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KEY MESSAGES

•
•
•

Regular screening is important for early detection of treatable diabetic retinopathy. Screening intervals for diabetic retinopathy vary according to the
individual’s age and type of diabetes.
Optimal glycemic control reduces the onset and progression of sightthreatening diabetic retinopathy.
Local intraocular pharmacological therapies have the potential to improve
vision and reduce the level of retinopathy.

KEY MESSAGES FOR PEOPLE WITH DIABETES

•
•
•

•

Diabetic retinopathy involves changes to retinal blood vessels that can cause
them to bleed or leak ﬂuid, distorting vision.
With good glycemic control, regular eye exams and early treatment, the
risk of vision loss is reduced.
Diabetic retinopathy often goes unnoticed until vision loss occurs; therefore, people with diabetes should get a comprehensive dilated eye exam
regularly. Discuss the recommended frequency with your diabetes healthcare team and experienced vision care professionals (optometrists or
ophthalmologists).
Diabetic retinopathy can be treated with several therapies used alone or
in combination.

Introduction
Diabetic retinopathy is the most common cause of incident blindness (legal) in people of working age (1). The Eye Diseases Prevalence Research Group determined the crude prevalence rate of
retinopathy in the adult population with diabetes of the United States
to be 40.3%; sight-threatening retinopathy occurred at a rate of 8.2%
(1). Previous data showed the prevalence rate of proliferative retinopathy to be 23% in people with type 1 diabetes, 14% in people
with type 2 diabetes on insulin therapy and 3% in people receiving noninsulin antihyperglycemic therapies (2). Macular edema
occurs in 11%, 15% and 4% of these groups, respectively (3). Higher
prevalence rates have been noted in Indigenous populations in
Canada (4,5).
Visual loss is associated with signiﬁcant morbidity, including
increased falls, hip fracture and a 4-fold increase in mortality (6).
Among individuals with type 1 diabetes, limb amputation and visual
Conﬂict of interest statements can be found on page S214.

loss due to diabetic retinopathy are independent predictors of early
death (7).

Deﬁnition and Pathogenesis
Diabetic retinopathy is clinically deﬁned, diagnosed and treated
based on the extent of retinal vascular disease detected by ophthalmoscopy. Three distinct forms of diabetic retinopathy are
described: 1) macular edema, which includes diffuse or focal vascular leakage at the macula; 2) progressive accumulation of microvascular change that includes microaneurysms, intraretinal
hemorrhage, vascular tortuosity and vascular malformation (together
known as nonproliferative diabetic retinopathy) that ultimately leads
to abnormal vessel growth on the optic disc or retina (proliferative diabetic retinopathy); and 3) retinal capillary nonperfusion, a
form of vascular closure detected on retinal angiography, which is
recognized as a potential complication associated with diabetes that
can cause blindness and currently has no treatment (albeit ameliorated by ranibizumab therapy) (8).

Screening
Sight-threatening diabetic retinopathy includes severe
nonproliferative diabetic retinopathy, proliferative diabetic retinopathy or foveal threatening diabetic macular edema (DME) evaluated either clinically and/or by optical coherence tomography (OCT)
modalities. Clinically signiﬁcant diabetic macular edema (CSME) is
a strictly deﬁned term determined by subjective biomicroscopy
assessment of retinal thickening of the area and distance from the
foveal centre (the centre of the macula responsible for highacuity vision), with or without hard exudates (9). Use of OCT technology more accurately measures and quantiﬁes retinal thickening
threatening the foveal centre; this imaging modality has encouraged the terminology “centre-involving” DME to guide therapeutic decisions.
Since therapies are available for sight-threatening diabetic retinopathy, which reduce the risk of blindness, ophthalmic screening strategies are necessary to identify treatable disease (9–13).
Screening can be performed with dilated ophthalmoscopy, fundus
imaging (photography—preferably standard 7 ﬁeld or wide ﬁeld
imaging +/- macular OCT) combined with telehealth systems by
qualiﬁed vision care professionals (ideally optometrists or ophthalmologists). With improved multimodal treatment options,
including intraocular injectable pharmaceuticals, laser modalities
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Table 1
Screening for retinopathy
When to initiate screening
• Type 1 diabetes: 5 years after diagnosis in all individuals ≥15 years
• Type 2 diabetes: children, adolescents and adults at diagnosis
Screening methods
• 7-standard ﬁeld, stereoscopic-colour fundus photography with
interpretation by a trained reader (gold standard)
• Direct ophthalmoscopy or indirect slit-lamp fundoscopy through dilated
pupil
• Digital fundus photography
If retinopathy is present
• Diagnose retinopathy severity and establish appropriate monitoring
intervals (1 year or less)
• Treat sight-threatening retinopathy with laser, pharmacological or surgical
therapy
• Review glycemic, BP and lipid control, and adjust therapy to reach targets
as per guidelines*
• Screen for other diabetes complications
If retinopathy is not present
• Type 1 diabetes: rescreen annually
• Type 2 diabetes: rescreen every 1 to 2 years
• Review glycemic, BP and lipid control, and adjust therapy to reach targets
as per guidelines*
• Screen for other diabetes complications
BP, blood pressure.
* See Targets for Glycemic Control chapter, p. S42; Hypertension chapter, p. S186;
Dyslipidemia chapter, p. S178

