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Abstract 
Diabetic retinopathy (DR) is a well-characterized chronic ocular disorder that developed in nearly 
all diabetic patients in the long run. The knowledge of DR is crucial to manage this disorder when 
planning screening and preventive programs and identifying the appropriated therapeutic strate-
gies among. Expectant management may represent a valid therapeutic approach depending upon 
the clinical manifestations of the disease and, in particular, on the changes over time. If early treat- 
ment of DR reduces the probability of severe stage or slows the progression of blindness, it might 
sufficiently reduce treatment costs in later years to offset the costs of screening and early treat-
ment. In addition, whether screening for DR is worthwhile is contingent on whether subjects are 
willing to pay the eye screening program that would decrease the risk of photocoagulation. In this 
review we discuss epidemiology, management, and economic evaluation of screening of DR among 
type 2 diabetes. 
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1. Introduction 
It was estimated that 366 million people globally had diabetes in 2011, however, more than half of whom were 
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undiagnosed [1]. Type 2 diabetes may present with clear and classical symptoms including thirst, polyuria, or 
ketoacidosis and may be accompanied by specific micro- or macro-complications. Most patients were asymp-
tomatic in the early stage and were difficult to diagnose [2]. Many developing countries already have high pre-
valence of type 2 diabetes and related complications, which typically form the greatest social and health care 
costs of diabetes. In Taiwan, the remarkable economic achievements of the last 40 years have resulted in a great 
improvement in living standards and in an increase in life expectancy. Type 2 diabetes in adults is one of the 
global public health problems in the Taiwanese population. Screening for type 2 diabetes by the natural history 
of diabetes, fasting plasma glucose (FPG), and oral glucose tolerance test (OGTT) revealed the overall preva-
lence of type 2 diabetes in Taiwan to be 5% - 9% and 11% - 13% for residents above 20 or 40 years of age, re-
spectively [3]-[9]. 

Microvascular and macrovascular diseases are the major causes of morbidity and mortality among type 2 di-
abetes. Diabetic retinopathy (DR), a complication involving the retinal microvasculature resulting in damage to 
the retina from ischema, neovascularization, hemorrhage, and edema—is one of the leading causes of visual 
impairment in type 2 diabetes in Taiwan today [10] [11]. Visual loss from DR is largely preventable with early 
screening and the timely application of photocoagulation therapy [10]. Based on the Wilson criteria, DR is 
matched for screening due to it is an essential health problem; the disease natural history should be understood; 
a recognizable latent or early symptomatic stage; a diagnostic test is easy to perform and interpret, acceptable, 
accurate, reliable, good sensitivity and specificity; an acceptable treatment regime for the disease; early treat-
ment is more effective; a policy on what kinds of patients should be treated; diagnosis and treatment are cost- 
effective; and case finding should be a continuous process [12]. From the viewpoint of preventive medicine, 
early detection of this disorder by regular screening followed by appropriate treatment could prevent the result-
ing blindness. This clinical review aims to explore epidemiology, management, and economic evaluation of 
screening of DR among type 2 diabetes. 

2. The Clinical Diagnosis of Diabetic Retinopathy 
DR is a microangiopathy of the retina. The typical histopathological changes include loss of pericytes and en-
dothelial cells and thickening and basement membrane thickening [13]. The pathogenesis of DR is multifactorial 
but is primarily caused by the metabolic effects of chronic exposure to hyperglycaemia [14]. Other mechanisms 
including the action of insulin-like growth factor 1 (IGF-1) [15]; up-regulation of vascular endothelial growth 
factor (VEGF) and renin-angiotensin [14] [16]; increased activation of retinal cellular protein-kinase C [17] [18], 
inflammatory mediators [19] [20], production of reactive-oxygen species [21] [22], carbonic anhydrase [23], 
growth hormone and advanced glycation end-products (AGE) [24]; increased platelet adhesiveness and eryt-
hrocyte aggregation; abnormal serum lipids, abnormalities in serum and whole blood viscosity. 

