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Because several studies point to a growing incidence and prevalence of diabetes around the 
world, retina physicians face the prospect of treating a growing number of patients with ocular 
complications from this systemic disease in the very near future. New treatments are emerging that 
promise to improve patient outcomes; yet, the sheer number of options available for managing 
patients with diabetic macular edema may also be a source of consternation for treating physi-
cians. Although retina physicians can be guided by the data derived from clinical trials, the patients 
they see in practice are not necessarily similar to the ones that were studied—and therefore, out-
comes are likely to be different.

How do all the treatment options apply in the real world? Should retina specialists temper 
expectations for outcomes? What is the role of patient selection? What are the criteria for when 
to initiate, alter, or cease therapy? How can eye care specialist help patients help themselves to 
achieve better outcomes? How can retina specialists practice evidence-based medicine in a real 
world setting in which clinical trial data may not apply?

Over the course of this educational series, experts will attempt to answer these questions and 
explore the evolving landscape of managing patients with diabetic macular edema. In part 1 the 
series, Raj K. Mutari, MD, of the Midwest Eye Institute in Indianapolis, Indiana, addresses the 
changing disease trends of diabetes around the world.
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An interview with rAj MAturi, MD

Understanding disease trends  
in diabetes and their Correlation 
to eye manifestations

What does the literature say about the current 
incidence and/or prevalence of diabetes among 
the US population? Is there evidence of a 
rising disease burden, and if so, what is the 
supporting evidence?

The best data we have is from the Centers for Disease 
Control and Prevention (CDC), and the CDC keeps 
telling us that number of patients with type 2 diabetes 
is rising on a regular and rapid basis,1 mainly because 
obesity is rising on a regular and rapid basis (Figures 1 
and 2). The reason obesity matters so much is that type 
2 diabetes is directly correlated with the development 
of diabetes.2-4 While the rate of obesity has declined 
a little bit in the last few years, the number of people 
getting diabetes keeps increasing. State by state, the 
numbers vary: The CDC estimates that about 7% of 
the population in Alaska is diabetic but as much as 
16% of the population in West Virginia has diabetes.5 
At the same time, one of the challenges in answering 
this question is that the CDC has incomplete incidence 
data in several states.

Is the international experience any different?
Diabetes and diabetic retinopathy were really never a 

problem in the most populated countries of the world, 
probably because they did not have as high very rates 
of obesity. But that has changed recently (Table). Both 
China and India, for example, report much higher rates 
of obesity than in the past, and the current number of 
cases in these countries is actually greater than in the 
United States.6-9 

Is this an artifact of better screening or actual 
increased disease burden?

It is probably a little bit of both. Better screening is 
certainly occurring in the United States, simply because 
it has become a quality-care criteria, where hospital 
systems that do not routinely check for diabetic reti-

nopathy at least once a year in diabetics wind up losing 
quality points. 

Screening works. Most recently, in the past 2 years, 

Figure 1.  Age-adjusted prevalence of obesity and diabetes.

Figure 2.  Number and percentage of US population with 

diabetes.
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there is data from England, where their screening pro-
tocols are far more rigorous than in the United States. 
In fact, diabetic retinopathy is not the leading cause of 
blindness in working age people any more.10 That is a 
major shift, because in the United States, diabetic reti-
nopathy is still the leading cause of blindness in working 
age people.11 We, as ophthalmologists, are striving to 
change that. Screening programs of note include the 
ones at Joslin (Boston) as well as private corporations 
(such as Iris in Florida).

Obesity is an important factor in the changing 
disease burden of diabetes. Have any other 
factors been identified that are driving the 
number of new cases?

Conditions that alter immune function may play a 
prominent role. Immune dysfunction is thought to be 
one of the key processes driving the development of type 
1 diabetes, and insulin resistance in patients with type 2 
diabetes may be partially related to abnormal immune 
function. There have been some studies and reports that 
a low vitamin D level may increase the risk of developing 
diabetes.12 There have been studies reporting the rise in 
the use of high fructose corn syrup in foodstuffs as relat-
ed—so not only is obesity correlated with diabetes, but 
the types of calories ingested in one’s diet may be a risk 
factor as well.13 Additionally, there are definite disparities 
among racial groups in diabetes cases (Figure 3), and the 
reasons for this are certainly multifactorial.

