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Overview of Diabetes Mellitus, Diabetic Retinopathy, 
and Diabetic Macular Edema

Diabetes mellitus (DM) is a growing healthcare concern; 
in the United States, almost 30 million individuals have 
DM, and another 86 million have prediabetes. Medical 
costs for individuals with DM are twice as high as those for 
individuals without DM.1 Between the medical costs and 
lost work/wages for patients with DM, the disease costs 
the US healthcare system $245 billion annually.1 Outside 
the United States, 382 million adults aged 20 to 79 years old, 
or 8.3% of the world population, were estimated to be living 
with DM in 2014.2,3 The number of individuals at risk of 
developing DM is also on the rise; projections estimate that 
592 million individuals will have DM by 2035, an increase 
of 55% in 22 years.2,3 The CDC predicts that up to 33% of 
the US population will have DM by 2050.4 

Individuals with DM are at risk for serious macro-
vascular and microvascular complications, including 
hypertension, heart disease and stroke, eye diseases, 
kidney disease, lower-limb amputations, peripheral nerve 
disease, periodontal disease, hearing loss, erectile dys-
function, depression, and complications of pregnancy.5-7 
Additionally, DM is the seventh leading cause of death 
in the United States.6 

Diabetic eye disease is a manifestation of the micro-
vascular complications of DM, and about 33% of individ-
uals with DM will develop some form of diabetic-related 
eye damage.3 Among the eye diseases associated with DM 
are diabetic retinopathy (DR), diabetic macular edema 
(DME), anterior ischemic optic neuropathy, and retinal 
vein occlusion.8 Placing an additional burden on health-
care systems and society in general, individuals with 
untreated DM are 25 times more likely to become blind 
than the general population.9

DR is the most common ocular complication of DM 
and the leading cause of blindness among working-age 
adults globally.10-12 Individuals with DM have elevated 
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glucose levels in their blood, and it is those high levels of 
glucose that damage the blood vessels in the retina over 
time, causing DR. Nearly every patient who has any form 
of DM will develop DR to some degree.10 

Multiple studies have confirmed that the key modi-
fiable risk factor associated with the development of 
DR is hyperglycemia.13-18 The Diabetes Control and 
Complications Trial Research Group found that “inten-
sive treatment” (defined as achieving blood glucose 
values as close to the normal range as possible after the 
administration of insulin 3 or more times daily either 
with an external insulin pump or by injection), in an 
effort to maintain blood glucose levels, delayed the onset 
and slowed the progression of DR,19 but it did not reverse 
the existing damage.

DR follows a natural course, progressing from mild 
nonproliferative DR (NPDR) to moderate and severe 
NPDR, eventually leading to proliferative DR (PDR), 
which is considered the most advanced stage. All stages 
of the disease are characterized by retinal vascular abnor-
malities, and, as the disease progresses, the retinal vessels 
eventually “close down,” leading to decreased retinal 
perfusion and even ischemia. Focal and panretinal pho-
tocoagulation laser therapy are potential treatments at 
these stages.10 To improve communication among oph-
thalmologists and general practitioners globally, an inter-
national clinical disease severity scale was developed for 
DR and DME, with validation studies under way (Table 
120 and Table 220).10

 Diabetic Macular Edema
The most common cause of vision loss from DR is 

DME,21 which can occur at any stage of DR and is char-
acterized by edema and retinal thickening—the latter of 
which may also include hard exudates.

In both DR and DME, chronic hyperglycemia causes 
an upregulation of vascular endothelial growth fac-
tor (VEGF), thus increasing vascular permeability and 
increased angiogenesis.5,22-25 While the underlying patho-
physiology of DME is VEGF mediated, there is a growing 
body of evidence suggesting that inflammatory mediators 
are also partly responsible and that those mediators 
contribute substantially to the vascular permeability and 
edema present in DME.25-33

The American Academy of Ophthalmology (AAO) 
and the American Diabetes Association (ADA) recom-
mend eye examinations at regular intervals.10,34 For 
adults and children 10 years of age and older with type 
1 diabetes mellitus (T1DM), an eye examination should 

be performed within 5 years of the DM diagnosis. For 
patients with type 2 diabetes mellitus (T2DM), the exami-
nation should be performed at the time of diagnosis. 
The examination should be repeated at regular intervals, 
typically annually; however, less frequent checkups (eg, 
once every 2 years) may be acceptable after 1 or more 
normal examinations, particularly in patients with well-
controlled DM.34 Unfortunately, fewer patients are being 
referred to ophthalmologists for eye exams than antici-
pated, and often patients themselves do not follow vision 
care guidelines.10

