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Abstract
Glaucoma is ranked second amongst the causes of irreversible blindness worldwide. Diabetes mellitus (DM) is a global public
health concern with numerous microvascular complications. There is increasing evidence to suggest that diabetic patients have
greater risk of glaucoma as well.
This review article discusses the pathogenesis of glaucoma especially when associated with diabetes mellitus and how this
knowledge can help decrease the burden of loss of vision in diabetic patients due to Glaucoma.
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Introduction
Glaucoma is the second leading cause of
irreversible blindness worldwide.1 Worldwide more
than 60 million people suffer from glaucomatous optic
neuropathy with approximately 8.4 million people
becoming blind due toglaucoma.2 Primary open angle
glaucoma (POAG) is the most common type of
glaucoma.3 Older age,3,4 a family history of POAG,5
myopia,6 central corneal thickness,7 and ocular
hypertension8,9 are relatively consistent risk factors for
POAG.
Diabetes mellitus (DM) is a serious and
increasingly prevalent medical health problem
worldwide due to alterations in the living lifestyle and
as age advances. DM is associated with severe acute
and chronic complications, which negatively influence
both the quality of life and the survival of the affected
individuals i.e both morbidity as well as mortality.10
Previous published reports suggest diabetes mellitus to
be one of the most important risk factor for the
development of glaucoma.
Epidemiology
Over the last decade the prevalence of glaucoma
has been reported by different institutes. There have
been some differences mainly as a result of different
methodologies used by them. There are approximately
11.2 million individuals aged 40 years and above
suffering from glaucoma in India. Primary open angle
glaucoma is estimated to affect 6.48 million
individuals. The estimated number with primary angleclosure glaucoma is 2.54 million. Those with any form
of primary angle-closure disease could comprise 27.6
million in number. Majority of the individuals affected
with the disease remain aymptomatic and pose great
challenge not only in the diagnosis but also in the
treatment.11
Glaucoma leads to chronic optic neuropathy and is
of progressive nature. It is characterized by typical
changes in the optic disc and retinal nerve fiber layer

(RNFL) with simultaneous defects in the entire visual
field. In such cases the raised intraocular pressure (IOP)
is a major risk factor. Glaucoma is ranked as the second
major cause of blindness especially in India. About
50% of the glaucoma patients in the society remain
asymptomatic. In India this figure is about 90%. On one
hand nearly 50-90% of true glaucoma patients remain
undiagnosed, while on the other hand, nearly half of the
“glaucoma patients” using ocular hypotensive
medication do not actually require medications or are
over-treated. However, it can be easily emphasized that
under-diagnosis and over-treatment are commonly
reported in glaucoma especially in cases associated
with diabetes mellitus. The reported cases may be much
higher especially when non-compliant patients are
included.
The effects of under-diagnosis have been reported
but the effects due to over treatment are detrimental as
it increases the treatment cost, affects the quality of life
and also exposes patients to the risks of side-effects
without much advantage.11 Under-diagnosis of
glaucoma can be due to patients not consulting their
ophthalmologist at all or in time, or the diagnosis
missed out by the ophthalmologists. Unfortunately, this
issue itself is multifactorial. Many a times the patients
do not understand the vital significance of preventive
eye care or are not aware of the risk for glaucoma. In
other cases, some patients do not have access to
professional eye care because of financial constraints or
lack of adequate transportation facilities to the referral
centre.1
DM is associated with various acute and chronic
complications that have an adverse effect on the
morbidity as well as mortality of those affected.9 The
rate of prevalence of diabetes among all age groups
worldwide reported in the year 2000 was 2.8% and is
estimated to be nearly 4.4% by 2030.10 Some studies
have proved that DM is an important risk factor for
POAG.12-15 However, the relationship between DM and
POAG is not well documented and still remains