For the investigation, evaluating the patients will include: (A) Complete history and clinical ocular examina-
tion including fundus biomicroscopy; (B) Stereoscopic color fundus photography; (C) Fluorescein angiography 
will help to determine the origin of the leakage from retinal neovascularisation and identify the ischemic areas; 
(D) Optical coherence tomography (OCT) functions as an optical biopsy of the retina, offering three-dimen- 
sional or cross-sectional images; (E) A comprehensive and systemic examination for patients with newly diag-
nosed diabetic retinopathy. Based on the Diabetic Retinopathy Disease Severity Scale [25] [26], DR was classi-
fied as follows: no diabetic retinopathy (NDR, no abnormalities), mild non-proliferative diabetic retinopathy 
(mild NPDR, only subjects with microaneurysms), moderate non-proliferative diabetic retinopathy (moderate 
NPDR, subjects with more than just microaneuysms but less than severe NPDR), severe non-proliferative di-
abetic retinopathy (severe NPDR, subjects with any of the following: more than 20 intraretinal hemorrhages in 
each of 4 quadrants; definite venous beading in 2+ quadrants; prominent intraretinal microvascular abnormali-
ties in 1+ quadrant; and no signs of proliferative diabetic retinopathy), and proliferative diabetic retinopathy 
(PDR, subjects with one or more of the following: neovascularization, vitreous/preretinal hemorrhage). In addi-
tion, clinically significant macular edema (CSME) is classified as thickening of the retina ≤ 500 µm from the 
center of the macula or hard exudates and adjacent retinal thickening ≤ 500 µm from macular center or zone of 
retinal thickening at least 1 disc area in size located ≤1 disc diameter from the center of the macula [27]. 

3. The Epidemiology of Diabetic Retinopathy 
The study of the epidemiology of DR has been greatly improved by the development and adoption of a standar-
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dized grading scheme. Good-quality epidemiological information are imperative to support the planning and 
implementation of public health or prevention medicine policies and programs and to determine research priori-
ties [1]. Many evidence-based studies of the prevalence, incidence, and risk factors for DR have been conducted. 
However, it is difficult to appropriately compare the results of some studies because the heterogeneous nature of 
studies (for example, the study patients’ selection and the type of diabetes) and the disparate screening metho-
dologies (for example, the selection of eight-field color fundus photography versus two-field color fundus pho-
tography and ophthalmoscopy versus slit-lamp examination), which varied significantly. Although rates of DR 
vary by time and geographic location, nearly everyone with diabetes will develop DR within 20 years of diagno-
sis [28]. The microaneurysm is the hallmark of retinal microvascular change in NPDR [10]. Mild non-prolifera- 
tive changes will usually be present for many years before vision is affected. Upon international comparison, the 
prevalence of any type of DR and PDR were 3.6% - 85% and 0% - 66%, respectively [29]-[69]. Although there 
being many results showing disparity of diabetes prevalence between ethnic groups [70]-[72], relatively few 
studies have investigated ethnic differences in DR [69]. The multi-ethnic populations indicated that the preva-
lence of DR differs by ethnic group [69]. Further studies are needed to explore whether ethnicity is an indepen-
dent risk factor for DR or it is likely that differential susceptibility to risk factors, late diagnosis of diabetes and 
differential access and use of healthcare contribute to the differences seen in the context of DR diagnosis such a 
health screening. 

To investigate the incidence and risk factors of DR among type 2 diabetes is essential to prevent its develop-
ment and the visual impairment caused by this complication which is often insidious in nature. In comparison 
with prevalence studies, there are far fewer studies of the incidence of DR. It is difficult to compare the results 
across study populations due to the different grading systems used. As seen in the prevalence results, the inci-
dence of DR or PDR is related to the duration of type 2 diabetes [73]-[75]. Consistent temporal trends are not 
obvious because of the variation in screening methodology and the reporting of results [76]-[82]. The popula-
tion-based screening showed the 3-year 18.2% cumulative incidence was (95% CI: 14.8% - 21.5%) and inci-
dence density was 6.62% per year (95% CI:5.36% - 8.06% per year) in Kinmen, Taiwan [83]. In Beijing eye 
study, incidence of DR was estimated 4.2% (95% CI: 3.45% - 5.03%) in the 10-year period [77]. It is necessary 
to develop a chronic complication model that incorporates the known epidemiology of this diabetes-related dis-
ease and allows the effects of intervention to be modeled in order to understand the progression and natural his-
tory of DR and to ultimately determine the effect of preventive strategies. 

4. The Natural Course of Diabetic Retinopathy 
Eye screening strategies of DR depend on the rates of appearance and progression and on risk factors that alter 
these rates. The natural history of DR has been evaluated in four well-organized national multi-center clinical 
trials: the Diabetic Retinopathy Study (DRS) [84], the Early Treatment Diabetic Retinopathy Study (ETDRS) 
[85], the Diabetic Retinopathy Vitrectomy Study (DRVS) [86], and the Diabetes Control and Complications 
Trial (DCCT) [87]. Previously, the modified natural history of DR could be identified as follows: No DR 
BDRPPDRPDR Blindness (No DR: no diabetic retinopathy, BDR: background diabetic retinopathy, 
PPDR: preproliferative diabetic retinopathy, PDR: proliferative diabetic retinopathy). The average times spent 
by using multi-state Markov models in the states No DR, BDR, PPDR, and PDR were 10.86 years, 8.33 years, 
1.67 years, and 2.17 years, respectively [88]. Early detection of PPDR could lead to a 60% reduction in PDR 
and an 83% reduction in incident blindness [88]. BDR also could progress to maculopathy and may lead to cen-
tral visual loss. PDR could result in visual loss due to the proliferation of blood vessels or the detachment of the 
retina [89] [90]. BDR and PPDR are outdated terms referring to the general levels or stages of NPDR. However, 
this terminology is not closely associated with disease progression and should no longer be used and has been 
replaced by the various levels of NPDR, which correlate closely with DR progression [91]. Based on the Di-
abetic Retinopathy Disease Severity Scale [25] [93], DR was further classified as follows: 