Among the population of diabetic patients, 
how many are at risk for developing ocular 
complications? Is it any different among 
patients with type 1 versus type 2 diabetes?

There seems to be a significant racial difference in 
patients developing diabetic retinopathy. In the white 
population, about 25% will develop ocular compli-
cations, while that number is closer to 40% in non-
Hispanic blacks.14 The rates among type 1 versus type 2 
is, in my opinion, changing. We are catching a lot of 
type 1 patients before they develop eye manifestations, 

Table.  Prevalence raTes for diabeTes among counTries wiTh The highesT numbers of esTi-
maTed cases.a

Countryb Estimated 
Prevalence 2000

Estimated number of 
cases 2000c

Projected 
Prevalence 2030

Projected number of 
cases 2030c

India 3.1 31.7 5.6 79.4

China 1.6 20.8 2.9 42.3

US 6.3 17.7 8.5 30.3

Indonesia 4.0 8.4 7.5 21.3

Japan 5.3 6.8 7.3 8.9

Pakistan 3.7 5.2 5.1 13.9

Russian Federation 3.2 4.6 4.4 5.3

Brazil 2.7 4.6 5.0 11.3

Italy 7.4 4.3 10.6 5.4

Bangladesh 2.3 3.2 5.0 11.1
a Adapted from Wild S, Roglic G, Green A, et al. Global prevalence of diabetes: estimates for the year 2000 and projections for 
2030. Diabetes Care. 2004;27(5):1047-1053.
b Top ten countries with highest number of estimated cases in 2000; the top ten countries projected to have the highest 
number of cases are, in order: India, China, United States, Indonesia, Pakistan, Brazil, Bangladesh, Japan, Philippines, and Egypt
c In millions

Figure 3.  Age-adjusted percentage of people aged 20 years 

or older with diagnosed diabetes, by race and ethnicity.
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and therefore, the type 1 patients are not necessar-
ily losing vision or getting diabetic retinopathy at the 
same rate as type 2 patients. We know that diabetic 
retinopathy increases significantly with poor glycemic 
control. In the Medalist study from the Joslin Diabetes 
Center, for example, they had a significant number of 
patients who had 50 years of diabetes without diabetic 
retinopathy, and this is because they had excellent 
glycemic control over time.15 

What risk factors have been identified for 
the development of ocular complications of 
diabetes? Are they genetic? Behavioral and/
or epigenetic in nature? How can patients 
lower their risk of developing ophthalmic 
complications?

Hypertension is the other major risk factor. Poorly 
controlled hypertensives have higher rates of ischemia 
and irreversible vision loss compared to those who 
have normal blood pressure.16 Aspirin appears to have 
a protective effect.17 However, smoking may have an 
effect on ischemia and some of the vascular changes 
that occur in diabetic retinopathy.18 That means there 
are definitely modifiable risk factors.

The other factor that I believe is true that may not 
be as well studied is fluctuation of blood sugar control. 
Even for subjects having the same hemoglobin A1C 
levels, those that who have tight control throughout 
the day seem to far better than those for whom sugar 
fluctuates wildly. 

What is the biology behind the development 
of ophthalmic complications? Why do 
patients with diabetes develop ophthalmic 
complications?

As most will be familiar with, diabetic eye disease is 
essentially a microvascular disease. Increased circulat-
ing reactive oxygen species, advanced glycation end 
products and circulating cytokines and chemokines 
trigger an inflammatory response with secondary vas-
cular and endothelial dysfunction. Simplistically, this 
results in an influx of fluid into the retina tissue that 
supersedes its normal outflow capacity. Leukostasis 
may also yield production of free radicals, which in 
turn further damages the residual endothelial cells and 
further increases permeability.19 What follows in a lot 
of cases is a secondary inflammation brought about 
by leukocyte activity that stimulates cytokine activa-
tion and resulting increased vascular permeability. 
Over time, the accumulation of fluid in the retinal and 
macular layers results in thickening that is visible on 
fundoscopic examination and, if the fovea is involved, 
which decreases central visual acuity.20 

The second main factor is that the loss of pericytes 
causes capillary dropout, which causes ischemia, and the 
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ischemia causes the release of VEGF and HIF. Those fac-
tors cause increased edema, as well as neovascularization, 
and that can trigger diabetic retinopathy to progress. 
Other factors such as the kallikrein-kinin system may also 
play a role.21

Is the complete story out there or are we 
still learning more about how diabetes 
incites ocular complications? Are the roles of 
inflammation and VEGF fully understood?

