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Abstract

Diabetes mellitus is a global health problem affecting 366 million people worldwide and its prevalence is growing rapidly. Diabetic eye
disease is present in up to 25% of diabetic subjects.

Diabetic retinopathy is a chronic complication of diabetes that can result in blindness. Generally, there are two stages of diabetic reti-
nopathy, non-proliferative and proliferative. The longer a person has diabetes and the poorer metabolic control, the higher the chance of
developing diabetic retinopathy. The majority of people with type 2 diabetes will ultimately develop diabetic retinopathy.

Multifactorial therapy targeted to lifestyle modification and optional glycemic control reduces the risk. However, diabetic retinopathy de-
velops or progresses with time.

Primary (preventive) strategies include glycemic, lipid, and blood pressure control.

Glycemic control effectively reduces the incidence of diabetic retinopathy. In additional, its effect on progression of diabetic retinopathy has
been demonstrated in randomized clinical trials.

Furthermore, tight control of blood pressure significantly reduces the progression of retinopathy and visual loss. However, the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) Eye Study Group has shown that intensive blood pressure control has no beneficial
effect on reducing the rate of diabetic retinopathy in subjects with type 2 diabetes.

Elevated serum lipids and dyslipidemias are associated with a higher risk of diabetic retinopathy. The beneficial effects of lipid-lowering
agents on the progression of retinopathy have been reported. Intensive combination therapy for dyslipidemia has been shown to effectively
reduce the rate of progression of diabetic retinopathy in type 2 diabetes.

Secondary strategies are focused on various pathophysiologic approaches such as blockade of the renin angiotensin system (RAS), anti-
vascular endothelial growth factor agents, somatostatin analogues, protein kinase inhibitors, and anti-inflammatory agents.

The purpose of the current overview is to look into the medical management of diabetic retinopathy, and to explore the primary (preven-

tive) measures as well as secondary strategies proposed to be effective in its medical management.
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Introduction

iabetes mellitus is a global health problem that affects 366

million people worldwide' and its prevalence is growing

rapidly.? Up to 25% of diabetic subjects are affected by
diabetic eye disease, a figure that might double by 2025.3 In Iran,
the prevalence of ophthalmic complications is estimated to be
37% and per capita direct cost of these complication is about 215
+ 140 million USD.*

Diabetic retinopathy is the leading cause of blindness among the
working population in the UK and United States.>® Prevalence
of diabetic retinopathy depends on various factors including eth-
nicity, type of diabetes, state of metabolic control, and diabetes
duration.’ In the Wisconsin Epidemiological Study of Diabetic
Retinopathy, all subjects with type 1 diabetes of 20 years duration
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have been reported to have background diabetic retinopathy.” In
type 2 diabetic subjects, up to 60% will develop some degree of
retinopathy ten years after diagnosis.’

Generally, diabetic retinopathy is classified into two phases,
non-proliferative and proliferative. The presence of microaneu-
rysm and retinal hemorrhages are hallmarks of the non-prolifera-
tive stage, while proliferative diabetic retinopathy is characterized
by new blood vessel formation on the retinal surface.?

Intensive glycemic control is considered a mandatory compo-
nent of primary prevention strategies. However, it does not elimi-
nate the risk.> On the other hand, secondary strategies focus on
progression of diabetic retinopathy and loss of vision.?

Primary (preventive) strategies

Glycemic control

In non-Western countries, the current state of glycemic control
seems to be poor with HbAlc levels between 9.3%-9.9%.°

Glycemic control effectively reduces the incidence of diabetic
retinopathy and its effect on progression of diabetic retinopathy
has been demonstrated in randomized clinical trials.!®!" In Diabe-
tes Control and Complications Trial (DCCT), intensive glycemic
control reduced the incidence of diabetic retinopathy and its pro-
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gression by 76% and 54%, respectively, compared with conven-
tional treatment." In type 2 diabetes, up to 25% reduction in mi-
crovascular end points have been reported by intensive treatment
in the United Kingdom Prospective Diabetes Study (UKPDS).!
The ACCORD Eye Study Group'* reported a 7.3% rate of reti-
nopathy progression after four years of intensive glycemic control
(target HbAlc < 6%) compared to 10.4% in those with standard
treatment (target HbAlc = 7%—7.9%).

Improvement of patient self-management behavior leads to bet-
ter metabolic control in relation to HbAlc and fasting blood glu-
cose levels.”

Blood pressure control

In the hypertensive diabetic population, alterations of auto-reg-
ulation and increases in retinal perfusion pressure are considered
to be responsible for the progression of diabetic retinopathy.'® Re-
lease of vascular endothelial growth factor (VEGF) has been re-
ported to be responsible for attenuation of retinal endothelial auto-
regulation and subsequent increase in perfusion pressure.'” Strict
control of blood pressure significantly reduces the progression of
retinopathy and visual loss.'®! In the UKPDS, a 34% reduction
in diabetic retinopathy progression has been reported in patients
with strict control of blood pressure compared with those who had
conventional control.”> However, the ACCORD Eye Study Group
showed that intensive blood pressure control (target systolic blood
pressure < 120 mmHg) has no beneficial effect on reducing the
rate of diabetic retinopathy in subjects with type 2 diabetes.™*

It has been suggested that some antihypertensive drugs might
have an additional preventive effect on the progression of diabetic
retinopathy, an effect that seems to be not related to their blood
pressure lowering effect.?02!