and microsurgical advances, appropriate screening, careful retinopathy grading and timely referral for management cannot be overemphasized to prevent treatable vision loss.
Screening recommendations take into account the differences
in incidence and prevalence of retinopathy observed in type 1 and
type 2 diabetes, and in children and adults (Table 1) (14–19).
Diabetic retinopathy rarely develops in children with type 1 diabetes <10 years of age regardless of the duration of diabetes (18).
Among people <15 years of age, irrespective of age of onset of diabetes, the prevalence of mild nonproliferative retinopathy was 2%,
and none had sight-threatening diabetic retinopathy (10,18).
However, the prevalence rate increases sharply after 5 years’ duration of diabetes in postpubertal individuals with type 1 diabetes
(18). In the Wisconsin Epidemiology Study of Diabetic Retinopathy 4-year incidence study, no person <17 years of age developed
proliferative retinopathy or macular edema (16,20,21). Screening
frequency for retinopathy has been extensively evaluated through
post-hoc statistical modelling of the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications Study (DCCT/EDIC), and results suggest that frequency can
be individualized based on retinopathy stage and current A1C level.
However, modiﬁcation of current recommendations for annual
screening will require conﬁrmation in an independent study and
demonstration that these ﬁndings can be translated into practice
safely and effectively. Controversy, therefore, exists on whether the
ideal approach to screening is a population-wide screening program
with regular intervals or the development of personalized protocols.
In people with type 2 diabetes, retinopathy may be present in
21% to 39% soon after clinical diagnosis, but is sight-threatening in
only about 3% (3,17,19,22). In the United Kingdom Prospective Diabetes Study (UKPDS), few participants without retinopathy at diagnosis of diabetes had disease progression to the point of requiring
retinal photocoagulation (laser treatment) in the following 3 to 6
years (23). More recently, progression rates of diabetic retinopathy were prospectively evaluated (14,15,24). The Liverpool Diabetic
Eye Study reported the 1-year cumulative incidence of sightthreatening diabetic retinopathy in individuals with type 1 or type 2
diabetes who, at baseline, had no diabetic retinopathy, had background retinopathy or had mild preproliferative retinopathy. In
people with type 1 diabetes, the incidence in these groups was 0.3%,
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3.6% and 13.5%, respectively (14) and, in type 2 diabetes individuals, it was 0.3%, 5.0% and 15.0%, respectively (15). Although the incidence of sight-threatening diabetic retinopathy in the group without
baseline diabetic retinopathy is low (14,15,23,24), there have been
no studies comparing various screening intervals in their effectiveness to reduce the risk of vision loss (25).
Telemedicine programs relying on fundus photography are widely
used in Canada and internationally for the identiﬁcation and triage
of people with diabetic retinopathy (26). This has been greatly facilitated by the advent of high-resolution ultra-wide ﬁeld imaging
(UWFI). The Joslin Vision Network, an ocular telehealth program
at the Joslin Diabetes Center, demonstrated that UWFI employed
by trained certiﬁed imagers adhering to deﬁned imaging and grading
protocols, accurately evaluated images for the presence of diabetic retinopathy or diabetic retinopathy that required referral for
prompt ophthalmic care, with a sensitivity and negative predictive value approaching 1.0 (27). Furthermore, UWFI technology has
permitted the identiﬁcation of peripheral diabetic retinal lesions,
missed by standard 7-ﬁeld fundus photography, that more accurately identiﬁes the severity level of diabetic retinopathy and the
risk of retinopathy progression over 4 years (28).

