

approaches to 

extended 

screening 

intervals in the 

national diabetic 

retinopathy 

screening 

(2013) (Scottish 

DRS programme 

data between 

2005 and 2011) 

screening 

and grading 

classificatio

n R0-

R4/M0-M2 

one 

screening 

exam 

between 

2005 and 

2011. 11,201 

cases of 

referable 

background 

(R3) or 

proliferative 

retinopathy 

(R4) AND 

25333 cases 

of referable 

maculopathy 

(M2) 

observed 

over follow-

up. 

model fitted 

to the 

screening 

data using 

MSM 

package for 

R used to 

examine the 

effect of 

individual 

level 

covariates 

(age, 

duration, 

type of 

diabetes, 

gender, 

current and 

previous 

retinopathy 

status) on 

retinopathy 

in more 

severely 

affected 

eye 
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programme in 

Scotland 

(Scotland) 

Diabet Med. 2016 

Jul;33(7):886-95. 

doi: 

10.1111/dme.1312

9. Epub 2016 May 

11. 

transitions 

between four 

discrete 

states. NO 

DR (R0) 

MILD DR 

(R1) 

(R2/M1) 

(R3,R4,M2) 

based on 

transitions 

risk of 

progression 

as per 

ETDRS e.g., 

untreated risk 

of 

progression 

of R3 to R4 

(11.5% per 

year) 
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Ochs A, 

McGurnaghan S, 

Black MW, Leese 

GP, Philip S, 

Sattar N, Styles 

C, Wild SH, 

McKeigue PM, 

Colhoun HM; 

Scottish Diabetes 

Research 

Network 

Epidemiology 

Group and the 

Diabetic 

Retinopathy 

Screening 

Collaborative. 

Use of 

personalised risk-

based screening 

schedules to 

PLoS Med. 2019 

eCollection 2019 

Oct 

Scottish Diabetic 

Retinopathy 

Screening 

Programme data 

from 1 January 

2007 to 31 

December 2016 

were linked to 

diabetes registry 

data. 

Scottish DR 

grading 

systemR1-

R4,M0-M2 

M1 Lesions 

as specified 

below 

within a 

radius of > 

1 but <2 

disc 

diameters 

from the 

centre of 

the fovea 

 – Any hard 

exudate 

M2 

referable 

lesions as 

specified 

Acceptable 

interval 

disease (ID) 

level between 

scheduled 

screenings. 

 

128,606 

screening 

examinations 

in people 

with type 1 

diabetes 

(T1D) and 

1,384,360 

examinations 

in people 

with type 2 

diabetes 

(T2D). This 

data was 

used to 

establish 

baseline risk 

to create a 

predictive 

model. This 

sought to 

Maintainin

g these 

overall 

risks but 

equalising 

risk across 

prior grade 

strata 

would 

require 

extremely 

short 

intervals in 

those with 

moderate 

DR (1-2 

months) 

and very 

long 

intervals in 

those with 

 Measure 

current 

referable 

retinopathy 

rates, build a 

prediction 

model, and 

using the 

model to 

determine the 

estimated 

number of 

screenings 

required to 

maintain the 

ID below a 

given 

threshold set 

in advance. 

Percent 

workload 

 Changin

g to 

intervals 

of 12, 9, 

and 3 

months 

in T1D 

and to 

24, 9, 

and 3 

months 

in T2D 

for no, 

mild, 

and 

moderate 

DR 

strata, 

respectiv

ely, 

would 

Includin

g 

clinical 

risk 

factor 

data 

gave a 

small 

but 

significa

nt 

increme

nt in 

predicti

on of 

referabl

e DR 

beyond 

grade 

(increas

e in C-
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optimise 

workload and 

sojourn time in 

screening 

programmes for 

diabetic 

retinopathy: A 

retrospective 

cohort study. 

PLoS Med. 2019 

Oct 17;16(10): 

e1002945. doi: 

10.1371/journal.p

med.1002945. 

PMID: 31622334; 

PMCID: 

PMC6797087. 

below 

within a 

radius of 1 

disc 

diameter of 

the centre 

of the fovea 

-Any blot 

haemorrhag

es 

-Any hard 

exudates 

 

Age, sex, 

diabetes 

duration, 

BMI, 

HbA1c, 

systolic and 

diastolic 

blood 

equalize risk 

between 

individuals 

with varying 

risk scores 

by 

personalizin

g screening 

intervals on 

the basis of 

type of 

diabetes/prio

r retinopathy 

grade/clinica

l risk factor 

data. 

 

Individual 

probability 

of 

developing 

no prior 

DR (35-47 

months), 

with little 

change in 

workload 

or average 

sojourn 

time.  

change from 

current 

policy: 

percentage 

change in 

number of 

screenings 

required 

annually in 

comparison 

to screenings 

required 

annually for 

currently 

implemented 

policy. 

substanti

ally 

reduce 

disparity 

in ID 

across 

strata 

and 

between 

diabetes 

types 

whilst 

reducing 

workloa

d by 

26% and 

increasin

g 

sojourn 

time by 

statistic 

of 0.013 

in T1D 

and 

0.016 in 

T2D, 

both p < 

0.001). 

Howeve

r, using 

this 

model 

to 

derive 

personal

ised 

intervals 

did not 

have 

substant

ial 
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pressure, 

blood 

lipids, 

estimated 

glomerular 

filtration 

rate, 

ever/never 

smoking 

status, and 

statin and 

anti-

hypertensiv

e drug use. 

Measures 

of clinical 

variables 

were taken 

from the 

measure 

nearest to 

referable DR 

was 

estimated 

using a 

generalised 

linear model 

and was used 

to calculate 

the intervals 

needed to 

achieve 

various IDs 

across prior 

grade strata, 

or at the 

individual 

level, and 

the resultant 

workload 

and sojourn 

time. The 

2.3 

months. 

workloa

d or 

sojourn 

time 

benefits 

over 

stratum-

specific 

intervals

. 
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and up to 

730 days 

prior to 

each 

patient’s 

screening 

episode.  

current 

policy in 

Scotland-

screening 

people with 

no or mild 

disease 

annually and 

moderate 

disease 

every 6 

months-

yielded large 

differences 

in ID by 

prior grade 

(13.2%, 

3.6%, and 

0.6% 

annually for 

moderate, 
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mild, and no 

prior DR 

strata, 

respectively, 

in T1D) and 

diabetes type 

(2.4% in 

T1D and 

0.6% in T2D 

overall). 

 

 

HTA 

Development of a 

cost-effectiveness 

model for 

optimisation of the 

screening interval 

in diabetic 

retinopathy 

screening 

National Institute 

for Health 

Research NHS 

(Gloucester 

DESP) (2005-

2014) 

UK 

National 

Screening 

Committee 

Grading 

R2, R3, M1. 7012 in 

model 

derivation 

population 

AND 5778 

in the 

validation 

population. 

Variables 

included in 

model were 

Cox 

Proportion

al Hazard 

Modelling 

of risk of 

progressio

n to 

referable 

proliferati

ve DR 

(R2/R3) 

The 

performance 

of three 

models were 

compared 

1Two 

baseline 

SEs+ clinical 

risk factors 

(CRF) 

Each eye is 

considered           

separately 

before 

being 

combined 

with the 

fellow eye 

to produce 

9 

Screenin

g every 3 

years 

was the 

most 

cost-

effective 

policy. 

 

Hazard 

Ratio 

(HR) 

for 

progress

ion to 

R2 R3 

was 

higher 

in the 

cases of 
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(Scanlon) Age 

Duration 

Diabetes 

type 

HbA1c 

SBP 

DBP 

GFR 

Smoking 

status 

BMI 

 

OR 

referable 

maculopat

hy 

2 Two 

baseline SEs 

3 One SE + 

CRF 

 

CRF were 

those 

measured at 

the second of 

three SEs 

and 

compared 

with the 

model that 

had only 

access to 

Retinal 

Screening 

data.    A risk 

score for 

RDR was 

categories 

for 

 

1Two 

baseline 

SEs+ 

clinical risk 

factors 

(CRF) 

2 Two 

baseline 

SEs OR 3 

categories 

for 

3 One SE + 

CRF 

AUC and 

95% CI of 

the three 

models 

mild 

NPDR 

in one 

or both 

eyes 

than HR 

for 

progress

ion to 

M1 for 

the 

same 

risk 

factors. 

Cholest

erol was 

not 

associat

ed with 

the 

former 
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calculated for 

subsequent 

visits 

1 

0.786(0.75

9-0.813) 

2 

0.759(0.73

2-0.788) 

3 

0.774(0.74

8-0.800) 

category 

but was 

associat

ed with 

the 

latter.  
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Individualised 

variable-interval 

risk-based 

screening for 

sight-threatening 

diabetic 

retinopathy: the 

Liverpool Risk 

Calculation 

Engine (RCE). 

(Eleuteri) 

 

Eleuteri A, Fisher 

AC, Broadbent 

DM, et al. 

Diabetologia. 

2017 

Nov;60(11):2174-

2182. DOI: 

10.1007/s00125-

017-4386-0. 

PMID: 

Diabetologia  

(2017) 

11,806 

people with 

diabetes   

attending 

the LDESP 

(Liverpool 

Diabetic 

Eye 

Screening 

Programme) 

ENSC  

 

Disease 

duration 

HbA1c 

Age at 

diagnosis 

SBP 

Total 

cholesterol 

 

 

 

Screen-

positive (the 

primary 

outcome) was 

defined as the  

presence of 

any of: 

multiple blot 

haemorrhages, 

venous 

beading, intra-

retinal 

microvascular 

abnormalities, 

new vessels,  

pre-

retinal/vitreous 

haemorrhage, 

tractional 

retinal 

detachment 

Data 

extracted 

into the 

RCE 

development 

dataset.  

were from 

11,806 

people with 

diabetes 

actively 

attending  

the  

LDESP 

between 20 

Feb 2009 

and 4 Feb 

2014 

(46,525 

episodes,  

Continuous-

time Markov 

process to 

allow for a set 

of individuals 

to transition 

between states 

over time. In a 

Hidden 

Markov 

model by 

combining the 

real time data 

of systemic 

covariates in a 

model 

predicting the 

observed 

states 

(retinopathy 

grading) 

Each eye 

is 

considered 

separately 

before 

being 

combined 

with the 

fellow eye 

to produce 

3 

categories 

before a 

fourth 

category 

of 

referable 

DR 

(RDR) 

 

 Although 

incorporation 

of clinical data 

may be 

difficult, we 

determined 

that including 

clinical data 

would  aid  

acceptance  

amongst  the  

professional  

community, 

offer better 

prospects  for  

generalisability  

and  allow 

inclusion  of  

more  frequent  

screening  for  

high-risk  

 individuals.  

Using the 

2.5% 

threshold, the 

corrected C-

index for the 

model was 

0.637 and 

corrected 

AUCs (with 

95% Cis) were 

0.88(0.83,0.93) 

at 6 months 

0.90(0.87,0.93) 

at 12 months 

0.91(0.87,0.94) 

at 24 months 

 

 

 

Implementing 

individualised  

RCE-based  

intervals  

would reduce  

the  

proportion  of  

people  

becoming  

screen-  

positive 

before the 

allocated  

screening  

date  by  >  

50%  and  

the number of 

episodes by 

30%.  
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28840258; 

PMCID: 

PMC6448900. 

i.e., R2, R3, 

M1 

The risk 

threshold was 

set at 2.5% for 

the probability 

of 

development 

of RDR before 

the scheduled 

screening date  

388 screen-

positive 

events). 

 

To develop 

and 

internally 

validate a 

RCE. 

The risk of  

RDR is 

inferred from 

the model 

based on the 

RCE(Risk 

calculation 

engine) 
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Diabetologia.  

2021 

LDESP 

There were 

2097 

participants in 

the 

individualised 

screening arm 

and 2224 in the 

control arm. 

The English 

National 

Screening 

Committee 

definition of a 

screen-

positive result 

was used, 

comprising 

any of: (1) 

moderate 

PPDR (R2) or 

worse (any of: 

multiple deep 

blot 

haemorrhages, 

venous 

beading, 

intraretinal 

microvascular 

abnormalities, 

or worse); (2) 

 This was a 

two-arm, 

parallel-

assignment, 

equivalence 

RCT 

(minimum 2-

year follow-

up) in 

individuals 

with diabetes. 

