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In the ongoing series on diabetes mellitus, this article discusses an
approach to screen and evaluate patients with diabetes for kidney
disease and retinopathy.

DIABETIC NEPHROPATHY: DIAGNOSIS, PREVENTION
AND MANAGEMENT
Nephropathy in a patient with diabetes mellitus is a common,
serious and potentially life-threatening microvascular
complication. Conventionally, ‘diabetic nephropathy’ is defined
as ‘dipstick-positive proteinuria in a patient with long-standing
diabetes, due to diabetic glomerulosclerosis, in the absence of
other causes of proteinuria’. Proteinuria detectable by ‘dipstick’
examination implies a daily protein loss of >300 mg in the urine.
Globally, diabetic nephropathy (DN) is the single most common
cause of incident end-stage kidney disease (ESKD), accounting
for 30%–40% of patients. The prevalence of DM in adults in
metropolitan cities in India is >10%; of these about 30% are likely
to develop DN (several million people!).

Outlined below is a practical approach to the diagnosis and
management of kidney disease in people with diabetes mellitus.

Does the person with renal disease have diabetes?
Once a person with diabetes develops significant renal disease,
his/her blood glucose levels often get controlled with either
decreasing doses of antidiabetic drugs or, in some instances, no
medication at all. This is because the failing kidneys are unable to
catabolize endogenous insulin, which then becomes sufficient
to control the blood sugar. Hence, if there is no history of pre-
existing diabetes, and the current blood glucose levels are normal,
a fundus examination for the evidence of diabetic retinopathy
remains the only practical method of determining that a person has
DN. Another important issue in relation to monitoring of glycaemic
control in such patients is that an increase in blood urea results in
erroneous values of HbA

1
c, especially when using analytical

methods such as high performance liquid chromatography (HPLC).
It is estimated that for every 5 mg/dl rise in blood urea, the HbA

1
c

value increases by 0.04%. Thus, in the presence of renal failure,
the interpretation of the HbA

1
c value should factor in the method

of estimation.

Is the renal manifestation due to DN?
People with diabetes mellitus presenting with renal disease do not

always have DN. There are other renal manifestations of diabetes
(Table I). Since the primary presentation of DN is increasing
proteinuria and deteriorating renal function, the common clinical
conditions that can be confused with it include (i) diabetic
renovascular disease and (ii) non-diabetic glomerular disease.

Diabetic renovascular disease (ischaemic nephropathy).
Diabetes can cause accelerated atherosclerosis and this can involve
the renal vessels resulting in ischaemic nephropathy (IN). While
the exact prevalence of IN in diabetes is not known, it is of clinical
importance because it can aggravate DN, cause acute renal failure
(ARF) and result in or worsen hypertension. IN can present in an
acute or chronic form and should be suspected if the features listed
in Table II are present. The recommended tests to establish the
diagnosis are duplex ultrasound Doppler, captopril renography
and MR angiography, while conventional angiography should be
used for confirmation.

Non-diabetic glomerular disease. People with diabetes are more
susceptible to idiopathic glomerular disease, the so-called non-
diabetic glomerular disease (NDGD) compared with those without
diabetes. Almost all types of glomerular diseases have been reported
in people with diabetes. Once a diagnosis of NDGD is suspected, a
kidney biopsy needs to be done; this is otherwise not indicated in
those with DN. However, it is not easy to make a diagnosis of
NDGD in people with diabetes. A patient with type 1 diabetes and

TABLE I. Renal manifestations of diabetes mellitus

1. Urinary tract infection
2. Susceptibility to nephrotoxicity

• Interstitial nephritis

• Contrast nephropathy
3. Diabetic cystopathy
4. Renal papillary necrosis
5. Diabetic renovascular disease
6. Diabetic microvascular disease (glomerulosclerosis)

• Diffuse glomerulosclerosis

• Nodular glomerulosclerosis
7. Miscellaneous

• Type IV renal tubular acidosis

• Non-diabetic glomerular disease

TABLE II. Clinical indicators of ischaemic nephropathy in patients
with diabetes mellitus

• History of smoking

• Severe/resistant hypertension

• Bruit on abdominal examination

• Asymmetry in kidney size (difference >1.5 cm)

• Recurrent flash pulmonary oedema

• Progressive increase in serum creatinine following use of angiotensin-
converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB)

• Renal failure without or with insignificant proteinuria
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glomerular disease should be suspected to have NDGD if the
duration of the disease is short and there is no diabetic retinopathy.
The same criteria cannot be used for patients with type 2 diabetes,
since nearly 20% of such patients with DN may not have evidence
of diabetic retinopathy. Hence, in addition to the short duration of
the disease and absence of retinopathy, onset of diabetes after 55
years of age and an active urinary sediment are considered indicative
of NDGD in people with type 2 diabetes and glomerular disease.