Lipid control

Elevated serum lipids and dyslipidemia are associated with a
higher risk of diabetic retinopathy.? There is a positive correlation
between dyslipidemia and worsening of retinopathy, development
of hard exudates and macular edema in diabetic subjects.”*?* The
beneficial effect of lipid-lowering agents on progression of reti-
nopathy has been reported” Intensive combination therapy for
dyslipidemia with fenofibrate plus simvastatin has been shown to
effectively reduce the rate of progression of diabetic retinopathy
in type 2 diabetes.'*

Secondary strategies

Blockade of the renin angiotensin system (RAS)

The contribution of the renin angiotensin system (RAS) to dia-
betic retinopathy has been suggested elsewhere.??” RAS has been
considered as a potential angiogenic factor, both systematically
and locally.?® Possible explanations for this contribution include
local production of angiotensin,” the presence of RAS in ocular
tissue,’ high levels of ACE and angiotensin Il in animal models,*
and lower levels of vascular endothelial growth factor (VEGF)
in the vitreous of patients with proliferative diabetic retinopathy
treated by ACE inhibitors.”

In the EUCILD study, a significant reduction in diabetic reti-
nopathy progression has been shown in subjects with type 1 dia-
betes, even when normotensive.>! However, subjects randomized
to lisinopril had lower baseline HbA1c levels. In type 2 diabetes
the results are not convincing because of the changes that occur in
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blood pressure and glucose control.!

In the Heart Outcomes Prevention Evaluation (HOPE) study,
ramipril had a non-significant effect on the requirement for la-
ser therapy.*? In another study* captopril was reported to prevent
the progression of retinopathy in type 2 diabetic subjects. In the
Diabetic Retinopathy Candesartan Trials (DIRECT)** it was
hypothesized that inhibition of RAS was effective on diabetic
retinopathy, independent of the blood pressure-lowering effect of
the drug. The trial had three components:

* In DIRECT-Prevent 1, a reduction in three-step deterioration of
retinopathy was shown in type 1 diabetes, which remained signifi-
cant after adjustment for small changes in blood pressure.

* Protect 1 described the progression of established retinopathy
in type 1 diabetes. The results showed no significant effect of can-
desartan on the progression of retinopathy in this group.

* Protect 2 failed to show any significant effect on the progres-
sion of retinopathy in type 2 diabetic subjects. However, a sig-
nificant regression of established mild diabetic retinopathy was
reported, which remained after adjustment for changes in blood
pressure. Candesartan had no beneficial effect on the progression
of moderate and severe diabetic retinopathy.

Considering the evidence from the EUCLID and DIRECT trails,
primary prevention of retinopathy by blocking RAS could be con-
sidered in high-risk type 1 diabetic subjects with the following?®:

* HbAlc > 8% without retinopathy after six years, even when
normotensive.

* Hypertension

* Diabetic retinopathy

In type 2 diabetes, blocking RAS should be considered in sub-
jects with:

* Background or pre-proliferative retinopathy, even when nor-
motensive

* Hypertension

* Diabetic retinopathy

Anti-vascular endothelial growth factor (VEGF) agents

VEGEF is responsible for retinal neovascularization®** and in-
creased vascular permeability in patients with diabetic retinopa-
thy*® and is targeted by various therapeutic approaches.**** Break-
down of the blood-retinal barrier and retinal neovascularization
are the leading causes of vision loss in diabetic retinopathy.*
Blockade of receptor binding by high-affinity antibodies, reduc-
tion of VEGF formation or free VEGF available for binding to
its receptor, and interruption of the VEGF signaling pathway are
major therapeutic options.* Specific anti-VEGF monoclonal anti-
bodies*** such as ranibizumab and bevacizumab reduce the avail-
ability of free VEGF. Bevacizumab is effective for the treatment
of diabetic retinopathy.**¥ Ranibizumab is a recombinant mono-
clonal antibody fragment that has been approved for age-related
macular degeneration. ** It is also effective for the treatment of
diabetic macular edema, In the READ 2 study ranibizumab has
been shown to improve visual acuity in diabetic subjects with
macular edema. Regeneron (VEGF trap) interrupts the interaction
of VEGEF and its receptor. Intravitral injection of the VEGF trap is
effective for the treatment of diabetic macular edema.’

Fenofibrate
Although the primary use of fibrates in treatment of hypertri-
glyceridemia is a common clinical practice, it has been shown that



fenofibrate reduces the rate of photocoagulation in patients with
proliferative diabetic retinopathy and macular edema.**>' Experi-
mental studies suggest some possible mechanisms for the effects
of fenofibrate’*:

* Reduction of retinal endothelial cell apoptosis

* Inhibition of the VEGF pathway

* Reduction of pro-inflammation and oxidative stress

Development of cotton-wool spots and retinal hemorrhage have
been reported to be associated with combined dyslipidemia in dia-
betic subjects.” Considering the subclasses of lipoproteins, there
is a positive association between LDL, apolipoprotein B and tri-
glyceride levels and the severity of diabetic retinopathy.**

Atorvastatin has been shown to reduce laser therapy in type 2
diabetes.** The ACCORD-EYE study evaluated the effect of in-
tensive lipid control on progression of diabetic retinopathy. The
intensive treatment consisted of simvastatin plus fenofibrate ver-
sus the standard treatment (simvastatin plus placebo). The inten-
sive group showed a reduction in the rate of progression of reti-
nopathy at four years.>

