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Introduction and background 

Diabetic retinopathy is one of the leading 
causes of blindness in the UK (1, 2), along-
side glaucoma, cataracts and age-related 
macular degeneration (AMD). Those with 
diabetes are 25 times more likely to be-
come blind than those unaffected individu-
als (3). Individuals with either type 1 or type 
2 diabetes are both at risk of developing 
diabetic retinopathy. Individuals aged 12 
and over are eligible to be screened for 
diabetic retinopathy (4). 

Diabetic retinopathy is a condition caused 
by very high blood glucose levels. If the 
blood glucose levels are very high, the 
blood vessels, which supply blood to the 
retina, become damaged (5). These vessels 
may ‘leak fluid’ and blood, which can result 
in swelling, known as oedema. The vessels 
then begin to close off, which leads to is-
chemia (6). This process is known as non-
proliferative diabetic retinopathy. Over 
time, if not treated, abnormal blood vessels 
may develop in the retina by a process 
known as neovascularization, which can 
damage the retina. This is known as prolif-
erative diabetic retinopathy (7).  

Diabetic retinopathy is prevalent through-
out the world. Results from 35 population-

based studies show that approximately 93 
million people worldwide have diabetic 
retinopathy, of which 17 million have prolif-
erative diabetic retinopathy, 21 million 
have diabetic macular oedema (DME), and 
28 million have sight-threating diabetic reti-
nopathy (8). The prevalence of diabetic reti-
nopathy for those affected by type 1 diabe-
tes is 77.3% and 25.2% for those with type 
2 diabetes. The prevalence of proliferative 
diabetic retinopathy was 32.4% for those 
with type 1 diabetes and 3.0% for those 
with type 2 diabetes.  

The screening process is approximately half 
an hour long (10). The process involves ad-
ministering eye drops in order to dilate the 
pupils and then photographs of the retina 
are taken. When the eyes are screened, the 
results are graded into five stages (11). 
Grading is achieved by looking at the digital 
photographs of the retina. The first stage is 
no retinopathy, in which no signs of dia-
betic retinopathy were identified. Stage two 
retinopathy is known as background reti-
nopathy, which signifies that micro aneu-
rysms are present in the retina, which could 
result in blood leakage (12). Stage two does 
not require treatment except for lifestyle 
changes. Stage three diabetic retinopathy is 
known as pre-proliferative retinopathy, 
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Abstract 

This review has been conducted in order to assess whether eye screening for diabetic retinopathy is effective and 
whether it would be safe to extend the annual screening interval beyond one year. Approximately 285 million people in 
the world have diabetes, of which 95 million have signs of diabetic retinopathy. This number is expected to increase 
due to advances in treatment of diabetes and an aging population. Eighteen papers have been critically analysed in 
order to assess whether the current screening programme is cost effective and whether or not it would be safe to ex-
tend the current annual screening interval beyond one year. No date restrictions were enforced and only articles in the 
English language were considered. Increasing the diabetic eye - screening interval is safe and cost effective for lower 
risk patients, however high-risk patients should continue to receive annual treatment. In an environment with limited 
resources it is important to make the screening programme cost effective. This can be achieved provided that the 
screening interval is decided on by risk stratification; it seems appropriate that high risk patients should continue to 
receive annual screening with the lower risk diabetic patients having screening at longer intervals of up to 5 years. 
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where there may be bleeding in the retina 
(12). These individuals are clearly at risk of 
progressing to proliferative retinopathy 
with risk to their eyesight. Stage four is 
known as proliferative retinopathy in which 
there is excessive bleeding due to scarring 
and the formation of new blood vessels in 
the retina, which may lead to retinal de-
tachment (12). At this stage, treatment is 
given to try to stabilise vision. The final 
stage is diabetic maculopathy, which is a 
result of the blood vessels in the macula 
leaking or becoming blocked (12). This 
stage requires treatment and referral to a 
specialist. 

