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     DEFINITIONS OF SCREENING FOR DIABETIC RETINOPATHY 

 The definition of screening that was adapted by the WHO  [  1  ]  in 1968 was “the 
 presumptive identification of unrecognized disease or defect by the application of tests, 
examinations or other procedures which can be applied rapidly. Screening tests sort out 
apparently well persons who probably have a disease from those who probably do not. 
A screening test is not intended to be diagnostic. Persons with positive or suspicious 
findings must be referred to their physicians for diagnosis and necessary treatment.” 

 Applying the principles for screening for human disease that were derived from the 
public health papers produced by the WHO  [  1  ]  in 1968 to sight-threatening diabetic 
retinopathy raises the following questions  [  2  ] :

   1.    Is there evidence that sight-threatening diabetic retinopathy is an important public 
health problem?  

   2.    Is there evidence that the incidence of sight-threatening diabetic retinopathy is going 
to remain the same or become an even greater public health problem?  

   3.    Is there evidence that sight-threatening diabetic retinopathy has a recognizable latent 
or early symptomatic stage?  

   4.    Is there evidence that treatment for sight-threatening diabetic retinopathy is effective 
and agreed universally?  
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   5.    Is a suitable and reliable screening test available, acceptable to both health-care pro-
fessionals and (more importantly) to the public?  

   6.    Are the costs of screening and effective treatment of sight-threatening diabetic 
retinopathy balanced economically in relation to total expenditure on health care – 
including the consequences of leaving the disease untreated?     

     Is There Evidence That Sight-Threatening Diabetic Retinopathy 
Is an Important Public Health Problem? 

   Studies Reporting the Prevalence of Diabetic Retinopathy 

  Reports from North America  have shown that diabetic retinopathy continues to be 
prevalent in the  USA :

   1.    In 2008–2009, Klein  [  3  ]  reported the 25-year progression of retinopathy and of macu-
lar edema  [  4  ]  in persons with type 1 diabetes from the Wisconsin Epidemiological 
Study of Diabetic Retinopathy (WESDR study). The 25-year cumulative rate of pro-
gression of DR was 83%, progression to proliferative DR (PDR) was 42%, and im-
provement of DR was 18%. The 25-year cumulative incidence was 29% for macular 
edema and 17% for clinically signifi cant macular edema.  

   2.    In 1995, Klein  [  5  ]  reported the incidence of macular edema over a 10-year period. 
This was 20.1% in the younger-onset group, 25.4% in the older-onset group taking 
insulin, and 13.9% in the older-onset group not taking insulin.  

   3.    In 2004, Kempen  [  6  ]  reported that, among an estimated 10.2 million US adults 
40 years and older known to have DM, the estimated crude prevalence rates for retin-
opathy and vision-threatening retinopathy were 40.3 and 8.2%, respectively.     

  Worldwide reports  have shown that sight-threatening diabetic retinopathy is prevalent 
in both type 1 and type 2 diabetes in the UK  [  7  ] , India  [  8  ] , Germany  [  9  ] , Ethiopia  [  10  ] , 
Australia  [  11  ] , Denmark  [  12  ] , Singapore  [  13  ] , and China  [  14  ] .  

   Reports on Blindness and Visual Impairment 

 In 1994, Moss  [  15  ]  reported on the 10-year incidence of blindness in the WESDR 
study. 1.8, 4.0, and 4.8% in the younger-onset, older-onset taking insulin, and older-
onset not taking insulin groups, respectively. Respective 10-year rates of visual impair-
ment were 9.4, 37.2, and 23.9%. 

 In 1995, Evans  [  16  ]  reported on the causes of blindness and partial sight in England 
and Wales from an analysis of all BD8 forms for the year April 1990 to March 1991. 
Among people of working age (ages 16–64), diabetes was the most important cause 
(13.8%) with 11.9% due to diabetic retinopathy. This study was repeated 10 years later 
and reported by Bunce  [  17  ]  in 2006, and diabetic retinopathy was still the commonest 
cause of visual loss in the working age group. 

