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Does Hypertension Play a Role in Diabetic
Retinopathy?
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Abstract
Diabetic retinopathy is a common complication of diabetes. It represents one of the frequent causes of visual
disability among diabetic subjects during the period of active life. The risk factors for diabetic retinopathy are
poor glycemic control, hypertension, duration of diabetes, hyperlipidemia and proteinuria.
It has been observed that prevalence of hypertension is higher in diabetic subjects than in the general
population and as it also plays a major role in the progression of diabetic retinopathy, so tight control of
hypertension is mandatory.
The possible mechanisms by which hypertension affects diabetic retinopathy are haemodynamic (impaired
autoregulation and hyperperfusion) and secondly through VEGF (Vascular Endothelial Growth Factor), as it
has been observed that hypertension independent of hyperglycaemia upregulates the VEGF expression in
retinal endothelial cells and ocular fluids.
The level of control of blood pressure are debatable but nearer the blood pressure to the normal levels, better
the chances of preventing the onset and progression of diabetic retinopathy. The lowering of blood pressure
to a normal range is more important than the type of antihypertensive medication used.
Diabetic retinopathy is one of the important causes of visual disability in diabetic subjects during the period
of active life. It is characterized by gradually progressive alterations in the retinal microvasculature, leading
to increased vasopermeability, areas of retinal occlusion and retinal neovascularization. The complications
associated with increased vasopermeability and uncontrolled neovascularization can result in severe and
permanent visual loss.1 ©

PREVALENCE OF DIABETIC RETINOPATHY

D

iabetic retinopathy affects both Type 1 and Type 2
diabetic subjects. Our clinic based study in Type 2
diabetes mellitus patients had shown that 34.1% diabetic
subjects had evidence of retinopathy, this included 30.8%
with non-proliferative diabetic retinopathy (NPDR) and
3.4% with proliferative diabetic retinopathy (PDR).2
Approximately, 25% of Type 1 patients have retinopathy
after 5 years, increasing to 60 and 80% after 10 and 15
years respectively. Proliferative diabetic retinopathy
(PDR), a sight threatening form of diabetic retinopathy
is present in 25% of Type 1 diabetic patients after 15
years duration as shown in earlier studies. 3 In the
epidemiological study done at Chennai, the Chennai
Urban Population Study (CUPS), the overall prevalence
of diabetic retinopathy in Type 2 diabetic subjects was
19%, which included 17.5% with non-proliferative
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diabetic retinopathy and 1.5% with proliferative diabetic
retinopathy.4
Diabetic retinopathy can be present at the time of
diagnosis of Type 2 diabetes mellitus due to insiduous
onset of the disease as shown in the United Kingdom
Prospective Diabetes Study (UKPDS), which revealed
that 39% of the men and 35% of women were having
retinopathy at the time of diagnosis of diabetes.5 In our
study, using colour photography for documentation of
DR, only 7% of Type 2 diabetic patients had diabetic
retinopathy at the time of diagnosis of diabetes.6 A
distinctly lower prevalence rate of diabetic retinopathy
is seen among south Indians as compared to the western
population.
Classification and Clinical Features
Diabetic retinopathy is broadly classified into two
groups, non-proliferative diabetic retinopathy (NPDR)
and proliferative diabetic retinopathy (PDR). The clinical
features of non-proliferative diabetic retinopathy are (a)
microaneurysm (b) blot or dot haemorrhage (c) venous
abnormalities (d) hard exudates, cotton wool spots and
(f) intraretinal microvascular abnormalities (IRMA).
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Proliferative diabetic retinopathy is characterized by
neovascularization on surface of retina or optic disc
and/or vitreous/preretinal haemorrhage.7-9
On the basis of consensus disease severity scale
graded by ophthalmoscopy by Wilkinson et al, diabetic
retinopathy has been further classified from no apparent
retinopathy level to mild, moderate and severe NPDR
and PDR. Diabetic Macular Edema (DME) has been
classified in apparently absent diabetic macular edema
and apparently present diabetic macular edema, which
has been again subdivided into mild, moderate and
severe depending on the proximity of DME to the fovea.9
Association of Hypertension With Diabetic
Retinopathy
Diabetes, hypertension and cardiovascular disease
are the common non-communicable diseases. India leads
the world with 30 million diabetic subjects currently. In
our study, Chennai Urban Population Study (CUPS), the
overall prevalence of hypertension in the non-diabetic
population was 16.7%, while diabetic subjects had a 3
times higher prevalence of hypertension i.e. 46.7%.10 In
the Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR) in patients with type 1 diabetes,
the prevalence of hypertension at baseline was 17.3%
and the 10 year incidence was 25.9%. In the UKPDS 38%
of the newly diagnosed patients with Type 2 diabetes
had hypertension and in the years after diagnosis of
type 2 diabetes, the prevalence of hypertension was
higher than in the age matched general population.11
Several studies have shown an association between
hypertension and the presence and severity of
retinopathy in subjects with diabetes. The UKPDS have
shown a significant association of systolic blood
pressure with diabetic retinopathy in Type 2 diabetic
subjects. Diabetic subjects with a systolic blood pressure
≥ 140 mmHg were 2.8 times more likely to develop
retinopathy as compared to diabetic subjects with
systolic blood pressure < 125 mmHg. In the WESDR in
Type 1 diabetic patients, diastolic blood pressure was a
significant predictor of progression of diabetic
retinopathy, independent of glycosylated haemoglobin
(HbA1c) and the presence of gross proteinuria.12,13