Aims 

The main aims of this paper are to decide 
on how effective eye screening is for dia-
betic retinopathy and whether it is safe to 
extend the screening interval beyond one 
year. The studies that have been conducted 
will be assessed and the work critically ana-
lyzed resulting in the production of a well-
informed decision as to whether or not it 
would be safe to extend the screening in-
terval. 

This paper will address the following: 

 What is the evidence to support the screen-
ing programme? 

 How cost effective is the screening pro-
gramme? 

 Is it safe to extend the screening interval 
beyond one year for diabetic retinopathy? 

Methodology 

This paper will be looking at a broad range 
of papers chosen from three main data-
bases PubMed, Medline and Scopus. No 
date restrictions were enforced however 
articles which were not in English were not 
included in this paper, which helped to nar-
row down search results. The main key 
phrases that were used were ‘diabet* reti-
nopathy’, ‘screening interval’, ‘screening 
period’, ‘economics’ and ‘cost*-benefit 
analysis’. 

Results 

Using the PubMed database, the results 
were reduced from 32440 to 56 papers, 
from 36355 to 24 papers with Scopus and 
from 25131 to 5 papers with the MEDLINE 
database. Table 1 summarizes these results. 

The 85 remaining papers were used and 
assessed on their content, from which 18 
papers were selected for my discussion 
(Table 2). The 18 papers were selected after 
reading through the titles and abstracts of 
each of the papers and then deciding which 
papers were most relevant in order to ad-
dress the aims. The databases picked up 
two systematic review papers (13, 14), from 
which papers discussed in the review were 
used for the discussion. 
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Figure 1a and b. Comparison of the differences in the fundus retinal photographs of an eye 
with no abnormalities identified (a) with the eye of a diabetic person who has diabetic mac-
ulopathy (b) (9). The image on the right (b) shows hard lipid exudates surrounding the blood 
vessels (yellow spots). Micro-aneurysms (identified as red spots) can also be seen in image 
(a). These are swellings of the blood vessels as a result of macular oedema.  
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Discussion 

What is the evidence to support the 
screening programme? 

There have been several studies to support 
the diabetic retinopathy screening pro-
gramme. A study conducted by Prasad et al. 
(32) has shown that screening with slit-
lamp indirect ophthalmoscopy by suitably 
trained optometrists is an effective and 
efficient way of screening for diabetic reti-
nopathy. With all screening programmes 
there are likely to be a certain number of 
false positive and false negative cases. The 
diabetic eye screening programme abides 
by ‘Exeter Standards’ for sensitivity, the 
extent to which true positives are detected, 
which is recorded at 80% and specificity, 
the extent to which false positives are rec-
orded, which is set at 95% (33). This meth-
od of screening had a sensitivity of 76% and 
specificity of 95% (32). This same study had 
a very low false negative rate of 1.16% and 
a false positive rate of 30.18%. There was a 
high ratio of 16.54 that a positive test indi-
cates sight-threatening retinopathy and a 
ratio of 0.25 for a negative test. Additional-
ly, the technical failure rate was very low at 
0.2% (32). 

The study mentioned above highlights the 
merits of the diabetic eye screening pro-
gramme and there have also been several 
studies published that have provided evi-
dence in support of a yearly diabetic eye 
screening programme. For example, a study 
by Backlund et al. (28) in a very large data-
base study in Stockholm showed that the 
risk of developing severe diabetic retinopa-
thy causing blindness has been reduced by 
an average of 11% per year by early inter-
vention as a result of regular screening of 
the eyes. This is quite a significant find, 

which seems to validate the benefits of an-
nual screening.  