Delay of Onset and Progression
Risk factors for the development or progression of diabetic
retinopathy are longer duration of diabetes, elevated A1C,
increased blood pressure (BP), dyslipidemia, anemia, pregnancy
(with type 1 diabetes), proteinuria and severe retinopathy
itself (1,16–19,21,29–34) (see Diabetes and Pregnancy chapter,
p. S255).
Glycemic control
Optimizing glycemic control, targeting an A1C ≤7%, is recommended to slow the development and progression of diabetic retinopathy (see Targets for Glycemic Control chapter, p. S42). The DCCT
and the UKPDS demonstrated that intensive glycemic control (A1C
<7%) reduced both the development and progression of retinopathy (35–37), with the beneﬁcial effects of intensive glycemic control
persisting for up to 10 years after completion of the initial trials
(38,39). Two studies examined the effect of more aggressive BG
(blood glucose) lowering (A1C <6.5%) in people with established
type 2 diabetes (duration 6 to 10 years). In the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) Eye study, intensive glycemic control was associated with a lower rate of retinopathy progression than standard therapy (40,41), while in the Action in
Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) Retinal Measurements study (AdRem),
intensive glycemic control did not signiﬁcantly reduce development or progression of retinopathy (42). In type 1 diabetes, rapid
improvement of glycemia may be associated with transient early
worsening of retinopathy, but this effect is offset by long-term
beneﬁts (43).
BP control
BP control is an important component of risk factor modiﬁcation in diabetes and reduces the risk of retinopathy progression (see
Treatment of Hypertension chapter, p. S186). The UKPDS showed
that, among people with newly diagnosed type 2 diabetes, BP control
(target BP <150/85 mmHg, actual BP 144/82 mmHg) resulted in a
signiﬁcant reduction in retinopathy progression, as well as a decrease
in signiﬁcant visual loss and requirement for laser therapy compared to less control (target BP <180/105 mmHg, actual mean BP
154/87 mmHg) (44). The ACCORD and ADVANCE studies examined
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more aggressive BP lowering in people with established type 2 diabetes. In both these studies, where mean BP was <140/80 mmHg
in both the active intervention and control groups, active treatment did not show additional beneﬁt vs. standard therapy. However,
in the ADVANCE study data set, analysis of visit-to-visit variability of systolic BP and maximum systolic BP were predictive of diabetic retinopathy complications independent of mean BP (45). In
contrast, in type 1 diabetes, the DCCT trial did not show variability of BP as a risk factor for diabetic retinopathy (46).
Although a number of clinical trials have examined the effect(s)
of renin angiotensin aldosterone system (RAAS) blockade on retinopathy progression or development among normotensive people
with diabetes, the results have generally been conﬂicting or inconclusive. In the Renin-Angiotensin System Study (RASS), involving
223 normotensive, normoalbuminuric participants with type 1 diabetes, neither the angiotensin-converting enzyme (ACE) inhibitor,
enalapril, or the angiotensin receptor blocker (ARB), losartan, reduced
retinopathy progression independent of BP change (47). The Diabetic Retinopathy Candesartan Trials (DIRECT) program, involving
5,231 participants, evaluated the effect of the angiotension II type 1
ARB candesartan 32 mg daily on the incidence of retinopathy in participants with type 1 diabetes (DIRECT-Prevent 1) (48) and on the
progression of retinopathy in participants with either type 1 diabetes (DIRECT-Protect 1) (48) or type 2 diabetes (DIRECT-Protect
2) (49). The DIRECT studies did not meet their primary endpoints,
although there was an overall change toward less severe retinopathy with candesartan (48,49).
In view of the conﬂicting data, a systematic review and metaanalysis was carried out to evaluate the effect(s) of RAAS inhibition on diabetic retinopathy, and to compare between ACE inhibitors
and ARBs (50). The study included 21 randomized controlled clinical trials and 13,823 participants. Results of these analyses suggest
that RAAS inhibition was associated with reduced risk of incidence and progression of diabetic retinopathy, and that ACE inhibitors were better than ARBs at reducing these risks. However, the
study did not evaluate the effect(s) of RAAS inhibition in participants with multiple medical comorbidities (the subgroup of participants that are more likely to beneﬁt from RAAS blockade), or
the optimal dosage and duration of speciﬁc RAAS inhibitors. Thus,
while BP lowering (including use of RAAS blockers) reduces retinopathy rates and is an important component of cardiovascular (CV)
protection (see Cardiovascular Protection in People with Diabetes
chapter, p. S162), there is insuﬃcient evidence to recommend speciﬁc routes of RAAS blockade as primary prevention for retinopathy for all normotensive people with diabetes.