Because the earliest stages of DR and DME are usually 
asymptomatic, individuals with DM are often unaware 
they have developed such complications. Symptoms are 
somewhat dependent on the location of the edema within 
the retina; non–center-involved macular edema is rarely 
symptomatic. As the edema spreads to encompass the 
central macula, however, patients generally experience 
progressive vision loss that occurs anywhere from weeks 
to months after the initial symptom.5,35,36 

Historically, DME was classified as focal or diffuse, 
with a wide range of definitions for both based on clini-
cal exams, fundus photography, fluorescein angiography, 
optical coherence tomography (OCT), or any combina-
tion of these.37,38 Many patients often have mixed features 

n Table 1. International Clinical Diabetic Retinopathy 
Disease Severity Scale20

Proposed Disease 
Severity Level

Findings Observable Upon Dilated 
Ophthalmoscopy

No apparent  
retinopathy

No abnormalities

Mild NPDR Microaneurysms

Moderate NPDR
More than just microaneurysms but less 
severe than severe NPDR

Severe NPDR

Any of the following and no signs of 
proliferative retinopathy
• More than 20 intraretinal hemorrhages 

in each of 4 quadrants
• Definite venous beading in 2 or more 

quadrants
• Prominent IRMA in 1 or more quadrants

PDR
One or more of the following:
• Neovascularization
• Vitreous/preretinal hemorrhage

IRMA indicates intraretinal microvascular abnormalities; NPDR, 
nonproliferative diabetic retinopathy; PDR, proliferative diabetic 
retinopathy.
Reprinted from Ophthalmology, 110(9), Wilkinson CP, Ferris FL 3rd, 
Klein RE, et al; Global Diabetic Retinopathy Project Group. Proposed 
international clinical diabetic retinopathy and diabetic macular edema 
disease severity scales, 1677-1682. Copyright (2013), with permission 
from Elsevier. 
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of both types of edema, and it remains unclear what clini-
cal value these definitions have when predicting treat-
ment response or visual acuity outcomes.38 Currently, it is 
common to define DME based on its OCT appearance as 
“center involved” or “not center involved” (ie, referring 
to whether or not there is edema at the fovea, which is 
the center of the macula).  

Prevalence of Diabetic Macular Edema and 
Retinopathy

The global prevalence of DME among individuals with 
T1DM or T2DM varies by geographic region, with rates 
as low as 11.4% in European countries to as high as 45.3% 
in North American countries.3 In the United States, the 
prevalence of DM is accelerating. In 1994, half of the states 
had a DM prevalence of less than 4.5%, and only 1 state 
had a prevalence greater than 6.0%. By 2013, the prevalence 
of DM was greater than 6% in all states, and 25 states had a 
prevalence greater than 9.0% (Figure39).39

The prevalence of DR is well reported. A pooled 
analysis of data from 35 different population-based stud-

ies across the globe estimated that close to 93 million 
individuals have DR worldwide (17 million have PDR, 
21 million have DME, and 28 million have vision-threat-
ening DR),11 making DR and DME significant public 
health burdens. This translates to a prevalence of 35.4% 
worldwide for DR, 7.2% for PDR, 7.4% for DME, and 
11.7% for vision-threatening DR among those who have 
DM. Prevalence rates are similar in men and women, but 
ethnicity is an important risk factor. Prevalence estimates 
are highest in African Americans and lowest in Asians.11 
The 10-year incidence of DR in those with T1DM is 
almost 36%, and for development of DME, 11%.40

About a decade ago, between the years 2005 and 
2008, the estimated prevalence of DR was 28.5% among 
American adults with DM, with 4.4% having vision-
threatening DR.41 The duration of disease plays a signifi-
cant role in the onset of DR—the AAO notes that about 
25% of individuals with T1DM will develop DR within 
5 years, and 60% of those with T1DM will develop DR 
within 10 years. For individuals with T2DM, 84% of 
those taking insulin and 53% of those not taking insu-
lin will develop DR within 19 years.10 The AAO notes, 
however, that because there is now increased emphasis 
on close monitoring and tighter glycemic control to man-
age DM compared with the time of data collection, these 
percentages may improve.