PATHOPHYSIOLOGY OF PROGRESSION OF
DIABETIC RETINOPATHY DUE TO
HYPERTENSION
Though a lot of studies have shown the association
between hypertension and diabetic retinopathy, the exact
pathogenesis is not known. However, the available
evidence supports the theory that a) haemodynamic
alternations in retinal microvasculature and b)
hypertension induced increased expression of VEGF
(Vascular Endothelial Growth Factor) could be the
probable mechanisms involved in the progression of
diabetic retinopathy.
804

A. Haemodynamic alterations in retinal
microvasculature
Increased retinal blood flow may be of importance in
the pathogenesis of diabetic retinopathy. It has been
observed that conditions associated with increased blood
flow like pregnancy, autonomic neuropathy,
hyperglycemia and hypertension are associated with
progression of diabetic retinopathy. However conditions
such as raised intraocular pressure, good diabetic control
and moderate stenosis of the carotid artery, which
reduces or normalizes retinal blood flow, have a
protective effect. Blood flow distribution is controlled by
central and local mechanisms. The central mechanism
is by autonomic innervation, while local mechanism is
through autoregulation. Autoregulation is the ability of
the vessels to keep blood flow constant in the face of
change in perfusion pressure.14
The special importance of autoregulation in the retina
lies in the fact that while the ophthalmic artery has rich
autonomic innervation, the retinal vessels do not, and
hence the control of blood flow through the retina is by
autoregulation. Studies by Kohner et al have
demonstrated that in non-diabetic subjects the retinal
blood flow did not change significantly until mean
arterial pressure (MAP) rose by 40%. In well-controlled
diabetic patients, there was 20% increase in blood flow
at a 30% increase in mean arterial pressure. In the same
patient, when blood glucose was 270 mg/dl, blood flow
was already increased by > 25% when the MAP rose
15% above baseline and was increased by > 100% when
the pressure was raised by 40%. This suggests the link
between retinal haemodynamic changes, hyperglycemia
and hypertension. It has also been observed that not
only does the retinal blood flow increase but choroidal
blood flow is also elevated in the early stages of diabetic
retinopathy.14-16
The impaired autoregulation in diabetic patients may
be due to reduced contractile capability of retinal
pericytes (as shown by resistance to endothelin-1 in
retinal microvessels)17 or capillary basement thickening
as well as arteriolar hyallinosis limiting the capacity of
microvasculature to autoregulate. 18 Inability to
autoregulate makes the retinal microvascular bed
pressure passive, so that any increase or decrease in
arterial blood pressure will be transmitted to the retinal
microvasculature. Besides this, increased blood pressure
also increases retinal blood flow. Fig. 1 shows the
probable mechanism by which haemodynamic
alterations in retinal microvasculature can lead to
irreversible structural changes leading to worsening of
diabetic retinopathy.19-21
B. Role of VEGF
The eye contains highly vascularised and completely
avascular tissue in close apposition. This specialised
anatomy requires tight balance between vascular
quiescence and vascular growth. This delicate balance
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Fig. 2 : Illustration of hypertension worsening diabetic retinopathy
by increasing VEGF-activity.