Lipid-lowering therapy
Dyslipidemia is an independent risk factor for retinal hard exudates and CSME in type 1 diabetes (24,51). While statin-based lipidlowering therapies are an integral part of CV protection in diabetes,
the role of these agents in preventing the development or progression of retinopathy has not been established (37,52). The role of the
peroxisome proliferator-activated receptor-alpha agonist fenoﬁbrate
has been assessed in 2 large-scale randomized controlled trials. In
the Fenoﬁbrate Intervention and Event Lowering in Diabetes (FIELD)
study, fenoﬁbrate 200 mg daily reduced both the requirement for
laser therapy (a pre-speciﬁed tertiary endpoint) and retinopathy progression among people with pre-existing retinopathy (53). In the
ACCORD Eye study, the addition of fenoﬁbrate 160 mg daily to
simvastatin was associated with a 40% reduction in the primary
outcome of retinopathy progression over 4 years (40,41). From the
study’s control and event rates, the number of people needed to
treat with combination statin and fenoﬁbrate therapy to prevent
1 retinopathy progression event is estimated at 27 over the 4-year

period. The mechanism for any beneﬁcial effect of fenoﬁbrate in diabetic retinopathy has not been established. Active treatment with
fenoﬁbrate was associated with an increase in high-density lipoprotein cholesterol (HDL-C) and decrease in serum triglycerides in
ACCORD Eye (40,41); however, in the FIELD study, any beneﬁcial
effect of fenoﬁbrate was independent of plasma lipid concentrations (53). Thus, the addition of fenoﬁbrate to statin therapy could
be considered in people with type 2 diabetes to slow the progression of established retinopathy.
Antiplatelet therapy
Systematic review suggests that acetylsalicylic acid (ASA) therapy
neither decreases or increases the incidence or progression of diabetic retinopathy (54). Correspondingly, ASA use does not appear
to be associated with an increase in risk of vitreous hemorrhage
or DME (55,56).