 In 2001, Cunningham  [  18  ]  reported that 45 million people worldwide fulfill the 
World Health Organization’s criterion for blindness and the cause of one-quarter of 
all blindness, which affects people in both developed and developing nations, includes 
diabetic retinopathy and macular degeneration. In 2002, Kocur  [  19  ]  reported that in 
people of working age in Europe, diabetic retinopathy is the most frequently reported 
causes of serious visual loss. 
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 Zhang  [  20  ]  reported results from the national health and nutrition examination survey 
in the USA. People with diabetes were more likely to have uncorrectable VI than those 
without diabetes.   

     Is There Evidence That the Incidence of Sight-Threatening Diabetic 
Retinopathy Is Going to Remain the Same or Become an Even Greater 
Public Health Problem? 

 Numerous studies have shown that there is a rising incidence of diabetes and its com-
plications in all age groups, both in the UK and worldwide. 

 In 1997, Amos  [  21  ]  estimated that 124 million people worldwide have diabetes, 
97% NIDDM, and that by 2010, the total number with diabetes is projected to reach 
221 million. 

 In 2000, Sorensen  [  22  ]  reported that the World Health Organization has recognized 
that there is a “global epidemic of obesity,” and the prevalence of type 2 diabetes is ris-
ing in parallel. 

 In 2001, Boyle  [  23  ]  estimated the number of Americans with diagnosed diabetes is 
projected to increase from prevalence of 4.0% in 2000 to a prevalence of 7.2% in 2050. 

 The International Diabetes Federation estimated the prevalence of diabetes in 2003 in 
20–79 age groups and projected this to an estimate in 2025. They predicted rises in num-
bers of people with diabetes of 7.07–15.04 million in Africa,    of 19.24–39.41 million in 
Eastern Mediterranean and Middle East Region, of 48.38–58.64 million in Europe, of 
23.02–36.18 million in America, of 14.16–26.16 million in South and Central American 
Region, of 39.3–81.57 million in Southeast Asian Region, and of 43.02–75.76 million 
in Western Pacific Region.  

     Is There Evidence That Sight-Threatening Diabetic Retinopathy Has a 
Recognizable Latent or Early Symptomatic Stage? 

 Numerous reports from the Wisconsin Epidemiological Study  [  24,   25  ]  have shown 
that sight-threatening diabetic retinopathy in both type 1 and type 2 diabetes has a rec-
ognizable latent or early symptomatic stage. In patients with type 1 diabetes, Klein  [  3  ]  
reported that the 25-year cumulative rate of progression of DR was 83%, progression to 
PDR was 42%, and improvement of DR was 18%. 

 The Early Treatment Diabetic Retinopathy  [  26  ]  documented all the photographic lesions 
of diabetic retinopathy and the risks of progression of DR relating to those lesions. 

 The United Kingdom Prospective Diabetes Study  [  27  ]  documented the incidence and 
progression of diabetic retinopathy over 6 years from diagnosis of type 2 (non-insulin-
dependent) diabetes.  

     Is There Evidence That Treatment for Sight-Threatening Diabetic 
Retinopathy Is Effective and Agreed Universally? 

   The Evidence That Diabetic Retinopathy Can Be Prevented or the Rate of 
Deterioration Reduced by Improved Control of Blood Glucose, Blood Pressure 
and Lipid Levels, and by Giving Up Smoking 

 Evidence for the link between poor glucose control and greater progression of dia-
betic retinopathy (DR) was provided by numerous early studies  [  28,   29  ] . The study that 
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confirmed that intensive blood glucose control reduces the risk of new-onset DR and 
slows the progression of existing DR for patients with IDDM was the Diabetes Control 
and Complications Trial (DCCT)  [  30  ] . 

 Similarly, for type 2 diabetes, the United Kingdom Prospective Diabetes Study 
(UKPDS)  [  31  ]  demonstrated that intensive blood glucose control reduces the risk of new-
onset DR and slows the progression of existing DR for patients with type 2 diabetes. 

 Control of systemic hypertension has been shown  [  32,   33  ]  to reduce the risk of new-
onset DR and slow the progression of existing DR. 

 There is evidence  [  34,   35  ]  that elevated serum lipids are associated with macular exu-
dates and moderate visual loss, and partial regression of hard exudates may be possible 
by reducing elevated lipid levels. 