In the United States, the overall weighted prevalence 
of DME is 3.8%, or about 746,000 individuals over 40 
years of age. Higher levels of glycated hemoglobin (A1C) 
(>7%) and disease duration are also associated with a 
greater risk of DME.42 Finally, the prevalence of DME is 
substantially higher among individuals with T1DM (14% 
in worldwide pooled data) than those with T2DM (6% in 
worldwide pooled data).11,42 The lower prevalence rates 
reported by Varma et al compared with those reported 
by Yau et al may be a result of the ethnicity of their 
respective diabetic populations. Varma concentrated 
on the United States alone (74% non-Hispanic whites), 
while Yau reported on global rates, where 44% of the 
population was Caucasian white.11,42

Incidence rates of DME are not as well studied. The 
Wisconsin Epidemiologic Study of Diabetic Retinopathy 
found that approximately 20% of patients with T1DM and 
14% to 25% of patients with T2DM developed DME over 
10 years. Over 25 years, 29% of patients with T1DM in 
this study developed DME, and 17% developed clinically 
significant DME. In the latter follow-up periods, there was 
a lower risk of incident DME that may be the result of 
improvements in care.43 The Los Angeles Latino Eye Study 

n Table 2. International Clinical Diabetic Macular 
Edema Disease Severity Scale20

Proposed Disease 
Severity Level

Findings Observable Upon  
Dilated Ophthalmoscopy

Diabetic macular edema 
apparently absent

No apparent retinal thickening or 
hard exudates in posterior pole

Diabetic macular edema 
apparently present

Some apparent retinal thickening or 
hard exudates in posterior pole

If diabetic macular edema is present, it can be categorized 
as follows:

Proposed Disease 
Severity Level

Findings Observable Upon  
Dilated Ophthalmoscopya

Diabetic macular edema 
present

• Mild diabetic macular edema; some 
retinal thickening or hard exudates 
in posterior pole, but distant from 
the center of the macula

• Moderate diabetic macular edema: 
retinal thickening or hard exudates 
approaching the center of the 
macula but not involving the center

• Severe macular edema: retinal 
thickening or hard exudates in-
volving the center of the macula

aHard exudates are a sign of previous macular edema. Diabetic macu-
lar edema is defined as retinal thickening; this requires a 3-dimen-
sional assessment that is best performed by a dilated examination 
using a slit-lamp and/or stereoscopic fundus photography. 
Reprinted from Ophthalmology, 110(9), Wilkinson CP, Ferris FL III, 
Klein RE, et al; Global Diabetic Retinopathy Project Group. Proposed 
international clinical diabetic retinopathy and diabetic macular edema 
disease severity scales, 1677-1682. Copyright (2013), with permission 
from Elsevier.
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compared primarily Mexican Americans (ie, Latinos) to 
non-Hispanic whites and found a much higher incidence 
and progression of DR in Latinos over a 4-year period.44 
The 4-year incidence of DR, DME, and clinically signifi-
cant macular edema was 34%, 5.4%, and 7.2%, respectively. 
More than double the percentage of participants had wors-
ening or progressing DR than improvement (38.9% vs 14%, 
respectively). An earlier study of US Latinos found a 4-year 
cumulative incidence of DR of 22.5%, and a cumulative rate 
of progression of 24.1%.45

While the rates of DME may be decreasing in patients 
with DM, the increasing numbers of newly diagnosed 
individuals with DM increase the overall prevalence 
rates of diabetic complications.

Economic Impact of DM and Its Ophthalmic 
Complications

Of the $245 billion total yearly medical cost associated 
with DM, $176 billion is attributed to direct medical costs 
and $69 billion is due to reduced productivity.1,46 Claims 
data support these figures—direct medical costs for driver 
employees with DME, DR, or DM were $6470, $8021, and 
$5102, respectively, which were approximately 2.8 times 
higher compared with driver controls (ie, those without 
DM).47 Also, absenteeism was much higher for those with 
DM as a result of sick leave, short-, and long-term disability.

There is an increasing number of therapeutic treat-
ments for DME, but that raises questions about economics 
and the overall cost of treating and managing the disease. 
Claims data from 2000 to 2001 estimated that the direct 
medical cost of DR among US adults would be $493 mil-
lion in 2004.48 More recently, Lee et al analyzed direct and 
indirect costs of DR by reviewing claims data from 17 large 
companies over a 5-year span (1999-2004).49 Their analysis 
compared employees with DR and those without DR, and 
consisted of several subgroup analyses to determine what 
treatments employees received (if any). Employees with DR 
had significantly higher costs than controls, and indirect 
costs were almost 20% of the overall spending. Costs for 
patients with PDR were $30,135, compared with $13,445 
for patients with DM but not PDR. Similarly, costs for 
patients with DME were $28,606 compared with $16,363 
for patients with DM but not DME. The largest discrep-
ancy was between patients who underwent vitrectomy 
($69,933) and those who did not ($17,239), but the authors 
clarified that the cost was based on treating the individual 
patient and not the cost of the procedure. In a Medicare 
population, patients with new-onset DME had 31% higher 
1-year costs and 29% higher 3-year costs compared with 
patients with DM but without DME.50