Participants 

were 

randomly 

allocated 1:1 

at baseline to 

individualised 

screening at 

6, 12 or 24 

months for 

those at high, 

medium and 

The aim of 

this study was 

to evaluate the 

safety and 

cost-

effectiveness 

of 

individualised, 

variable-

interval, risk-

based 

population 

screening 

compared 

with usual 

care, with 

wide-ranging 

input from 

individuals 

with 

diabetes.  The 

RCE used to 

Primary 

hypothesis 

was that 

attendance 

rates at first 

follow-up 

would be 

equivalent in 

the two arms 

with a 5% 

equivalence 

margin.  

 

Secondary 

hypothesis 

was that 

STDR 

detection was 

non-inferior 

in the 

individualised 

arm at a 

 Extended and 

individualised, 

variable-

interval, risk-

based 

screening is 

feasible and 

can be safely 

and cost-

effectively 

introduced in 

established 

systematic 

programmes.  

Including 

systemic 

clinical risk 

factors (HbA1c, 

systolic BP, 

lipids) adds 

value in 

several ways.  

Against the 

predefined 

acceptability 

margin (5%), 

the two arms 

were regarded 

as equivalent. 

There was no 

evidence of a 

loss of ability 

to detect STDR 

over 24 M 

from baseline 

in the 

individualised 

arm compared 

with the 

control arm.  

Non-inferiority 

was found 

within the low-

risk group 

 Incremental 

cost savings 

per person 

with 

individualised 

screening 

were £17.34 

(95% CI 

17.02, 17.67) 

from the 

National 

Health 

Service 

perspective 

and £23.11 

(95% CI 

22.73, 23.53) 

from the 

societal 

perspective, 

representing a 

21% 
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new 

proliferative 

diabetic 

retinopathy 

(R3A); (3) 

maculopathy 

(M1) (any of: 

exudates ≤1 

disc diameter 

(DD) from the 

foveal centre, 

group 

exudates ≥1/2 

disc area 

(DA) ≥1 DD 

from the 

foveal centre, 

haemorrhage 

≤1 DD from 

the foveal 

centre if 

visual acuity 

low risk, 

respectively, 

as determined 

at each 

screening 

episode by a 

risk-

calculation 

engine, or to 

annual 

screening 

(control 

group). The 

primary 

outcome was 

attendance 

(safety). A 

secondary 

safety 

outcome was 

the 

individualize 

risk is a 

Markov multi-

state model, 

with states 

defined by 

retinopathy 

level (both 

eyes) and 

transitions 

dependent on 

risk factors 

including 

historical 

retinopathy 

data. 

Candidate risk 

factors were 

identified in 

collaboration 

with the PPI 

group and 

prespecified 

margin of 

1.5%. 

Clinical care 

offers 

opportunities 

for improved 

patient 

engagement. 

(control 0.6%, 

individualised 

0.2%). Non-

inferiority was 

not confirmed 

for the high- 

and medium-

risk groups, 

probably 

because of 

small 

participant 

numbers. 

 

 

 

 

 

 

reduction in 

overall 

programme 

costs. Overall, 

43.2% fewer 

screening 

appointments 

were required 

in the 

individualised 

arm 
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≥+0.30 log 

minimal angle 

of resolution. 

The definition 

of STDR was 

met when 

either 

retinopathy or 

maculopathy, 

as defined 

above, was 

confirmed on 

clinical 

examination 

by a retinal 

specialist (R2, 

R3A and/or 

M1 in 

England). 

Other 

covariates 

were age, 

development 

of STDR.  

Cost-

effectiveness 

was evaluated 

within a 2-

year time 

horizon from 

National 

Health 

Service and 

societal 

perspectives. 

selected as 

informative 

using the 

corrected 

Akaike’s 

information 

criterion 

method. 
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duration of 

diabetes, 

HbA1c, SBP, 

Total 

Cholesterol 
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Chapter 5 

Discussion 

Evaluating screening strategies for diabetic retinopathy 

 

 

 

 

“Annual income twenty pounds, annual expenditure nineteen and six, 

result happiness.  

Annual income twenty pounds, annual expenditure, twenty pounds 

ought and six, result misery.” Micawber. 

From David Copperfield by Charles Dickens 

 

Nearly 80% of all persons with diabetes live in low- and middle-income countries (LMICs), 

highlighting the importance of a cost-effective screening programme. Establishing mechanisms to 

reach populations with geographic and financial barriers to access is essential to prevent visual 

disability. 
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Introduction 

This thesis has outlined processes involved in DR screening in our cohort study 

population of 2770 people with T2D in Ireland (Chapter 2), determined important risk 

factors for progression to RDR in an Irish population (Chapter 3) and evaluated the 

performance of risk prediction algorithms in this Irish cohort. (Chapter 4) This discussion 

chapter sets the learning points derived from this analysis in context with national and 

international insights published since the period of the Diabetes Watch Programme 

(2006-2013). New understandings are discussed in relation to the rapidly evolving fields 

of imaging technology, grading classifications, prediction modelling and strategies for 

improving the cost-effectiveness of screening. The opinion of people with diabetes is 

rightly becoming increasingly sought as affordability of screening depends on uptake by 

the eligible population - a group defined by the need for optimal self-care and 

overburdened with appointments for health assessment. 

5.1. Sustainability of DR screening in the face of a diabetes “epidemic” and the post-

Covid healthcare arena. 

T2D is the long-established global epidemic and superimposed upon it is Covid 19, 

possibly the greatest health emergency of the 21st century thus far. Decisions made as to 

what to prioritise in healthcare have always been agonising but rarely as consequential as 

during and in the immediate aftermath of the Covid 19 pandemic.1 The effects of COVID 

19 on health care and public health systems will certainly affect those with chronic 

disease.2 To fully understand the consequences of the pandemic, it will be necessary to 

assess its overall impact on incidence, management, and outcomes of chronic disease.3 

This is particularly salient in communities where health inequities already exist or 

communities that are remote or underserved.4 Screening for diabetic retinopathy in 

Ireland was paused for the first year of the pandemic; not least because of the infective 

risk associated with bringing together people with T2D, when death from Covid 19 was 

so evident in society. 5 6 Diabetes was quickly established as an independent factor 

associated with increased risk of need for intubation in Covid cases admitted to hospital. 6 

Meta-analysis put the risk of COVID-19 mortality among patients with diabetes 

compared with COVID-19 patients without diabetes between 1.75 and 2.68 concluding 
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that their results confirmed previous findings indicating that COVID-19 patients with 

diabetes were highly vulnerable to a lethal outcome.  

How the health service responds to this superimposition of crisis conditions 

triggers the Eisenhower matrix (Fig.5.1) in the mind of the author. Covid 19 is urgent and 

important whilst T2D is non-urgent but important; thereby allowing time for planning for 

the risk of vastly increased demand on eye services arising from the diabetes epidemic. 

 

 

Urgent Important Matrix Urgent Not Urgent 

Important Do Plan 

Not important Delegate Eliminate 

Fig. 5.1 Eisenhower matrix also referred to as Urgent-Important Matrix, helps one decide on and prioritize tasks by 

urgency and importance, sorting out less urgent and important tasks from the important tasks. 

 Communities need data to effectively address health inequities in the aftermath of 

the pandemic.2 Awareness is dependent on access to data at the granular geographic 

level, including information on the burden of chronic disease and the status of social 

determinants of health (SDoH). There is no dispute that annual screening for all people 

with diabetes was a wise policy decision when, in 2013, a new screening programme was 

being introduced. It had already been suggested that the need for an annually recurrent 

process of retinopathy screening was questionable and not based on firm evidence. 7 

However it was deemed to have been unwise to introduce this nuance into the discussion 

with the body tasked with the roll-out of screening (Diabetic Retina Screen). “Annual 

screening for all people with diabetes” was the meme that offered the best mechanism of 

encouraging uptake by the public of the first non-cancer related screening programme in 

Ireland. Advocates for annual evaluation argue that the annual recommendation is easier 

to communicate to the eligible population, creating less risk of noncompliance. 8 Fitting 

in the screening appointment can be problematic due to competing priorities. People are 

living disordered lives once ill health becomes established. There is a disproportionately 
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high risk of ill health amongst people with low socioeconomic status, many of whom find 

themselves simultaneously caring for ill or disabled relatives.9-11 Difficulties in 

attendance are often exacerbated by a sense of not having any reserve to deal with 

potentially negative outcomes, or when other more immediate health concerns take 

precedence. A recent study into attendance in the Diabetic Eye Screening Programme 

Northern Ireland (DESPNI) found that that those people with a shorter duration of 

diabetes were more likely to attend DESP. There are many reasons why those with longer 

duration might attend less frequently including complacency, or development of 

unrealistic optimism that they are not vulnerable to complications but interviews of 

PLWD suggested denial or fear of finding out results especially if they had not attended 

appointments for a while.12 The results of an earlier study suggest that missing screening 

for as little as 2 years among participants who have mild retinopathy at their first screen 

is associated with an almost fourfold increased likelihood of having referable retinopathy 

or maculopathy detected when screening next occurred. 6,556 residents with diabetes 

who were invited for screening between 2008 and 2011 in a population-based eye 

screening programme in inner London and who attended for their first-ever screen in 

2008 were analysed. Among participants without retinopathy detected at their first 

screen, the risk of STDR also increased with the number of years in which screening was 

missed, but the proportion with STDR was lower.13 

Economic considerations on the part of service users and service providers are 

discussed here. Diabetic retinopathy was previously the most common cause of blindness 

registration amongst people of working age in England and Wales. The inherited retinal 

dystrophies are now the commonest cause in those countries. 14 The combination of 

population-based retinopathy screening with improved systemic disease control alongside 

improved treatment for diabetic retinopathy has been assumed to be the cause for this 

shift in disease demographics.15  

However, this is not the case elsewhere in Europe where DR related blindness 

continues to be the commonest cause in the working age population. 16Visual loss due to 

DR in the working age (16-64) has a societal impact as well as being personally tragic for 

the individual affected. For a society to thrive, as many people of working age as possible 
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are required to contribute to the economic stability of the society. As national economies 

come under pressure in sustaining services to their citizens due to external pressures such 

as climate change or viral epidemics and internal pressures such as declining birth rates 

and longer life expectancy, input from health economists has become critical to strategic 

decision making. 17 18 

Many decisions in medicine involve trade-offs, such as between diagnosing 

patients with disease versus unnecessary additional testing for those who are healthy.19 

Net benefit is an increasingly reported decision analytic measure that puts benefits and 

harms on the same scale.20This is achieved by specifying an exchange rate, a clinical 

judgment of the relative value of benefits (such as detecting a cancer) and harms (such as 

unnecessary biopsy) associated with models, markers, and tests. 21Prior to introducing a 

standalone screening programme for diabetic retinopathy in the four nations of the UK; 

people were identified as suffering from VTDR whilst attending endocrinology clinics or 

their optometrist.22 As a means of disease identification at a time where treatment would 

be most effective it was sub-standard to what was being called for by experts in the 

field.22-24(see Chapter 1 for further information on the diabetes epidemic) 

 

5.1.1 Personalising screening attendances without risking current screening uptakes. 

Attendance for retinal screening in Ireland reached its highest percentage uptake in the 

fourth annual screening cycle (2016-2017) when 67.5% of the eligible population were 

screened. 25 26 The equivalent highest percentage uptake for England and Wales  

27occurred in 2015–16 (the tenth annual screening cycle) when 82.8% attended i.e., 2.59 

million people with diabetes were offered screening and 2.14 million attended screening. 