Treatment
Treatment modalities for diabetic retinopathy include retinal photocoagulation, intraocular injection of pharmacological agents and
vitreoretinal surgery.
Laser therapy
As determined in the Diabetic Retinopathy Study (DRS) and the
Early Treatment Diabetic Retinopathy Study (ETDRS), panretinal laser
photocoagulation to the retinal periphery reduces severe visual loss
and reduces legal blindness by 90% in people with severe
nonproliferative or proliferative retinopathy (10–12). As determined by the ETDRS, focal laser treatment to the macula for CSME
reduces the incidence of moderate visual loss by 50% (9). Longterm follow-up studies to the original laser photocoagulation trials
conﬁrm its beneﬁt over several decades (57).
Local (intraocular) pharmacological intervention
The cytokine, vascular endothelial growth factor (VEGF), is a
potent vascular permeability and angiogenic factor. Increased
VEGF expression has been demonstrated to play a pivotal role in
the development of diabetic retinopathy and, in particular, DME.
Treatment of centre-involving DME with intravitreal anti-VEGF
agents has been associated with improved vision and reduction of
macular edema (thickening), unlike focal macular laser where the
effect is to reduce the probability of further vision loss. Thus, antiVEGF drugs have become ﬁrst-line therapy in the management of
centre-involving DME, and focal macular laser continues to be
used when central vision is not involved. Three anti-VEGF agents
are available, namely, ranibizumab, aﬂibercept and off-label use of
bevacizumab.
Two masked, phase III, randomized clinical trials, A Study of
Ranibizumab Injection in Subjects With Clinically Signiﬁcant Macular
Edema (ME) With Center Involvement Secondary to Diabetes Mellitus (RISE) and A Study of Ranibizumab Injection in Subjects With
Clinically Signiﬁcant Macular Edema (ME) With Center Involvement Secondary to Diabetes Mellitus (RIDE), using monthly
ranibizumab, a humanized recombinant anti-VEGF antibody fragment, with or without prompt laser, improved visual acuity compared against sham over the 2 years of study (58). In the RISE trial,
44% and 39% of participants receiving 0.3 or 0.5 mg ranibizumab,
respectively, gained 15 letters or more (3 lines) of acuity vs. 18%
of those in the control arm. In the RIDE study, 33% or 45% of participants gained 15 letters or more at doses of 0.3 or 0.5 mg, respectively. RISE and RIDE open-label extension trials showed visual acuity
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gains and safety proﬁles were maintained with a marked reduction in subsequent treatment frequency (59).
Furthermore, 1-year results of a phase III clinical trial,
Ranibizumab Monotherapy or Combined with Laser versus Laser
Monotherapy for Diabetic Macular Edema (RESTORE), using an initial
loading dose of 3 monthly injections of 0.5 mg ranibizumab, and
as-needed treatment thereafter, likewise demonstrated improvement in the primary and secondary outcome measures of best corrected visual acuity and reduction in central macular thickness. In
all studies, the effect(s) of ranibizumab were consistent when used
as monotherapy or in conjunction with macular photocoagulation.
In the RESTORE study, 37% to 43% of ranibizumab-treated participants improved vision by 10 letters or more compared to 16% with
focal macular laser (60). Three-year extension results maintained
similar outcomes (61).
Similar positive results were obtained by the Diabetic Retinopathy Clinical Research Network (DRCR.net) (Protocol I - 5-year results)
using ﬂexible ranibizumab plus prompt or deferred laser treatment algorithms (62,63).
Aﬂibercept is a recombinant fusion protein comprised of the
highest-aﬃnity binding site from VEGF receptor 1 and 2, fused to
the constant region (Fc) of immunoglobulin G1, and binds or traps
VEGF and PlGF (Placental Growth Factor). Two masked phase III randomized clinical trials, Study of Intravitreal Aﬂibercept Injection in
Patients With Diabetic Macular Edema (VISTA DME) and Intravitreal
Aﬂibercept Injection in Vision Impairment Due to DME (VIVIDDME), evaluated aﬂibercept at 2 different dosing intervals (2q4 and