It is important to note that the health economic data 
presented above predates our current management of DR 

n Figure. Age-Adjusted Prevalence of Diagnosed Diabetes Mellitus Among US Adults, 201339

Reprinted from Maps of trends in diagnosed diabetes. CDC website. www.cdc.gov/diabetes/statistics/slides/maps_diabetes_trends.pdf. Published April 
2016. Accessed May 25, 2016.

Missing Data

4.5%-5.9%

7.5%-8.9%

<4.5%

≥9.0%

6.0%-7.4%



S288  n www.ajmc.com n JULY 2016

Report

and DME. Whereas photocoagulation was the primary 
treatment for DR and DME for decades, intravitreal 
injections have rapidly become the standard of care51; 
this is due to the ability of anti-VEGF injections to 
improve both visual and anatomic outcomes. 

While the newer pharmacologic interventions provide a 
greater clinical benefit to patients with DME and DR,52 they 
are substantially more costly than traditional laser treat-
ments (focal/grid laser or panretinal photocoagulation). 

Vision Loss and Impact on the Individual

Almost 20 years ago, the Melbourne Vision Impairment 
Project found that almost 60% of those with DM did not 
undergo an eye exam in the previous year53; those num-
bers have improved slightly, but remain far from the 
recommended 100%. According to the AAO, upwards 
of 40% of individuals with DM forego annual screenings 
for DR.10 The ADA recommends initial screening within 
5 years of diagnosis if T1DM is confirmed, and annually 
for both T1DM and T2DM.34 

Patients are often unaware of how DM will affect their 
vision. A Joslin Vision Network study (N = 2795) found 
that 83% of patients with DR and 78% with vision-threat-
ening DR were unaware that they had the disease at their 
first visit, and 50% with vision-threatening DR had longer 
than recommended intervals for follow-up eye exams.54 
For patients with T2DM, signs of ocular complications 
are often present at the time of diagnosis of DM.54,55 Yet, 
as recent as 2010, less than 45% of US adults with DME 
reported that a physician explained that the disease had 
affected their eye or that they had retinopathy.55 

Numerous studies have correlated quality of life 
with improved vision. In one study of cost-effective-
ness of treatment in patients with DME, combination 
therapy (laser treatment and an anti-VEGF treatment) 
achieved the largest quality-adjusted life-years, followed 
by monotherapy with an anti-VEGF agent.56 A recent 
cross-sectional study assessing the impact of DR on qual-
ity of life and treatment satisfaction used the Audit of 
Diabetes-Dependent Quality of Life questionnaire and 
the Diabetes Treatment Satisfaction Questionnaire.57 DR 
severity had a substantial influence on perceived quality 
of life, and treatment satisfaction was influenced by the 
severity of DME.

Factors Affecting the Increasing Incidence of Diabetes 
Mellitus and Its Complications

The exponential growth in the number of individuals 
with diagnosed DM, coupled with the estimates of those 

with undiagnosed DM, were partially responsible for the 
CDC’s National Diabetes Prevention Program, which 
launched in 2015.58 There are several key risk factors for the 
progression of DR, including the duration of disease, poor 
glycemic control, hypertension, renal disease as evidenced 
by proteinuria, and sex (for gestational DM). Managing the 
risk factors for DM will, in turn, reduce the risk of DR.34

Therapies and Treatment Plans 

Patients can best help themselves by managing the 
systemic aspects of their disease.59 In epidemiologic stud-
ies, the level of glycemic control has been associated 
with the risk of microvascular complications, including 
retinopathy.34 Intensive treatment has been consistently 
shown to substantially reduce the risk and progression 
of retinopathy and microvascular complications.13,19,51,52,59 

The Action to Control Cardiovascular Risk in 
Diabetes and Fenofibrate Intervention and Event 
Lowering in Diabetes studies both suggest that therapies 
aimed at lipid control may reduce the risk of DR.59,60 
Other systemic therapies, including glitazones (ie, thia-
zolidinediones), have produced inconsistent results in 
their ability to effect DME. Fong and colleagues con-
ducted a retrospective analysis of pharmacy database 
records for more than 170,000 patients in the Kaiser 
Permanente Southern California healthcare system to 
look for potential associations between DME and other 
variables, and found a modest association between use 
of glitazones and DME.61 Similarly, a retrospective study 
in the United Kingdom by Idris and colleagues involving 
103,368 patients with T2DM found that thiazolidinedi-
one users were significantly more likely than nonusers to 
develop DME at both 1 and 10 years.62