On the other hand, some authors have chal-
lenged this, suggesting that a blanket ap-
proach to screening those with diabetic 
retinopathy may not be appropriate. For 
example those who have just been diag-
nosed with diabetes are probably unlikely 
to attend screening for a few years (19) and 
compliance may be weaker with younger 
patients. This has been backed up by Tung 
et al. (19), who looked at the non-
attendance of patients at the diabetic reti-
nopathy clinic. This study has identified 
factors such as patients who have been 
treated for diabetes for a long time as well 
as older patients as having better compli-
ance. Saadine et al. (20) also concluded that 
patients who are older or have poorer eye-
sight are more likely to be compliant with 
the annual screening programme. Of the 
5000 diabetic patients, 1/3 (1667) were 
diagnosed with diabetic retinopathy and did 
not attend any screening appointments 
with an ophthalmologist. Having a yearly 
diabetic screening appointment may be 
viewed as a burden by those patients who 
are already dealing with quite a complex 
condition (20). Saadine et al. (20) looked at 
the compliance rate of diabetic eye screen-
ing; only 27.6% of 2412 patients, who re-
ceived an eye examination, returned for a 
follow up yearly eye screening appoint-
ment.  

Numerous studies have shown that regular 
eye screening in diabetic patients is highly 
effective in diagnosing eye disease at an 
early stage when it is amenable to treat-
ment. These studies have also shown that 
early interventions have reduced the inci-
dence of blindness in diabetic patients. 

Diagnosed Type 2 Diabetes: A Cost-
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2015. 94(45):e1989 

16. Scanlon P H, Aldington S J and  

Leal J et al. Development of a cost-
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England) 2015. 19(74):1-116 
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intervals for diabetic retinopathy in 

Phrases PubMed Scopus MEDLINE 

‘Diabet* Retinopathy’ 32440 36355 25131 

‘Diabet* Retinopathy’ and ‘Screening interval’ or 
‘Screening period’ 

1093 447 25 

‘Diabet* Retinopathy’ and ‘Screening interval’ or 
‘Screening period’ and ‘Cost*-benefit analysis’ or 
‘Economics’ 

56 24 5 

Table 1. Search terms with number of results from three different databases. 
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Title Author/Journal Key findings 

Strategies to Screen for Diabetic Retinopathy 
in Chinese Patients with newly diagnosed 
Type 2 Diabetes: A Cost-Effective Analysis 
(15) 

Wu B, Li J, Wu H. /Medicine 
(Baltimore) 

$7,485 per Quality-Adjusted Life Year (QALY) for four 
yearly intervals 

Development of a cost-effectiveness model 
for optimization of the screening interval in 
diabetic retinopathy screening (16) 

Scanlon PH, Aldington SJ, Leal J, 
Luengo-Fernandez R, Oke J, Sivapra-
sad S, Gazis A, Stratton IM. / Health 
Technology Assessment 

Those at low risk screened every 5 year (99-100% effec-
tive), medium every 2 years (43-48%) and high risk every 
2 years (55-59%) at £30,000 per QALY 

Cost-utility analysis of screening for diabetic 
retinopathy in Japan: a probabilistic Markov 
modeling study (17) 

Kawasaki R, Akune Y, Hiratsuka Y, 
Fukuhara S, Yamada M. /Ophthalmic 
Epidemiology 

Effective at $11,857 per QALY if screened every 3 years 
(within £20,000 threshold) 

Diabetic retinopathy screening: perspectives 
of people with diabetes, screening intervals 
and costs of attending screening (18) 

Yeo ST, Edwards RT, Luzio SD, 
Charles JM, Thomas RL, Peters JM, 
Owens DR. /Diabetic Medicine 

Patients happy with longer intervals so long as they are 
reassured 

Economic evaluation of screening for diabetic 
retinopathy amongst Chinese type 2 dia-
betics: a community-based study in Kinmen, 
Taiwan (19) 

Tung SH, Shih HC, Chen SJ, Chou P, 
Liu CM, Liu JH. /Journal of Epidemi-
ology 

New Taiwan (NT) $21,924 (£563) per QALY per year, NT 
$25,319 (£650) per QALY every two years. Any screening 
interval more cost effective than no screening, NT 
$61,542 (£1,580) 

Factors associated with follow-up eye exami-
nations among persons with diabetes (20) 