 There is some evidence that smoking may be a risk factor in progression of diabetic 
retinopathy in type 1 diabetes as described by Muhlhauser  [  36  ]  and Karamanos  [  37  ] . 
However, in    type 2 diabetes, the evidence is controversial  [  27  ] .  

   The Evidence that Laser Treatment Is Effective 

 Evidence for the efficacy of laser treatment for diabetic eye disease has been shown 
from the Diabetic Retinopathy Study  [  38  ]  and the Early Treatment Diabetic Retinopathy 
Study  [  39  ] . In 1976, the organizers of the Diabetic Retinopathy Study  [  40  ]  modified the 
trial protocol and recommend treatment for control eyes with “high-risk characteristics.” 
In 1981, they reported  [  41  ]  that photocoagulation, as used in the study, reduced the 
2-year risk of severe visual loss by 50% or more. 

 In 1985, a report  [  42  ]  from the Early Treatment Diabetic Retinopathy Study showed 
that focal photocoagulation of “clinically significant” diabetic macular edema (CSMO) 
substantially reduced the risk of visual loss. 

 Further studies that have shown evidence for the longer-term efficacy of laser treat-
ment for diabetic eye disease have been reported by Blankenship  [  43  ]  and Chew  [  44  ] .  

   The Evidence That Vitrectomy for More Advanced Disease Is Effective 

 Smiddy  [  45  ] , he noted that, according to the Early Treatment Diabetic Retinopathy 
Study, at least 5% of eyes receiving optimal medical treatment will still have progressive 
retinopathy that requires laser treatment and pars plana vitrectomy. He also noted that, 
although vitrectomy improves the prognosis for a favorable visual outcome, preventive 
measures, such as improved control of glucose levels and timely application of pan reti-
nal photocoagulation, are equally important in the management. 

 There have been reports of improving visual results during the last 20 years following 
vitrectomy, the most recent being from Yorston  [  46  ] .   

     Is a Suitable and Reliable Screening Test Available, Acceptable 
to Both Health-Care Professionals and (More Importantly) to the Public? 

 There is an increasing acceptance that, in population-based screening programs, 
digital photography offers the best method of screening for sight-threatening diabetic 
retinopathy. Digital photography has been shown to provide higher sensitivities and spe-
cificities across large numbers of operators than examination techniques such as direct 
ophthalmoscopy  [  47,   48  ] , or slit lamp biomicroscopy  [  49,   50  ] . Digital photography also 
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has the advantage that a percentage of images can be reexamined for quality assurance 
purposes. 

 The acceptance of digital photography for population-based screening does not imply 
that this replaces the comprehensive eye examination as pointed out by Chew  [  51  ] . 

 In screening studies, far more controversial than the use of digital photography has 
been the use of mydriasis or nonmydriasis and the number of fields photographed. 

 There have been strong proponents  [  52  ]  of nonmydriatic photography for many 
years. However, it has been recognized in more recent years that ungradable image 
rates for nonmydriatic digital photography in a predominantly white Caucasian popula-
tion  [  53,   54  ]  are of the order of 19–26%. Scotland has developed a national screening 
program based on one-field nonmydriatic photography following a report  [  55  ]  from 
the Health Technology Board for Scotland. Other proponents of nonmydriatic digital 
photography have attempted to capture three-fields  [  56  ] , five-fields  [  57  ] , and remark-
ably Shiba  [  58  ]  excluded the over 70 years age group and attempted 9× overlapping 
nonmydriatic 45° fields. 

 Mydriatic digital photography studies  [  49,   53  ]  have shown that consistently good 
results can be achieved, with sensitivities of >80% and high levels of specificity. In these 
studies, specificity does vary depending on whether ungradable images are regarded as 
test positive, but levels of >85% are consistently achieved. England has developed a 
national screening program  [  7  ]  based on two-field mydriatic photography. 

 In 2004, Williams produced a report  [  59  ]  for the American Academy of Ophthalmology 
summarizing the use of single-field fundus photography for diabetic retinopathy screening. 

 In 2007–2008, reports of diabetic retinopathy screening were published from 
France  [  60  ] , Spain  [  61  ] , the Canary Islands  [  62  ] , Western Cape  [  63  ] , the USA  [  64  ] , and 
England  [  7  ] . 

