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ABSTRACT – Diabetic retinopathy (DR) is the leading cause of 
visual loss in the developed world in those of working age, and 
its prevalence is predicted to double by 2025. The manage-
ment of diabetic retinopathy has traditionally relied on 
screening, on laser treatment delivered by ophthalmologists, 
and on optimising blood glucose and blood pressure. Recent 
evidence suggests that the role of systemic factors is more 
complex than originally thought, and that drugs such as ACE 
inhibitors, fibrates and glitazones may all influence the course 
of diabetic macular oedema. Antagonism of vascular endothe-
lial growth factor offers a new therapeutic avenue that may 
transform the management of diabetic macular oedema. 
Several other therapeutic options are under investigation and 
development, including aminoguanidine, sorbinol, ruboxis-
taurin and autologous stem cell transfusion.
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Definitions and diagnosis

Diabetic macular oedema (DMO) (Fig 1) is a component of the 
clinical scenario that comprises diabetic retinopathy (DR). DMO 
consists of intraretinal fluid and exudate gathering at or close to 
the central region of the retina, the macula; this is the region 
serving central vision and thus DMO can impair central vision. 
Proliferative retinopathy, in which new blood vessels develop on 
the retinal surface at the optic disc, or elsewhere, also forms part 
of DR. These new blood vessels can bleed, causing vitreous haem-
orrhage, or contract, resulting in retinal detachment. DR is diag-
nosed by clinical examination (fundoscopy), though screening 
plays a vital role as patients with DMO or proliferative DR will not 
necessarily have symptoms initially. Optical coherence tomog-
raphy scans (OCT) offer a new way to monitor macular anatomy 
quantitatively, and are used to guide clinical practice and as an 
outcome measure in clinical trials.1 This review gives an overview 
of DMO management, and puts systemic factors in context.

Epidemiology

Diabetic retinopathy is a leading cause of visual loss in 20- to 
65-year-olds in the developed world.2 The prevalence of DR 

increases with duration of DM, with increased HbA1c and with 
higher blood pressure (BP) and is higher in type 1 than in type 
2 DM.2 Approximately 8% of those with DM have DMO in at 
least one eye, and one in four patients with DMO has significant 
visual impairment,3 though estimates of prevalence and rate of 
progression of DR vary with study methodology and population 
sampled, for example with regard to ethnicity.2

Pathophysiology

Why the macula is predisposed to oedema in DR is not estab-
lished.4 The retina is uniquely susceptible to ischaemia, as it is 
the most metabolically active tissue in the body supplied by an 
end-arterial system with little spare capacity. It is speculated that 
structural and functional changes in DM in the retina also occur 
in other microvascular beds. Modification of lipoproteins may 
be central to damage of the retinal milieu in DM.5 Apoptosis of 
neural cells also occurs at an increased rate soon after the onset 
of DM in animal models.6

Screening

The NHS Diabetic Eye Screening Programme quality assur-
ance standards state that every eligible person with DM over 
the age of 12 years in the UK should be invited for DR 
screening test at least once a year. The screening programme 
relies on retinal photographs, which are analysed to identify 
high risk features that merit onward referral to the hospital 
eye service. Early detection and treatment of diabetic eye dis-
ease has been shown to improve outcomes.7 While approxi-
mately 10% of patients with type 2 DM have signs of retin-
opathy at the time of diagnosis, it is likely that molecular 
manifestations of the disease precede clinical signs by years. 
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Fig 1. Bilateral diabetic macular exudates. The view of the left fundus 
is blurred due to cataract.
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At present, however, screening relies on detection of haemor-
rhages, exudates or other signs. The uptake of screening in 
the UK is estimated by Diabetes UK to be approximately 90%. 
Pregnant women are at greater risk of DR progression and 
should be examined more frequently.8

New insights on how diabetic retinopathy is 
influenced by systemic risk factors

The UK Prospective Diabetes Study (UKPDS)9,10 and the 
Diabetes Control and Complications Trial (DCCT)11 established 
the benefit of intensive glycaemic and blood pressure control in 
delaying the onset and slowing the progression of DR.