Fig. 1 : Haemodynamic alterations in retinal microvasculature
leading to worsening of diabetic retinopathy.

gets disturbed in eye diseases associated with
angiogenesis like diabetic retinopathy. A biochemical
factor capable of inducing vascular ingrowth is vascular
endothelial growth factor (VEGF), which is a
glycoprotein dimer of 34-45 KDa. Four different isoforms
of VEGF (with 206, 189, 165 and 121 amino acids) arise
from the same gene by alternative splicing. Two high
affinity receptors for VEGF, namely VEGF R-1 or Flt-1
and VEGF R-2 or KDR have been characterized, which
are transmembraneous proteins with cytoplasmic
tyrosine kinase domains and are expressed on
endothelial cells including retinal endothelial cells. KDR
is involved primarily in mitogenesis, mediating most of
the VEGF’s endothelial cell selective growth and
permeability actions.22
VEGF - mRNA upregulation and significantly elevated
levels of VEGF has been seen in ocular fluids from
patients with PDR as compared to patients without
diabetic retinopathy. Upregulation of VEGF-KDR mRNA
has been seen in hypertensive patients. This is mainly
due to increased cyclic stretch of retinal microvessels
leading to increased intracellular signalling of certain
unknown pathways, resulting in its upregulation.
Besides this, an increase in angiotensin-II (which is
increased due to increased activity of Renin Angiotensin
system in hypertensives) binding to AT-I receptor also
upregulates the VEGF-KDR mRNA. All these events lead
© JAPI • VOL. 53 • SEPTEMBER 2005

to increased VEGF expression. Increased VEGF levels in
presence of increased VEGF receptor expression can lead
to basement membrane thickening, increased vascular
permeability and neovascularization as shown in Fig.
2. 23-26
Other systemic factors affecting diabetic retinopathy
As diabetes mellitus is a metabolic disorder affecting
various systems, optimal ophthalmic care must include
diligent evaluation and treatment of concomitant
systemic disorders that influence the development,
progression and ultimate outcome of diabetic
retinopathy. Apart from hypertension the other systemic
factors affecting diabetic retinopathy are hyperglycemia,
nephropathy, hyperlipidemia and anaemia. Besides
these factors, certain situations like pregnancy,
unaccustomed exercise, smoking and treatment with
anticoagulants have also been reported to have
deleterious effects on diabetic retinopathy.27-34
Benefits of control of hypertension
A causal relationship between diabetic retinopathy
and hypertension is strongly suggested from the results
of UKPDS in Type 2 diabetic subjects who were
randomized to a tight BP control group (758 patients)
and to a less tight control groups (390 patients) with
median follow-up of 8.4 years. Significant BP reduction
was achieved in the tight control group (mean BP of
144/82 mmHg) compared with the group assigned to
less tight control (mean BP of 154/87 mmHg). In the
group assigned to tight BP control, there was a 34%
reduction in risk in the proportion of patients with
deterioration of retinopathy by two steps and a reduced
risk of deterioration in visual acuity by three lines of the
ETDRS chart.35
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Table 1 : Diabetic retinopathy disease severity scale9

Table 2 : Diabetic macular edema disease severity scale9

Prosposed disease
severity level

Findings observable on
dilated ophthalmoscopy

Proposed disease
severity level

Findings observable on
dilated ophthalmoscopy

No apparent retinopathy
Mild non-proliferative
diabetic retinopathy
Moderate nonproliferative
diabetic retinopathy

No abnormalities
Microaneurysms only

Diabetic macular edema
apparently absent
Diabetic macular edema
present

No apparent retinal thickening
or hard exudates in posterior pole
Some apparent retinal thickening
or hard exudates in posterior pole

Severe nonproliferative
diabetic retinopathy

Proliferative diabetic
retinopathy

More than just microaneurysms
but less than severe
nonproliferative diabetic
retinopathy
Any of the following : more than
20 intraretinal haemorrhage in
each of 4 quadrants; definite
venous beading in2+ quadrants;
Prominent intraretinal
microvascular abnormalities
in 1+ quadrant. No signs of
proliferative retinopathy
One or more of the following
neovascularization, vitreous
preretinal haemorhage