A study by the Gloucester based retinal research group found there was a significant 

trend (P = 0.0004) relating time from diagnosis to screening, with worsening diabetic 

retinopathy. Of those screened within 6 months of diagnosis, 2.3% had RDR. In those 

screened 3 years or more after diagnosis, 4.2% had RDR. Modelling of outcomes 

included modelling the effect of a delay in accessing DR screening following a diagnosis 

of diabetes. This simulation revealed a direct correlation between delayed 

commencement of DR screening and poor outcomes for retaining vision. 28 Furthermore, 
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they demonstrated how the effect of the delay might be mitigated by fast tracking 

referrals to screening of those who are known to have a long duration of diabetes;29 (a 

parameter associated with an increased risk of progression to RDR), before having been 

referred for screening by their primary care physician.30  

A major concern of those proposing the introduction of risk-based screening is the 

possible loss to follow-up screening of patients assigned a long interval (i.e.,>24 months) 

between screening episodes. 31 If the patient’s diabetes self-care is neglected as is  

reflected in poorer than expected systemic control of diabetes when normal healthcare is 

re-established, the impact of the proposed extension of screening intervals may well be 

amplified for a large number of people.32In addition to the impact on health, the COVID-

19 pandemic considerably affects the use of health care resources and costs. In the USA, 

the average direct medical cost during the course of the infection was estimated to double 

or triple in patients with comorbid conditions, such as DM.33 However, by seeking to 

establish the attitude of service users to having changes made in schedules for screening, 

better informed decisions may be made. 34 

When combined with modelling the impact on service utilization`,35 36 systems 

modelling and simulation allows for intelligent design of health services.37 Evidence 

suggests that any strategy used to increase uptake of screening appointments may help to 

reduce risk of onset of RDR.38 Ensuring that the screening programme offers after-hours 

appointments for screening facilitates people of working age being able to attend. The 

effect of multiple comorbidities affecting diabetes sufferers is that they must prioritise 

appointments and asymptomatic screening is often considered as low priority, with 

adverse impact on attendance.(see Fig.5.1) Contacting individuals by telephone and 

discussing causes for missed appointments may help understanding of the reasons why 

people may not attend appointments and permits judgement to be made including the 

possibility of their decisions arising from the insidious effects of diabetes on mental 

attitude. Another, more extreme approach such as the use of cash incentives has been 

considered to try to increase uptake in screening services. 39Many screening services now 

send out automated appointments according to software databases. Allowing patients to 

alter appointments online may make the screening programme more accessible for those 
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seeking to attend.38Combining diabetic eye care with other forms of care such as foot 

screening for diabetic neuropathy or peripheral arterial disease has been trialled in some 

parts of England and Wales.40  

The need to track the quality of care provided by independent providers to the 

NHS’s DR screening programme and maintain agreed standards has required a robust IT 

system with support package that seeks to minimise adverse effects of the introduction of 

a national screening programme as opposed to opportunistic screening.  Crucial to this is 

patients partaking in the programme.41 Therefore, increasing screening uptake has been a 

major focus of the national programme analysis by researchers.42 A systematic review 

exploring the views of people living with diabetes who do not attend retinal screening, 

their characteristics, concerns, experiences of retinal screening and their understanding of 

the risks of diabetic retinopathy concluded that socio-economic deprivation was the 

major risk factor for non-attendance.43 Repeated nonattendance or retinapathy(sic) was 

linked to subsequent sight threatening diabetic retinopathy.28 Certain factors, could be 

barriers or incentives for screening uptake. Some of those factors are modifiable whilst 

others are not.41 42 The Improving Diabetes Eye screening Attendance (IDEA) 

intervention in Ireland has shown its feasibility in primary care in Ireland.44 A definitive 

trial of clinical and cost-effectiveness is required but preliminary results suggest a 

positive effect on uptake. Enablers of improved uptake included practice culture and 

capacity for protected time, systems to organise care, and staff skills, and workarounds to 

improve intervention ‘fit’. Having people berated for non-attendance is counterproductive 

and self-indulgent. Those most likely to fail to attend screening are the group most at risk 

from STDR. A seamless interface between retinopathy screening and the 

surveillance/treatment centres was proposed as a means of ensuring good attendance at 

follow-up following referral from screening. Ireland’s screening programme Diabetic 

RetinaScreen has integrated screening and treatment provision through a unitary 

electronic patient record system OptimizeTM. Non-attendance at referral centres following 

photographic screening have been found to be associated with a poor outcome when next 

assessed at screening. Statistically significant differences in rate of progression of 

retinopathy and decline in visual status were seen in a retrospective comparative audit 



255 
 

study of outcomes between non-attenders and attenders treated at the Irish treatment 

centres. 

Non-attenders tend to be more socially deprived and at risk from poor glycaemic 

control and systemic hypertension. This in combination with a lack of understanding of 

the nature of asymptomatic disease risk, irrational reaction to unpleasant health news and 

practical aspects such as transport difficulties. Those most likely to be non-attenders are 

young people. Non-attendance is associated with social deprivation irrespective of the 

modality of providing screening, mobile unit at GP practice or high street optometrist. 

The NHS DES Programme sends the key performance indicators (KPIs) to the 

programme manager and clinical lead to review and sign off their individual figures. The 

programme copies the KPIs to screening quality assurance service (SQAS) regional 

offices for information. (see further detail NHS diabetic eye screening (DES) programme 

Diabetic eye screening: process to submit KPI data) 

Having informed the public of the necessity for attendance it is advisable that 

after each screening episode and grading outcome, failsafe processes must ensure that the 

required next steps on the pathway take place by: 

1. Prompt timely communication of the results of screening with the person with diabetes 

and their medical doctor. 

2. Ensuring timely referral for further investigations for those who need it 

3. Tracking all referrals for treatment and ensuring timely treatment appointments 

4. Maintaining timely (e.g., annual) screening intervals for recall.  

5. Regularly collecting data on people who are blind from diabetic retinopathy (DR) for low 

vision services. Seeking an explanation as to whether there was a missed opportunity to 

prevent the blindness occurrence. 

Some elements of the retinopathy screening programme have data that ideally should 

be shared with the primary care management systems like the Scottish system of 

governance.  Scottish Care Information – Diabetes Collaboration (SCI-DC) delivers 

https://www.gov.uk/topic/population-screening-programmes/diabetic-eye
https://www.gov.uk/government/publications/diabetic-eye-screening-submit-key-performance-indicator-data
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information technology products designed to underpin the Managed Clinical Networks 

for diabetes in Scotland. SCI-DC facilitates effective service interfaces which serve to 

support good practice in multidisciplinary and interagency working. 45 This system 

allows the primary healthcare professional to access images acquired at screening. A 

software system of this nature can improve screening uptake by having primary 

healthcare professionals made aware of missed appointments by the client they are 

dealing with in that instance. If a PLWD makes a conscious decision to disengage from 

screening following on from repeated no-disease screening results the decision could be 

characterised as retinapathy.11  A more targeted, less frequent and risk-based screening 

interval allocation serves to minimise this flawed decision-making. It has been my 

experience that a gentle reminder or nudge by a trusted primary healthcare professional 

who has previously demonstrated empathy and genuine concern to the individual in 

question is more likely to cause a “retinapathic” PLWD to overcome their resistance to 

attendance than financial incentives to increase attendance. Added to this means of 

reminding the person of their failure to take up the opportunity for screening, is the 

beneficial effect of being able to point to the feature on the fundus photograph which 

suggests that improved systemic management is necessary. Likewise, an ability to point 

to clearance of perimacular exudates due to commencement of a systemic drug treatment 

such as what can happen when fenofibrate treatment is prescribed, encourages good 

adherence to medication.46 47   

 

5.1.2 Practical implications of altering screening attendances.  

The purpose of re-evaluating health strategy is to inform health policy decisions that 

promote safe, effective, efficient and patient-focussed healthcare.48  A health technology 

assessment (such as was completed by the Gloucester group into DR screening)49 has 

been described as ‘a multidisciplinary process that summarises information about the 

medical, social, economic and ethical issues related to the use of a health technology in a 

systematic, transparent, unbiased, robust manner’50 

The DR screening programme in Ireland is modelled largely on the United 

Kingdom’s Four Nations NHS screening programmes which have slight national 
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variations in implementation. The Four Nations Study in 2013 re-evaluated DR 

screening.51 By 2019, Ireland’s Health Information and Quality Authority (HIQA) was 

evaluating the screening-intervals policy after acquisition of five cycles of annual interval 

screening data. 25 One might assume that the delay in considering the introduction of risk-

based screening in spring 2021 was based on the need for accumulation of sufficient 

longitudinal Irish data to establish the baseline prevalence of (RDR) in the Irish diabetic 

population. This provided the equivalent of an intercept or baseline risk so that one could 

statistically model the effects of rescheduling people’s next appointment from one year to 

two years after their last screening.52(Fig. 5.2) 

 

 

Fig 5.2 Slope and intercept in a logistic regression. The easiest way to interpret the intercept is when X = 0; when 

that happens the intercept β 0 is the log of the odds of having the outcome.  

Ireland’s HIQA scoping report 2021 has determined that those people with “stable” 

diabetes whose last two screening results were R0 in each eye, irrespective of type (T1D/T2D) or 

duration of diabetes had the same new policy of biennial screening imposed. The blanket risk 

allocation based solely on two previous retinopathy grading results may have been more related 

to expediency than to evidence in the face of a persisting viral epidemic. Certainly, the inclusion 

of the term “whose disease is stable” in the criteria required for the switch from annual to biennial 

is not specified in the HIQA scoping document. Despite discussing the impact of systemic factors 

on DR, the scoping report omits to define how stability of diabetes is defined in the absence of 

any systemic disease indicators’ being measured. The instability of “early worsening of 
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retinopathy” 53 54 which arises when a person’s diabetic control suddenly improves illustrates how 

rapidly progressing DR can arise simultaneously with apparently improved diabetes management. 

The means of having a client returned to annual screening because of concern from the primary 

care physician around instability may be presumed to depend on symptomatic visual disturbance 

being reported by the person with diabetes. (Scoping Report Protocol Extended Interval 

Screening by the Diabetic RetinaScreen Programme in Ireland Published: 16 February 2021) 

The main concern that comes to mind with this is that PDR is asymptomatic, presents late 

and can cause permanent visual loss if a tractional retinal detachment involving the macula arises. 

 

5.2. Data analysis of clients’ opinions can inform programme design. 

Two main types of analysis have been published on the topic of variable intervals in 

digital photographic screening for diabetic retinopathy- 

 i)the simulation study involving a hypothetical population 48and using economic 

modelling techniques and  

ii)the prospective 55 or retrospective 56 cohort study.  

Public and patient involvement (PPI) has been lacking in the evaluation of the optimal 

means of introduction of a screening programme for DR to date. Independent analysis on 

behalf of Diabetic RetinaScreen into PPI has concluded that it appears to be prohibitively 

expensive.44Variability in compliance with screening can be incorporated into the 

simulation process allowing for detailed planning and investigation of proposals for 

service improvement.57 Discrete event simulation techniques prospectively ask “what if?” 

questions and then explore the impact of the change on capacity and costs. They also 

enable visualization of the likely impact of patients’ preferences on the system’s ability to 

cope.7 The views of those being screened should be sought to avoid poor opinion of 

proposed changes to screening schedules, triggering a decline in attendance. “Nothing 

About Us Without Us” ignites a vision for people with disabilities that represents pride 

and power rather than stigma and pity.(Fig 5.3) The Irish screening service has been 

studying the decision making process of screening attendees and non-attendees.26 PPI 

sought by the researchers in Liverpool was included in all stages of the ISDR project 

thereby informing the other aspects of the RCT.58 A primary outcome measured was 
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attendance for follow-up screening which was tested for equivalence in attendance rates 

between the two arms of the study; individualized screening interval versus standard 

annual interval. To have the greatest effect screening has to be offered at locations and 

times which matches the needs of the patient, not the provider. 9 59These findings will be 

essential to consider in resource-poor situations which appear to be coincident with the 

most rapid increase in diabetes prevalence i.e.,LMICs.60 

 

Figure 5.3 Belfast mural demanding community input into decision making affecting that 

community. 

5.2.1 Prediction models allow risk calculation and ranking of patients on basis of 

need. 