The benefits of ever tighter glycaemic and BP control for 
retinopathy progression were not questioned until recently. The 
Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
trial12 was stopped six months early as intensive glycaemic con-
trol was associated with increased mortality, mainly from mac-
rovascular causes. This was unexpected and, as yet, is unex-
plained. It was suggested that less strict glycaemic targets may be 
appropriate in elderly patients with established cardiovascular 
disease. The role of gylcaemic control is not simple: long-term 
follow-up of participants enrolled in clinical studies on DM 
years ago have led to the concept of a ‘metabolic memory’ or 
‘legacy effect’, whereby a period of better glycaemic control early 
in the disease course can have lasting benefits despite subsequent 
poorer control.13 Furthermore, in ACCORD, keeping the systolic 
BP below 120 mmHg did not slow retinopathy progression. This 
was thought to be due to a floor effect as the control group had 
a mean systolic BP of 133 mmHg. Clearly a compromise must be 
struck between adequately and excessively lowering BP levels, 
bearing in mind the benefit of lower BP on other endpoints such 
as nephropathy and stroke.

The Collaborative Diabetes Atorvastatin Study (CARDS) was 
a primary prevention trial on DR14 in which almost 3,000 par-
ticipants with type 2 DM were randomised to receive atorvas-
tatin or placebo. There was a trend towards reduction in the 
need for laser therapy with atorvastatin, though this was not 
statistically significant. In the STENO-2 trial, 160 subjects were 
randomised either to intensive control of blood glucose, BP and 
lipids, or to ‘conventional’ treatment. 15 The relative risk after a 
mean of 5.5 years of follow-up of patients needing retinal pho-
tocoagulation was 0.45 (95% CI 0.23–0.86) in the intensively 
treated group compared to the control group. The Fenofibrate 
Intervention and Event Lowering in Diabetes (FIELD) study16 
assessed the tolerability and efficacy of fenofibrate compared to 
placebo in 9,795 50- to 75-year-olds with type 2 DM. A first laser 
treatment for retinopathy was needed significantly less often in 
the fenofibrate group (3.4%) than the placebo group (4.9%) 
(p=0.0002); intriguingly, this was independent of plasma lipid 
changes. Fenofibrate may have relevant anti-apoptotic and anti-
inflammatory properties. However, FIELD was not powered 
primarily for ophthalmic outcomes. In the ACCORD study, 
adding fenofibrate to simvastatin led to a significant 40% reduc-
tion in the odds ratio for progression of DR, significantly more 

than the benefit of adding placebo to simvastatin.17 It was sug-
gested that fenofibrate should be considered in patients with 
‘pre-proliferative DR and/or macular oedema, or when there is 
early DR in the only or good eye’.18 A trial on the use of fenofi-
brate for DMO, with functional and anatomical endpoints, is 
planned (clinicaltrials.gov identifier NCT01320345).

It is hypothesised that blockade of the renin–angiotensin 
pathway may have beneficial effects on DR independently of 
effects on BP. The EURODIAB Controlled Trial of Lisinopril in 
Insulin-Dependent Diabetes Mellitus (EUCLID) study exam-
ined the effect of lisinopril on progression of DR in patients with 
type 1 DM who were not hypertensive.19 A non-statistically 
significant benefit was shown for progression of DR. Similarly, 
the Heart Outcomes Prevention Evaluation study (HOPE) 
found that ramipril did not significantly reduce the incidence of 
laser treatment of DR in patients with DM, although this was 
not a primary outcome.20 In contrast, the DIRECT study was 
designed specifically to examine the effect of candesartan on DR. 
Patients with type 1 DM (3326)21 and type 2 DM (1905)22 were 
followed for a median of 4.75 years. In the type 1 DM cohort, 
candesartan significantly reduced the proportion having a three-
step decline in DR grade from 16.0% to 10.5% after adjusting for 
blood pressure, though this became evident only after post-hoc 
analysis. In patients with type 2 diabetes, candesartan signifi-
cantly increased the proportion with mild DR whose DR 
regressed, but had no significant effect on worse grades of DR, 
or on macular oedema. The findings may have been blunted as 
28% of the placebo arm of the type 2 DM cohort started a renin-
angiotensin blocker during the trial. What this evidence means 
for the management of DMO is unclear, but specific recommen-
dations have been made for the primary prevention of DR in 
type 1 DM, and in the treatment of mild DR in type 2 DM. 23