Urinary tract infection
Urinary tract infection (UTI), though usually not confused with
DN, is an important cause of morbidity and further damage to the
kidney in people with diabetes. Not only is UTI more common in
people with diabetes, it is often recurrent and can lead to
complications such as septicaemia, papillary necrosis and
pyelonephritis. In patients with underlying DN, an episode of UTI
can result in acute deterioration of renal function, which often
reverses with complete resolution of the infection. UTI should be
treated early, more aggressively and preferably guided by the
culture and sensitivity report. In case of recurrent UTI, it is
recommended that the patient be given a full dose course of
antibiotic therapy for 4–6 weeks, followed by suppressive therapy
at a lower dose for 3–6 months or even longer. For example, in a
patient with recurrent episodes of UTI, a fresh episode may be
treated with ciprofloxacilin 500 mg twice a day for 4–6 weeks
followed by ciprofloxacilin 250 mg at bedtime for another
6 months as suppressive therapy.

What is the pathogenesis of initiation and progression of DN?

The factors related to the development of DN are given in
Table III. While little is known about the role of predisposing
factors, the most important modifiable factors for initiating the
development of nephropathy are sustained hyperglycaemia and
intraglomerular hypertension (IGH). In normal individuals, the
nocturnal blood pressure reduces by 10% compared with
daytime values. Loss of this nocturnal dip may be the first
clinically detectable abnormality and has been shown to be
associated with an increased risk of developing albuminuria.
Clinical hypertension, dyslipidaemia, cigarette smoking and
unsuitable diet are some factors that can aggravate the situation.
These modifiable factors need to be investigated and controlled.

Pathogenesis. The role of IGH and the renin–angiotensin
system in the pathogenesis of DN has been well documented.
IGH can lead to glomerular damage directly by causing pressure
and indirectly by increasing proteinuria. IGH can occur even in
the presence of a normal systemic arterial blood pressure and even
before signs of kidney disease appear. Activation of the renin–
angiotensin system plays an important role in producing and
maintaining IGH in these patients. Angiotensin II, the active
product of this system, produces selective vasoconstriction of
the glomerular efferent arteriole, thereby raising the intra-
glomerular pressure. It also promotes proliferation of mesangial
cells and accumulation of mesangial matrix, both of which
promote proteinuria. Thus, blocking the renin–angiotensin
system with angiotensin-converting enzyme (ACE) inhibitors
and/or angiotensin receptor blocking (ARB) agents will have a
beneficial effect not only in preventing initiation but also in
retarding of DN. Their utility in the management of these patients
starts from the early stage of the disease and continues
till the late stage.

What is the stage of DN?

There are 5 stages of DN (Table IV). It is apparent that IGH
and aggravating factors are important throughout all the stages
of DN. Thus, cessation of smoking, controlling diet and
hypercholesterolaemia are important not only for the control of
DN, but are also useful for preventing many other non-
communicable diseases such as heart disease, stroke, obesity
and hypertension.

TABLE III. Factors related to the development of diabetic nephropathy

Predisposing factors

• Genetic

• Ethnicity

• Male sex

Initiating factors

• Glycaemic status

• Intraglomerular hypertension (IGH)

Aggravating factors

• Systemic hypertension

• Hyperlipidaemia

• Smoking

• Diet (high cholesterol/salt/protein)

TABLE IV. Stages of diabetic nephropathy and their salient features

Stage Nomenclature Key functional Key risk factors for Comment
changes in kidney progression to

next stage

1 Hyperfiltration ↑ GFR, IGH Hyperglycaemia, IGH, Stage not seen clinically
aggravating factors

2 Silent ↑ GFR, ↑ N/↓ GCP Hyperglycaemia, IGH, Stage not seen clinically, non-dipping nocturnal blood pressure may be
aggravating factors important clue

3 Incipient ↑ UAE, N/↓ GFR Hyperglycaemia, IGH, First
hypertension, • clinically recognizable stage
aggravating factors • stage to be screened

• stage where ACE inhibitors/ARB are recommended 

4 Overt ↑↑↑ UAE, ↓ GFR IGH, hypertension, • Commonly diagnosed by clinicians
aggravating factors • Glycaemic control has limited effect on progression of DN

• Stage where aggravating factors are equally important

5 Severe kidney ↑↑↑ UAE, ↓↓↓ GFR IGH, hypertension, • Prevention of complications is important
disease aggravating factors • Delaying dialysis or transplant is major end-point