Saadine JB, Fong DS, Yao J. /Retina 27.6% compliance rate of annual screening programme 

Screening interval for retinopathy in type 2 
diabetes (21) 

Klein R. /Lancet Incidence of sight-threating diabetic retinopathy, 0.3% in 
year 1 to 1.8% at end of 5 years in those with no retinopa-
thy 

First incidence and progression study for 
diabetic retinopathy in Portugal, the RETI-
NODIAB study: Evaluation of the screening 
programme for Lisbon region (22) 

Dutra M, Mesquita E, Gardete-
Correla L, Amaral- Turkman A, Rapo-
so JF. /Ophthalmology 

1.18 to 0.52% decrease in incidence of referable diabetic 
retinopathy in those with mild diabetic retinopathy. 
(109,000 tests) 

Cost utility analysis of screening intervals for 
diabetic retinopathy in patients with type 2 
diabetes mellitus (23) 

Vijan S, Hofer TP, Hayward RA. /The 
Journal of the American Medical 
Association (JAMA) 

$40,530 more per QALY if screened every year as op-
posed to every two years 

Incidence of diabetic retinopathy in people 
with type 2 diabetes mellitus attending the 
Diabetic Retinopathy Screening Service for 
Wales: retrospective analysis (24) 

Thomas RL, Dunstan F, Luzio SD, 
Chowdury SR, Hale SL, North RV, 
Gibbins RL, Owens DR. /British Med-
ical Journal (BMJ) 

Not safe to increase interval if on insulin treatment or had 
diagnoses of diabetes for over 10 years 

Cost effectiveness of treating and detecting 
diabetic retinopathy (25) 

Javitt JC, Aiello LP. /Annals of Inter-
nal Medicine 

$1,996 for insulin dependent and $3,530 for non insulin 
dependent per QALY 

Cost-Effectiveness of strategies for detecting 
Diabetic Retinopathy (26) 

Dasbach EJ, Fryback DG, Newcomb 
PA, Klein R, Klein BEK. /Medical Care 

319 eyes sights saved from a cohort of 1000 in their life-
time 

Incidence of sight-threatening retinopathy in 
Type 1 diabetes in a systematic screening 
programme (27) 

Younis N, Broadbent DM, Harding SP 
and Vora JP. /Diabetic Medicine 

Incidence of sight-threatening diabetic retinopathy 9.9% 
increase in those with mild and background retinopathy 
over 5 years (501 patients) 

New Blindness in Diabetes Reduced by More 
Than One-Third in Stockholm County (28) 

Backlund LB, Algvere PV, Rosenqvist 
U. /Diabetic Medicine 

Sight-threatening diabetic retinopathy progression re-
duced by 11% 

Six-Year Retrospective Follow-Up Study of 
Safe Screening Intervals for Sight-
Threatening Retinopathy in Patients with 
Diabetes Mellitus (29) 

Soto-Pedre E, Herneaz-Ortega MC, 
Vazquez JA. /Journal of Diabetes 
Science and Technology 

Type 2 diabetes with mild non-proliferative diabetic reti-
nopathy had 8% chance of progressing to sight-
threatening retinopathy after 2 yearly screening intervals 

Screening for diabetic retinopathy in James 
Bay, Ontario: a cost-effectiveness analysis 
(30) 

Maberley D, Walker H, Khoushik A, 
Cruess A. /Canadian Medical Associ-
ation Journal 

Camera method was $15,000 per QALY, much less than 
NICE guidance threshold of £20,000 

Cost of a Community-Based Diabetic Reti-
nopathy Screening Program (31) 

Byrne M, Parker D, Tannenbaum S, 
Ocasio M, Lam B, Zimmer-Galler I, 
Lee D. /Diabetes Care 

58% of total cost equated to staff wages 

Effectiveness of optometrist screening for 
diabetic retinopathy using slit-lamp biomi-
croscopy (32) 

Prasad S, Kamath GG, Jones K, 
Clearkin L, Phillips R. /Nature 

76% sensitivity and 95% specificity according to Exeter 
Standards 

Table 2. Papers which were assessed, used and referenced in the discussion.  
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How cost effective is the screening 
programme? 