Several uncontrolled case series on glitazones and DMO 
report mixed findings. As part of the ACCORD-Eye study, 6,875 
eyes were photographed at baseline; in 1,377 eyes the patient was 
on a glitazone.24 There was no association with glitazone use and 
DMO but there were several unknown potentially confounding 
factors. While firm evidence of a detrimental role for glitazones 
in DMO is lacking, substitution of the glitazone with an alterna-
tive therapy may be considered worthwhile in patients with 
DMO.

Is laser treatment still considered useful?

Laser therapy has been the mainstay of treatment since the Early 
Treatment Diabetic Retinopathy Study (ETDRS), in which focal 
or grid laser reduced the risk of moderate visual loss from 24% 
to 12% at three years, compared to observation.25 In the ETDRS, 
only 17% gained one or more best corrected visual acuity 
(BCVA) lines, highlighting that the aim of laser treatment is not 
to improve vision, but to prevent visual loss. This should be 
explained carefully to patients. Results in subsequent studies, 
however, were better than in the ETDRS; it can be speculated 
that this is in part as glycaemic control has since improved: 40% 
in the ETDRS study had an HbA1c of over 10%. In a Diabetic 
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Retinopathy Clinical Research Network (DRCR) randomised 
trial comparing focal or grid macular laser with intravitreal tri-
amcinolone for DMO,26 after a three year follow-up only 8% of 
those treated with laser had lost three or more lines, while 26% 
gained three or more lines, although only 36% of those origi-
nally enrolled in the trial reached the three-year follow-up point. 
A ‘real-world’ study from London27 on laser treatment for DMO 
found that a modifiable risk factor for visual loss is non-attend-
ance.

Do steroids have a role?

Steroids are thought to have a stabilising effect on the inner 
blood retinal barrier. The DRCR trial mentioned above com-
pared intravitreal preservative free triamcinolone, at doses of 1 
mg or 4 mg, with conventional laser treatment.26 In the study, 
steroids produced an initial improvement, but at three years 
were not superior to laser therapy. Not unexpectedly, raised 
intraocular pressure and cataracts were significantly more 
common in the group treated with steroids.

Are vascular endothelial growth factor antagonists 
effective in diabetic retinopathy?

Understanding vascular endothelial growth factor (VEGF) has 
transformed the management of age-related macular degener-
ation (AMD) and intraocular injections of VEGF antagonists 
will also revolutionise treatment of DMO. NICE draft guidance 
published in October 2012 supports intravitreal ranibizumab 
for DMO with a macular thickness of 400 um of more as 
measured by OCT.

The putative role of VEGF in DMO formed the basis of the 
DRCR protocol I, which investigated the tolerability and effi-
cacy of intravitreal injections of ranibizumab (Lucentis) for 
DMO in 854 eyes.28 At two years the mean BCVA improve-
ment from baseline was significantly better with ranibizumab 
than with triamcinolone or sham. It is not known to what 
extent ischaemia influenced results. While there were no safety 
concerns with ranibizumab, the study was not powered for 
safety. It is pertinent to note that initial BCVA gains with 

ranibizumab were maintained with an average of two to three 
injections in year two. Other high quality evidence supports 
the use of ranibizumab for DMO, such as the RESOLVE, 
RESTORE, RIDE and RISE studies. The BOLT study investi-
gated the use of bevacizumab (Avastin) for DMO.29 Those 
with macular ischaemia were excluded. BCVA was signifi-
cantly better after treatment with bevacizumab than with laser 
at 24 months.

Even as funding and capacity issues around use of ranibi-
zumab and bevacizumab are discussed, clinical trials are pro-
ceeding on a new means of inhibiting VEGF. VEGF Trap-Eye is a 
fusion protein consisting of the Fc part of human IgG fused with 
parts of VEGF receptors. The DME And VEGF Trap-Eye: 
INvestigation of Clinical Impact (DA VINCI) trial is examining 
VEGF Trap-Eye for DMO.30 As the affinity of VEGF Trap-Eye for 
VEGF-A is higher than that of native receptors, and as the 
resulting complex is stable, less-than-monthly dosing may in 
theory be possible without loss of efficacy.