The concept of a prediction model forecasting DR progression for an individual and 

thereby assigning a personal screening interval was devised in Iceland 61and has been 

discussed in detail in Chapter 4 along with the Gloucester group’s prediction model. 49 

With a fixed interval between screening visits, the interval is the same for all (annual or 

biennial), whereas in reality, the risk of developing STDR between screening visits varies 

on an individual basis. Some patients are at high risk of developing STDR and require 

treatment before the next screening visit, whereas for others this risk would be low (see 

Fig. 5.4).  The fixed screening interval has prioritised detection of patients at relatively 
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high risk at the expense of over-screening those at low risk. The fixed ‘one size fits all’ 

approach to screening is therefore excessively cautious. By determining the screening 

interval on each individual patient’s calculated risk, it should be possible to increase 

screening frequency for those at high risk and thereby increase their safety and at the 

same time reduce the screening frequency for patients at low risk and reduce expenditure 

on healthcare costs and patients’ time. The Iceland prediction model seeks to allocate 

individual screening appointments at various intervals based on the risk score of the 

individual patient. The risk factors for incidence and progression of diabetic retinopathy 

are well known and include duration and type of diabetes, mean blood glucose or HbA1c, 

systolic blood pressure, and severity of retinopathy.62-65 Based on these risk factors, it is 

possible to calculate the individual risk for the development and progression of diabetic 

retinopathy. The external validation studies carried out in the past decade of this 

prediction model appear to confirm its validity still, despite being based on epidemiologic 

studies from the last decades of the twentieth century when control of systemic risk 

factors was generally inferior to today.66 67 (see Fig.5.4)  
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Fig 5.4 illustrates the conceptual difference between fixed annual screening and the individualised 

approach to diabetic eye screening. 

 a) Annual screening: This is the “one size fits all” approach in which diabetic patients with variable risk of 

sight threatening diabetic retinopathy are treated the same. Red indicates high risk, yellow medium risk, 

green low risk. All have fixed 12-month screening intervals. However, the risk of developing sight 

threatening diabetic retinopathy within the year is vastly different.  

b) The individualised screening approach. Here the screening interval is based on the individual’s risk. 

Patients at high risk(red) are screened more frequently, up to every 6 months, whilst patients at low 

risk(green) and who form the vast bulk in screening are screened less frequently, 2,3,5 years. Reproduced 

from Diabetologia (2011) 54:2525-2532. 

The ISDR study updated the epidemiological data before seeking to devise and validate a 

new prediction model for RDR in a well-controlled diabetic population in Northwest 

England.58 68(see Chapter 4.4.7 for more details) 

5.2.2 Predicting risk of progression.  

Risk stratification tools are predictive models applied to predict future events at clinical 

and administrative levels in the healthcare domain. They are used to stratify a population 

according to a selected metric, such as the likelihood of a future outcome, patient 

complexity, concurrent or future health care expenditure, etc. In general, predictive 

models are algorithms (e.g., statistical models or ML algorithms) which provide 

information about the relationship between a set of parameters, such as age, gender, 

clinical information, diagnosis, living conditions, district of residence, and the predicted 

outcome (e.g., readmission to hospital, death, healthcare expenditure, length of stay in 

hospital, etc.). 

 Predicting diabetic complications before their onset is the tantalising prospect 

presented by this type of research. It offers the means of using insights already gleaned 

from specific real-world clinical data69 70 along with currently unrecognised input 

variables spotted by ML mechanisms providing a means to devise increasingly accurate 

prediction models which can be assessed for accuracy by prospective cohort prognosis 

studies.71 
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Whilst stratification of risk uses logistic regression as a classification algorithm; 

individualization is advocated in the ISDR study from Liverpool University and is 

believed to offer even greater cost-efficiency than the Gloucester stratification. The team 

from Liverpool determined the predictor variables for progression to RDR amongst a 

well-controlled cohort of people with T2D in a primary care management programme in 

Liverpool 68which is akin to how the Diabetes Watch Programme data was used to derive 

epidemiological data on PLWD in Ireland and which was published in 2020.72   A 

strength of the Liverpool project was that they had all the general practices eligible to 

join, engaged with the study. They embedded a patient and public involvement (PPI) 

group in the development of the risk calculation engine (RCE) and subsequent design 

of the trial. There has been scant research into people’s understanding of screening 

and their views about introducing variable screening intervals prior to the ISDR 

study.58(Fig 5.3) 

 Individualization was evaluated by way of a clinical trial,58 incorporating an 

incremental cost-effectiveness analysis and seeking  to canvas the attitude of users of the 

service to a change in screening schedules. The use of updated retinopathy grading results 

alongside use of updated systemic disease assessment parameters as co-variates in an 

original prognostic model was investigated in Liverpool. This represents a flexible and 

dynamic (time-dependent) discriminatory analysis approach in which multiple 

biomarkers of various types were modelled for classification purposes by the 

multivariable generalized linear mixed model. Their mixed quantitative and qualitative 

approach sought to minimise barriers to success by use of interlinked work streams 

running in parallel and informing each other. This 5-year project sought to eliminate the 

information gaps in our collective knowledge of the impact of the policy proposal to 

introduce risk-based screening intervals into the screening programme for England and 

Wales. The ISDR team had established an adequately powered prospective cohort to 

collect the necessary data to design a novel prediction model which was internally 

validated on its ability to rank each individual’s risk from the RCE.  

By way of contrast, the Hoorn Diabetes Care System (DCS) studied 73 a variety of  

pre-existent prediction models that could be applied to data using a validation cohort 
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from their Dutch population. Both the Gloucester and Iceland model were assessed but 

the ISDR study was published after the Hoorn DCS study and hence was not evaluated. 

The predicted retinopathy risk was calculated and compared with the observed 

incidence of each of the studied Eurodiab *retinopathy grades 3-5,74 over a 5-year time 

horizon. Performance of the models was estimated using calibration (agreement between 

predicted and observed retinopathy risk through comparing how well estimated RDR 

event rates correspond with observed rates) and discrimination (the ability to distinguish 

between those who will or will not develop retinopathy; discrimination could also be 

described as the ability of the model to pick the higher risk person in a pair). In general, 

for external validation, prediction models that provide the entire model formula and 

specify the prediction horizon are preferable to models that do not allow for absolute risk 

calculations. If the full model formula is not available, then calibration cannot be 

assessed without updating the prediction model. 

Calibration was assessed by the Hoorn DCS study group by visual inspection of 

calibration plots, whilst discrimination was assessed using Harrell’s C statistic, thereby 

accommodating the censored nature of the data. The C statistic can also be interpreted as 

the rank correlation between predicted probabilities of the outcome occurring and the 

observed response and is similar to the ROC determined in the cohort analysis outlined in 

Chapter 4.  They showed that the overall performance of  parametric (Iceland model) or 

semi-parametric (Gloucester model) models in predicting the subject-level survival over 

an interval can be evaluated via a simple, unbiased estimation procedure. Following 

recalibration based on retinopathy incidence in the DCS cohort they showed 

overestimation of risk for individuals in the highest risk quintile of retinopathy. 

Overestimation of the model was assumed to be related to an improvement in BP and 

HbA1c control and a lowering of the incidence of Eurodiab grades 3-5 in the modern era 

as opposed to when the data used by Aspelund et al to create the predictive model was 

current. 75 

 Overestimation of risk by the model implies safety of usage. The discrimination 

on the Gloucester model was poor as that model relies upon individual eye grading 

values, which were not available on the DCS cohort which predicts based on the worst 
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affected eye. Although C-statistics are commonly used for quantifying the predictability 

of working models, they are not sensitive for capturing overall added values from a new 

marker on top of conventional predictors.76Hence, the minimal improvement in ROC 

values when systemic variables alongside retinopathy gradings were evaluated in 

comparison with retinopathy gradings only (see Chapter 4, Fig. 3),  

The Hoorn DCS team stated that using the updated Dutch model, DR screening 

frequency could be reduced by 29% compared with biennial screening and a reduction of 

65% could be achieved compared with annual screening75 77 (see Chapter 4 addendum 

Table i-iii). Both the Liverpool and DCS study researchers emphasise caution in 

extrapolation from their conclusions to support an unvalidated decision to extend 

screening intervals in a different jurisdiction. The necessary research to safely extend 

screening intervals in people with T2D in Ireland will involve either recalibration of an 

existing model with Irish data apropos the Dutch DCS or development of an original Irish 

risk calculation akin to what was achieved by the Liverpool team. 

*Eurodiab classification 

Grade 0, no retinopathy; grade 1, minimal non-proliferative retinopathy; grade 2, moderate non-

proliferative retinopathy; grade 3, severe nonproliferative or pre-proliferative retinopathy; grade 4, 

photocoagulated retinopathy; and grade 5, proliferative retinopathy 

 

5.2.3 Consideration of machine learning mechanisms and patient medication. 

Precision prognostics as opposed to disease stratification, is where individualization of 

risk goes beyond merely stratifying risk on a population basis.78  The development of 

prediction models, including the selection of predictors based on their longitudinal 

association with the outcome of interest (chapter 3) and their discriminatory ability 

(chapter 4), allows estimation of an individual’s absolute risk of complications thereby 

optimising medical decision making.36 Dynamic modelling techniques in fields other than 

diabetes have already shown a better predictive accuracy compared to static modelling 

techniques.79 A drawback of the current models, as evaluated in retrospective cohort 

studies such as that of the Hoorn DCS or the Diabetes Watch Programme, is that specific 

medication use is not considered.  
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Over the last two decades, several new classes of anti-hyperglycaemic agents 

have become available. These include incretins (glucagon-like peptide-1 receptor [GLP1] 

agonists), dipeptidyl peptidase 4 (DPP4) inhibitors, sodium-glucose cotransporter-2 

(SGLT-2) inhibitors, thiazolidinediones and alpha-glucosidase inhibitors. These agents 

may be used as monotherapy or in combination with more established agents (metformin 

and gliclazide)80 and insulin.  Thiazolidinediones (“glitazones”) have been linked to 

incident or worsening diabetic macular oedema, whilst GLP1 agonists in general are 

beneficial except semaglutide which is associated with increased rates of diabetic 

retinopathy complications. Rates of retinopathy complications (vitreous haemorrhage, 

blindness, or conditions requiring treatment with an intravitreal agent or 

photocoagulation) were significantly higher (hazard ratio, 1.76; 95% CI, 1.11 to 2.78; 

P=0.02) in association with semaglutide use.81 Previous research has shown that patients’ 

response to medical treatment is associated with the incidence of microvascular 

complications during follow-up, leading to a different risk of retinopathy than one would 

expect based on only baseline measurements.82A high baseline level of HbA1c and low 

levels during follow-up after initiating glucose lowering medication, is associated with a 

lower risk of retinopathy, than expected on baseline. 83 However, the magnitude of HbA1c 

reduction correlated with retinopathy risk in people with diabetes and additional 

cardiovascular risk factors when they were started on new glucose-lowering agents such 

as GLP1 agonists. Retinopathy status should be assessed when intensifying glucose-

lowering therapy as has been the case in the cardiovascular output trials which signalled a 

worsening of DR.Hence the inclusion of repeated measures of biomarkers and the 

influence of medication use, could further improve the predictive accuracy of existent 

predictive models and thus lead to more precise predictions.84Various attempts at use of 

machine learning (ML) to improve prediction using not only the retinopathy severity 

combined with systemic management parameters but also the specific medication used in 

management, are discussed below. Based on these prediction models, persons with 

diabetes can be accurately informed about their risk of retinopathy and a tailored 

screening interval can be discussed with the patient. 

 In a large, well-characterized T1D cohort from Steno Diabetes Centre, 

Copenhagen (SDCC), ML combined with standard clinical risk factor data updated with 
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blood based metabolic phenotyping was used to model the dynamics between risk factors 

and molecular metabolism to design a personalized risk prediction tool for both diabetic 

retinopathy and nephropathy. The main predictors and features of importance were 

selected using the maximal mean absolute SHapley Additive exPlanation (SHAP) 

algorithm. This ML method selects features while ensuring the top performance model is 

obtained. For each panel of predictors, the performance was calculated for each round on 

mean AUROC values from which the optimal number of features was selected. The 

models were further tested for performance stability using Monte Carlo (MC) simulation 

consisting of 100 iterations. Baseline clinical data and plasma samples (for metabolomics 

and lipidomics analysis) were collected from 537 individuals with type 1 diabetes 

(Fig.5.5). Their precision diagnostic models found baseline DR was one of the top three 

variables of importance in predicting diabetic kidney disease (DKD) whilst the same 

models revealed HbA1c, albuminuria and retinopathy status as the main predictors for 

progression of DR. 85  
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Fig 5.5.Participants were classified into two groups: type 1 diabetes stable (n = 195) or type 1 diabetes with 

progression to diabetes complications (n = 190). Progression of combined diabetes complications, diabetic 

kidney disease (≥30% decline in eGFR; n = 79), and diabetic retinopathy (mild, moderate or severe; 

n = 111) were predicted. Median follow-up was 5.4 years. 