Two studies have suggested that angiotensin-convert-
ing enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARBs) have beneficial effects on DR when 
being used to treat elevated blood pressure. The Diabetic 
Retinopathy Candesartan Trials found that DR devel-
oped in 25% of patients receiving candesartan versus 
31% who received placebo (P = .0508), but that cande-
sartan had no effect on DR progression.63 The Renin 
Angiotensin System Study found that patients with DR 
and A1C levels higher than 7.5% at baseline were able to 
decrease the rate of DR progression with the use of enala-
pril or losartan (27% progressed on the drugs vs 46% who 
progressed without treatment).64 

This corresponds with the recommendation from the 
ADA to make an ACE inhibitor or ARB part of the antihy-
pertensive regimen for patients with DM and hypertension.34
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Patients with DM average 25 physician visits yearly.65 
Even with improvements in care for DM over the course 
of a decade, however, large proportions of these patients 
will still have poor glycemic control (20%), elevated blood 
pressure (33%), and poor cholesterol control (40%).66 
Life with DM complications (and especially end-stage 
complications) has consistently been rated by patients as 
producing a significantly lower quality of life than under-
going treatments, but comprehensive DM care is also 
negatively associated with quality of life.67 DME has a 
negative impact on patients’ health-related quality of life, 
and these patients consume more healthcare resources 
and incur much higher costs than individuals with DM 
but without retinal complications.68

Conclusion

It is clear that the number of individuals affected 
by DM is growing exponentially, as is the number of 
patients with complications from DM. Fortunately, the 
ocular manifestations of DM (DME and DR) can be iden-
tified and treated before significant vision loss occurs if 
patients with DM undergo regular eye exams and better 
manage their systemic disease. 

Author affiliation: Pepose Vision Institute, Chesterfield, MO, and 
Washington University, Saint Louis, MO.

Funding source: This activity is supported by an educational grant 
from Genentech. 

Author disclosure: Dr Holekamp reports receiving grant/research 
support from Alimera Sciences, Allergan, Genentech, Neurotech, and 
Opthotech; serving as a consultant for Alimera Sciences, Allergan, 
Genentech, Katalyst, and Regeneron; serving on speakers bureaus for 
Alimera Sciences, Allergan, Genentech, and Regeneron; and being a 
stock/shareholder in Katalyst.

Authorship information: Concept and design, analysis and interpre-
tation of data, and critical revisions of the manuscript for important 
intellectual content.

Address correspondence to: nholekamp@gmail.com.

REFERENCES
1. Diabetes in the United States: A snapshot. CDC website. www.
cdc.gov/diabetes/pubs/statsreport14/diabetes-infographic.pdf. 
Accessed April 7, 2016.
2. Guariguata L, Whiting DR, Hambleton I, Beagley J, 
Linnenkamp U, Shaw JE. Global estimates of diabetes preva-
lence for 2013 and projections for 2035. Diabetes Res Clin Pract. 
2014;103(2):137-149. doi: 10.1016/j.diabres.2013.11.002.
3. IDF Diabetes Atlas, Sixth Edition. International Diabetes 
Federation website. www.idf.org/sites/default/files/EN_6E_Atlas_
Full_0.pdf. Accessed April 7 2016.
4. Number of Americans with diabetes projected to double by 
2050. CDC website. www.cdc.gov/media/pressrel/2010/r101022.
html. Updated October 22, 2010. Accessed May 25, 2016.
5. Brownlee M, Aiello LP, Cooper ME, Vinik AI, Nesto RW, 
Boulton AJM. Complications of Diabetes Mellitus. In: Melmed S, 
Polonsky KS, Larsen PR, Kronenberg HM, eds. Williams Textbook 