 The debate over whether mydriasis should be used for screening and the number of 
fields used has continued around the world with two of the recent studies coming to very 
different conclusions  [  60,   61  ] .  

     Are the Costs of Screening and Effective Treatment of Sight-Threatening     
Diabetic Retinopathy Balanced Economically in Relation to Total 
Expenditure on Health Care – Including the Consequences of Leaving 
the Disease Untreated? 

 In 1982, Savolainen  [  65  ]  reported on the cost-effectiveness of photocoagulation for 
sight-threatening diabetic retinopathy in the UK. There have been reports of computer 
simulation models of diabetic retinopathy screening by Javitt  [  66,   67  ] , Dasbach  [  68  ] , 
Caro  [  69  ] , and Fendrick  [  70  ] , based on the health systems in the USA and Sweden, that 
concluded that screening for sight-threatening diabetic retinopathy was cost-effective. 

 James et al  [  71  ] . reported results for an organized screening program in the UK using 
35-mm retinal photography and demonstrated this to be more cost-effective than the 
previous system of opportunistic screening. 

 Meads  [  72  ]  reviewed published studies of the costs of blindness and compared 
Fould’s 1983 estimate  [  73  ]  inflated to £7,433 in 2002 costs, Dasbach’s 1991 estimate 
 [  68  ]  inflated to £5,391 in 2002 costs, and Wright’s 2000 estimate  [  74  ]  inflated to £7,452 
(4,070–£11,250) in 2002 costs. He concluded that much of the uncertainty in any 
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sensitivity analysis of the cost of blindness in older people is associated with the cost 
of residential care and that the excess admission to care homes caused by poor vision is 
impossible to quantify at the present time. 

 Only four studies have been published that assess the costs of screening using dig-
ital photography. The first was from a telemedicine program in Norway  [  75  ]  where, 
at higher workloads, telemedicine was cheaper. The second compared an optometry 
model with a digital photographic model in the UK  [  76  ] . However, in this study, there 
were poor compliance rates in the newly introduced screening program in both models. 
A cost-effectiveness analysis  [  77  ]  of use of a telemedicine screening program in a prison 
population in Texas concluded that teleophthalmology holds great promise to reduce the 
cost of inmate care and reduce blindness caused by diabetic retinopathy in type 2 diabetic 
patients. Tung  [  78  ]  concluded that screening for DR in Chinese with type 2 diabetes is 
both medically and economically worthwhile and recommended annual screening.    

     PROGRESS OF LACK OF PROGRESS IN SCREENING FOR DIABETIC 
RETINOPATHY IN DIFFERENT PARTS OF THE WORLD 

 In 1990, the St. Vincent Declaration  [  79  ]  recognized diabetes and diabetic retinopa-
thy to be a major and growing European health problem, a problem at all ages and in 
all countries. The first of the five-year targets that were unanimously agreed by govern-
ment health departments and patient’s organizations from all European countries was to 
reduce new blindness due to diabetes by one-third or more. In 2005 in Liverpool UK, 
a conference took place to review progress in the prevention of visual impairment due 
to diabetic retinopathy since the publication of the St. Vincent Declaration. Delegates 
attended as representatives from 29 European countries, and there were invited experts 
from Europe and the US. It was clear from this meeting that the health-care systems in 
Europe were at very different stages of development, and the funding of those health-
care systems varied considerably. For example, if the population did not have access 
to adequate treatment facilities, there was little point in concentrating on screening for 
diabetic retinopathy until adequate treatment facilities were established. 