The effect of fenofibrate on diabetic retinopathy was explained
in the FIELD Ophthalmology Substudy.* In a cohort of 1012
subjects with type 2 diabetes, fenofibrate treatment was associ-
ated with a 22% reduction in two-step progression of retinopathy
which was significant in those who had pre-existing retinopathy.
Significant treatment benefit was also observed for the first laser
therapy in diabetic proliferative retinopathy. Although the abso-
lute event rates were small, this study shows beneficial effect of
fenofibrate in subjects with established diabetic retinopathy at
baseline.*

GH/IGF1 inhibitors

Angiogenic stimulation is postulated as a mechanism for angio-
genesis and subsequent blood-retinal barrier breakdown in dia-
betic retinopathy.”**

Some observations suggest a possible correlation between the
GH/IGF1 pathway and retinopathy such as:

* Progression of retinopathy during puberty®

» GH-deficient dwarfs do not develop serious retinopathy>*%

» Improvement of diabetic retinopathy following hypophysec-
tomy®

* Increased ocular levels of insulin growth factor in patients with
severe diabetic retinopathy®

Hence, it could be hypothesized that somatostatin analogues
might have a beneficial effect on prevention and progression of
diabetic retinopathy by inhibiting angiogenesis in the retina of
affected subjects. Randomized Clinical Trials (RCTS) has led to
conflicting results on the beneficial effect of octreotide on preven-
tion and progression of diabetic retinopathy.**-¢’

Protein kinase C (PKC) inhibitors

Activation of protein kinase C (PKC) enzymes through synthe-
sis of diacylglycerol is a known phenomenon induced by hyper-
glycemia and theoretically this activation may have some role in
the pathogenesis of diabetic retinopathy.®® The PKC-B inhibitor
ruboxistouzin (RBX) is the most researched PKC inhibitor in
cellular, animal and human studies.®” RBX can normalize retinal
blood flow in diabetic patients that have less than a ten-year his-
tory of diabetes and no evidence of clinical retinopathy.™

PKC-DRS determined RBX has been shown to significantly de-
lay the occurrence of moderate visual impairment but could not
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reduce progression of proliferative diabetic retinopathy.”

In addition, PK-DMES showed no significant effect by RBX on
the progression of diabetic macular edema’; however, in PKC-
DRS2, RBX (32 mg/day) reduced the risk of vision loss by about
40%.7

Treatment with RBX might preserve visual acuity by reduction
of capillary permeability or targeting the neural retina.

Overall, these data suggest that inhibition of the PKC alone is
not enough to stop the early metabolic changes that seem to ac-
celerate the progression of pre-proliferative diabetic retinopathy.®

Prevention of advance glycation end product (AGES) formation and/
or action

Accumulation of advance glycation end products (AGES) in the
vitreous and retina has been shown in diabetic patients.” These
products have deleterious effects on the retina and its vasculature
and might lead to a breakdown of the blood-retinal barrier.” De-
creases in AGE formation and/or its receptor binding have been
shown to delay the progression of diabetic retinopathy.” How-
ever, safety issues are major concerns in this regard.

Aldose reductase inhibitors

Increased activity of aldose reductase and subsequent increases
in intracellular concentrations of sorbitol by high levels of glu-
cose is defined elsewhere.” It has been postulated that intracel-
lular accumulation of sorbitol and subsequent osmotic flow might
be harmful for vascular cells.”” Nevertheless, inhibition of the en-
zyme’s activity has been shown to be ineffective in reducing the
incidence and/or progression of diabetic retinopathy.”*!

Reducing oxidative stress

Oxidative injury is linked to diabetic retinopathy.®®* The major
reactive oxygen species, superoxide and nitric oxide, are involved
in oxidative cell damage® and high levels of VEGF in diabetic
patients.® Nevertheless, the effect of antioxidants on prevention
and progression of diabetic retinopathy is not promising.

Anti-inflammatory agents

Current evidence supports the role of pro-inflammatory cyto-
kines in the pathogenesis of diabetic retinopathy. Pro-inflammato-
ry cytokines such as TNF-a, IL13, IL6, and COX-2 are increased
in the vitreous humor and retina of diabetic patients.36¢

The inflammatory process results in leukostasis, a process that
may contribute to capillary non-perfusion in diabetic retinopathy.
In addition, leukostasis may be involved in endothelial cell death
and breakdown of the blood-retinal barrier. Blood-retinal barrier
leakage that occurs in patients with diabetes can cause retinal ede-
ma and visual defects.?%

Some reports support the role of COX-2 and its metabolic
products such as prostaglandin E2 (PGE2) and thromboxane A2
(TXAZ2) as regulators of angiogenesis.”® It has been shown that
NOS and COX-2 act together to contribute to retinal cell death
and development of diabetic retinopathy. Both animal and human
studies have shown that prostaglandins increase locally in the
eyes of those who suffer from diabetic retinopathy.”'-*

Thus, systemic and local inhibition of ocular inflammation have
been proposed to inhibit the inflammatory mechanisms involved
in diabetic retinopathy.®’

In animals, treatment with NSAIDs has been reported to have
some beneficial effects on the prevention of diabetic retinopa-
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thy.”>% Initial observations in patients with rheumatoid arthritis
have shown that high doses of salicylate reduce the incidence of
diabetic retinopathy.”

Although a number of studies have reported some beneficial ef-
fects of aspirin, dipyridamole, and ticlopidine on non-proliferative
diabetic retinopathy, Early Treatment Diabetic Retinopathy Study
(ETDRS) results did not confirm the protective effect of aspirin
on progression of diabetic retinopathy or impaired visual acuity
in patients with severe non-proliferative diabetic retinopathy.*®1%
However, it has been reported that aspirin taken by patients with
proliferative diabetic retinopathy did not increase the risk of
bleeding.® Overall, there is insufficient evidence to recommend
the use of NSAIDs as a prophylactic measure or as primary treat-
ment of diabetic retinopathy, necessitating additional studies. !