GFR glomerular filtration rate  IGH intraglomerular hypertension  GCP glomerular capillary pressure  N normal  UAE urinary albumin excretion

ACE angiotensin-converting enzyme  ARB angiotensin receptor blocker
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Microalbuminuria and its relevance in DN

At the ‘incipient’ stage of DN, albuminuria occurs in small
amounts—‘microalbuminuria’. The term ‘microalbuminuria’ is a
misnomer as we are not measuring ‘micro’ or ‘small’ albumin, but
‘small amounts of the usual albumin’ which are not detectable by
conventional methods. Microalbuminuria is defined in several
ways, for example, a urinary albumin excretion of

• 30–300 mg/day, or
• 20–200 μg/minute, or
• 30–300 mg/g urine creatinine in men in a ‘spot’ urine sample, or
• 20–200 mg/g urine creatinine in women in a ‘spot’ urine sample.

However, currently any detectable albumin excretion, even
below the range defined as microalbuminuria, is considered
important compared with no albumin excretion. This is in keeping
with the view that urinary albumin excretion should be seen as a
continuum and not dichotomized as normal and abnormal based
on cut-off values.

Microalbuminuria is detected by several methods, including
immunoturbidometry, radioimmunoassay and HPLC. Strips
that can be read either visually or by using instruments, which
can give a qualitative and/or semi-quantitative estimation of
microalbuminuria, are also available. These are used as ‘point
of care’ tests in doctors’ offices or clinics, and are useful for
screening and monitoring the progression of albumin excretion i
n patients with DN. However, ‘strip-based’ tests should not be
used for the confirmation of microalbuminuria. If diagnostic
testing is required, laboratory tests should be used.

For estimation of urinary albumin, the following types of urine
samples can be examined:

1. first morning urine
2. timed collection of urine
3. 24-hours urine albumin estimation
4. spot urine albumin/creatinine ratio

For all practical purposes, a spot albumin/creatinine ratio or a
strip-based test is an acceptable screening test for the detection of
microalbuminuria. If the screening test indicates the presence of
microalbuminuria, confirmation must be done by 24-hour urine
estimation for albumin.

The two other important questions are: which analyte should
be measured in the urine sample and which technique should
be used to measure it? Normally, albumin is 50% of all proteins
excreted in urine and most tests measure this molecule. While it
is presently believed that the molecule of interest is albumin, it
could well be that another plasma protein (co-filtered with albumin)
is better related to the renal and cardiovascular damage or its
prediction. However, till such time that this issue is resolved,
measurement of urine albumin rather than total urinary protein
excretion is recommended as the test of choice.

Another ongoing debate is which technique should be used to
measure the amount of albumin in the urine. Most common
laboratory techniques use antibodies that bind to the albumin
molecule (or its fragments), and subsequently detect the amount
of complexes formed. Alternative approaches using HPLC to
detect urinary albumin excretion are being introduced, but since
their clinical utility has yet to be established, antibody-based tests
remain the most practical for clinical purposes.

Transient versus persistent microalbuminuria
Several situations can result in transient microalbuminuria (Table
V) and tests for microalbuminuria should not be performed if

these exist. A positive test for microalbuminuria should be repeated
and only if 2 of 3 samples tested 3–6 months apart are positive,
should a diagnosis of ‘persistent microalbuminuria’ be made.
Approximately 30% of those with an initially positive test show
a negative result on repeat testing. However, a single negative
sample for microalbuminuria is acceptable as a negative result.
With the available treatment, only 30%–40% of patients with
persistent microalbuminuria progress to clinical proteinuria and
deteriorating renal function.

Managing and preventing DN

Table III shows that while the predisposing factors for DN are
non-modifiable, the initiating and aggravating factors can be
modified. From this perspective, the following factors need
attention:

1. glycaemia
2. intraglomerular hypertension (IGH)
3. hypertension
4. hyperlipidaemia
5. smoking

In practical terms there are 4 stages of prevention of DN in
people with diabetes. The salient interventions at each stage are
shown in Table VI and include

1. screening individuals at ‘high risk’ for DN
2. primary prevention
3. secondary prevention
4. tertiary prevention