of Endocrinology. 12th ed. Philadelphia, PA: Elsevier Saunders; 
2011:chap 33.
6. 2014 National Diabetes Statistics Report. CDC website. 
www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html. 
Updated May 15, 2016. Accessed April 7, 2016.
7. Causes of Diabetes. National Institute of Diabetes and 
Digestive and Kidney Diseases, National Institutes of Health 
Website. www.niddk.nih.gov/health-information/health-topics/
Diabetes/causes-diabetes/Pages/index.aspx. Published June 2014. 
Accessed April 7, 2016.
8. Chous P. Diabetes and eye disease: what people with diabe-
tes and healthcare professionals need to know. Diabetes Voice. 
2009;54(3):30-33.
9. Basic diabetes facts. Prevent Blindness website. www.prevent-
blindness.org/basic-diabetes-facts. Accessed April 7, 2016.
10. Diabetic Retinopathy PPP – Updated 2016.  American Academy 
of Ophthalmology website. www.aao.org/preferred-practice-pat-
tern/diabetic-retinopathy-ppp-updated-2016. Accessed April 7, 2016.
11. Yau JW, Rogers SL, Kawasaki R, et al; Meta-Analysis for Eye 
Disease (META-EYE) Study Group. Global prevalence and major 
risk factors of diabetic retinopathy. Diabetes Care. 2012;35(3):556-
564. doi: 10.2337/dc11-1909.
12. Sivaprasad S, Gupta B, Crosby-Nwaobi R, Evans J. 
Prevalence of diabetic retinopathy in various ethnic groups: a 
worldwide perspective. Surv Ophthalmol. 2012;57(4):347-370. 
doi: 10.1016/j.survophthal.2012.01.004.
13. The Diabetes Control and Complications Trial/Epidemiology 
of Diabetes Interventions and Complications Research Group. 
Retinopathy and nephropathy in patients with type 1 diabe-
tes four years after a trial of intensive therapy. N Engl J Med. 
2000;342(6):381-389. doi: 10.1056/NEJM200002103420603.
14. Diabetes Control and Complications Trial Research Group. 
The relationship of glycemic exposure (HbA1c) to the risk of 
development and progression of retinopathy in the Diabetes 
Control and Complications Trial. Diabetes. 1995;44(8):968-983.
15. Writing Team for the Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and Complications 
Research Group. Effect of intensive therapy on the micro-
vascular complications of type 1 diabetes mellitus. JAMA. 
2002;287(19):2563-2569.
16. Intensive blood-glucose control with sulphonylureas or insu-
lin compared with conventional treatment and risk of complica-
tions in patients with type 2 diabetes (UKPDS 33). UK Prospective 
Diabetes Study (UKPDS) Group. Lancet. 1998;352(9131):837-853.
17. Kohner EM, Stratton IM, Aldington SJ, Holman RR, Matthews 
DR; UK Prospective Diabetes Study (IKPDS) Group. Relationship 
between the severity of retinopathy and progression to photoco-
agulation in patients with Type 2 diabetes mellitus in the UKPDS 
(UKPDS 52). Diabet Med. 2001;18(3):178-184.
18. Wong TY, Liew G, Tapp RJ, et al. Relation between fasting 
glucose and retinopathy for diagnosis of diabetes: three popu-
lation-based cross-sectional studies. Lancet. 2008(9614);371:736-
743. doi: 10.1016/S0140-6736(08)60343-8.
19. The Diabetes Control and Complications Trial Research 
Group. The effect of intensive treatment of diabetes on 
the development and progression of long-term complica-
tions in insulin-dependent diabetes mellitus. N Engl J Med. 
1993;329(14):977-986.
20. Wilkinson CP, Ferris FL 3rd, Klein RE, et al; Global Diabetic 
Retinopathy Project Group. Proposed international clinical dia-
betic retinopathy and diabetic macular edema disease severity 
scales. Ophthalmology. 2013;110(9):1677-1682.
21. Mitchell P, Annemans L, Gallagher M, et al. Cost-effectiveness 
of ranibizumab in treatment of diabetic macular oedema (DME) 
causing visual impairment: evidence from the RESTORE trial. 
Br J Ophthalmol. 2012;96(5):688-693. doi: 10.1136/bjophthal-
mol-2011-300726.
22. Boyer DS, Hopkins JJ, Sorof J, Ehrlich JS. Anti-vascular 
endothelial growth factor therapy for diabetic macular 
edema. Ther Adv Endocrinol Metab. 2013;4(6):151-169. doi: 