Intravitreal corticosteroids provide high concentrations of ste-
roids over a prolonged period of time.!” In diabetic macular
edema, intravitreal injection of triamcinolone is a promising
treatment.!®*!* Intravitreal steroid implants need further studies
regarding their safety and efficacy compared to intravtreal triam-
cinolone acetonide (IVTA).!%

Thiazolidinedione

A prospective observational study has shown that rosiglitazone
could delay the onset of proliferative diabetic retinopathy in type
2 diabetes.!%17 On the other hand, there are some reports regard-
ing the role of rosiglitazone on the development of macular ede-
ma.108,109

Pentoxifylline

Some studies have shown a lower incidence of retinal neovascu-
larization in diabetic patients treated with pentoxifylline.!® How-
ever, randomized clinical trials are needed to investigate this hy
pothesis.

Antihistamines

Preliminary data suggest some role for histamine receptor-medi-
ated increase in blood-retinal barrier permeability and a probable
effect of astemizole, an antihistamine agent, on its prevention.'"!
However, the beneficial effect of astemizole on the progression of
diabetic retinopathy needs further investigation.

In conclusion, diabetic retinopathy is one of the most important
and prevalent complications of diabetes mellitus. Multifactorial
therapy focused on lifestyle modification and optional glycemic
control reduces the risk.

Primary (preventive) strategies effectively reduce the incidence
of diabetic retinopathy. They are effective on its progression as
well.

Secondary strategies are targeted at various pathophysiologic
approaches. Current evidence is in favor of blockade of the renin
angiotensin system (RAS), use of Specific anti-VEGF monoclo-
nal antibodies, and intravitreal corticosteroids for the treatment of
diabetic retinopathy, especially macular edema.

References

1. International Diabetes Federation. Diabetes atlas. November 2011.
Available from: URL: http://www.idf.org/diabetesatlas/5e/the-global-
burden

2. National Health and Medical Research Council. Clinical Practice
Guidelines for the Management of Diabetic Retinopathy. Canberra:
NHMRGC; 1997.

638 Archives of Iranian Medicine, Volume 15, Number 10, October 2012

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Management of Diabetic Retinopathy

Dodson PM. Management of diabetic retinopathy: could lipid-lower-
ing be a worthwhile treatment modality? Eye (Lond). 2009; 23: 997
—1003.

Javanbakht M, Baradaran HR, Mashayekhi A, Haghdoost AA, Kham-
seh ME, Kharazmi E, et al. Cost-of-illness analysis of type 2 diabetes
mellitus in Iran. PLoS One. 2011; 6: ¢26864.

US Centers for Disease Control and Prevention. National Diabetes
Fact Sheet: General Information and National Estimates on Diabetes
in the United States. Atlanta, GA: Centers for Disease Control and
Prevention; 2005.

June C, Yusuf A. Diabetic Retinopathy: A Review. Drug Dev Res.
2008; 69: 1 — 14.

Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin
Epidemiological Study of Diabetic Retinopathy. II. Prevalence and
risk of diabetic retinopathy when age at diagnosis is less than 30 years.
Arch Ophthalmol. 1984; 102: 520 — 526.

Patel A, MacMahon S, Chalmers J, Neal B, Woodward M, Billot L,
et al. ADVANCE Collaborative Group. Effects of a fixed combination
of perindopril and indapamide on macrovascular and microvascular
outcomes in patients with type 2 diabetes mellitus (the ADVANCE
trial): a randomised controlled trial. Lancet. 2007; 370: 829 — 840.
Home P, Naggar NE, Khamseh M, Gonzalez-Galvez G, Shen C,
Chakkarwar P, et al. An observational non-interventional study of peo-
ple with diabetes beginning or changed to insulin analogue therapy in
non-Western countries: The Alchieve study. Diabetes Res Clin Pract.
2011; 94: 352 —363.

Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. Glycosylated
hemoglobin predicts the incidence and progression of diabetic reti-
nopathy. JAMA. 1988; 260: 2864 — 2871.

Fong DS, Aiello LP, Ferris FL 3rd, Klein R. Diabetic retinopathy. Dia-
betes Care. 2004; 27: 2540 — 2553.

The effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent diabe-
tes mellitus. The Diabetes Control and Complications Trial Research
Group. N Engl J Med. 1993; 329: 977 — 986.

UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with con-
ventional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet. 1998; 352: 837 — 853.

Suzuma I, Hata Y, Clermont A, Pokras F, Rook SL, Suzuma K, et al.
Cyclic stretch and hypertension induce retinal expression of vascular
endothelial growth factor and vascular endothelial growth factor re-
ceptor-2: potential mechanisms for exacerbation of diabetic retinopa-
thy by hypertension. Diabetes. 2001; 50: 444 — 454.

Khamseh ME, Ansari M, Malek M, Shafiee G, Baradaran H. Effects
of a structured self-monitoring of blood glucose method on patient
self-management behavior and metabolic outcomes in type 2 diabetes
mellitus. J Diabetes Sci Technol. 2011; 5: 388 —393.

Alghadyan AA. Diabetic Retinopathy-An Update. Saudi J Ophthal-
mol. 2011; 25: 99 — 111.

UK Prospective Diabetes Study Group. Tight blood pressure control
and risk of macrovascular and microvascular complications in type 2
diabetes: UKPDS 38. BMJ. 1998; 317: 703 — 713.

Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive
blood pressure control in normotensive type 2 diabetic patients on
albuminuria, retinopathy and strokes. Kidney Int. 2002; 61: 1086 —
1097.

Chew EY, Ambrosius WT, Davis MD, Danis RP, Gangaputra S,
Greven CM, et al. Effects of medical therapies on retinopathy progres-
sion in type 2 diabetes. ACCORD Study Group; ACCORD Eye Study
Group. N Engl J Med. 2010; 363: 233 — 244.

Schrier RW, Estacio RO, Jeffers B. Appropriate Blood Pressure Con-
trol in NIDDM (ABCD) trial. Diabetologia. 1996; 39: 1646 — 1654.
Mohamed Q, Gillies MC, Wong TY. Management of diabetic retinop-
athy: a systematic review. JAMA. 2007; 298: 902 — 916.

Comer GM, Ciulla TA. Pharmacotherapy for diabetic retinopathy.
Curr Opin Ophthalmol. 2004; 15: 508 — 518.

Chew EY, Klein ML, Ferris FL 3rd, Remaley NA, Murphy RP, Chant-
ry K, et al. Association of elevated serum lipid levels with retinal hard
exudate in diabetic retinopathy. Early Treatment Diabetic Retinopa-
thy Study (ETDRS) Report 22. Arch Ophthalmol. 1996; 114: 1079
—1084.

Lyons TJ, Jenkins AJ, Zheng D, Lackland DT, McGee D, Garvey WT,
et al. Diabetic retinopathy and serum lipoprotein subclasses in the
DCCT/EDIC cohort. Invest Ophthalmol Vis Sci. 2004; 45: 910 — 918.
Harrold BP, Marmion VJ, Gough KR. A double-blind controlled trial



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

of clofibrate in the treatment of diabetic retinopathy. Diabetes May.
1969; 18: 285 —291.
Nadal JA, Scicli GM, Carbini LA, Scicli AG. Angiotensin II stimu-
lates migration of retinal microvascular pericytes: involvement of
TGF-beta and PDGF-BB. Am J Physiol Heart Circ Physiol. 2002;
282: H739 — H748.

Sarlos S, Wilkinson-Berka JL. The renin-angiotensin system and the
developing retinal vasculature. [nvest Ophthalmol Vis Sci. 2005; 46:
1069 — 1077.

Wright AD, Dodson PM. Diabetic retinopathy and blockade of the
renin-angiotensin system: new data from the DIRECT study pro-
gramme. Eye. 2010;24: 1 — 6.

Strain WD, Chaturvedi N. The renin-angiotensin-aldosterone system
and the eye in diabetes. J Renin Angiotensin Aldosterone Syst. 2002;
3:243 - 246.

Mori F, Hikichi T, Nagaoka T, Takahashi J, Kitaya N, Yoshida A. In-
hibitory effect of losartan, an AT1 angiotensin II receptor antagonist,
on increased leucocyte entrapment in retinal microcirculation of dia-
betic rats. BrJ Ophthalmol. 2002; 86: 1172 — 1174.

Chaturvedi N, Sjolie AK, Stephenson JM, Abrahamian H, Keipes M,
Castellarin A, et al. Effect of lisinopril on progression of retinopathy in
normotensive people with type 1 diabetes. The EUCLID Study Group.
EURODIAB Controlled Trial of Lisinopril in Insulin-Dependent Dia-
betes Mellitus. Lancet. 1998; 351: 28 — 31.

No authors listed. Effects of ramipril on cardiovascular and microvas-
cular outcomes in people with diabetes mellitus: results of the HOPE
study and MICRO-HOPE substudy. Lancet. 2000; 355: 253 —259.
Khamseh ME, Safarnejad B, Baradaran HR. The effect of captopril on
progression of retinopathy in type 2 diabetes. Diabetes Technol Ther.
2009; 11: 711 - 715.

Chaturvedi N, Porta M, Klein R, Orchard T, Fuller J, Parving HH, et
al. Effect of candesartan on prevention (DIRECT-Prevent 1) and pro-
gression (DIRECT-Protect 1) of retinopathy in type 1 diabetes: ran-
domised, placebo-controlled trials. Lancet. 2008; 372: 1394 — 1402.

Sjelie AK, Klein R, Porta M, Orchard T, Fuller J, Parving HH, et al.
Effect of candesartan on progression and regression of retinopathy in
type 2 diabetes (DIRECT-Protect 2): a randomised placebo-controlled
trial. Lancet. 2008; 372: 1385 — 1393.

Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, et
al. Vascular endothelial growth factor in ocular fluid of patients with
diabetic retinopathy and other retinal disorders. N Engl J Med. 1994;
331: 1480 — 1487.

Miller JW, Adamis AP, Aiello LP. Vascular endothelial growth fac-
tor in ocular neovascularization and proliferative diabetic retinopathy.
Diabetes Metab Rev. 1997; 13: 37 — 50.

Comer GM, Ciulla TA. Pharmacotherapy for diabetic retinopathy.

Curr Opin Ophthalmol. 2004; 15: 508 — 518.

Cunningham ET Jr, Adamis AP, Altaweel M, Aiello LP, Bressler NM,
D’Amico DJ, et al. A phase II randomized double-masked trial of
pegaptanib, an antivascular endothelial growth factor aptamer, for dia-
betic macular edema. Ophthalmology. 2005; 112: 1747 — 1757.
Adamis AP, Altaweel M, Bressler NM, Cunningham ET Jr, Davis
MD, Goldbaum M, et al. Changes in retinal neovascularization after
pegaptanib (Macugen) therapy in diabetic individuals. Ophthalmol-
ogy. 2006; 113: 23 — 28.