No DRmild NPDRmoderate NPDRsevere NPDRPDRBlindness 
By using probabilistic (Monte Carlo) simulation, transition probability of type 2 diabetes with NPDR, PDR, 

and legal blindness were estimated as 79%, 19%, and 19%, respectively [93]. The population-based in Kinmen 
indicated that the mean duration in the disease states mild NPDR, moderate NPDR, severe NPDR, and PDR 
were 4.05 years (95%: 3.28 - 5.32 years), 4.18 years (95% CI: 3.18 - 6.06 years), 2.52 years (95% CI: 1.78 - 
4.27 years), and 4.22 years (95% CI: 2.88 - 7.81 years), respectively, that means the average time for the devel-
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opment of diabetic retinopathy from nonexistence to blindness was approximately 26.5 years and concluded that 
annual screening in type 2 diabetes with NPDR should be only for the mild form, but not for the moderate or 
severe forms [94]. The screening efficacy of preventing blindness associated with DR depends on early detec-
tion and further appropriate treatment. The probability of preventing blindness or visual impairment is decreased 
in the stages of moderate NPDR or PDR among type 2 diabetes. To decide the frequency of fundus check-up, 
and the sensitivity and specificity of the eye screening tool, it is useful to understand the natural history and pro-
gression rate from the asymptomatic to the symptomatic stage and to achieve early detection and treatment effi-
cacy of DR among type 2 diabetes. The timely and appropriate care for type 2 diabetic patients could signifi-
cantly reduce visual loss over time, not only improving patients’ quality of life, but reducing the financial bur-
den associated with the complications of visual impairment [95]. 

5. The Economic Evaluation of Screening of Diabetic Retinopathy 
If early treatment of DR reduces the incidence or slows the progression from NPDR, PDR, and then to blindness, 
it might sufficiently reduce treatment costs in later years to offset the costs of screening and early treatment. 
Regular examination for DR leads to the early detection of asymptomatic vision-threatening DR among type 2 
diabetes. Although direct ophthalmoscopy through dilated pupils only has a sensitivity of approximately 60%, 
regular repeat screening could compensate for the relatively low sensitivity to remain an efficient and highly 
cost-effective screening approach [96]. Indirect ophthalmoscopy performed by ophthalmologists has a sensitivi-
ty of approximately 85% [97], this may approach 100% with newer slit lamp biomicroscopic techniques [28]. 
The retinal photography has an overall sensitivity of approximately 85% imply that this approach is also an al-
ternative detection method for DR among diabetic patients [98]. In addition, non-mydriatic retinal cameras may 
be operated by personnel with minimal training and the photographs forwarded to a reading center. Since a sen-
sitivity greater than 80% in the detection of PDR were achieved by general practitioners, optometrists, diabetol-
ogists, and an independent grader using retinal photography, there is no clear evidence to show in whose hands 
this method works best [99]. However, the main limitation of indirect ophthalmoscopy is the proportion of un-
readable photographs, particularly in elderly diabetic patients due to small pupils and media opacity such as cat-
aract [100]. 

It is essential to ensure that appropriate and effective implementation methods are commissioned to support 
the decision-making process of DR. Retinal digital photography, that is, telemedicine has emerged as a lower 
cost alternative to annual evaluation by an eye-care professional [11]. Telemedicine uses digital retinal photo-
graphy to enable eye screening in nonophthalmologic settings. Images are electronically transferred to a grading 
center for clinical evaluation, and patients with evidence of mild to severe DR are then referred to an eye-care 
institute for a further evaluation. Telemedicine showed better sensitivity (98%) and specificity (86%) for DR 
detection than ophthalmoscopy and usually less costly from both the health care and societal perspectives than 
dilated eye examinations due to lower provider reimbursements and lower patient productivity losses from time 
lost to treatment [11] [101]. To compare the efficacy of different screening methods for DR among type 2 di-
abetes, mydriatic retinal photography provides the most sensitivity screening and monitoring test for detection of 
DR among type 2 diabetes based on an assessment of available follow-up studies [102]. Ophthalmoscopy as a 
screening or monitoring method for DR still has a place in routine clinical practice as well as having a limited 
place in screening programs. Where photographs are ungradable, then ophthalmoscopy should be used as an ad-
junctive method [102]. 