  Reproduced from Al-Sari N, Kutuzova S, Suvitaival T, Henriksen P, Pociot F, Rossing P, McCloskey D, 

Legido-Quigley C. Precision diagnostic approach to predict 5-year risk for microvascular complications in 

type 1 diabetes. EBioMedicine. 2022 Jun;80:104032. doi: 10.1016/j.ebiom.2022.104032. Epub 2022 
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The Iceland DR risk equation used in the Retina Risk app was evaluated in the 

Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) ophthalmology sub-

study in 2021.47 This retrospective cohort research set out to determine the predictive 

capacity of the Iceland algorithm, using the risk of STDR at 2- and 5- years for all FIELD 

86sub-study participants and comparing predictions to their real-world outcome within 2- 

and 5-years respectively. The Iceland algorithm calculated STDR risk from baseline 

variables in 1012 participants, compared to their on-trial STDR status, and receiver 

operating characteristic analysis performed to compare predicted with actual outcomes 

using multivariable logistic regression, traditional risk factors and fenofibrate allocation. 

Among patients with pre-existing retinopathy, fenofibrate recipients were significantly 

less likely than placebo recipients to experience 2-step progression (3.1% vs 14.6%; p = 

0.004). Findings were that traditional risk factors for DR, including dyslipidaemia, 

systolic BP, smoking and renal dysfunction did not contribute significantly to the 

prediction of STDR and were left out when they devised a FIELD trial algorithm based 

on data from Australia, New Zealand and Finland.  

This may be explained by potential collinearity in multivariable analysis between 

existent DR at baseline and risk factors such as BP and lipids. Further, the range of lipid 

levels in the FIELD trial would have been less broad than in the general T2D population 

due to the FIELD trial lipid-related selection criteria. The algorithm by Aspelund et al. 

predicts STDR well in the FIELD ophthalmology sub-study. Logistic regression analysis 

found DR at baseline, male sex, and HbA1c were predictive of STDR and, fenofibrate 

was protective. As both the FIELD and ACCORD Lipid Eye trials 87 88demonstrated 

protection against DR progression with fenofibrate in adults with T2D, which was 

independent of lipid levels, its use has been approved for this purpose in Australia and 18 

other countries. Hence, future risk scores for STDR may incorporate fenofibrate 

treatment to improve predictive capacity. 

Romero-Aroca et al89 attempted to assess  incident DR risk by analysing  

information contained in a patient’s electronic health record( EHR) in Catalonia. The 

usual procedure is to select a set of relevant attributes and, using a subset of the patients 

as a training set, thereby automatically building a classifier.90 Standard measures of 
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sensitivity, specificity, and classification accuracy were employed. They can be 

calculated from the number of True Positives (TP), True Negatives (TN), False Positives 

(FP), and False Negatives (FN) as follows: Sensitivity = TP/(TP+FN), Specificity = 

TN/(TN+FP), Accuracy = (TP+TN)/(TP+TN+FP+FN) (see Chapter 2).   Specificity has 

been linked to good prediction for those patients who are not at risk of developing DR 

soon, which is indeed the Holy Grail scenario. The Romero-Aroca RETIPROGRAM TM 

clinical decision support system (CDSS) permits personalization of diabetic retinopathy 

risk using systemic risk factors in combination with automatic image analysis using ML. 

The aim of this classifier was as a disease/no-disease classifier hoping to accurately 

predict that no DR would develop between screenings. This is different from the type of 

classifiers described in the Iceland and Gloucester models which seek to predict STDR or 

RDR respectively and yet when Romero-Aroca’s group published recently, they referred 

to our group’s external validation of the Iceland and Gloucester classifiers.  

“The two models by Aspelund et al and Scanlon et al were further tested in 

Ireland in pilot study by Smith et al, with a sample of 2929 patients. Smith reported that 

both were acceptable predictors of sight-threatening DR (STDR), with an AUC of 0.74 

for the Aspelund et al’s model and 0.77 for the Scanlon et al’s model, both values again 

being lower than the present study. It is important to note, however, that those two 

models only predict the risk of STDR, no other grades of DR as our model does. 

Prediction of risk of lower grades of DR would present an opportunity to slow down the 

evolution of DR and perhaps even prevent it with strict control of glycaemia and blood 

pressure.”91 

In my opinion, the author Romero-Aroca appears to have sought to favourably 

compare accuracy of their prediction model by comparing their values of area under 

receiver operating curve (AUROC) obtained by internal validation study of a model to 

predict disease/no disease with our external validation of models for detection of STDR 

(Aspelund) and RDR (Scanlon). As the performance of prediction models is generally 

poorer in new patients than in the development population, models should not be 

recommended for clinical use before external validity is established.92 
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5.2.4 Evaluating accuracy of models and seeking to improve them. 

Net reclassification improvement (NRI) attempts to quantify how well a new model 

correctly reclassifies subjects. This comparison is between an original model and a new 

model which is the original model plus one additional component (e.g., duration of 

diabetes, baseline HbA1c, previous retinopathy grading PLUS serum cholesterol as the 

additional component in Gloucester model update). ( Scanlon et al,2015 Tables 17A-D) 49 

NRI is composed of two components, subjects without events and subjects with events. 

Subject without events who are correctly reclassified lower risk are assigned a +1, as are 

subjects with an event who are correctly reclassified higher risk. Subjects without events 

who are incorrectly classified as higher risk are assigned a -1, as are subjects with events 

who are assigned a lower risk. Subjects not reassigned (i.e., those who remain in the same 

risk category) are assigned a 0. Sum the scores in each group and divide by the number of 

subjects in that group. The sum of these two values is the NRI.93 94 As the relative effect of 

false negatives and false positives may not be equal in screening the opinion of this simple 

equivalency of impact is not universally accepted. The reclassification table (Figure 5.6) is 

now preferred to the NRI when assessing discrimination improvement and would involve 

tabulating persons who did and did not develop RDR and who were classified as high or 

low risk of referral over the 2-year time horizon. 
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Figure 5.6 Reclassification table with diagonal line representing agreement, over-grading (below the 

diagonal) resulting in referral by trainee grader and under-grading (above the diagonal) causing non-referral 

when referral was more appropriate. 

5.2.5 Generalisability of prediction models to PLWD in Ireland 

Because of the difficulties of direct comparison of rates of retinopathy between studies—

even those using stereoscopic photographs and modified Airlie House grading—it has 

been suggested that comparison of rates between ethnic groups might be determined 

using a single study by the same investigators. Studies in Mauritius involving Muslim 

Indians, Hindu Indians and Creoles concluded that non-genetic factors were most likely 

to explain the "ethnic" differences in prevalence of NPDR and PDR. 95 The Singapore 

Malay Eye Study investigated the prevalence and risk factors of diabetic retinopathy in 

Asian Malays. Risk factors for retinopathy in this population are largely like white 

populations elsewhere, suggesting that control of these risk factors may reduce both the 

prevalence and impact of retinopathy.96 Hence, some elements of risk calculation may be 

generalisable. 

 Scanlon et al categorised their study population49into ethnic groups including the 

proportion of white Irish. Sivaprasad analysing East London general practices with 

people newly diagnosed with diabetes and excluding those who had background 
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retinopathy and STDR already Indian, Pakistani and African ethnic groups showed an 

increased risk of DR with Africans having highest risk of STDR compared to white 

ethnic groups (HR: 1.36 95% CI 1.02–1.83). Among those with prevalent T2D, Indian, 

Pakistani, Bangladeshi and Caribbean ethnic groups showed increased risk of DR and 

STDR with Indians having the highest risk of any DR (HR: 1.24 95% CI 1.16–1.32) and 

STDR (HR: 1.38 95% CI 1.17–1.63) compared with Whites after adjusting for all 

covariates considered.97 Covariates considered in this study included age, gender, 

Townsend score based on quintiles of deprivation, hyperglycaemia, systolic blood 

pressure (SBP), duration of diabetes, body mass index (BMI), total cholesterol, high 

density lipoprotein (HDL), glomerular filtration rate (eGFR), antidiabetic medication, 

history of cardiovascular disease, statin prescription and antihypertensive medication 

prescription. These covariates were measured at baseline for each individual and the 

closest record to the index date (±6 months) was selected for clinical variables. This 

study illustrates the higher risk of DR and STDR in people with T2D from ethnic 

minority groups. These groups also have a higher prevalence of T2D, further increasing 

their risk of DR and STDR compared to the white British population. A related study 

looked at the influence of attaining standards of primary care management of T2D and 

risk of retinopathy development and progression.98These findings illustrate the 

importance of improving the prevention, early diagnosis and management of T2D in the 

UK to reduce the burden of ill-health from retinopathy and the other adverse outcomes of 

T2D, particularly in people from ethnic minority groups. 

 Repeated testing of the Iceland algorithm 66 75 99 has shown that a model developed in 

Iceland and validated in Denmark translates well when trialled in countries in both 

northern and southern Europe. In Chapter 4 I describe how when trialled in our data the 

Iceland model performed such that there would be a >70% probability that a randomly 

selected subject from the screening cohort who did in fact develop RDR would have been 

allocated to the higher risk score category by the Icelandic model. The Diabetes Watch 

Programme was established to mirror the NHS Quality and Outcomes Framework (QOF) 

and was based on the evidence gleaned by the UKPDS which goes a long way to 

explaining the relatively low annual incidence of RDR in the study population. It appears 
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that incentivisation does work when used in primary care to combat inactivity and derive 

patient benefit.100 

 Researchers in China in 2017 have published results on the risk factors for 

development of DR and STDR in people in China and went as far as developing a 

nomogram for each outcome in Chinese people.101 They divided risk factors into 

modifiable and non-modifiable factors and demonstrated a difference in the two classes 

when it came to risk factors. Using cross-sectional data as opposed to cohort data on  

13473 people from 8 different regions in China they produced the following 

nomograms.(Fig.5.6) They found that  age, diabetes duration and systolic BP were 

independent risk factors for both DR and STDR. Post-prandial blood glucose (PBG), 

HbA1c, triglyceride and LDL were independent risk factors for DR only, and fasting 

blood glucose (FBG) was an independent risk factor for STDR only. The fact that the 

baseline retinopathy severity is not corrected for in a cross-sectional study is a weakness 

of the study. Relationship between the cause and the outcomes cannot be studied as other 

variables also affect the link between cause and the outcome.  Despite that, these results 

are like the results of existing studies elsewhere globally and do attest to the potential for 

generalisable prediction models. 

 ` Finally, Bek published original research in which he suggested that accuracy of 

prediction would benefit from distinguishing STDR into its two main forms; CSMO and 

PDR102 The cumulative incidence of PDR was maximal for patients with the earliest 

onset of diabetes and decreased with increasing age of onset (p < 0.0001 for diabetes 

durations ≥20 years). However, the cumulative incidence of DMO was maximal for a 

known onset of diabetes between 30 and 45 years of age and decreased significantly for 

both lower and higher ages of onset (p < 0.0001 for diabetes durations ≥20 years).  The 

fact that the increased risk induced by lower-than-normal HbA1c values contributed 

significantly to the development of PDR but not DMO supports the existence of a 

different risk pattern for the two complications.  

There may be means of analysing existent data in both parts of Ireland to establish 

a prediction model for identification of the predictor variables which influence 

progression to RDR in people with T2D in Ireland. Incorporation of factors which appear 
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to influence progression to RDR from this research study but not included in the 

Gloucester or Iceland model such as systolic and diastolic BP, serum 

triglycerides(apolipoproteins) or the impact medications used have om the outcome of 

interest. In addition to this the effect there may be benefit in examining the most recent 

parameter for glycaemic control. People with T2D and difficulty with control are being 

trialled with Time in Range (TIR) defined as the time spent in the target range between 

70 and 180 mg/dL while reducing time in hypoglycaemia, for patients using Continuous 

Glucose Monitoring (CGM).103 

5.3 Adverse effects of screening 

Feldman in the 1990 paper “How serious are the adverse effects of screening” looked at 

the bad publicity surrounding health screening at the time. 104The high profile failures of 

screening 105resulting in “false negative” results being issued to patients have led to 

unnecessary harm occurring. A false negative result leading to a false sense of security 

and causing the unwary individual to assume that symptoms of disease can be ignored, is 

a risk of inadequate explanation of disease screening. Primary care health care 

professionals need to be aware that there is a predicted risk of failure inbuilt in the 

screening process. The term “all clear” is inappropriate but widely used. To be clear, all 

that a negative test signifies is that disease was not detected using current detection 

methods (see further detail on Ultrawide field imaging compared with standard CFP). 