Chun DW, Heier JS, Topping TM, Duker JS, Bankert JM. A pilot
study of multiple intravitreal injections of ranibizumab in patients
with center-involving clinically significant diabetic macular edema.
Ophthalmology. 2006; 113: 1706 — 1712.

Avery RL, Pearlman J, Pieramici DJ, Rabena MD, Castellarin AA,
Nasir MA, et al. Intravitreal bevacizumab (Avastin) in the treatment
of proliferative diabetic retinopathy. Ophthalmology. 2006; 113: 1695.
el —15.

June C, Yusuf A. Diabetic retinopathy: a review. Drug Develop Res.
2008; 69: 1 —14.

Shams N, lanchulev T. Role of vascular endothelial growth factor in
ocular angiogenesis. Ophthalmol Clin North Am. 2006; 19: 335 —344.
Algvere PV, Steén B, Seregard S, Kvanta A. A prospective study on
intravitreal bevacizumab (Avastin) for neovascular age-related macu-
lar degeneration of different durations. Acta Ophthalmol. 2008; 86:
482 —489.

Sawada O, Kawamura H, Kakinoki M, Sawada T, Ohji M. Vascular
endothelial growth factor in aqueous humor before and after intravit-
real injection of bevacizumab in eyes with diabetic retinopathy. Arch
Ophthalmol. 2007; 125: 1363 — 1366.

Avery RL. Regression of retinal and iris neovascularization after intra-

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

M. Malek, M. E. Khamseh, R. Aghili, et al.

vitreal bevacizumab (Avastin) treatment. Retina. 2006; 26: 352 — 354.
Kook D, Wolf A, Kreutzer T, Neubauer A, Strauss R, Ulbig M, et al.
Long-term effect of intravitreal bevacizumab (avastin) in patients with
chronic diffuse diabetic macular edema. Retina. 2008; 28: 1053 —
1060

Duncan LJ, Cullen JF, Ireland JT, Nolan J, Clarke BF, Oliver MF. A
three-year trial of atromid therapy in exudative diabetic retinopathy.
Diabetes. 1968; 17: 458 — 467.

Harrold BP, Marmion VJ, Gough KR. A double-blind controlled trial
of clofibrate in the treatment of diabetic retinopathy. Diabetes. 1969;
18: 285 -291.

Cullen JF, Town SM, Campbell CJ. Double-blind trial of Atromid-S
in exudative diabetic retinopathy. Trans Ophthalmol Soc UK. 1974;
94: 554 — 562.

Dodson PM. Management of diabetic retinopathy: could lipid-lower-
ing be a worthwhile treatment modality? Eye. 2009; 23: 997 — 1003
Dodson PM, Galton DJ, Winder AF. Retinal vascular abnormalities in
the hyperlipidemias. Trans Ophthalmol Soc UK. 1981; 101: 17 —21.
Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HAW,
Livingstone SJ, et al. Primary prevention of cardiovascular disease
with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin
Diabetes Study (CARDS): multicentre randomised placebo-controlled
trial. Lancet. 2004; 364: 685 — 696.

Chew EY, Ambrosius WT, Howard LT, Greven CM, Johnson S, Danis
RP. Rationale, design, and methods of the Action to Control Cardio-
vascular Risk in Diabetes Eye Study (ACCORD-EYE). Am J Cardiol.
2007;99: 103i— 111i.

Keech AC, Mitchell P, Summanen PA, O’Day J, Davis TM, Moffitt
MS, et al. Effect of fenofibrate on the need for laser treatment for dia-
betic retinopathy (FIELD study): a randomised controlled trial. Lan-
cet. 2007; 370: 1687 — 1697.

Joussen AM, Poulaki V, Le ML, Koizumi K, Esser C, Janicki H, et
al. A central role for inflammation in the pathogenesis of diabetic reti-
nopathy. FASEB J. 2004; 18: 1450 — 1452.

Adamis AP, Berman AJ. Immunological mechanisms in the pathogen-
esis of diabetic retinopathy. Semin Immunopathol. 2008; 30: 65 — 84.
Kopchick JJ, Okada S. Growth hormone receptor antagonists: discov-
ery and potential uses. Growth Horm IGF Res. 2001; 11(suppl A):
S103 —S109.

Grant MB, Mames RN, Fitzgerald C, Hazariwala KM, Cooper-De-
Hoff R, Caballero S, et al. The efficacy of octreotide in the therapy
of severe nonproliferative and early proliferative diabetic retinopathy:
a randomized controlled study. Diabetes Care. 2000; 23: 504 — 509.
Sjelie AK, Moller F. Medical management of diabetic retinopathy.
Diabet Med. 2004; 21: 666 — 672.

Hernandez C, Carrasco E, Casamitjana R, Deulofeu R, Garcia-Arumi
J, Sim6 R. Somatostatin molecular variants in the vitreous fluid: a
comparative study between diabetic patients with proliferative diabet-
ic retinopathy and nondiabetic control subjects. Diabetes Care. 2005;
28: 1941 — 1947.

Chantelau E. Effect of a growth hormone receptor antagonist on prolif-
erative diabetic retinopathy. Ophthalmology. 2002; 109: 2187 —2188.
Chantelau E. Evidence that upregulation of serum IGF-1 concentra-
tion can trigger acceleration of diabetic retinopathy. Br J Ophthalmol.
1998; 82: 725 — 730.