Systemic safety has been raised as a concern for VEGF 
antagonism in general,31 with regard to thromboembotic 
events. It should not be forgotten that VEGF also has impor-
tant physiological roles,32 such as maintaining retinal neuron 
health.33

Possible treatments to come for diabetic 
retinopathy

Hyperglycaemia simultaneously stimulates several potentially 
pathogenic pathways in the retina,34 offering targets of poten-
tial therapeutic value (Table 1). In DM advanced glycation 
end-products (AGEs) accumulate and their receptors are acti-
vated.35 Agents under evaluation in models of DR include 
pimagedine, aminoguanidine, and drugs that scavenge reactive 
intermediates of the pathway preventing AGE formation; mol-
ecules that break already cross-linked protein to fragments that 
can be cleared renally, and agents that block AGE receptors. In 
hyperglycaemia aldose reductase (AR) activity is increased.36 
Polymorphisms in the gene for AR have been associated with 
increased susceptibility to DR progression. AR reduces glucose 
to sorbitol which results in potentially adverse effects, including 

Table 1. A summary of possible future treatments for diabetic retinopathy.

Agent Mechanism Comments Reference

Pimagedine Inhibits AGE formation In a randomised placebo-controlled trial pimagedine significantly 
slowed rate of progression of DR.

Bolton et al40

Sorbinol Aldose reductase inhibitor In a randomised placebo-controlled trial sorbinol failed to significantly 
retard progression of DR (though more potent AR inhibition may be 
required than used in the trial).36

Sorbinol Retinopathy Trial 
Research Group41 

Ruboxistaurin PKCβII inhibitor Following an open-label extension of a randomised placebo-controlled 
trial, at 6 years those with the greater exposure to ruboxistaurin had a 
significantly lower risk of moderate visual loss.

Sheetz et al37 

AGE = advanced glycation end-product; AR = aldose reductase; DR = diabetic retinopathy; PKC = protein kinase C. 
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increased intracellular hypertonicity; production of fructose, 
which is in turn converted to glycosylating agents that 
contribute to AGE formation; and finally consumption of anti-
oxidant defences. It is not known which effects of polyol 
pathway activation, if any, play a role in DR. Finally, de novo 
synthesis of diacylglycerol results from hyperglycaemia, leading 
to activation of several protein kinase C (PKC) isoforms.

Such molecular changes may be the basis of the decrease in 
retinal blood flow observed in early DM. Hypoperfusion may 
contribute to retinal hypoxia, thought to lead to low grade 
chronic inflammation and capillary dropout. As consequent 
production of VEGF leads to leakiness and aberrant neovascu-
larisation, future interventions in early DR may be 
pro-angiogenic.34 Promotion of controlled reperfusion of 
ischaemic areas before sequelae of ischaemia have developed 
may be a viable strategy.38 Intravitreal injection of autologous 
haematopoeitic stem cells have been studied in animal models 
of ischaemic retinopathy, though there are challenges to 
overcome.

While hypoperfusion is a feature of early DM, a switch to 
hyperperfusion occurs later34 and is associated with the first 
clinical signs of DR: microaneurysms. New technologies may 
allow identification of retinal arteriolar dilatation as a marker 
for DR onset.39 Hyperperfusion and shear stress may exacerbate 
capillary loss and macular ischaemia. Furthermore a hyperdy-
namic circulation may lead to a net outflow of fluid, possibly 
contributing to DMO. The beneficial effect on DMO of control-
ling hypertension supports this hypothesis.

Conclusion

Lessons of the past have served well in the management of dia-
betic maculopathy. The importance of control of systemic risk 
factors and the benefits of laser treatment should not be for-
gotten in the era of intravitreal injections. Anti-VEGF treatment 
may revolutionise both therapeutic outcomes and, by necessity, 
the organisation of DR services. However, in parallel with the 
inexorable rise in prevalence of DM, new avenues of under-
standing are opening up, raising the potential of novel treat-
ments for DR.
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