Whether screening for DR is worthwhile is also contingent on whether diabetic patients are willing to pay the 
eye screening program that would decrease the risk of blindness or visual impairment. Economic evaluation, 
such as cost-effectiveness analysis (CEA), cost-utility analysis (CUA), and cost-benefit analysis (CBA) methods, 
explores the efficacy of DR prevention among type 2 diabetes. Many evidence-based studies have supported that 
screening for and treating DR is extremely cost-effective. For type 2 diabetes, over 10 years, 67 versus 56 sight 
years were saved, compared with no screening, at a cost of USD 3900 versus USD 9800 per sight year and USD 
15,000 versus USD 37,000 per quality-adjusted life-year (QALY) [99]. In the US population, retinal screening 
annually versus every other year for type 2 diabetes cost USD 107,510 per QALY gained, while screening every 
other year versus every third year costs USD 49,760 per QALY gained and concluded that annual retinal 
screening for all type 2 diabetics without previously detected DR may not be warranted on the basis of 
cost-effectiveness [103]. From the health insurer’s perspective, screening and treatment of eye disease in type 2 
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diabetes costs USD 3190 per QALY saved [104]. Polak et al. showed that an additional one year sight gain may 
cost 1126 Euros by providing ophthalmological care and 50,479 Euros by glycemic control. The duration of 
blindness drops in type 2 diabetics by 0.48 and 0.13 years, respectively, whereas the effectiveness decreases as 
the age of onset of diabetes rises [105]. The prevention programs aimed at improving eye care for diabetic pa-
tients not only result insubstantial federal budgetary savings, but are also highly cost-effective health invest-
ments for society [104]. Using the CBA approach, Matz et al. showed that the anticipated annual costs for 
blindness were ATS 19,000,000, of which ATS 14,600,000 could be avoided through optimal screening, ex-
amination, and therapy programs [106]. In Taiwan, due to different ethics and medical environment than other 
countries, it is essential to organize an effective screening program and consider costs and benefits carefully be-
fore setting universal standards. Annual screening for DR among Chinese with type 2 diabetes should be con-
ducted. Prevention programs aimed at improving eye care for patients with type 2 diabetes results in both sub-
stantial federal budgetary savings and highly cost-effective health care [96]. It is worthwhile to initial a routine 
DR screening of Chinese type 2 diabetes for blindness prevention from the societal perspective but not from 
consumer decision based on the willingness-to-pay perspective [107]. 

6. The Management of Diabetic Retinopathy 
International multicenter studies have showed the efficacy and effectiveness of clinical treatments of diabetes 
with DR [84] [85] [108] [109]. To maintain strict blood glucose levels and blood pressure have proven very dif-
ficult for most parts of diabetic patients and the risk of hypoglycemia is increased under this treatment regimen 
although clinical evidences suggesting that intensive glycemic therapy is more effective in controlling diabetic 
complications [110]. Further, laser photocoagulation treatment and vitrectomy are both two major clinical thera-
pies for preventing the deterioration of severe stage of DR. It has been estimated that without appropriate treat-
ment for PDR, 50% of diabetic patients will become blindness within 5 years following diagnosis [95]. The im-
pact of timely laser treatment in diabetic patients with PDR is dramatic. Eyes affected by DR and received pho-
tocoagulation therapy were found to have better average visual acuity and a lower rate of blindness than control 
eyes at perspective study [111]. Scatter photocoagulation could reduce the risk of blindness by 60% in 
DRS-treated eyes with high-risk PDR [112]. Furthermore, only 4% of eyes with PDR treated with panretinal 
photocoagulation in the ETDRS had reached severe visual loss by 5 years and only 1% of diabetic patients had 
this degree of visual loss in both eyes [25]. The ETDRS also revealed that focal laser treatment of eyes with 
clinically significant macular edema (areas of retinal thickening around the macula) reduced the risk of moderate 
visual loss by 50% or more [85]. General speaking, all evidences implied that to be most effective, laser treat-
ment must be applied before significant visual impairment occurs. 

7. Conclusion 
In conclusion, DR is an escalating major health problem and includes constitutional and environmental factors. 
The challenge of DR is clearly no longer solely a biomedical one. It must also be solved through effective deli-
very of health services, more motivated and empowered consumers, and proactive providers. Before carrying 
out the screening and achieving the object of prevention for DR, it is also essential to understand the epidemi-
ologic information of DR. Screening for DR is both medically and economically worthwhile. In the absence of a 
suitable screening program for symptomatic DR, treating DR and related complications yields substantial 
healthcare costs. Annual screening in type 2 diabetes with NPDR should be only for the mild form, but not for 
the moderate or severe forms. It should be able to assess effectively the natural history of DR and economic 
evaluation of screening if the lone-term follow-up study of DR for type 2 diabetes is based on community design 
to utilize the information of scheduled screening of diabetes with DR for analysis. 
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