Hyperglycemia induced oxidative stress activates 
transcriptional factors and secondarily multiple other 
genes including cyclooxygenase-2, inducible intric oxide 
synthase, interleukin-1 beta, and tumor necrosis factor 
alpha. Inflammation and increased adhesion molecules 
also promote leukostasis and some of these factors pro-
mote leukocyte adhesion to vessel walls. This abnormal 
adhesion may result in release of further inflammatory 
mediators as well as endothelial cell death. 

Some recent data has looked at how often 
patients with diabetic macular edema are 
treated in real-world settings (ie, outside of 
clinical trials).22 It suggests that patients may 
be under treated. What is your impression of 
this data? Is there validity to this assumption?

I think that data is very accurate. In my opinion, 
many diabetic patients have several other significant 
comorbidities. These comorbidities prevent them 
from coming for their regular follow up. Many of 
these patients are, in general, excluded from studies. 
For example, almost every diabetic retinopathy study 
excludes patients with progressive renal disease or 
those on dialysis. They often exclude patients who are 
otherwise in an “unstable medical state,” and unfortu-
nately, many patients that I see in clinic with diabetic 
retinopathy are often somewhat of an unstable medical 
state. 

When they are excluded from studies, we do not see 
the high dropout rates and noncompliance with fol-
low-up that occurs in real-world settings. These drop-
outs can be from foot ulcers, hypertension control, and 
any number of other factors. I think lack of follow up is 
a significant barrier to care, because careful follow up is 
absolutely critical for these patients: Without adequate 
treatment, retinopathy will get worse.

(See also Is DME Being Under Treated in Real-World 
Scenarios?)

Diabetic patients are generally involved with a 
number of doctors, potentially including primary 
care physicians, endocrinologists, dieticians, 
and etc. Does this at all have an impact on how 

Although retina specialists have access to a number 
of options for managing patients with diabetic macu-
lar edema (DME), studies suggest that patients may 
be receiving less than optimal treatment in real world 
settings.

According to a study presented at the recent meet-
ing of the American Society of Retina Specialists by 
Nancy Holekamp, MD, of the Pepose Vision Institute of 
Chesterfield, Missouri, patients who received anti-VEGF 
injections for treatment of DME in a closed healthcare 
system received a mean 2.6 injections over a 12-month 
period.1 As a result, patients in the study achieved less 
improvement in BCVA from baseline than patients in 
clinical trials that assessed the efficacy of anti-VEGF 
agents for treating diabetic macular edema. 

Dr. Holekamp and colleagues reviewed electronic 
health record data from the Geisinger healthcare sys-
tem, a closed healthcare system in central and northeast 
Pennsylvania. The researchers identified every patient 
who had received an anti-VEGF agent for treatment 
of DME. To be included in the review, patients were 
required to have had 12 months of follow up and 
BCVA that fit within the inclusion criteria of the RISE/
RIDE trials. Researchers identified 94 eyes that fit these 
qualifications.

The number of injections received by the patients 
that Dr. Holekamp and colleagues studied was fewer 
than the number of injections in the RIDE/RISE clini-
cal trials (in which patients were dosed monthly) or in 
the BOLT trial (in which patients received a median 9 
injections). Dr. Holekamp said that approximately 75% 
percent of patients in the cohort received 3 or fewer 
injections over a 12-month period: 40% of patients 
received 1 injection, 19% received 2 injections, and 15% 
received 3 injections.

The reduced number of injections affected mean 
change in BCVA from baseline, Dr. Holekamp said. At 
6 months, the patients treated in the real-world setting 
in her study gained a mean 4.0 letters from baseline; at 
12 months, they gained 3.7 letters. In RIDE, patients had 
an 11.4-letter improvement from baseline; in RISE, they 
had a 10.5-letter improvement.