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controversial.16,17 An earlier meta-analysis in 2004
indicated that DM is associated with an increased risk
of developing POAG.18 However, the various metaanalysis of DM and the risk of POAG did not include
any cohort studies. The major disadvantage of crosssectional studies is that they cannot establish a clear
relationship between exposure and outcome. Instead, it
is recommended to include prospective cohort studies
so as to assess the relationship between exposure to
diabetes and development of POAG. Various largerscale epidemiological evidence, especially cohort
studies of an association between DM and POAG has
been proved.15,17,19-23
POAG is the most common form of glaucoma seen
in the present study in both diabetics (6.8%) as well as
non-diabetics (3.9%). Meta-analysis conducted by
previous authors found statistically significant
association between Diabetes Mellitus and POAG [OR
= 1.50, 95% confidence interval (CI) 1.16, 1.93]. Neovascular glaucoma has been the second common type of
glaucoma found in both diabetics (1.2%) as well as
non-diabetics (0.4%) along with features of pseudo
exfoliation especially in non-diabetics. In an extensive
epidemiological study carried out in Denmark (1983)
about 2.1% diabetics had NVG. Ocular hypertension
was more common in diabetics (2.9%) as compared to
the non-diabetics (1.7%). In the same study the
prevalence of ocular hypertension in diabetics reported
was 3.0%. Simultaneously, a study conducted in Blue
Mountain reported a prevalence of 6.7% in the
diabetics. There has been no association of gender with
glaucoma. However, a clear association between neovascular glaucoma and the duration of diabetes has
been reported. As per a study conducted by Morrison
and Pollack in 2003 the incidence of NVG has been
directly related to the duration of diabetes and glycemic
control in such patients.24-27
Glaucoma is a neurodegenerative disorder of the
optic nerve resulting due to death of retinal ganglion
cell (RGC) further leading to characteristic patterns of
loss of visual field. Though elevated IOP is the primary
risk factor for the development of POAG, more than
50% patients had a screening IOP lower than the below
the upper limit of normal (21 mmHg).5 Previously, it
was believed that the primary mechanism by which
glaucoma occurs is due to some mechanical stress
resulting due to elevated IOP. Unlike in angle closure
glaucoma where narrowing of the iridocorneal angle
results in mechanical obstruction of the trabecular
meshwork finally blocking the flow of aqueous humor,
IOP elevation in POAG is believed to be the result of
resistance to the aqueous flow. Though IOP elevation is
directly related to RGC death, multiple other
mechanisms are thought to contribute to the
development of glaucomatous optic neuropathy
including genetics, impaired microcirculation, and
abnormalities in the pressure of cerebrospinal fluid.28
Mechanical stress due to increased IOP is thought to
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occur primarily at the level of the lamina cribrosa–the
point at which the optic nerve fibers penetrate the
posterior sclera.59 The optic nerve fibers form the axons
of the RGCs, but IOP-induced mechanical stress causes
posterior bowing and thinning of the lamina, which
disrupts axonal transport.29–32 As a result, the RGCs
undergo apoptotic cell death in conjunction with loss of
neuroretinal rim tissue of the optic disc and
corresponding enlargement of the optic cup.33 Impaired
microcirculation is also thought to be a major
contributor towards the development of glaucoma. It
was first reported by Harrington in 1959, and
subsequent studies have provided further evidence that
abnormalities in the ocular perfusion may contribute in
the development of glaucomatous optic neuropathy,
especially when the IOP is normal.34–43 More recent
studies have focused on the possibility of low
cerebrospinal fluid pressure as a contributing
mechanism through an increased translaminar pressure
gradient which may exacerbate cupping of the optic
nerve head.44-47 Several hypotheses on biological links
between DM and POAG have been proposed. The most
important being the presence of long-standing
hyperglycemia, along with lipid anomalies may
increase the risk of neuronal injury from stress.48
Vascular dysregulation has been described in both
diabetics as well as in those having glaucoma.
