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a b s t r a c t

Diabetic retinopathy remains the major cause of blindness among working age adults. Although a
number of metabolic abnormalities have been associated with its development, due to complex nature of
this multi-factorial disease, a link between any specific abnormality and diabetic retinopathy remains
largely speculative. Diabetes increases oxidative stress in the retina and its capillary cells, and over-
whelming evidence suggests a bidirectional relationship between oxidative stress and other major
metabolic abnormalities implicated in the development of diabetic retinopathy. Due to increased pro-
duction of cytosolic reactive oxygen species, mitochondrial membranes are damaged and their mem-
brane potentials are impaired, and complex III of the electron transport system is compromised.
Suboptimal enzymatic and nonenzymatic antioxidant defense system further aids in the accumulation of
free radicals. As the duration of the disease progresses, mitochondrial DNA (mtDNA) is damaged and the
DNA repair system is compromised, and due to impaired transcription of mtDNA-encoded proteins, the
integrity of the electron transport system is encumbered. Due to decreased mtDNA biogenesis and
impaired transcription, superoxide accumulation is further increased, and the vicious cycle of free rad-
icals continues to self-propagate. Diabetic milieu also alters enzymes responsible for DNA and histone
modifications, and various genes important for mitochondrial homeostasis, including mitochondrial
biosynthesis, damage and antioxidant defense, undergo epigenetic modifications. Although antioxidant
administration in animal models has yielded encouraging results in preventing diabetic retinopathy,
controlled longitudinal human studies remain to be conducted. Furthermore, the role of epigenetic in
mitochondrial homeostasis suggests that regulation of such modifications also has potential to inhibit/
retard the development of diabetic retinopathy.

© 2015 Published by Elsevier Ltd.
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1. Introduction

Diabetes is a major public health problem, and is now being
considered as an epidemic of the 21st century. According to the
numbers released by the International Diabetes Federation, in 2014
about 8.3% world's population (387 million people) have diabetes,
and this number is expected to rise to over 590 million in less than
25 years. This is a life-long disease which affects function of mul-
tiple organs, leading to reduced quality of life, and, in some cases, to
death (Whiting et al., 2011). Though high circulating glucose is the
main hallmark of the disease, hyperglycemia could be either due to
destruction of insulin producing beta cells, resulting in insulin
deficiency (type I diabetes), or due to insulin resistance, which is
generally followed by decreased insulin secretion and glucose
intolerance (type II diabetes) (Unger, 2008). The disease carries a
heavy social and economic burden; as per the International Dia-
betes Federation, in 2014, ~4 million deaths (9% of the global total)
were associated with diabetes, and overall, direct health care costs
of diabetes ranged from 2.5% to 15% annual health care budgets,
depending on local diabetes prevalence and the sophistication of
the treatment available. Despite significant improvement in edu-
cation, advancement in technology and strategies, the prevalence
of diabetes continues to increase and the need to protect the pa-
tients from its complications remains very high.

Chronic elevation in circulating blood glucose damages blood
vessels, which results in many micro- and macro-vascular com-
plications. Diabetic retinopathy is one of the major microvascular
complications affecting the vision, and is the leading cause of
blindness in working age adults. With recent progress in the
management of diabetes, fortunately the macro-vascular mortality
is declining, but, diabetic patients are living longer and the inci-
dence of retinopathy and loss of vision associated with this is
increasing. Worldwide, approximately 93 million people have
diabetic retinopathy, which includes 17 million with proliferative
diabetic retinopathy and 28 million with sight-threatening diabetic
retinopathy. As the incidence of diabetes is increasing at an
alarming rate, in 2030, ~155 million of diabetic patients are pro-
jected to have retinopathy, with more than 51 million among them
facing vision-threatening retinopathy (Whiting et al., 2011), and
early detection and treatment remain the gold standards for its
management.

2. Development of diabetic retinopathy

Diabetic retinopathy is a slowprogressing chronicdisease, atfirst
patients donot showanysymptoms, but,when their visionbegins to
impair, the chances are that retinopathy is already in its advanced
stage, and if not controlled, could result in vision loss (Frank, 2004).
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