At baseline in the real-world study, 50% of patients 
were male, 60% of patients had bilateral disease, and 
patients were mean age 64 years. The duration of 
edema in patients was unknown.

1.  Holekamp N. Real-world vision outcomes in DME treated with anti-VEGF injections—an analysis of 
EMR data from a large US health system. Paper presented at: American Society of Retina Specialists 2014 
Annual Meeting; August 9-13, 2014; San Diego, CA.
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compliant patients are with attending to their 
vision? Is there any data on the effectiveness of 
integrated or collaborative care? 

Unfortunately, unlike some other conditions, vision 
loss does not cause pain, and patients generally respond 
to their pain stimuli first. Also, diabetic retinopathy 
can progress quite significantly without loss of central 
vision, so patients may not be aware of how rapidly 
they are losing vision until it almost too late. Anti-
VEGF treatments are effective in reducing the amount 
of edema that occurs; however, there are a group of 
patients who do not benefit from this modality alone, 
and we really do not have a good idea of what hap-
pens when there is significant under treatment in these 
patients. 

Is there any data on the impact of how 
screening by primary care physicians and/
or eye care professionals may affect disease 
awareness?

I think screening patients and having a public health 
mindset is a very effective strategy. The benefits of 
treating patients early are substantial. To be fair, there 
are some costs involved in screening, but they may be 
negated by savings to the health care system because of 
early detection and intervention. 

There was some data presented at the recent ASRS 
related to this question. The researchers found that about 
10% of patients in a screening population in West Virginia 
were diagnosed with proliferative diabetic retinopathy 
based on just 1 screening photograph, and about 20% 
had some amount of diabetic retinopathy.23 Catching 
these patients early is a huge benefit to society. Earlier 
treatment also results in better visual outcomes.

There are a number of options available for the 
treatment of diabetic eye diseases, including 
laser, steroids (in several different iterations), 
and anti-angiogenic drugs. Is this plethora 
of options a blessing or a curse in the care of 
patients?

It is a massive blessing by all means. At this point, 
focal laser therapy is generally relegated to second line 
therapy based on the DRCR protocol I study and the 
RISE and RIDE data. It is quite clear that laser is most 
helpful when there are clear and obvious limited nonob-
vious microaneurysms with leakage that are present of 
fluorescein angiography. 

Anti-VEGF treatment for center-involved macular 
edema is first line therapy, and it appears that anti-VEGF 
treatment can reverse diabetic retinopathy itself. Given 
that the reversal of the disease itself within the eye is pos-
sible, this treatment makes very good sense. 

Steroids are useful for macular edema, and they are 
now on-label for pseudophakic patients and those who 
will be pseudophakic in the near future. As more than 
1 study has shown, cataract in a diabetic patient who 
has any edema is actually cause for significant alarm. 
The edema can be treated later, but the vision loss 
that occurs around the time cataract surgery is being 
performed with concomitant edema can often lead to 
vision loss. Therefore, pretreatment prior to cataract 
surgery in a patient with macular edema is quite sensi-
ble and quite logical, especially because cataract surgery 
induces inflammation and further edema. n

Raj K. Maturi, MD, is a vitreoretinal surgeon 
with Midwest Eye Institute in Indianapolis, 
Indiana and a professor of ophthalmology at 
the Indiana School of Medicine. He is a consul-
tant to and has received research funding from 
Allergan, Inc. Dr. Maturi may be reached at  
rmaturi@gmail.com.