Substantial quality assurance (QA) sample sizes are needed to ensure against 

inappropriate failure to refer. Detection of a grader who failed to refer one in ten cases 

can be achieved with a probability of 0.58 using an annual sample size of 300 and 0.77 

using a sample size of 500 cases.106 

 On the other hand, the effect of false positive results in the screening programme 

is to reduce the cost-efficiency of screening and may jeopardise its continuation.107 In the 

current climate where demand for hospital appointments far outstrips supply, summoning 

the wrong person serves to deny someone else of the prospect of appropriate care. 

Continued referral from annual screening of people with false positive results causes 

distrust in the programme amongst those receiving the referrals from the primary 

screening service; which once again threatens its viability.60 Excessive false positive 
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referrals into a follow-up clinic such as the retinopathy surveillance clinics equipped with 

OCT of people who do not have measurable retinal thickening as result of DMO; is a 

case in point.108 This category of false positive referral is contentious as in fact in most 

instances the referral was using proxy risk factors on 2D CFP and as such were merely 

following instructions to refer on the basis of a threshold which has subsequently been 

adjusted to bring down the number of valueless referrals.109(see Chapter 2).  One possible 

solution to this problem may be to incorporate simple, inexpensive OCT devices into 

screening. Home OCT devices are now in use to monitor wet age-related maculopathy 

cases and this technology may be further developed for this purpose.110 Similarly 

problematic is the fact that DMO even when associated with retinal thickening need not 

necessarily warrant treatment. Studies indicate that in patients with central DMO and 

good visual acuity (Snellen 6/7.5 or LogMAR +0.1), observation is an appropriate 

treatment strategy, which will result in most cases maintaining good VA without 

increasing cost or risk. 111 112Observation should of course include timely monitoring, to 

detect any changes early and initiate anti-VEGF treatment, if necessary, to preserve good 

VA. In the future, telemedicine and home monitoring may become part of the monitoring 

strategy for these patients. It will allow them to be monitored as frequently as needed 

while reducing the burden on the surveillance clinics, and will enable early detection of 

patients who should be treated.113 At present there may be inappropriate treatment of 

centre involving diabetic macular oedema (CIDMO) as a result of referrals from 

screening being treated rather than monitored.114 

 

5.3.1 Screening can increase health inequity  

Screening is by nature discriminatory and there have been suggestions that those least 

likely to benefit from screening are the same people most likely to attend.4 Meanwhile 

social determinants of health (SDoH) are likely to discourage engagement by those most 

likely to generate true positive results from screening attendance.115The distribution of 

risk exposure in a population is shaped by contextual conditions and most cases in a 

population are represented by individuals with an average level of risk exposure. This 

means that although the excess risk for each individual at low or average risk exposure is 
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small, so many are exposed to it that in absolute terms the effect is large. (in Fig.5.6)This 

explains why focusing efforts on the entire population (Fig5.7 top) and not just on high-

risk individuals (Fig 5.7 bottom) would be most effective in diminishing negative 

outcomes. This explains why programmes screening for DR are applied to people with 

T2D and not solely the higher risk T1D sufferers. Everyone’s risk exposure in the 

distribution is shifted to the left (i.e., reduced) by the same amount, regardless of one’s 

initial position in the risk exposure distribution. As can be seen in Figure 5.6 the main 

overall effect of risk reduction in such a situation may mask a differential intervention 

effect on risk and can appear to be equitable whilst in reality it is the opposite. The initial 

level of risk exposure acts as a source of health inequalities. An effort to focus more 

resources on vulnerable populations may act in a complementary fashion to a population 

approach; thereby addressing inequalities due to SDoH. 

The notion of vulnerable populations differs from that of populations at risk. A 

population at risk is defined by a specific risk factor e.g., elevated blood glucose due to 

insulin resistance secondary to excessive weight gain. All the individuals having 

T1D/T2D in a population at risk show a higher risk exposure. A vulnerable population is 

a subgroup who, because of shared social characteristics, is at higher risk. 116The notion 

of vulnerable populations refers to groups who, because of their position in the social 

strata, are commonly exposed to contextual conditions that distinguish them from the rest 

of the population. Hence, a vulnerable population’s distribution of risk exposure has a 

higher mean than that of the rest of the population. Virtually all the examples used to 

illustrate a population approach were based on risk factors for chronic disease that were 

explained as being largely caused by biological or genetic, factors. Past efforts, aimed at 

individuals modifying their risk factors, have neglected to address environmental factors 

that contribute to disease risk. This points to the need for an integrated approach where 

problems are addressed as properties of the systems in which individuals exist.117  
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Figure 5.7 Effect of intervention on entire population (top) or targeted to high-risk cases only. (bottom) The 

vulnerable population are defined by shared social characteristics, whereas the population at risk are 

characterized by a homogeneously high level of exposure to a single risk factor. The distinction between 

exposure to single biologically based risk factors and sharing social characteristics is key. 

 

In opposition to Rose’s recommended population-based approach is the intervention (Fig 

5.7 bottom) in which only high-risk groups are targeted for screening for DR, thereby 

having only a limited effect on population outcomes because the greater proportion of 
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those with moderate risk levels will convert into more chronic disease or other poor 

health outcomes with time. It may well be the case that regular fundus imaging of the 

bulk of the diabetic population could serve as ongoing surveillance of what has become 

stable (i.e., non-progressive) chronic DR. Iterative imaging focussed on monitoring non-

progressing DR may with the application of ML systems reading the images contribute to 

the population’s health in ways we don’t yet know.118 119  ML can transcend the "round 

up the usual suspects" approach of seeking only what experts prespecify, and instead 

forms algorithms that recognize predictive features from dense data. 

.  Figure 5.6 also shows that the greatest benefits of health intervention are attained by 

those at lowest risk to begin with. Focussing intervention on the high-risk group has 

minimal benefit for the high-risk individual i.e., there remains a concentration of risk at 

the high-risk exposure side of the figure on the right above and additional supports need 

to be targeted on the high-risk groups. Those at low-risk exposure within the high-risk 

subgroup have their risk exposure reduced significantly. A population health intervention 

focussed solely on those at high risk has the potential to cause an increase in variation of 

risk which is demonstrated in the bottom image where the risk differential has increased 

with concentration of benefits amongst those with lowest initial risk. (see left oval) The 

concentration of risk persists despite screening introduction in those at high risk within 

the population due to their vulnerable status. (see right oval) 

5.4 Screening-the economic argument for increased integration rather than 

disintegration.  

Screening services seek to offer value for money alongside a robust system of disease 

detection, saving resources for the health service in the long run by reducing the 

incidence of undesirable events. In the particular case of DR screening, introducing 

population screening minimises the societal cost of supporting people with diabetes 

related sight loss. To achieve this goal, the process of DR screening should be linked to 

systemic diabetes management which is likely to be a primary-care based method. 

Scottish Care Information – Diabetes Collaboration (SCI-DC) delivers Information 

Technology products designed to underpin the Managed Clinical Networks for diabetes 

as efficiently as possible. A core principle of healthcare is to avoid harming service users 
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120 and so there has been understandable reluctance to abandon the standard policy of 

offering annual screening in a “one size fits all” form for the seemingly more cost-

efficient introduction of risk-based screening. 

 Risk-based screening may serve to increase the frequency of screening for a 

subgroup of “more at risk” individuals, as well as reducing screening frequency for those 

at low-risk.121 Stratification based on risk score derived from a limited number of 

parameters has been advocated by the Four Nations Study authors (previous retinopathy 

gradings)51 and is also the basis of the Gloucester group’s health technology assessment 

from 2015 (previous retinopathy gradings alongside systemic disease management 

data).49 

 Meanwhile in the world of health screening in India;122 the lack of retinopathy 

screening using fundus photography has stimulated research into targeted screening for 

DR based solely on systemic risk factors.123 Data from routine blood testing as part of a 

primary care diabetes management programme is used to model risk of DR. Comparing 

different machine learning methods for predicting retinopathy from diabetic patients' 

could help clinicians in medically underserved areas identify unscreened diabetic patients 

who are at risk of developing DR. Centrally located cameras can facilitate retinal 

screening targeted at the high risk group when the risk threshold based on systemic data 

is exceeded. A similar programme exists in Los Angeles, USA124 125where barriers to 

attendance have been analysed as part of a programme to reduce incidence of preventable 

blindness. The authors of this study report the use of data pre-processing methods 

designed to address class imbalances as well suited to the problem of determining 

diabetic retinopathy risk from non-image data. 

 Modelling of a hypothetical population of people with diabetes found that it is 

less efficient to screen T2D, rather than T1D patients, but that T2D patients constitute 

almost three-quarters of the sight years saved.7 The model can evaluate screening 

intervals and methods on a national or health authority basis. Results indicate that it 

appears more cost effective to continue to screen outside an ophthalmology clinic, until 

treatment is required. Programmes with annual screening, and more frequent screening 



280 
 

for those with previously developed background retinopathy, are robust to realistic 

fluctuations in compliance and screening sensitivity. 

 

5.4.1 Minimising unnecessary hospital referrals from primary screening  

A large proportion of patients suspected as having developed diabetic maculopathy using 

fundus photography as screening mechanism and hence referred to specialist clinics 

following the screening guidelines adopted in the United Kingdom during the period of 

the Diabetes Watch Programme(2006-2013) were found to be false-positive, implying 

that they did not have macular oedema.126 At that time grading classification for 

maculopathy (M1) was much wider than is now the case i.e., a group of exudates the 

area of which is greater than or equal to half the disc area and all within the macular 

area. The area is calculated by joining the outer points of the exudates and comparing 

it to half the area of the optic disc. (see Fig 2.7-2.8) This was done to restrict referrals 

to cases where central macular thickness is likely to exceed 300μm and/or there is a high 

risk of the presence of OCT signs of DMO. This means that by introducing staged testing 

of the point of referral one reduces false positive referrals (see Fig 2.11 where the 

threshold for referral is moved to the right). Low risk maculopathy can be followed up in 

digital surveillance with an OCT. These are the R1M1 cases with the original referral 

criteria (see Chapter 2 for more detail). High risk maculopathy and all R2M1 and 

R3AM1 grades must be referred to HES and follow the national referral pathway. Digital 

surveillance clinics with OCT should provide both digital fundus photography consistent 

with national criteria and the additional OCT capture using either spectral domain (SD) 

or swept source (SS) OCT. High risk maculopathy is defined on 2D CFP as: 

• macular exudation (circinate) greater than 1/2-disc area and 

• within 1 DD of the fovea and 

• where there is a drop in visual acuity in this eye to ≤ 6/12 

Low risk maculopathy is defined as all maculopathy cases that do not meet the high-risk 

definition above. In 2006-2013 the M1 status in the English screening programme for DR 

was defined as any of the following 
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• exudate within 1 disc diameter (DD) of the centre of the fovea. The fovea lies 2.5 DD 

temporal and slightly inferior to the midline of the optic disc. 

•  circinate or group of exudates within the macula (See Fig.5.8 below for greater detail). 

• any microaneurysm or haemorrhage within 1DD of the centre of the fovea only if 

associated with a best VA of ≤ 6/12 
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Fig 5.8 showing the pathway for low-risk maculopathy cases to be referred to Digital Surveillance clinics. 

(Reproduced from NHS Diabetic Eye Screening Programme diabetic eye.screening.nhs.uk ) 

 

See Chapter 2 for more detail of how R1M1 cases were subdivided on the likelihood of 

presence of DMO and as a result specificity of hospital referrals was increased. 

The OCT images should be reviewed in combination with the digital retinal images 

obtained. The whole macular OCT scan area must be scrolled through and reviewed. The 

criteria defining the OCT as positive, borderline or negative are shown in Fig 5.9 

 

OCT Positive Criteria 
OCT positive is defined as the following abnormalities affecting the central 1mm macular subfield: 

• The presence of subretinal fluid, diffuse retinal thickening or parafoveal intra-retinal cysts with a 
change in foveal or ILM contour. 