ACE inhibitors and ARB in prevention and management of DN
The renin–angiotensin system and IGH play a key role in the
development of DN. As shown in Table IV, IGH is a risk factor for
progression from stage 1 to stage 5 of DN and thus drugs such as
ACE inhibitors and/or ARB, which block the renin–angiotensin
system and decrease IGH, become key drugs not only for preventing
the initiation but also retarding the progression of DN through all
stages. Although studies have shown that the use of ACE inhibitors/
ARB in people with diabetes and normoalbuminuria prevent the
development of microalbuminuria, use of these drugs for ‘primary
prevention’ is still not a recommended guideline. Once a patient
is in stage 4 or 5 DN, ACE inhibitors/ARBs should be used with
caution as the likelihood of adverse events is more. Most studies
on patients with stage 4 DN have used these drugs till the serum
creatinine was <3 mg/dl. However, these can be used in patients
with a serum creatinine >3 mg/dl, after educating patients about
the potential risks and ensuring a close follow up. If this is not
feasible, ACE inhibitors/ARBs should be avoided in patients
with a serum creatinine >3 mg/dl. Similarly, care should be
exercised in patients with a tendency to develop hyperkalaemia
and the drug, preferably, should be stopped if the serum potassium
is >5.5 mEq/L.

TABLE V. Situations with a transient positive test for microalbuminuria

1. Uncontrolled hyperglycaemia
2. Uncontrolled hypertension
3. Congestive heart failure
4. Urinary tract infection
5. Acute febrile illness
6. Vigorous exercise
7. Haematuria
8. Pregnancy
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These agents by reducing the intraglomerular pressure will
cause some decline in the glomerular filtration rate, resulting in a
tendency for serum creatinine to increase marginally. While this
is not clinically relevant in a majority of patients, if there is a
progressive increase in serum creatinine on ACE inhibitor/ARB
therapy, the drugs should be stopped and the patient assessed for
renovascular disease. After starting these agents, serum creatinine
and potassium levels should be monitored once a week for the first
few weeks, and then at less frequent intervals to check for a
progressive rise in serum creatinine and potassium. In patients
with diabetes with type IV renal tubular acidosis, where the serum
potassium is already on the higher side, the effect of these drugs
should be closely monitored to diagnose at the earliest any serious
rise in the levels of serum potassium. Further, since the risk of
hyperkalaemia is more in the elderly, extra caution is required if
non-steroidal anti-inflammatory drugs (NSAIDs) or potassium-
sparing diuretics are being used concurrently.

Evidence suggests that a combination of ACE inhibitors and
ARBs is better than either agent alone. However, not many studies
have compared maximum doses of each drug alone with a
combination. The side-effects of these agents are seen more
frequently when they are used in combination rather than as single
agents.

Important issues in the prevention and management of DN
Prevention of diabetes is the first step in preventing DN. It has
been shown that first-degree relatives with diabetes of an index
case of DN are at higher risk for DN compared with those who do
not have a history of DN in their family. Screening for
microalbuminuria should be started in type 1 diabetes after 5 years
of the onset of the disease, while in patients with type 2 diabetes
this should commence at the time of diagnosis of diabetes. If
microalbuminuria is detected, interventions as given in Table VII
should be started. Patients without microalbuminuria should be
subjected to annual screening.

While controlling blood glucose, the emphasis should be on
strict glycaemic control (HbA

1
c <7% or <6.5%), rather than on the

choice of antihyperglycaemic agent. There is no evidence that use
of any particular oral hypoglycaemic agent or insulin has a
specific benefit in preventing complications of diabetes provided
equivalent glycaemic control is attained. In a hypertensive patient
with DN, the target blood pressure is <130/80 mmHg, which is
more stringent control than that advocated in people without
diabetes. Recently, a new ‘direct renin inhibitor’, Aliskiren, has
become available in the market, but its role in the management of
DN needs further evaluation before it can be specifically
recommended for management.

DN in people with types 1 and 2 diabetes
There are certain well-documented differences in people with
type 1 and type 2 diabetes and DN. The stages of DN are more
clearly defined in type 1 diabetes as compared with type 2
diabetes. Proteinuria occurs in 15%–40% of patients with type 1
diabetes, with a peak incidence around 15–20 years after the
diagnosis of diabetes, while in patients with type 2 diabetes, the
prevalence is highly variable, ranging from 5% to 20%. In patients
with type 1 diabetes, nephropathy in the absence of retinopathy is

TABLE VI. Salient features of the management and prevention of diabetic nephropathy (DN)

Type of Stage of DN Salient intervention possible Comment
prevention

Screening First-degree diabetic relatives of patient of DN
for at risk Otherwise, same as primary prevention, but more strict targets
for DN

Primary • Diabetes with no microalbuminuria • Tight glycaemic control • Use of ACE inhibitors/ARBs not
(Stages 1 and 2 DN) • Control of associated aggravating factors recommended universally

• Possibly diabetics with no nocturnal • ?ACE inhibitors/ARBs • Use ACE inhibitors/ARBs possibly with
dipping of blood pressure nocturnal non-dipping blood pressure