1.  Diabetes Data & Trends. http://apps.nccd.cdc.gov/DDTSTRS/default.aspx. Accessed August 26, 2014.
2.  Nguyen NT, Nguyen XM, Lane J, Wang P. Relationship between obesity and diabetes in a US adult population: 
findings from the National Health and Nutrition Examination Survey, 1999-2006. Obes Surg. 2011;21(3):351-355. 
3.  Chan JM, Rimm EB, Colditz GA, et al. Obesity, fat distribution, and weight gain as risk factors for clinical diabetes 
in men. Diabetes Care. 1994;17(9):961-969.
4.  Carey VJ, Walters EE, Colditz GA, et al. Body fat distribution and risk of non-insulin-dependent diabetes mellitus 
in women. The Nurses’ Health Study. Am J Epidemiol. 1997;145(7):614-619.
5.  CDC. Diabetes interactive atlas. http://www.cdc.gov/diabetes/atlas/. Accessed August 26, 2014.
6.  Xu Y, Wang L, He J, et al; 2010 China Noncommunicable Disease Surveillance Group. Prevalence and control of 
diabetes in Chinese adults. JAMA. 2013;310(9):948-959. 
7.  Yang W, Lu J, Weng J, et al; China National Diabetes and Metabolic Disorders Study Group. Prevalence of 
Diabetes among Men and Women in China. NEJM. 2010;362(12):1090-1101.
8.  Mohan V, Sandeep S, Deepa R, et al. Epidemiology of type 2 diabetes: Indian scenario. Indian J Med Res. 
2007;125(3):217-230.
9.  Wild S, Roglic G, Green A, et al. Global prevalence of diabetes: estimates for the year 2000 and projections for 
2030. Diabetes Care. 2004;27(5):1047-1053.
10.  Liew G, Michaelides M, Bunce C. A comparison of the causes of blindness certifications in England and Wales 
in working age adults (16-64 years), 1999-2000 with 2009-2010. BMJ Open. 2014;4(2):e004015. doi: 10.1136/
bmjopen-2013-004015.
11.  National Eye Institute. Facts about diabetic retinopathy. http://www.nei.nih.gov/health/diabetic/retinopathy.
asp. Accessed August 26, 2014.
12.  Munger KL, Levin LI, Massa J, et al. Preclinical serum 25-hydroxyvitamin D levels and risk of type 1 diabetes in a 
cohort of US military personnel. Am J Epidemiol. 2013;177(5):411-419. 
13.  Goran MI, Ulijaszek SJ, Ventura EE. High fructose corn syrup and diabetes prevalence: a global perspective. Glob 
Public Health. 2013;8(1):55-64. 
14.  National Eye Institute. Diabetic Retinopathy. https://www.nei.nih.gov/eyedata/diabetic.asp. Accessed August 
26, 2014.
15.  Sun JK, Keenan HA, Cavallerano JD, et al. Protection from retinopathy and other complications in patients with 
type 1 diabetes of extreme duration: the joslin 50-year medalist study. Diabetes Care. 2011;34(4):968-974. 
16.  Weycker D, Nichols GA, O’Keeffe-Rosetti M, et al. Excess risk of diabetes in persons with hypertension. J Diabetes 
Complications. 2009;23(5):330-336.
17.  Sun W, Gerhardinger C, Dagher Z, Hoehn T, Lorenzi M. Aspirin at low-intermediate concentrations 
protects retinal vessels in experimental diabetic retinopathy through non-platelet-mediated effects. Diabetes. 
2005;54(12):3418-3426.
18.  Moss SE, Klein R, Klein BE. Association of cigarette smoking with diabetic retinopathy. Diabetes Care. 
1991;14(2):119-126.
19.  Schroder S, Palinski W, Schmid-Schonbein GW. Activated monocytes and granulocytes, capillary nonperfusion, 
and neovascularization in diabetic retinopathy. Am J Pathol. 1991;139:81-100. 
20.  Bhagat N, Grigorian RA, Tutela A, Zarbin MA. Diabetic macular edema: Pathogenesis and treatment. Surv 
Ophthalmol. 2009;54:1-32.
21.  Bhat M, Pouliot M, Coutoure R, VAcher E. The kallikrein-kinin system in diabetic retinopathy. Prog Drug Res. 
2014;69:111-143.
22.  Holekamp N. Real-world vision outcomes in DME treated with anti-VEGF injections—an analysis of EMR data 
from a large US health system. Paper presented at: American Society of Retina Specialists 2014 Annual Meeting; 
August 9-13, 2014; San Diego, CA.
23.  Zimmer-Galler I.  The medical economics of telemedicine diabetic retinopathy assessment programs. Paper 
presented at: American Society of Retina Specialists 2014 Annual Meeting; August 9-13, 2014; San Diego, CA.

0914RT_DME_ROB.indd   70 8/27/14   1:32 PM


	rt_061
	rt_062
	rt_063
	rt_064
	rt_065
	rt_066
	rt_067
	rt_068
	rt_069
	rt_070