• Retinal thickness in the foveal central subfield ≥ 300 µm due to diabetic maculopathy 

• An area of retinal thickening of greater than 1 disc area the edge of which is within 1 disc diameter of 
the central fovea. 

• The presence of intraretinal cystoid spaces without a change in foveal contour in the central subfield 
associated with a drop in VA to 6/18 or worse unless there is a clear reason why the vision is reduced 
e.g., dry AMD or known amblyopia. 

OCT Borderline Criteria 
OCT borderline is defined as: 

• The presence of intraretinal cystoid spaces, or subretinal fluid, in the ‘macular area’, without any 
change in the ILM contour and a VA better than or equal 6/12 

OCT Negative Criteria 
OCT negative is defined as: 

• the absence of signs of OCT positive or borderline criteria. 

Other Eye Disease 
Different criteria were used in the presence of epiretinal membrane or vitreomacular traction. 
Adequacy of OCT Grading 
Adequate is defined as 

• Artifacts are not present and signal strength appears optimal for interpretation of the image set. 
or 

• artifacts are present and/or signal strength is reduced, but there is still sufficient intensity to 
distinguish major interfaces across the entire dataset. 

Inadequate is defined as 

• Severe artifacts are present (e.g., “impossible” deviations in retinal contour) or the signal strength is 
reduced across the image set to the extent that major interfaces cannot be clearly identified. 

Figure 5.9 Criteria used in defining OCT status as positive, borderline or negative. 
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In a paper from Hong Kong which uses England and Wales NSS grading only 13.4% of 

eyes with R1M1 grading had a central macular thickness of ≥300μm, i.e., centre-involving 

(CI) DMO and only 42.9% of eyes had any OCT signs of DMO.126 In the United States, 

approximately 1 out of every 25 people with diabetes who are aged 40 years or older has 

DMO in at least one eye.127Mathematically, as an event becomes rarer, the positive 

predictive value (PPV) of a positive test result gets lower and lower. The PPV is arguably 

the most important metric for clinical utility, as it reflects how often an alert from screening 

is correct. 

Some 75% of referrals to hospital eye services with M1 status from DRS are false 

positive when OCT imaging was not performed in triage of referrals. The best option for 

testing for the presence of CSMO would be to combine CFP with OCT which will have 

the additional benefit of distinguishing between CSMO and non-CSMO as well as CI or 

non-CI.  As the introduction of OCT clinics within a DRS service reduces inappropriate 

referrals to the hospital eye service; screening becomes more cost-effective.128 Virtual 

clinics where an ophthalmic nurse measures an accurate visual acuity and then obtains 

macular OCT scans are effective at improving capacity within the hospital eye service 

(HES) for new referrals with suspected DMO (e.g. M1 referrals from DRS). The safety 

and effectiveness of virtual clinic assessments in DMO patients instead of real-time 

clinical slit lamp examinations has been examined in a Cochrane review.107 The review 

concluded that OCT images were more sensitive than slit lamp examinations in detecting 

fluid in DMO. OCT diagnosis of DMO has also been proven to be superior to two-

dimensional digital photographic retinal screening colour photographs as per UK DR 

screening protocols.  Hence, OCT provides objective and quantitative assessment of 

macular oedema, unlike the subjectivity of fundus biomicroscopic assessment which was 

routinely used by ophthalmologists instead of photography. Provision of this type of 

examination by an ophthalmologist competent in distinguishing high-risk characteristics 

for the presence of vision threatening DMO is increasingly difficult to provide. Hence the 

logic in incorporating a secondary screening test such as OCT before referral to 

hospital.108 Where referable retinopathy R2 or R3A is identified within 

the OCT DS pathway, national guidance for referring and managing these individuals 

should be followed. 
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  5.4.2 Establishing contribution of new biomarkers to prediction models.  

Appropriate quantification of added usefulness offered by new biomarkers included in 

risk prediction algorithms is a topic of active research. Having established that CFP 

imaging is a suitable means of screening for DR in developed nations; it is generally 

accepted that a means other than standard CFP will be required to provide DR screening 

in developing nations. 129 

Clinical, biochemical, and molecular factors, including genetic and epigenetic 

factors, contribute to the risk of DR. Knowledge of traditional and novel biomarkers may 

improve prognostication and the development and personalization of primary and 

secondary prevention strategies for diabetic retinopathy.130 A focus on circulating 

biomarkers may be of significant value to detect diabetic retinal neuropathy cost-

effectively. Indeed, the degenerating retina may give rise to biochemical and molecular 

changes in the circulation which when taken together, constitute a unique blood profile 

that identifies individuals, who will develop STDR, thereby revolutionizing DR screening 

in LMICs.131 Standard methods, including statistical significance and c statistic are useful 

but not sufficient to establish the additional contribution to predictive accuracy132. Net 

reclassification improvement (NRI) offers a simple intuitive way of quantifying 

improvement offered by new biomarkers.93 

  

 

5.4.3 The role of the ophthalmologist and the primary care physician in the 

feedback loop to the screening programme.   

The role of the ophthalmologist in caring for PLWD is, at its core, one of education. 

Patients need to know the importance of maintaining near-normal glucose and blood 

pressure levels, and they must understand that this is supported by years’ worth of 

evidence.133 134  Patients must be informed that effective treatment for diabetic 

retinopathy depends on timely intervention, even for patients who are asymptomatic with 

“good” vision. Screening programmes for diabetic retinopathy are challenged by issues 
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related to implementation, availability of human assessors, and long-term financial 

sustainability. The detection and appropriate treatment of diabetic retinopathy reduce 

blindness, resulting in systemic gains of productivity that far outweigh the cost of 

care. These societal implications represent an enormous responsibility for 

ophthalmologists. 

The integration of AI into healthcare will help in larger coverage for screening for 

DR.  AI technology can be used in the role of triaging images by determining presence or 

absence of DR. AI also helps in the early detection of DR as screening can be conducted 

by all healthcare professionals and not just by the ophthalmologist.  

 A conversation with a physician is often one of the strongest motivators of 

patients’ adherence to therapy. This is especially true for eye care providers because 

vision loss is one of the most feared complications of diabetes.135 Non-mydriatic photo 

screening and telemedicine have gained considerable support but as helpful as these 

modalities may be, reducing direct contact with the ophthalmologist eliminates a 

mutually-beneficial relationship. It is insufficient for the modern ophthalmologist to limit 

their interest to the eye when diabetic retinopathy is merely a complication of a systemic 

disease. The ophthalmologist may be the hub professional in the care of people with 

diabetes by default. If the practice nurse or diabetes-nurse specialist rather than the GP 

advises the patient on medication and if the ophthalmic photographic service is staffed by 

people without a health care related degree, the appointment with the ophthalmologist at 

a retinopathy call-back clinic is an opportunity for listening to the concerns of the PLWD. 

There are several questions the ophthalmologist can usefully ask to establish the 

individual patient’s risk of any DR and STDR. 

These are  

• T1D or T2D? 

• Duration of diabetes or time since diagnosis? 

• Recent HbA1c, SBP levels? 

• Adherence with medication for control of BP 
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• Medications in use including insulin and GLP-1 agonists.  

• The use of continuous subcutaneous insulin infusion (CSII) and continuous glucose 

monitoring (CGM) systems136  

• Recent bariatric surgery53 137 

Knowledge of the relative risks associated with the various types of DM for development 

of DR, and the risk factors for progression to STDR such as duration of diabetes and the 

cumulative impact of various degrees of glycaemic and blood pressure control are key 

information that the ophthalmologist can convey to the patient or health care professional 

colleagues interacting with the PLWD. By specifically seeking information from the 

patient that indicates a higher risk of rapid disease progression such as rapid weight loss 

or tightening of glycaemic control,53 the ophthalmologist can refine the evaluation of risk 

and prognostication. The benefits of achieving normal or near-normal blood glucose 

levels are well known since the DCCT.63 HbA1c testing has been used as a reference 

standard of glycaemic control since DCCT, while the self- monitoring blood glucose 

(SMBG) has been a cornerstone of diabetes care to verify glucose variability on a daily 

basis.136 

 Providing updated information on retinopathy status may assist in identifying 

individuals at risk of cardiovascular disease or cognitive impairment, which could expand 

the role of diabetic retinopathy screening beyond the prevention of sight-threatening 

disease.119 Likewise systemic drug treatments may influence incidence and progression 

of DR. 88 Cardiovascular risk prediction equations derived from contemporary diabetes 

populations, with multiple diabetes-related and renal function predictors, will be required 

to better differentiate between low-risk and high-risk patients in this increasingly 

heterogeneous population and to inform appropriate non-pharmacological management 

and cost-effective targeting of expensive new medications.138 Increased treatment 

satisfaction was found on transition from traditional to advanced technology use-insulin 

pump and CGM by the empowered patient.139 

 Enhanced two-way communication between screening services and primary care 

practitioners such as general practice staff or community-based ophthalmologists can 
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only serve to improve effectiveness of general diabetes care and diabetic eye care. It has 

already been shown that a stakeholder-based implementation programme where primary 

care professionals are actively involved could increase teleophthalmology use and 

diabetic eye screening rates through improved integration of teleophthalmology into 

primary care workflows. 140 The successful implementation will be more likely if an 

electronic health record like SCI-DC is designed by collaboration between professionals. 

Challenges facing the adoption of screening by the at-risk population and efforts aimed at 

increasing uptake will rely on the same factors of workflow integration, enhanced 

workforce education on how to use electronic health record systems, appropriate 

regulatory mechanisms, knowledge of limits of responsibility and scope of practice of 

health care professionals.26A major strength of the Diabetes Watch Programme was the 

incorporation of DR screening as part of an integrated package of care; with primary care 

practice staff involving themselves in uptake of screening. Receiving structured care as 

part of a type 2 diabetes management programme (DMP) has been found to increase the 

chance of accessing DR screening.141 142 
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Chapter 6 

  Conclusions and Future Directions 

 

“We shall not cease from exploration and the end of all our 

exploring will be to arrive where we began and to know the 

place for the first time." 

 

The meaning of this statement, from T. S. Eliot's "Little Gidding" (1942), is about the 

concept of productive struggle. He indicates that humanity will want to progress, but once it 

does, it will return to where it started and understand what drove it to progress in the first 

place. 
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This thesis seeks to evaluate screening for diabetic retinopathy in the context of a rapid 

increase in the prevalence of T2D and through the lens of data arising from the Health 

Service Executive’s Diabetes Watch Programme (2006-2013). Factors influencing 

progression of no or minimal DR to retinopathy worthy of the opinion of a hospital specialist 

in ophthalmology (RDR) as the endpoint were established and quantified by logistic 

regression in a time to event analysis. The weighted variables for progression were 

incorporated into risk calculator equations of pre-existent prediction models to externally 

validate their classification ability. This has the potential to enable an evidence-based 

personalization of screening intervals for a person with T2D in Ireland. Developed nations 

can follow screening programmes like that in Ireland and the Four Nations. They may seek a 

cost-efficiency evaluation of whether costs arising from such a programme can be justified 

through savings associated with preventing visual loss amongst people who are of working 

age in society.1-3 

The classification of diabetic retinopathy in the clinical setting using a diabetic 

retinopathy severity scale (DRSS) provides a succinct and comprehensible guide to disease 

severity for the affected individual.4 It permits the affected individual to make rational 

decisions; which in the scenario of asymptomatic disease progression is a valuable 

contribution. This DRSS also aids the clinician in deciding upon appropriate treatment 

options for presentation to their patient or follow up intervals between clinic visits. The 

previously established reference standard in CFP, i.e., ETDRS 7-field, 30-degree fundus 

photography of the posterior pole of each eye encompassing approximately 30% of the entire 

retinal surface has proven its ability in this role.5 It has proved difficult to obtain consistently 

high quality results in 7SF, with approximately 15% being technically unassessable, even 

when applying less strict definitions for assessability. 6 Determining the severity of disease by 

using the DRSS used in the four nations of the UK meant analysing 2D CFP images one disc 

centred, the other centred on the macula from each eye.7 The complicated classification 

system for DRSS used in clinical trials required simplification before inclusion in national 

DR screening programmes. 8 The reference standard DRSS has been simplified to enable the 

use of 2D CFP screening standards to fulfil the same role as the ETDRS 7-field stereo CFP. 