Secondary DN with microalbuminuria (Stage 3 DN) • Tight glycaemic control • Insulin or oral hypoglycaemic drugs both

• ACE inhibitors/ARBs equally effective

• Control of aggravating factors • Combination of ACE inhibitors/ARBs
probably better than a single agent

• ACE inhibitors/ARBs useful even though
blood pressure is normal

Tertiary DN with overt proteinuria • ACE inhibitors/ARBs • ACE inhibitors/ARBs: Caution if serum
(Stages 4 and 5 DN) • Control of aggravating factors creatinine >3 mg/dl; avoid if serum

• Reasonable glucose control potassium >5.5 mEq/L

• Avoid tight glycaemic control

• Avoid oral hypoglycaemic drugs

• Primary end-point is to delay renal
replacement therapy

• If ESKD, then RRT

ACE angiotensin-converting enzyme  ARB angiotensin receptor blockers  RRT renal replacement therapy  ESKD end-stage kidney disease

TABLE VII. Recommended interventions and lifestyle
modifications required if microalbuminuria is detected in a
patient with diabetes

• More strict control of diabetes (HbA
1
c < 7%; ?<6.5%)

• Cessation of smoking

• Weight reduction to get appropriate body weight for age and height

• Regular exercise (at least 45 minutes, 5 days a week)

• Control of cholesterol by diet and drug (low density lipoprotein <100
mg/dl)

• Start angiotensin-converting enzyme (ACE) inhibitors and/or
angiotensin receptor blockers (ARBs)

• Good blood pressure control (target <130/80 mmHg)
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uncommon while it is seen in 20%–25% of people with type
2 diabetes. A decrease in renal function without proteinuria is
uncommon in type 1 diabetes while it is seen in approximately
20% of patients with type 2 diabetes. Hence, deteriorating renal
function in the absence of proteinuria does not exclude DN in
patients with type 2 diabetes.

Conclusion

DN is a common and serious microvascular complication of
diabetes. Globally, it is the commonest cause of incident ESKD.
The primary manifestation of DN is proteinuria, with a variable
fall in renal function. All renal manifestations in a patient of
diabetes are not DN. Loss of nocturnal dipping of blood pressure
and onset of albuminuria are major and early clinically detectable
features of DN. DN evolves through the stages of microalbuminuria
to overt proteinuria before reaching ESKD, providing several
opportunities to intervene and prevent clinically important renal
disease. Regular screening for DN is important, not only for those
at ‘high risk’ but for all people with diabetes. Strict glycaemic
control, decreasing IGH by the use of ACE inhibitors/ARBs and
lifestyle modifications are the 3 most important interventions for
the prevention and management of DN.

DIABETIC RETINOPATHY
Diabetes mellitus has a propensity to affect the retinal vasculature,
which results in a constellation of clinical features known as
diabetic retinopathy. It is important to understand that retinopathy
due to diabetes has a strong potential to cause loss of vision if it
is not recognized (and treated appropriately) at an early stage
when the vision is not threatened. Since physicians are the main
care providers for people with diabetes, awareness about the
relevant aspects of diabetic retinopathy and its application in
their day-to-day practice will go a long way in reducing the burden
of blindness due to diabetic retinopathy in the community.

Prevalence

In general, people with type 1 diabetes are at a higher risk for
developing retinopathy than those with type 2 diabetes. The
prevalence of retinopathy in people with type 1 diabetes ranges
from 68% to 84%, while in type 2 diabetes it varies from 25% to
40%. The prevalence rates of vision-threatening forms of diabetic
retinopathy, namely macular oedema and proliferative stage of
diabetic retinopathy (PDR), are 1.6%–5.5% in persons with type
1 diabetes and 1.8%–3% in those with type 2 diabetes. As
expected, the incidence of retinopathy increases with increasing
duration of the disease. One epidemiological study of people with
type 1 diabetes reported that, while the incidence rate in the first
5 years after diagnosis was 0%, it increased to approximately 28%
by 15 years and plateaued thereafter. While data from India are
largely restricted to hospital-based studies, a prevalence of 10.5%
was reported in a community-based study from southern India.
Non-proliferative diabetic retinopathy (94.1%) was found to be
the most common form of retinopathy. The odds of having
diabetic retinopathy were significantly higher in those >50 years
of age compared with younger people with diabetes.

Risk factors
The duration of diabetes is probably the strongest predictor for the
development and progression of retinopathy (Table VIII). During
the first 2 decades of the disease, nearly all people with type 1
diabetes and about 60%–70% of people with type 2 diabetes
develop retinopathy (Table VIII). Similar data have also been

reported from India, with retinopathy rates of 7%, 26% and 63%,
in those with a duration of disease from diagnosis of <10 years,
10–14 years and >15 years, respectively.