Boehm BO, Lang GK, Jehle PM, Feldman B, Lang GE. Octreotide
reduces vitreous hemorrhage and loss of visual acuity risk in patients
with high-risk proliferative diabetic retinopathy. Horm Metab Res.
2001; 33: 300 — 306.

Boehm BO, Lustig RH. Use of somatostatin receptor ligands in obe-
sity and diabetic complications. Best Pract Res Clin Gastroenterol.
2002; 16: 493 — 509.

Grant MB, Mames RN, Fitzgerald C, Hazariwala KM, Cooper-De-
Hoff R, Caballero S, et al. The efficacy of octreotide in the therapy
of severe nonproliferative and early proliferative diabetic retinopathy:
a randomized controlled study. Diabetes Care. 2000; 23: 504 — 509.
Fong DS. Changing times for the management of diabetic retinopathy.
Surv Ophthalmol. 2002; 47(suppl 2): 238S —245S.

Geraldes P, King GL. Activation of rotein Kinase C Isoforms and Its
Impact on Diabetic Complications. Circ Res. 2010; 106: 1319 — 1331.
Aiello LP, Clermont A, Arora V, Davis MD, Sheetz MJ, Bursell SE.
Inhibition of PKC beta by oral administration of ruboxistaurin is well
tolerated and ameliorates diabetes-induced retinal hemodynamic ab-
normalities in patients. [nvest Ophthalmol Visl Sci. 2006; 47: 86 — 92.
PKC-DRS Study Group. The effect of ruboxistaurin on visual loss in
patients with moderately severe to very severe nonproliferative dia-

Archives of Iranian Medicine, Volume 15, Number 10, October 2012 639



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

640 Archives of Iranian Medicine, Volume 15, Number 10, October 2012

betic retinopathy: initial results of the protein kinase C beta inhibitor
diabetic retinopathy study (PKC-DRS) multicenter randomized clini-
cal trial. Diabetes. 2005; 54: 2188 — 2197.

PKC-DMES Study Group. Effect of ruboxistaurin in patients with
diabetic macular edema: thirty-month results of the randomized PKC-
DMES clinical trial. Arch Ophthalmol. 2007; 125: 318 — 324.
Sampson SR, Cooper DR. Specific protein kinase ¢ isoforms as trans-
ducers and modulators of insulin signaling. Mol Genet Metab. 2006;
89:32-47.

Ciulla TA, Amador AG, Zinman B. Diabetic retinopathy and diabetic
macular edema: pathophysiology, screening, and novel therapies. Dia-
betes Care. 2003; 26: 2653 —2664.

Abu El-Asrar AM, Al-Mezaine HS, Ola MS. Pathophysiology and
Management of Diabetic Retinopathy. Expert Rev Ophthalmol. 2009;
4: 627 — 647.

Freedman BI, Wuerth JP, Cartwright K, Bain RP, Dippe S, Hershon
K, et al. Design and baseline characteristics for the aminoguanidine
Clinical Trial in Overt Type 2 Diabetic Nephropathy (ACTION II).
Control Clin Trials. 1999; 20: 493 — 510.

Gabbay KH. Hyperglycemia, polyol metabolism, and complications
of diabetes mellitus. Annu Rev Med. 1975; 26: 521 — 535.

Sorbinil Retinopathy Trial Research Group. A randomized trial of
sorbinil, an aldose reductase inhibitor, in diabetic retinopathy. Arch
Ophthalmol. 1990; 108: 1234 — 1244.

Tromp A, Hooymans JM, Barendsen BC, van Doormaal JJ. The ef-
fects of an aldose reductase inhibitor on the progression of diabetic
retinopathy. Doc Ophthalmol. 1991; 78: 153 — 159.

Arauz-Pacheco C, Ramirez LC, Pruneda L, Sanborn GE, Rosenstock
J, Raskin P. The effect of the aldose reductase inhibitor, ponalrestat,
on the progression of diabetic retinopathy. J Diabetes Complications.
1992; 6: 131 —137.

Van Gerven JM, Boot JP, Lemkes HH, van Best JA. Effects of al-
dose reductase inhibition with tolrestat on diabetic retinopathy in a
six months double blind trial. Doc Ophthalmol. 1994; 87: 355 — 365.
Giugliano D, Ceriello A, Paolisso G. Oxidative stress and diabetic
vascular complications. Diabetes Care. 1996; 19: 257 —267.

Kanwar M, Chan PS, Kern TS, Kowluru RA. Oxidative damage in the
retinal mitochondria of diabetic mice: possible protection by super-
oxide dismutase. /nvest Ophthalmol Vis Sci. 2007; 48: 3805 — 3811.
Kowluru R. Diabetes-induced elevations in retinal oxidative stress,
protein kinase C and nitric oxide are interrelated. Acta Diabetol. 2001;
38: 179 - 185.

Yam JC, Kwok AK. Update on the treatment of diabetic retinopathy.
Hong Kong Med J.2007; 13: 46 — 60.

Joussen AM, Poulaki V, Mitsiades N, Kirchhof B, Koizumi K, Déh-
men S, et al. Nonsteroidal anti-inflammatory drugs prevent early dia-
betic retinopathy via TNF-alpha suppression. FASEB J. 2002; 16: 438
—440.

Krady JK, Basu A, Allen CM, Xu Y, LaNoue KF, Gardner TW, et al.
Minocycline reduces proinflammatory cytokine expression, microg-
lial activation, and caspase-3 activation in a rodent model of diabetic
retinopathy. Diabetes. 2005; 54: 1559 — 1565.