A number of authors have reported that 
screening for diabetic retinopathy is one of 
the most cost-effective medical interven-
tions. A small scale screening programme of 
607 economically disadvantaged Americans 
was reported to cost $188 per abnormality 
identified and it is interesting to note that 
58% of the total cost of running the pro-
gramme ($91,294) was related to staff wag-
es (31). Other authors  have looked at the 
cost per Quality Adjusted Life Year (QALY) 
and again reported that screening is a high-
ly cost effective medical intervention and it 
has been reported that the cost for insulin 
dependent diabetics is $1,996 and for non-
insulin dependent diabetics $3,530 per 
QALY (25). This is well within what is consid-
ered cost effective by the National Institute 
for Health and Care Excellence (NICE), the 
normal procedures that cost less than 
£30,000 per QALY are deemed to be cost 
effective and well worth supporting. 

Similar modelling undertaken in China ad-
vised that screening at 4 yearly intervals is 
cost effective ($7,485 per QALY) (34). Simi-
larly, Kawasaki et al. (17) who looked at the 
Japanese health service concluded that 3-
yearly screening is cost effective at $11,857 
per QALY. However, one can criticize this 
study as the patients were not stratified by 
risk and the study had a low compliance 
rate of 37%.  

Moreover, it is important to appreciate that 
the cost effectiveness and the cost per 
QALY is very dependent on the screening 
interval as an extreme example for patients 
identified as high risk, if the annual screen-
ing interval were to be reduced to 6 months 
the additional cost per QALY would be 
£272,000, which is significantly higher than 
the Department of Health’s £30,000 maxi-
mum per QALY (35).  

Other approaches aimed at reducing the 
costs of screening have included the use of 
retinal photography with a digital portable 
camera which has been shown to be much 
more cost effective in hard-to-reach popu-
lations (30) at a cost of $3,900 per sight 
years ($15,000 per QALY) compared to 

$9,800 per sight years ($37,000 per QALY) 
for those examined by retina specialists.  

The studies reported here confirm that 
screening for diabetic retinopathy is cost 
effective if it is targeted with the interval of 
screening stratified by the risk of develop-
ing serious eye complications. However, it is 
not cost effective if such risk stratification is 
not used and the same screening interval is 
used for patients with different risk factors 
or if all diabetic patients have annual 
screening. 

Is it safe to extend the screening 
interval beyond one year for dia-
betic retinopathy? 

NICE guidance (published in 2015) recom-
mends that those with type 2 diabetes, reg-
istered blind or partially sighted should be 
examined and screened annually (36). The 
majority of investigators have recommend-
ed assigning screening intervals according 
to risk stratification; it is clear that not eve-
ry diabetic patient requires annual ophthal-
mic examination. Indeed, annual screening 
for low risk patients is highly inefficient and 
not cost effective. For those patients who 
are categorized as low risk, screening every 
two years as opposed to annually would 
reduce the cost per QALY by £404,000 (35).  

Similarly, Scanlon et al. (16) recommended 
that patients at low risk should be screened 
at 5 yearly intervals, with a probability of 
this being cost effective at £30,000 per 
QALY being 99-100%. Those in the medium 
risk category, every 3 years with a probabil-
ity of 43-48% and those who are at high risk 
should be screened every two years with a 
probability of 55-59% (16). This report sup-
ports the need for risk stratification.  