Poor glycaemic control is another strong risk factor for the
development and progression of diabetic retinopathy. This has
been established in both type 1 diabetes (Diabetes Control and
Complications Trial [DCCT]) and type 2 diabetes (United Kingdom
Prospective Diabetes Study [UKPDS]). While the DCCT data
showed that intensive control of blood glucose decreased the risk
of progression of diabetic retinopathy by more than 5 times, in
the UKPDS study intensive treatment decreased the risk of
retinopathy by 29% and that of progression of retinopathy by
21%. The relative risk of developing diabetic retinopathy increases
1.5-fold for every 1% increase in HbA

1
C.

Hypertension is an independent risk factor for the development
and progression of diabetic retinopathy. While hyperlipidaemia
has been reported to increase the risk of visual loss from diabetic
retinopathy, the strength of this association for hyperlipidaemia as
an independent risk factor is still to be established.

Pregnancy is considered to be a risk factor for the progression
of diabetic retinopathy. The risk of progression in those with no
retinopathy or early non-proliferative changes at the onset of
pregnancy is about 8%–12%; of these, 2% are at risk for progression
to the proliferative stage. One-fourth to one-half of women with
proliferative diabetic retinopathy at the onset of pregnancy are at
risk for further progression of the disease.

Other factors known to accelerate the progression of diabetic
retinopathy are onset of puberty and cataract surgery. The
relationship between smoking and development of diabetic
retinopathy remains inconclusive.

Pathogenesis

Diabetic retinopathy is essentially a microangiopathy with an
initial insult to the retinal capillary endothelium and pericytes.
Several biochemical pathways have been implicated in the
pathogenesis of diabetic retinopathy. Some of these include
aldose reductase pathway, non-enzymatic glycation of proteins,
production of growth factors and vascular permeability factors
within the retina, and alterations in platelets and blood viscosity.

The most accepted common pathway leading to the development
of diabetic retinopathy is chronic hyperglycaemia. Chronic
hyperglycaemia has been found to alter macromolecules in the
extracellular matrix by formation of advanced glycation products.

Activation of protein kinase C with a resultant increase in
vasodilatory effects has been identified in the presence of
hyperglycaemia. Currently, human studies are on to assess the
beneficial effect of inhibiting this enzyme on diabetic macular
oedema using the drug ruboxistaurin mesylate.

Several growth factors have been implicated in the pathogenesis
of diabetic retinopathy. These include insulin growth factor,
fibroblast growth factor, platelet-derived growth factor and vascular
endothelial growth factor (VEGF). Studies are also on to assess

TABLE VIII. Incidence of retinopathy in relation to duration of
diabetes

Duration of diabetes (in years) Incidence of retinopathy (%) in diabetes

Type 1 Type 2

5 25 –
10 60 –
15 80 –
20 100 60
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the beneficial effect of anti-VEGF antibodies and ligands in the
management of diabetic retinopathy. (These studies are discussed
in the section on newer treatment approaches on page 89.)

Clinical features

Clinically, diabetic retinopathy is a microangiopathy with 2
distinct stages during its evolution—the preclinical and clinical.
Typical lesions in patients with retinopathy from diabetes mellitus
include micro-aneurysms, dot–blot haemorrhages, hard exudates,
nerve fibre layer micro-infarcts (soft exudates), venous beading
and intraretinal microvascular anomalies (IRMA). In later stages
of the disease new vessel formation occurs on and adjacent to the
disc (NVD) and also elsewhere in the retina (NVE). Bleeding
induced by vitreous traction on these fragile new vessels results in
pre-retinal and vitreous haemorrhage. Fibrosis and vitreous
contraction of the new vessels leads to tractional and sometimes
rhegmatogenous retinal detachment in advanced stages of diabetic
retinopathy. A summary of the clinical features of diabetic
retinopathy are listed in Table IX.

In the macular region there could be oedema resulting from
breakdown of the blood–retinal barrier. Macular oedema in diabetic
retinopathy is defined as retinal thickening within two disc areas
of the foveal centre. In some patients there is a decrease in the
blood supply to the fovea resulting in macular ischaemia.

The changes of diabetic retinopathy are usually bilateral and
more or less symmetrical. These show progression from minimal
to mild non-proliferative abnormalities characterized by increased
vascular permeability; to moderate and severe non-proliferative
diabetic retinopathy (NPDR) characterized by retinal ischaemia;

to proliferative diabetic retinopathy (PDR) characterized by the
growth of new blood vessels on the retina and disc. Importantly,
macular oedema can develop at all stages of retinopathy.