S290  n www.ajmc.com n JULY 2016

Report

10.1177/2042018813512360.
23. Treins C, Giorgetti-Peraldi S, Murdaca J, Van Obberghen 
E. Regulation of vascular endothelial growth factor expres-
sion by advanced glycation end products. J Biol Chem. 
2001;276(47):43836-43841.
24. Vinores SA, Youssri AI, Luns JD, et al. Upregulation of vas-
cular endothelial growth factor in ischemic and non-ischemic 
human and experimental retinal disease. Histol Histopathol. 
1997;12(1):99-109.
25. Ascaso FJ, Huerva V, Grzybowski A. The role of inflamma-
tion in the pathogenesis of macular edema secondary to retinal 
vascular diseases. Mediators Inflamm. 2014;2014:432685. doi: 
10.1155/2014/432685.
26. Ciulla TA, Harris A, McIntyre N, Jonescu-Cuypers C. 
Treatment of diabetic macular edema with sustained-
release glucocorticoids: intravitreal triamcinolone aceton-
ide, dexamethasone implant, and fluocinolone acetonide 
implant. Expert Opin Pharmacother. 2014;15(7):953-959. doi: 
10.1517/14656566.2014.896899.
27. Funatsu H, Noma H, Mimura T, Eguchi S, Hori S. Association 
of vitreous inflammatory factors with diabetic macular 
edema. Ophthalmology. 2009;116(1):73-79. doi: 10.1016/j.oph-
tha.2008.09.037.
28. Funk M, Schmidinger G, Maar N, et al. Angiogenic and 
inflammatory markers in the intraocular fluid of eyes with dia-
betic macular edema and influence of therapy with bevacizumab. 
Retina. 2010;30(9):1412-1419. doi: 10.1097/IAE.0b013e3181e095c0.
29. Hussain RM, Ciulla TA. Treatment strategies for refrac-
tory diabetic macular edema: switching anti-VEGF treatments, 
adopting corticosteroid-based treatments, and combina-
tion therapy. Expert Opin Biol Ther. 2016;16(3):365-374. doi: 
10.1517/14712598.2016.1131265.
30. Noma H, Mimura T, Yasuda K, Shimura M. Role of 
inflammation in diabetic macular edema. Ophthalmologica. 
2014;232(3):127-135. doi: 10.1159/000364955.
31. Owen LA, Hartnett ME. Soluble mediators of diabetic macular 
edema: the diagnostic role of aqueous VEGF and cytokine levels 
in diabetic macular edema. Curr Diab Rep. 2013;13(4):476-480. 
doi: 10.1007/s11892-013-0382-z.
32. Russo A, Costagliola C, Delcassi L, et al. Topical nonsteroidal 
anti-inflammatory drugs for macular edema. Mediators Inflamm. 
2013;2013:476525. doi: 10.1155/2013/476525.
33. Scholl S, Kirchhof J, Augustin AJ. Pathophysiology of 
macular edema. Ophthalmologica. 2010;224(suppl 1):8-15. doi: 
10.1159/000315155.
34. American Diabetes Association. Standards of medical care 
in diabetes--2014. Diabetes Care. 2014;37(suppl 1):S14-S80). doi: 
10.2337/dc14-S014.
35. Fong DS, Aiello LP, Ferris FL 3rd, Klein R. Diabetic retinopa-
thy. Diabetes Care. 2004;27(10):2540-2553.
36. Evidence-based clinical practice guideline: Eye care of 
the patient with diabetes mellitus. American Optometric 
Association website. http://www.aoa.org/Documents/EBO/
EyeCareOfThePatientWithDiabetesMellitus%20CPG3.pdf. 
Accessed April 7, 2016. 
37. Browning DJ, Altaweel MM, Bressler NM, Bressler SB, Scott 
IU; Diabetic Retinopathy Clinical Research Network. Diabetic mac-
ular edema: what is focal and what is diffuse? Am J Ophthalmol. 
2008;146(5):649-655, 655 e1-6. doi: 10.1016/j.ajo.2008.07.013.
38. Ehrlich R, Harris A, Ciulla TA, Kheradiya N, Winston DM, 
Wirostko B. Diabetic macular oedema: physical, physiological 
and molecular factors contribute to this pathological process. 
Acta Ophthalmol. 2010;88(3):279-291. doi: 10.1111/j.1755-
3768.2008.01501.x.
39. Maps of trends in diagnosed diabetes. CDC website. www.
cdc.gov/diabetes/statistics/slides/maps_diabetes_trends.pdf. 
Published April 2016. Accessed May 25, 2016.
40. Romero-Aroca P, Baget-Bernaldiz M, Fernandez-Ballart J, 
et al. Ten-year incidence of diabetic retinopathy and macular 
edema. Risk factors in a sample of people with type 1 diabe-