The above results are inconsistent with the
Appropriate Blood Pressure Control in Diabetes (ABCD)
Trial, a prospective randomized blinded clinical trial,
comparing the effects of intensive (diastolic blood
pressure goal of 75 mmHg) and moderate (diastolic
blood pressure goal of 80-89 mmHg) blood pressure
control on diabetic retinopathy in hypertensive Type 2
diabetic subjects, who were followed for 5 years. The
mean BP achieved in intensive group was 132/78 mmHg
compared to 138/86 mmHg in moderate group. There
was no difference between the groups with regard to
retinopathy progression. The authors concluded that
lack of efficacy in their study compared to the UKPDS
might have resulted from the shorter time period of the
ABCD trial (5 years versus 9 years on average for the
UKPDS), lower average blood pressure control in ABCD
trial (132/78 mmHg v/s 138/86 mmHg in ABCD trial
in comparison to 144/82 mmHg v/s 154/87 mmHg in
the UKPDS) and poorer glycemic control in ABCD trial
than the UKPDS.36,37
Levels of control
The benefits of blood pressure control have been
elegantly demonstrated but the levels of control vary from
study to study. The Hypertension Optimal Treatment
(HOT) study demonstrate the benefits of lowering blood
pressure in patients with hypertension to 140 mmHg
systolic and 85 mmHg diastolic or lower. Although the
efforts to lower blood pressure below 120 mmHg systolic
and 70 mmHg diastolic appears to give little further
benefit, it is particularly beneficial to lower blood
pressure in Type 2 diabetic subjects with
complications.38 The UKPDS also could not demonstrate
a particular threshold for systolic blood pressure.39
Neither UKPDS nor the HOT Study found a J or U
shaped association between systolic blood pressure and
complications. There was no indication of a threshold
806

If diabetic macular edema is present, it can be categorized as
follows
Proposed disease
severity level

Findings observable on
dilated ophthalmoscopy*

Diabetic macular
edema present

 Mild diabetic macular edema :
Some retinal thickening or hard
exudates in posterior pole but
distant from the centre of the
macula

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

*Hard exudates are a sign of current on previous macular
edema. Diabetic macular edema is defined as retinal thickening
and this requires a three dimensional assessment that is best
performed by a dilated examination using slit lamp
biomicroscopy and/or stereo fundus photography.

below which risk of retinopathy no longer decreased,
nor a level above which risk no longer increased.
However, in view of various studies which showed that
raised blood pressure are associated with increased
macro and microvascular events, the American Diabetic
Association (ADA) has recommended a blood pressure
goal of < 130/80 mmHg.39,40

DO THE BENEFITS DIFFER WITH DIFFERENT
AGENTS?
Effects of specific types of antihypertensive agents on
diabetic retinopathy have been debated. The EUCLID
(EURODIAB Controlled Trial of Lisinopril in Insulin
Dependent Diabetes Mellitus) study has studied the
effect of ACE inhibitor lisinopril on progression of
retinopathy in normotensive people with type 1 diabetes.
They observed that lisinopril decreases retinopathy
progression in non-hypertensive patients who have Type
1 diabetes with little or no nephropathy, but these
findings are to be interpreted with caution as the
regression was only by 1 level in the ETDRS grading
scale.41
The hypertension in Diabetes Study (HDS) studied
whether tight blood pressure control (< 150/85 mmHg)
with either an ACE inhibitor captopril, or a beta blocker
atenolol would be able to prevent long term
complications of diabetes compared with less tight
control group (< 180/105 mmHg). Blood pressure
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lowering with captopril or atenolol was equally effective
in reducing the onset and progression of diabetic
retinopathy. This study provided no evidence that either
drug had any specific beneficial or deleterious effect,
suggesting that the blood pressure reduction in itself is
the important factor than the type of antihypertensives
used. In the UKPDS also, it was the overall reduction of
blood pressure, which was effective in slowing the
progression of diabetic retinopathy, not the type of antihypertensive drug used.35,42
A large randomized controlled clinical trial, the
DIRECT Study, has just begun with its major objective to
examine the efficacy of use of ACE inhibitors to prevent
onset and progression of retinopathy in people with
Type 1 and Type 2 diabetes mellitus.

CONCLUSIONS
Hyperglycemia along with hypertension increases the
risk of micro as well as macrovascular complications of
diabetes in Type 2 diabetic subjects. With judicious use
of currently available anti-hypertensive agents, it is quite
possible to achieve normotensive levels in diabetic
subjects. Thus by the control of both of these risk factors,
the complication of diabetes can be definitely minimized.
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