Diabetic maculopathy has been subdivided by the Early
Treatment Diabetic Retinopathy Study (ETDRS) into those
clinically significant (and hence needing treatment) and those that
are not (and hence needing only periodic observation to detect
early progression). Clinically significant macular oedema was
defined by ETDRS as retinal thickening at/or within 500 µ of the
foveal centre; hard exudates at/or within 500 µ of the foveal centre
if associated with adjacent retinal thickening or any area of retinal
thickening greater than one disc area in size, some part of which
is within 1 disc area of the foveal centre with or without hard
exudates.

The Diabetic Retinopathy Study (DRS) identified the presence
of NVD and NVE as high risk characteristics, the presence of
which predisposes these eyes to the risk of severe visual loss from
vitreous haemorrhage. The high risk characteristics are disc
neovascularization (NVD) that is at least 1/4–1/3 disc area in
extent; NVD with pre-retinal or vitreous haemorrhage or NVE
that is at least half the disc area in extent and is associated with pre-
retinal or vitreous haemorrhage.

The ETDRS and the more recent International Council of
Ophthalmology (ICO) grading of diabetic retinopathy are given in
Tables X and XI, respectively. The ETDRS grading recommends
dilated 7-field fundus photography while the ICO classification is
based on retinal examination with a dilated pupil using the direct
ophthalmoscope.

Physicians are encouraged to practise ophthalmoscopic

TABLE IX. Clinical features in diabetic retinopathy

Non-proliferative Maculopathy Proliferative
stage

Microaneurysms Macular thickening New vessels on disc

Retinal haemorrhage Hard exudates New vessels elsewhere
(dot and blot) on retina

Hard and soft exudates Focal/diffuse/ischaemic Pre-retinal/vitreous
bleed

Venous dilatation Retinal detachment

TABLE X. Early Treatment Diabetic Retinopathy Study
classification

Non-proliferative retinopathy Minimal/mild
(NPDR) Moderate

Severe
Very severe

Proliferative retinopathy With high risk characteristics
Without high risk characteristics

Maculopathy Clinically significant macular oedema
Clinically insignificant macular oedema

TABLE XI. International Council of Ophthalmology severity grading based on dilated ophthalmoscopy

Severity level Abnormality

For diabetic retinopathy
No apparent retinopathy None

Mild non-proliferative diabetic retinopathy Microaneurysms only

Moderate non-proliferative diabetic retinopathy More than just microaneurysms but less than in severe 

Severe non-proliferative diabetic retinopathy Any of the following: >20 intraretinal haemorrhages in each of 4 quadrants; definite venous beading in
2+ quadrants; prominent intraretinal microvascular anomalies in 1+ quadrant and no signs of
proliferative retinopathy

Proliferative diabetic retinopathy Neovascularization; vitreous/pre-retinal haemorrhage 

For diabetic macular oedema
Absent No retinal thickening or hard exudates in posterior pole

Present Some retinal thickening or hard exudates in posterior pole

Mild Some retinal thickening or hard exudates in posterior pole but distant from the macula

Moderate Retinal thickening or hard exudates approaching the centre of the macula but not involving it

Severe Retinal thickening or hard exudates involving the centre of the macula
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examination of the fundus using a direct ophthalmoscope. In the
absence of such skills, they should at least record the vision (using
standard vision charts). Patients who complain of decreased
vision or seeing floaters should be referred early to an
ophthalmologist for a complete assessment. For those who are not
familiar with the retinal anatomy and adept at fundus examination,
it is advisable to refer to an ophthalmologist all patients in whom
they notice hazy media, blurring of the optic nerve head, cluster
of abnormal vessels near the disc or some yellow lesions (hard
exudates) near the foveal centre. The ophthalmologist may then
subject the patient to such procedures as fundus fluorescein
angiography (FFA) and optical coherence tomography (OCT) and
decide on the appropriate treatment.

Investigations
FFA is a useful aid in detecting leaky microaneurysms and in
identifying diffuse diabetic macular oedema and ischaemic
maculopathy. It is not recommended in patients with proliferative
diabetic retinopathy but may be useful in identifying the severity
of retinal ischaemia and IRMAs.

OCT is a newer, non-contact modality that has had a major
influence on the practice and management of retinal diseases. It
gives an objective measure of the retinal oedema and also identifies
tractional forces at the macular area. This information helps in
making surgical decisions in patients with resistant diabetic
macular oedema. Being a non-invasive modality it can be safely
repeated several times unlike FFA.