(see Table 2.2 for how to convert between ETDRS and NSS severity scales) Comparing 

ETDRS and 2 field photography has confirmed the validity of the decision to use the simpler 

imaging modality for population screening programmes.6 The ETDRS DRSS based modality 

spanning 60 to 75 degrees of the central retina through montaging seven 30-degree photos 
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was never intended as a population screening mechanism but is what the studies referred to 

throughout this thesis were based upon. It provides a reproducible and validated retinopathy 

assessment in people with diabetes and allows categorizing decisions on the stability, 

progression, or regression of DR based on internationally agreed criteria. If, as has been 

shown recently, changes outside the currently used 30% area of the retina captured are highly 

predictive of future events; questions arise as to the validity of prediction models in use at 

present. There is uncertainty as to whether there is likely to be adequate penetration into the 

field of screening by the new technologies such as UWF imaging (both photography and 

angiography) or even optical coherence tomography when many nations find CFP 

unaffordable. 9  Prediction models may require a consensus agreement to translate the 

findings based on new imaging technologies such as UWF imaging to refine screening 

programme’s ability to optimize efficiency. Future research incorporating data arising from 

the new imaging modalities into clinical trials may be needed if researchers are to devise 

parsimonious prediction models which can accurately risk stratify patients. (see Chapter 4)  

In future DRSS classifications, multimodal imaging integrating colour fundus photography 

with ocular coherent tomography attained at digital surveillance clinics, could enhance 

prognostic accuracy.10 

On the other hand developing nations seeking to deliver screening programmes for 

their citizens are investigating better use of data on systemic disease parameters used in 

assessing general diabetes control.11 They may also combine the systemic data with 

smartphone technology imaging of the fundus.12 13 The focus of investigators in India is to 

establish what the variables are that are most predictive of progression to RDR.14 In the 

Diabetes Watch cohort, systolic BP was predictive of progression alongside HbA1c  and 

triglycerides. The Gloucester group found that systolic BP failed to reach statistical 

significance as a risk factor for progression whilst total cholesterol levels did.15 The Icelandic 

investigators used type and duration of diabetes, most recently recorded HbA1c, systolic 

blood pressure and baseline retinopathy status in their model. 16 

The use of nomograms in modelling DRSS data allows for the  expeditious 

inclusion/exclusion of candidate covariates as previously described (Chapter 4) to predict 

future events.17 18 The initial step in prediction modelling has been nomogram development. 

19 Nomograms are widely used as prognostic devices in medicine. Such nomograms provide 

early warnings of a high risk of RDR20 and/or other microvascular complications among T2D 

patients, thereby provoking interventions to minimise risk of further deterioration. 21A clear 
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understanding of the key risk factors for progression to RDR status will provide the basis for 

primary prevention and delay the progression of microvascular complications (see Chapter 

3). Nomograms identifying patient characteristics as well as management practices that are 

likely to be associated with a higher probability of patient engagement e.g., A1c target 

attainment, combined in a nomogram on risk of development of RDR 22 in a downloadable 

app are likely to become more common at the point of care.23-25 Validation requires 

demonstrating that the model is accurate in the population of individuals for whom it is 

intended. It ascertains the model’s ability to distinguish between patients with different 

outcomes (‘discrimination’) and show the agreement between predicted and observed risks in 

groups of individuals with similar risk predictions. (‘calibration’)24 

Personalized medicine uses diagnostic test data to identify specific biological 

markers, often genetic, that help determine which medical treatments and procedures will 

work best for each patient. 26By combining this information with natural language processing 

analysis of an individual's medical records and circumstances, personalized medicine allows 

doctors and patients to develop targeted treatment and prevention plans.1 Implementing a 

self-learning health system benefits from effective information management systems  

aggregating clinical data from many patients, so as to analyze common patterns. Rapid 

computation through user-friendly digital interfaces, together with increased accuracy, and 

more easily understood prognoses, encourages nomogram-aided clinical decision making. 20 

27 28 Their use relies upon accurately defining the patient population through inclusion and 

exclusion criteria and agreement on the exact definition of the outcome of interest. That 

outcome is typically a time to event analysis (event or non-event), such as development of 

referable diabetic retinopathy (RDR). Importantly, validation must go beyond the data set and 

individuals that were used to develop the model, because predictive performance when 

estimated on the development data is overly optimistic. Validation is therefore needed in 

individuals not used in the development process and preferably selected from different 

settings (external validation).29Individuals who are seemingly healthy but are found to have a 

high risk of developing cardiovascular disease as an example could be recommended to 

modify their lifestyle and behaviour (e.g. smoking, exercise, eating habits) to reduce their 

future risk. They may also be prioritised for clinical investigation, which could lead to early 

diagnosis of an underlying condition (e.g., diabetes, high blood pressure) and preventative 

treatment (e.g., statins or aspirin) to manage it. 
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  There is some disagreement about the best way to deliver appropriate care. Although 

primary care staff feel that they should take responsibility for risk factor screening and 

management, patients have struggled to make the connection between changes in their visual 

acuity and the optimal management of systemic disease risk factors.30 The lack of 

engagement between general practice and the services providing ocular imaging combined 

with the use of grading jargon in patient reports jeopardizes the sustainability of DR 

screening. Likewise, a lack of knowledge regarding systemic risk factor screening and 

difficulties in interpreting screening results and implementing appropriate interventions exists 

in secondary care. 31 32 Successful implementation of DR screening in the form of 

collaborative interdependent working between clinical services with clear lines of 

responsibility for assessing, communicating and managing DR risks, currently remains an 

unrealized goal. Experience shows that an unanticipated crisis (Covid 19 pandemic 

superimposed on  a diabetes epidemic) will present a degree of complexity that makes it 

necessary to engage experts from different fields. Regardless of their functional scope, 

effective networks of teams are always multidisciplinary in composition. 

 Waiting in the wings for this type of evaluation are technologies such as ultra-wide 

field imaging, adaptive optics, microperimetry and OCT angiography. The most likely means 

of evaluating the vast datasets required to assess their relative contribution to a multimodal 

prediction model will be to use artificial intelligence.1 Systems established to enhance 

prognostication must not forget that to the individual patient, the visual acuity is the main 

priority and the concordance between features on retinal imaging such as OCT scans and 

visual outcomes is disappointingly poor at present.33 Hence the value of artificial intelligence 

reading systems seeking to distinguish new prognostic features. In the meantime, in our own 

analysis of risk factors associated with progression to RDR; the baseline retinopathy grading 

was the single most predictive variable and in chapter 4, I have shown how the greatest 

degree of stratification in the population at risk is achieved using a single retinopathy grading 

combined with very limited systemic risk factor data. This combination exceeds the AUC 

obtained when two screening episodes, one year apart are used. Also, the Iceland model 

based on epidemiologic data from the late 1980s and the early 1990s is still comparatively 

accurate over the two-year time horizon for prediction.  

 With the advent of effective treatments to prevent vision loss relating to diabetic 

retinopathy; it is now accepted that late detection of retinopathy and the resultant poor 

outcomes after treatment can be minimized. Money spent on screening for diabetes should 
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lead to earlier detection of diabetic retinopathy. At the early stages, the variation in severity 

of retinopathy is more related to metabolic imbalance than delays in diagnosis. This suggests 

that models based solely on DRSS will be less valuable in the future than models 

incorporating modifiable factors such as metabolic control34. This has already been 

demonstrated in the Eurocondor study. This found that the greatest predictive accuracy was 

achieved by combining baseline retinopathy reading with demographic and systemic risk 

factor measurements.35 

Finally, it is necessary to consider when, why and how often one should test for a 

diagnosis of interest and how an imperfect test’s positive predictive value varies with disease 

prevalence in a specific population. Sensitivity and specificity are independent of prevalence 

of disease, i.e., test specific (they describe how well the screening test performs against the 

reference standard test). Positive predictive value (PPV) and negative predictive value (NPV) 

however are disease prevalence dependent, i.e., population specific. PPV and NPV give 

information on how well a screening test will perform in a specific population with “a priori” 

knowledge of disease prevalence. Generally, a higher disease prevalence will increase the 

PPV and decrease the NPV. Knowledge of expected disease prevalence in the target 

population is necessary when a screening activity is introduced to mitigate the potential 

harms and costs arising from the imperfect nature of the test. 34 36 

If the probability of disease is very low, testing is not worthwhile. An example of this 

would be the retesting of the newly diagnosed T2D patient who was identified as having no 

retinopathy in either eye at the last retinopathy assessment only a year ago. This patient 

would be safe to leave for 3-5 years without follow-up assessment.15 Likewise, the patient at 

very high risk benefits very little from repeat technician provided photographic screening and 

should instead be seen at the diabetic retinopathy clinic equipped with OCT technology and 

staffed by specialist trained ophthalmologists.10 (Fig.6.1)The probability of disease 

determines the decision as to whether or not to test. Predictive analytics informs about the 

pretest probability of disease. This probability determines the usefulness of a test as 

represented in this figure. This implies that patient on the left with very little risk of RDR can 

be excluded from routine testing, that the patient on the right should be seen directly by the 

ophthalmologist because of the high risk of vision threatening retinopathy and that screening 

is reserved for the patient in the middle. This is supported by the findings in a  recent 

systematic review of prediction models for DR, which found that none of the 14 models 

identified were directly applicable for the higher-risk patients in the hospital setting.25 By 
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intervention in the control of systemic risk factors it should be possible to alter the gradient of 

the survival line. (Fig 6.1) Therefore the most useful activity will be focused on the client 

group most likely to benefit from testing and treating in a primary care setting. The “case 

finding” models are employed in primary care settings as a preventative intervention in sharp 

contrast to the type of models used in clinical decision tools by hospital interns to categorise 

inpatients’ risk and then act to reduce it. 

Emerging evidence suggests that retinal imaging in combination with machine 

learning could be useful for identifying individuals at risk of diabetic nephropathy,37 

cardiovascular disease or even cognitive impairment, thereby expanding the role of diabetic 

retinopathy screening beyond the prevention of sight-threatening disease.38 39 The scope for 

research is rapidly expanding in many directions and leaves multiple possible MedTech 

opportunities.39 40 41 
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 Prediction analytics informs the decision as to whether to test for diabetic retinopathy or not. 
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Presentations of Research 

May 2018 European Association for the Study of Diabetes eye complications, Annual Meeting 

Belfast, Poster presentation. 

 Mar 2019 Association of University Departments of General Practice in Ireland Annual Meeting 

RCSI Dublin Poster presentation 

April 2019   Association for Research in Vision and Ophthalmology (ARVO) Vancouver, Canada, 

Poster Presentation 

October 2019 Risk factors associated with progression to referable diabetic retinopathy(RDR):A 

Type 2 Diabetes Mellitus(T2D) cohort study in Ireland. Irish Endocrine Society Annual Meeting  

November 2020 What’s The Big Idea Entrepreneur Prize Queens University Belfast. 

 My proposal described how a risk prediction model developed using the insights derived from my 

research might be used to devise an algorithm for accurate prediction of a safe and cost-effective 

screening interval for Irish people with T2D for diabetic retinopathy. I described the risk of an 

epidemic of a non-communicable disease such as type 2 diabetes provoking a global surge in 

blindness registrations and how allocation of personalized screening intervals might serve to 

mitigate the epidemic’s impact and improve cost-effectiveness of screening methods. 

March 2021, I delivered an online presentation to the joint Royal Society of Medicine London / 

Medical Ophthalmological Society (UK) Conference London on “Testing the performance of risk 

prediction models to determine progression to referable diabetic retinopathy (RDR) in an Irish type 

2 diabetes cohort” 

October 2021, I delivered a poster presentation at European Association for the Study of Diabetes 

eye complications, Annual Meeting in Odense Denmark. Testing the performance of risk 

prediction models to determine progression to referable diabetic retinopathy (RDR) in an Irish type 

2 diabetes cohort. Section prize winner. 

November 2022, Health Service Executive Open Access Award , Section winner Integrated Care. 

Digital Knowledge Service – Health Library Ireland  
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April 2023, I have had a poster presentation accepted for the European Diabetes 

Epidemiology Group meeting in Netherlands. Improving sustainability of diabetic 

retinopathy screening. 
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