 Hence, the conference recommended the following steps in the development of sys-
tematic screening programs for sight-threatening DR: 

 Step 1 

 Access to effective treatment

   Minimum number of lasers per 100,000 population  • 
  Equal access for all patient groups  • 
  Maximum time to treatment from diagnosis, 3 months    • 

 Step 2 

 Establish opportunistic screening

   Dilated fundoscopy at time of attendance for routine care  • 
  Annual review  • 
  National guidelines on referral to an ophthalmologist    • 
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 Step 3 

 Establish systematic screening

   Establish and maintain disease registers  • 
  Systematic call and recall for all people with diabetes  • 
  Annual screening  • 
  Test used has sensitivity of  • ³ 80% and specificity of  ³ 90%  
  Coverage  • ³ 80%    

 Step 4 

 Establish systematic screening with full quality assurance and full coverage

   Digital photographic screening  • 
  All personnel involved in screening will be certified as competent  • 
  100% coverage  • 
  Quality assurance at all stages  • 
  Central/regional data collection for monitoring and measurement of effectiveness    • 

 The European countries that were most advanced in development of national 
screening programs were those that had nationalized health systems that facilitated the 
development of public health screening programs. Iceland, England, Scotland, Wales, 
and Northern Ireland had all developed national screening programs, whereas Denmark, 
Finland, and Sweden had regional programs, all with good coverage. At that time, these 
countries had an estimated overall prevalence of diabetes in Europe approximating 4%. 

 The wealthier European countries that had private health-care systems (e.g., Eire, 
France, Germany, Greece, Israel, Italy, Luxembourg, the Netherlands, Portugal, Spain) 
had developed local screening programs, many of which are based upon the initiatives of 
individual persons. However, there was a lack of uniformity between different centers on 
screening methodology and classification of diabetic retinopathy. More recently, there have 
been attempts within some of these countries to standardize  [  80  ]  their screening systems 
and to develop a framework  [  81  ]  for the development of a national screening program. 

 With respect to Eastern Europe (Czech Republic, Turkey, Hungary, Romania, and 
Serbia and Montenegro), the Czech Republic introduced diabetic retinopathy screen-
ing and treatment guidelines published in 2002; Hungary, Romania, and Turkey have 
local or regional screening programs. Turkey reported that 7.2% of their population 
was known to have diabetes. Serbia and Montenegro reported that they did not have a 
formalized screening program, but had taken steps to introduce protocols. In parts of 
Serbia, there was a lack of available lasers. 

 Posters were also presented from the following countries—Albania, Bulgaria, Georgia, 
Kazakhstan, Lithuania, Uzbekistan, and St. Petersburg. Bulgaria has 17 lasers, but there 
are insufficient in the other countries: Uzbekistan appears to have none and Kazakhstan 
only one or two. Lasers are available for the “general” population in Lithuania, with one in 
Albania, one in St. Petersburg, and some in Bulgaria. Other lasers are in private offices. 

 In Australia, there are local screening programs that have developed to serve indi-
vidual populations such as the aboriginal  [  82  ]  population and rural Victoria  [  83  ] . 

 Similarly, localized screening programs have developed in the Western Cape  [  63  ] , 
India  [  8  ] , Japan  [  58  ] , and China  [  14  ] . 
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 A recent study  [  84  ]  by Boucher from Canada attempted to increase uptake of diabetic 
retinopathy screening by locating mobile screening imaging units within pharmacies. 
This produced further communication within the same journal to which Boucher replied 
 [  85  ] , “Despite efforts to educate both patients and physicians about the importance of 
routine diabetic screening and despite the publication of Canadian screening guidelines, 
a large percentage of the diabetic population continues to receive inadequate retinopathy 
screening. This has led to the search for strategies to better detect vision-threatening 
retinopathy and reduce the incidence of complications and blindness from diabetic retin-
opathy.” 

 In America, health-care delivery is chiefly driven by market forces, and the key to any 
new preventive health program is reimbursement. Provision of medical care is based on 
private insurance for those who can pay for it and a patchwork of Federal programs for 
the indigent and the elderly. It is estimated that there are more than 43 million Ameri-
cans who have no health-care insurance whatsoever. 

 The Center for Medicare and Medicaid Services (CMS) sets reimbursement standards 
for Federal programs and also influences private insurers’ reimbursement policies. Cur-
rently, CMS does not offer reimbursement for image-based diabetic retinopathy screen-
ing, and only a few private insurers do so. 

 Hence, screening programs in America have usually been developed by enthusiasts 
such as the Vine Hill program  [  64  ]  where digital retinal imaging is undertaken in an 
inner-city primary care clinic, in the Joslin Diabetes Center  [  56  ] , or in a Veterans Affairs 
Medical Center  [  86  ] .      
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