tes. Diabetes Res Clin Pract. 2011;94(1):126-132. doi: 10.1016/j.
diabres.2011.07.004.
41. Zhang X, Saaddine JB, Chou CF, et al. Prevalence of dia-
betic retinopathy in the United States, 2005-2008. JAMA. 
2010;304(6):649-656. doi: 10.1001/jama.2010.1111.
42. Varma R, Bressler NM, Doan QV, et al. Prevalence of and risk 
factors for diabetic macular edema in the United States. JAMA 
Ophthalmol. 2014;132(11):1334-1340. doi: 10.1001/jamaophthal-
mol.2014.2854.
43. Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BE. The 
Wisconsin Epidemiologic Study of Diabetic Retinopathy XXIII: 
the twenty-five-year incidence of macular edema in persons 
with type 1 diabetes. Ophthalmology. 2009;116(3):497-503. doi: 
10.1016/j.ophtha.2008.10.016.
44. Varma R, Choudhury F, Klein R, Chung J, Torres M, Azen SP; 
Los Angeles Latino Eye Study Group. Four-year incidence and 
progression of diabetic retinopathy and macular edema: the Los 
Angeles Latino Eye Study. Am J Ophthalmol. 2010;149(5):752-761 
e751-753. doi: 10.1016/j.ajo.2009.11.014.
45. Tudor SM, Hamman RF, Baron A, Johnson DW, Shetterly SM. 
Incidence and progression of diabetic retinopathy in Hispanics 
and non-Hispanic whites with type 2 diabetes. San Luis Valley 
Diabetes Study, Colorado. Diabetes Care. 1998;21(1):53-61.
46. American Diabetes Association. Economic costs of diabetes 
in the U.S. in 2012. Diabetes Care. 2013;36(4):1033-1046. doi: 
10.2337/dc12-2625.
47. Brook RA, Kleinman NL, Patel S, Smeeding JE, Beren IA, 
Turpcu A. United States comparative costs and absenteeism 
of diabetic ophthalmic conditions. Postgraduate medicine. 
2015;127(5):455-462. doi: 10.1080/00325481.2014.994468.
48. Rein DB, Zhang P, Wirth KE, et al. The economic burden 
of major adult visual disorders in the United States. Arch 
Ophthalmol. 2006;124(12):1754-1760.
49. Lee LJ, Yu AP, Cahill KE, et al. Direct and indirect costs 
among employees with diabetic retinopathy in the United 
States. Curr Med Res Opin. 2008;24(5):1549-1559. doi: 
10.1185/030079908X297303.
50. Shea AM, Curtis LH, Hammill BG, et al. Resource use and 
costs associated with diabetic macular edema in elderly per-
sons. Arch Ophthalmol. 2008;126(12):1748-1754. doi: 10.1001/
archopht.126.12.1748.
51. Jain A, Varshney N, Smith C. The evolving treatment options 
for diabetic macular edema. Int J Inflamm. 2013;2013:689276. doi: 
10.1155/2013/689276.
52. Smiddy WE. Clinical applications of cost analysis of diabetic 
macular edema treatments. Ophthalmology. 2012;119(12):2558-
2562. doi: 10.1016/j.ophtha.2012.09.015.
53. McCarty CA, Lloyd-Smith CW, Lee SE, Livingston PM, 
Stanislavsky YL, Taylor HR. Use of eye care services by people 
with diabetes: the Melbourne Visual Impairment Project. Br J 
Ophthalmol. 1998;82(4):410-414.
54. Soliman AZ, Silva PS, Diala PA, et al. Awareness of retinopa-
thy and timeliness of follow-up among patients presenting to 
a diabetes teleophthalmology program. Abstract presented at 
Association for Research in Vision and Ophthalmology Annual 
Meeting; April 2011; Ft. Lauderdale, FL. 
55. Bressler NM, Varma R, Doan QV, et al. Underuse of the 
health care system by persons w ith diabetes mellitus and dia-
betic macular edema in the United States. JAMA Ophthalmol. 
2014;132(2):168-173. doi: 10.1001/jamaophthalmol.2013.6426.
56. Pershing S, Enns EA, Matesic B, Owens DK, Goldhaber-Fiebert 
JD. Cost-effectiveness of treatment of diabetic macular edema. 
Ann Intern Med. 2014;160(1):18-29. doi: 10.7326/M13-0768.
57. Alcubierre N, Rubinat E, Traveset A, et al. A prospective 
cross-sectional study on quality of life and treatment satisfac-
tion in type 2 diabetic patients with retinopathy without other 
major late diabetic complications. Health Qual Life Outcomes. 
2014;12:131. doi: 10.1186/s12955-014-0131-2.
58. Preventing diabetes. CDC website. www.cdc.gov/diabetes/
basics/prevention.html. Updated September 30, 2015. Accessed 