Jouseen AM, Poulaki V, Le ML, Koizumi K, Esser C, Janicki H, et
al. A central role for inflammation in the pathogenesis of diabetic reti-
nopathy. FASEB J. 2004; 18: 1450 — 1452.

Adamis AP, Berman AJ. Immunological mechanisms in the pathogen-
esis of diabetic retinopathy. Semin Immunopathol. 2008; 30: 65 — 84.
Kuwano T, Nakao S, Yamamoto H, Tsuneyoshi M, Yamamoto T, Ku-
wano M, et al. Cyclooxygenase 2 is a key enzyme for inflammatory
cytokine-induced angiogenesis. FASEB J. 2004; 18: 300 — 310.
Johnson EI, Dunlop ME, Larkins RG. Increased vasodilatory pros-
taglandin production in the diabetic rat retinal vasculature. Curr Eye
Res. 1999; 18: 79 — 82.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Management of Diabetic Retinopathy

Lane LS, Jansen PD, Lahav M, Rudy C. Circulating prostacyclin and
thromboxane levels in patients with diabetic retinopathy. Ophthalmol-
ogy. 1982; 89: 763 — 766.

Naveh-Floman N, Moisseiev J. Prostanoids and thromboxane A2 in-
volvement in diabetic retinopathy. Metab Pediatr Syst Ophthalmol.
1982; 6: 321 — 325.

Wilkinson-Berka JL. Vasoactive factors and diabetic retinopathy: vas-
cular endothelial growth factor, cycoloxygenase- 2 and nitric oxide.
Curr Pharm Des. 2004; 10: 3331 —3148.

Ayalasomayajula SP, Kompella UB. Celecoxib, a selective cyclooxy-
genase-2 inhibitor, inhibits retinal vascular endothelial growth factor
expression and vascular leakage in a streptozotocin-induced diabetic
rat model. Eur J Pharmacol. 2003; 458: 283 —289.

Joussen AM, Poulaki V, Mitsiades N, Kirchhof B, Koizumi K, Déh-
men S, et al. Nonsteroidal anti-inflammatory drugs prevent early dia-
betic retinopathy via TNF-alpha suppression. FASEB J. 2002; 16: 438
—440.

Kern TS, Engerman RL. Pharmacological inhibition of diabetic reti-
nopathy: aminoguanidine and aspirin. Diabetes. 2001; 50: 1636 —
1642.

Kern TS, Miller CM, Du Y, Zheng L, Mohr S, Ball SL, et al. Topical
administration of nepafenac inhibits diabetes-induced retinal micro-
vascular disease and underlying abnormalities of retinal metabolism
and physiology. Diabetes. 2007; 56: 373 —379.

Powell ED, Field RA. Diabetic retinopathy and rheumatoid arthritis.
Lancet. 1964;2: 17 —18.

Sjolie AK, Chaturvedi N. The retinal renin-angiotensin system: impli-
cations for therapy in diabetic retinopathy. J Hum Hypertens. 2002;
16(suppl 3): 42S — 46S.

Kim SJ, Flach AJ, Jampol LM. Nonsteroidal anti-inflammatory drugs
in ophthalmology. Surv Ophthalmol. 2010; 55: 108 — 133.
Bonini-Filho MA, Jorge R, Barbosa JC, Calucci D, Cardillo JA, Costa
RA. Intravitreal injection versus sub-Tenon's infusion of triamcino-
lone acetonide for refractory diabeticmacular edema: a randomized
clinical trial. Invest Ophthalmol Vis Sci. 2005; 46: 3845 — 3849.

Jonas JB, Kreissig I, Sofker A, Degenring RF. Intravitreal injection of
triamcinolone for diffuse diabetic macular edema. Arch Ophthalmol.
2003; 121: 57 - 61.

Martidis A, Duker JS, Greenberg PB, Rogers AH, Puliafito CA,
Reichel E, et al. Intravitreal triamcinolone for refractory diabetic mac-
ular edema. Am J Ophthalmol. 2002; 109: 920 — 927.

Xiao-lu Y, Kun L, Xun X. Update on treatments of diabetic macular
edema, review article. Chin Med J. 2009; 122: 2784 —2790.
Subramaniam S. The emerging role of thiazolidinediones in the treat-
ment of diabetes mellitus and related disorders. Clin Exp Hypertens.
1999; 21: 121 — 136.

Murata T, Hata Y, Ishibashi T, Kim S, Hsueh WA, Law RE, et al. Re-
sponse of experimental retinal neovascularization to thiazolidinedio-
nes. Arch Ophthalmol. 2001; 119: 709 — 717.

Ryan EH Jr, Han DP, Ramsay RC, Cantrill HL, Bennett SR, Dev S,
et al. Diabetic macular edema associated with glitazone use. Retina.
2006; 26: 562 — 570.

Fong DS, Contreras R. Glitazone use associated with diabetic macular
edema. Am J Ophthalmpl. 2009; 147: 583 — 586.

Iwafune Y, Yoshimoto H. Clinical use of pentoxifylline in haemor-
rhagic disorders of the retina. Pharmatherapeutica. 1980; 2: 429 —
438.

Gardner TW, Eller AW, Friberg TR, D’Antonio JA, Hollis TM. Anti-
histamines reduce blood-retinal barrier permeability in type I (insulin-
dependent) diabetic patients with nonproliferative retinopathy: a pilot
study. Retina. 1995; 15: 134 — 140.