2q8) vs. macular laser photocoagulation. The 52-week visual and
anatomic superiority of aﬂibercept over laser control was sustained through week 100, with similar eﬃcacy in the 2q4 and 2q8
groups. Mean BCVA gain from baseline to week 100 with aﬂibercept
2q4, 2q8 and laser control was 11.5, 11.1 and 0.9 letters (p<0.0001)
in VISTA and 11.4, 9.4 and 0.7 letters (p<0.0001) in VIVID, respectively (64).
A similar outcome was noted when comparing intraocular injection of bevacizumab (a full-length antibody against VEGF) to macular
laser. Two-year results of A Prospective Randomized Trial of
Intravitreal Bevacizumab or Laser Therapy in the Management of
Diabetic Macular Edema (BOLT), a phase 3 clinical trial, demonstrated a gain of at least 15 letters or more in 32% of participants
receiving 1.25 mg bevacizumab compared to 4% in the control arm
(65). However, unlike ranibizumab and aﬂibercept, intraocular injection of bevacizumab in diabetic retinopathy constitutes off-label use
of the drug in Canada.
A head-to-head randomized clinical trial, Diabetic Retinopathy
Clinical Research Network Protocol T study, was carried out comparing the 3 anti-VEGF agents—aﬂibercept, bevacizumab and
ranibizumab—in the treatment of centre-involving DME. All 3 agents
demonstrated improvement of visual acuity and reduction in central
macular thickness both at year 1 (66) and year 2. Superiority of
aﬂibercept was noted in the group of participants with worse baseline visual acuity. This superiority of aﬂibercept at year 2 with gains
of 18.1 letters in aﬂibercept, 13.3 letters in bevacizumab and 16.1
letters in ranibizumab groups at 2 years (aﬂibercept vs. bevacizumab,
p=0.02, aﬂibercept vs. ranibizumab, p=0.18, and ranibizumab vs.
bevacizumab, p=0.18).
Steroids are an alternate class of drug utilized in the management of DME. Injectable agents include triamcinolone, dexamethasone and ﬂuocinolone.
Intravitreal injection of triamcinolone combined with prompt
macular laser was as effective as ranibizumab in a single subgroup of people characterized by previous cataract surgery (62).
The Macular Edema: Assessment of Implantable Dexamethasone in Diabetes (MEAD) study group showed positive visual results
with the dexamethasone (DEX) implant over a 3-year follow-up
period. The percentage of participants with ≥15-letter improvement
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in BCVA from baseline at study end was greater with DEX implant
0.7 mg (22.2%) and DEX implant 0.35 mg (18.4%) than sham (12.0%,
p≤0.018) (67).
The ﬂuocinolone implant for DME has been studied (68,69) and
more recently was studied vs. sham in the Fluocinolone Acetonide
for Macular Edema (FAME) study, a phase III clinical trial consisting of 2 3-year pivotal trials. The percentage of participants with
improvement from baseline letter score of 15 or more at month 24
was 28.7% and 28.6% in the low- and high-dose insert groups, respectively, compared with 16.2% in the sham group (p=0.002 for each)
(70).
However, treatments with intraocular steroids are associated with
increased rates of glaucoma and cataract formation.
Randomized-controlled trials evaluating anti-VEGF therapy for
the treatment of centre-involving DME have noted improved diabetic retinopathy severity scale (DRSS). Progression of DRSS severity has been associated with an increased risk of development of
proliferative diabetic retinopathy and DME (71). In nonproliferative
diabetic retinopathy, ranibizumab (RISE/RIDE phase IV trial) demonstrated ≥2 step improvement in DRSS at year 3 (p=0.0003). Similarly, with aﬂibercept, a signiﬁcant proportion of eyes demonstrated
≥2 step improvement in DRSS in the VISTA trial (p=0.0001) and VIVID
trial (p=0.0004) (64). In proliferative diabetic retinopathy,
ranibizumab demonstrated to be not inferior to PRP (panretinal photocoagulation) with 47% of eyes demonstrating ≥2 step improvement in DRSS (72). Thus, future randomized controlled trials may
further evaluate DRSS as a primary endpoint in the prevention or
regression of diabetic retinopathy.