Upregulation of nitric oxide, a potent vasodilator, has
been reported in both conditions.49–52 Nitric oxide not
only regulates the vascular tone, but also controls
apoptosis.51,53 In addition, reactive nitrogen species
have been demonstrated to contribute to the
inflammatory responses via oxidative stress and optic
nerve degeneration.53-55 The contributory role of PKC
(protein kinase c) in the pathophysiology of diabetic
retinopathy has also been established and there is a
strong evidence to suggest that elevated PKC may also
be associated with abnormalities of matrix
metalloprotease in the trabecular meshwork causing
impaired aqueous outflow and elevated IOP.47,57,56
Besides, overexpression of matrix metallprotease-9 has
been associated with structural optic nerve head
changes in diabetic patients, thus providing another
potential link between diabetes and glaucoma.57-59
Other pathways by which authors have linked
diabetes and glaucoma together include glial cell
dysfunction and impairment of retrograde axonal
transport.57 Glial cells, such as astrocytes, are nonneuronal cells that support and protect neurons in the
central nervous system, including the retina and optic
nerve. Any functional change in these cells has been
demonstrated in animal models with diabetes and
glaucoma
is
believed
to
contribute
to
neuroinflammatory pathways of apoptosis.60–66 In
addition, it has been postulated that alterations in
connective tissue remodeling due to diabetes may affect
both the lamina cribrosa and the trabecular meshwork,
thereby potentially increasing susceptibility to
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glaucoma through biomechanical changes at the optic
nerve and impairment of aqueous humor outflow
affecting the homeostasis of IOP.57
The association between DM and POAG may be
explained on the basis of remodeling of the connective
tissue of the optic nerve head. This remodeling may
reduce the compliance at the trabecular meshwork and
the lamina cribrosa, resulting in increased IOP and
greater mechanical stress on the optic nerve head,
respectively.67,68 Various studies have proved that
diabetes can exacerbate the remodeling of connective
tissue thus amplifying the associated biomechanical
changes.69
The Applicability of the Association for Improved
Patient Care and Early Diagnosis: Glaucoma as is
well known is the third leading cause of blindness in
India. According to NPCB-WHO survey carried out
from 1986 to 1989, glaucoma accounts for 5.80% of the
total blindness in India. Most epidemiological studies in
India have focused on detection of primary open-angle
glaucoma. However, it has been observed that in people
belonging to the oriental races including India, primary
angle closure glaucoma accounts for nearly 30% of all
cases of glaucoma.
A serious look into the number of persons who are
blind or heading towards blindness due to glaucoma in
those aged more than 50 years gives an inkling of the
gravity of this problem. Late diagnosis is the main
hindrance in preventing blindness as a result of
glaucoma. Majority of the people, particularly in the
rural and belonging to the remote areas are detected so
late that by that time vision in one of their eyes has
already been lost with a significant diminished vision in
the other eye. Therefore, it becomes mandatory that the
PMOAs, Medical officers posted in the PHCs and the
ophthalmologists working in district hospitals should
diagnose patients suffering from glaucoma at early
stages. This can be achieved by examining the fundus
for optic disc changes, measuring intraocular pressure
for a rise in the level, and by careful charting of the
visual field. Topical eye drops should be started only
when the diagnosis has been amply confirmed by an
experienced ophthalmologist.
Diabetes forms a major part of a large global
epidemic of non-communicable diseases. It has now
become a major public health challenge across the
entire world. This alarming scenario led the Indian
Government to start the National diabetes control
programme as a major project during the seventh five
year plan in 1987. This project was started in some
districts of Tamil Nadu, J & K and Karnataka.
However, due to paucity of funds this programme could
not be expanded further in the remaining states.
The main objectives of the programme were.70
1. Prevention of diabetes through identification of
high-risk subjects and early intervention in the
form of health education;
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2.

Early diagnosis of disease and appropriate
treatment;
3. Reduction of morbidity and mortality especially in
the high-risk groups;
4. Prevention of acute and chronic metabolic,
cardiovascular, renal and ocular complications of
the disease;
5. Providing equal opportunities for physical
attainment and scholastic achievement for the
diabetic patients; and
6. Rehabilitation of those partially or totally
handicapped individuals affected with diabetes.
Considering the ever-increasing burden of diabetes
mellitus, a health system strengthening approach with
standards of care at all levels, nationally accepted
management protocols and regulatory framework are
the need of the hour.
Conclusion
Both diabetes and glaucoma represent significant
public health issues in the present era. Several
epidemiologic studies have confirmed that diabetic
individuals are at a very high risk for the development
of glaucoma with pathophysiologic similarities to
support a strong association between these two
conditions.60-82 Considering the common pathogenesis
of both the chronic diseases as well as the disease
process an early diagnosis of both conditions is
essential.
It is thus suggested that multidisciplinary approach
to the patient is essential by achieving the goal at the
tertiary level and also at the grass root level so that a
decrease in the burden occurs. Further improvement in
the prognosis of both diabetes and glaucoma can be
achieved.
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