Additionally, most patients with low risk can 
have screening intervals of greater than 12 
months. However, patients considered at 
higher risk (those whose diabetes was diag-
nosed more than 10 years ago or patients 
dependent on insulin) continuation with 
annual screening is advisable, as was shown 
by Thomas et al. (24). Some authors have 
argued that it is not cost effective to screen 
diabetic patients who are not insulin de-
pendent (26). 
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Published results have shown that it is safe 
as well as cost effective to increase the 
screening interval to 3 years (27). Younis et 
al. (27) documented that in type 1 diabetics 
with no retinopathy on enrolment into the 
study, the annual incidence of sight-
threatening diabetic retinopathy is 0.3% 
which would increase to 1.8% when 
screened at 5 years. They found that in pa-
tients with no significant ophthalmic abnor-
malities on fundal photographs, it is safe to 
arrange a screening for diabetic patients at 
2 to 3 yearly intervals rather than annually. 
The above data would support the concept 
of having annual screening for high risk pa-
tients and screening at three to five years 
for lower risk patients. This model has re-
ceived wide acceptance and support by 
specialists in ophthalmology (21). One po-
tential drawback to the longer screening 
interval is that it could lead to the patient 
believing that visual loss is unlikely and 
therefore may lead to decreased compli-
ance.  

Clearly for any screening programme to be 
effective it has to have the confidence and 
support of the patient. Provided that the 
patients can be reassured that it is safe to 
extend the screening interval to two to 
three years, most patients would be satis-
fied and happy to follow this suggestion, as 
shown in the form of a written question-
naire given to the patients (18).  

In support of extending the screening inter-
val is the work by Dutra Medeiros et al. (22) 
who advocated a personalised schedule of 
screening as the most beneficial in terms of 
health costs. The scheduling was based on 
each patient’s individualised risk factors, 
including the duration of diabetes, age at 
diagnosis and insulin treatment (22). 

Dutra Medeiros et al. (22) screened individ-
uals without retinopathy and the incidence 
of diabetic retinopathy was 4.6%, after a 
further screening interval of 5 years, the 
incidence decreased to 3.87%. Those who 
had mild proliferative diabetic retinopathy, 
in the first year there was a 1.18% increase 
to referable diabetic retinopathy, which 
then decreased to 0.52% after a 5-year in-

terval (22). Vijan et al. (23) reached the 
same conclusion of personalised risk strati-
fication. In order to assess cost effective-
ness they investigated patients aged 40 
years and above and stated that a patient 
who is stratified as a ‘high risk patient’ 
would gain an additional 21 days of sight if 
they were to be screened annually as op-
posed to being screened once every 3 years 
compared to a ‘low risk patient’ who would 
only gain an additional 3 days of sight (23). 
Patients who are classed, as ‘high risk’ 
would cost an extra $40,530 per QALY 
gained if they were screened every year as 
opposed to every 3 years (23). Whereas, 
those in the ‘low risk’ category would cost 
an additional $211,570 per QALY if 
screened annually (23). The above work 
supports extending the interval of screening 
for ‘low risk’ patients.    

Furthermore, Soto-Pedre et al. (29) looked 
at two cohorts of patients. If there was no 
retinopathy at presentation; the risk of de-
veloping sight-threatening diabetic reti-
nopathy was 3% at 4 years whereas those 
with mild non-proliferative diabetic reti-
nopathy is double that, at 6%, at 4 years. 
For those with mild non-proliferative dia-
betic retinopathy annual screening is ad-
vised. In patients with good metabolic con-
trol, screening every two years would be 
appropriate. However, extending the inter-
val to three to four years would be appro-
priate for those diabetic patients with no 
retinopathy at enrolment (29).  

Conclusion 

Based on my review and reading, diabetic 
eye screening reduces the risk of develop-
ing sight-threatening diabetic retinopathy 
by detecting changes at an early stage 
whilst they are still amenable to treatment. 
In an environment with limited resources it 
is important to make the screening pro-
gramme cost effective. This can be achieved 
provided that the screening interval is de-
cided on by risk stratification; it seems ap-
propriate that high risk patients should con-
tinue to receive annual screening with the 
lower risk diabetic patients having screen-
ing at longer intervals of up to 5 years. 
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You might also be interested in the research article 
by Melissa Leak on malarial retinopathy: 

see Research, page 19 