Surgical intervention
Vitreoretinal surgery in diabetes is necessary for retinopathy
complicated with non-clearing vitreous bleeding, persistent
neovascularization (especially post PRP laser +/- VEGF injectables)
and vitreoretinal traction, especially with retinal detachment threatening the macula. The Diabetic Retinopathy Vitrectomy Study (DRVS)
Group evaluated the beneﬁt of early vitrectomy (<6 months) in the
treatment of severe vitreous hemorrhage (73) and very severe proliferative diabetic retinopathy (74). People with type 1 diabetes of
<20 years’ duration and severe vitreous hemorrhage were more likely
to achieve good vision with early vitrectomy compared to conventional management (73). Similarly, early vitrectomy was associated with higher chance of visual recovery in people with either
type 1 or 2 diabetes with very severe proliferative diabetic retinopathy (74). More recent surgical advances and instrumentation
in vitrectomy since the DRVS trials have demonstrated reduced side
effects with more consistent favourable visual outcomes, thus supporting vitrectomy in advanced proliferative diabetic retinopathy
(75). Furthermore, these advances have expanded surgical indications to include earlier vitrectomy for diffuse macular edema, particularly with vitreomacular traction (76). It is worth noting that
the use of perioperative ASA (77–79) and warfarin therapy (80) for
persons undergoing ophthalmic surgery does not appear to raise
the risk of hemorrhagic complications.
Overall, the last few years have seen signiﬁcant advances in systemic, local and surgical treatments of diabetic eye disease, with
signiﬁcantly improved visual outcome. Most notably, long-term
follow up to early laser studies conﬁrm their sustained eﬃcacy in
preserving vision (57). Pharmacologic therapies, especially VEGF and
steroid agents, demonstrate both preservation and recovery of vision
in persons with DME. Despite these successes, it is important to
encourage people with even moderate visual loss to seek assistance from community services that provide spectacle correction,
enhanced magniﬁcation, vision aids and measures to encourage independence and ongoing quality of life (81,82).
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RECOMMENDATIONS
1. In individuals ≥15 years of age with type 1 diabetes, screening and evaluation for retinopathy should be performed annually by an experienced
vision care professional (optometrist or ophthalmologist) starting 5 years
after the onset of diabetes [Grade A, Level 1 (16,18)] (for screening recommendation for children and adolescents <15 years with type 1 diabetes, see Type 1 Diabetes in Children and Adolescents chapter, p. S234; for
screening recommendations for pregnant women, see Diabetes and Pregnancy chapter, p. S255).
2. In individuals with type 2 diabetes, screening and evaluation for diabetic retinopathy should be performed by an experienced vision care professional (optometrist or ophthalmologist) at the time of diagnosis of
diabetes [Grade A, Level 1 (17,20)]. The interval for follow-up assessments should be tailored to the severity of the retinopathy [Grade D, Consensus]. In those with no or minimal retinopathy, the recommended interval
is 1–2 years [Grade A, Level 1 (17,20)] (for screening recommendations
for children and adolescents with type 2 diabetes, see Type 2 Diabetes in
Children and Adolescents chapter, p. S247).
3. Screening for diabetic retinopathy should be performed by an experienced vision care professional (optometrist or ophthalmologist), either in
person or through interpretation of retinal photographs taken through
dilated pupils [Grade A, Level 1 (13)] or undilated pupils with highresolution ultra-wide ﬁeld imaging [Grade D, Consensus].
4. Results of eye examinations and the follow-up interval and plan should
be clearly communicated to all members of the diabetes health-care team
to promote optimal care [Grade D, Consensus].
5. To prevent the onset and delay the progression of diabetic retinopathy,
people with diabetes should be treated to achieve optimal control of BG
[Grade A, Level 1A (35,38) for type 1 diabetes; Grade A, Level 1A (36,40,41)
for type 2 diabetes] and BP [Grade A, Level 1A (36,44) for type 2 diabetes; Grade D, Consensus for type 1 diabetes].
6. Although not recommended for CVD prevention or treatment, fenoﬁbrate,
in addition to statin therapy, may be used in people with type 2 diabetes
to slow the progression of established retinopathy [Grade A, Level 1A
(40,41,53)].
7. Individuals with sight-threatening diabetic retinopathy should be assessed
by a qualiﬁed ophthalmologist and/or retina specialist [Grade D, Consensus]. Pharmacological intervention [Grade A, Level 1A (9,11,73,74)], laser
therapy and/or vitrectomy [Grade A, Level 1A (58,60,68,69)] may be used
to manage the diabetic retinopathy.
8. Visually disabled people should be referred for low-vision evaluation and
rehabilitation [Grade D, Consensus].
Abbreviations:
A1C, glycated hemoglobin; ACE; angiotensin-converting enzyme; ARB;
angiotensin receptor blocker; BP, blood pressure; CV, cardiovascular; CVD,
cardiovascular disease; CSME; clinically signiﬁcant macular edema; DHC,
diabetes health-care; DME, diabetic macular edema; DRSS, diabetic retinopathy severity scale; HDL-C; high-density lipoprotein cholesterol; OCT;
optical coherence tomography; PlGF; placental growth factor; PRP,
panretinal photocoagulation; RAAS; renin angiotensin aldosterone system;
VEGF; vascular endothelial growth factor.
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