Ocular ultrasonography is a useful investigation to diagnose an
underlying tractional retinal detachment and confirm the presence
of a vitreous haemorrhage in patients with a hazy retinal view.

Screening
Early diagnosis of diabetic retinopathy is possible only by educating
patients about the need for regular retinal examination by an eye
specialist even in the absence of visual symptoms. This is a life-
long requirement. The recommended screening schedule to enable
early detection of retinopathy in people with diabetes mellitus is
given in Table XII.

Management

The mainstay in the treatment of diabetic maculopathy and
proliferative retinopathy is laser photocoagulation. The aim is not
to recover lost vision but to prevent or retard the risk of further
moderate to severe visual loss. The maximum beneficial effect of
laser treatment in diabetic maculopathy is seen in eyes treated
early. Laser treatment decreases the risk of severe visual loss
(visual acuity <5/200 on two consecutive follow up examinations
4 months apart) and moderate visual loss (doubling of visual
angle, i.e. drop of 15 or more letters on ETDRS charts or drop of
3 or more lines of Snellen equivalent) by almost 50% in patients
with proliferative retinopathy and high risk characteristics and
diabetic maculopathy.

Before undertaking laser treatment the patient must be told about
the nature of the disease and the aims of treatment. An informed
consent should also be obtained. Even after laser, lifelong follow up
is essential, again with the aim of detecting recurrence early and
augmenting the laser treatment. Laser photocoagulation may cause
a decrease in dark adaptation and field defects.

Laser for diabetic maculopathy
With few exceptions, the presence of clinically significant
macular oedema and/or high risk characteristics constitutes an
absolute indication to initiate laser photocoagulation. The treatment
guidelines for macular laser photocoagulation followed are:

1. All areas of macular thickening must be treated.
2. Once a decision to treat has been made, a good FFA is done to

look for points of leakage.
3. In case of a focal leak, focal laser photocoagulation is done. All

focal leaks located between 500 µm and two disc diameters
away from the centre of the fovea are treated directly. Focal
lesions located 300–500 µm from the centre of the macula are
treated if the visual acuity is <6/12 and the clinician is convinced
that laser photocoagulation of these areas will not damage the
remaining foveal capillary network.

4. If FFA shows a diffuse leak (one that extends from arcade to
arcade and is deep in location), grid photocoagulation is
recommended.

Fluorescein angiography is repeated 4 months later. Laser for
any persisting focal or diffuse leak needs to be done accordingly.
Most patients require 1–3 sessions. In case the macular oedema
persists, other treatment modalities should be contemplated such
as intravitreal steroid injection or vitrectomy. Some authors
suggest grid laser photocoagulation once the oedema subsides
with intravitreal steroid or anti-VEGF injection.

Laser for proliferative diabetic retinopathy
Prompt panretinal photocoagulation (PRP) is recommended in
all patients with high risk characteristics as it reduces the risk of
severe visual loss by >50%. Scatter laser is also urgently indicated
in patients with iris neovascularization (rubeosis iridis). PRP can
be considered before the development of high risk characteristics
in patients with very severe or severe non-proliferative diabetic
retinopathy in special situations such as patients who cannot
maintain a regular follow up, pregnancy, patients with severe
nephropathy and whenever the fellow eye has had a bad visual
outcome due to some complication of proliferative retinopathy.

Treatment is completed in 2–4 sessions at intervals of 7–14 days.
The patient is evaluated after 6–8 weeks to assess the need for
supplemental treatment, which is required in at least 75%–80%
of patients.

TABLE XII. Schedule of retinal examination in people with
diabetes

Type 1 diabetes
First examination 5 years after onset/

at puberty
Minimal follow up Annual

Type 2 diabetes
First examination At diagnosis
Minimal follow up Annual

If abnormality present at presentation
Non-proliferative retinopathy without maculopathy

Mild 9–12 months
Moderate 4–6 months
Severe/very severe 3–4 months

Non-proliferative retinopathy with maculopathy 3 months
Proliferative retinopathy 6–8 weeks

In pregnant women with diabetes
Counselling before pregnancy
In early trimester
Each trimester if normal; earlier if abnormal
3–6 months postpartum
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Vitreoretinal surgery

In patients with advanced diabetic eye disease (e.g. persisting
vitreous haemorrhage, tractional retinal detachment), laser
photocoagulation is neither possible, nor effective by itself.
Surgical intervention in the form of advanced vitreoretinal
techniques becomes necessary in these patients. Vitreoretinal
surgery is of benefit in patients with diabetic vitreous haemorrhage.
However, surgical decision should be individualized taking several
factors into consideration such as the visual needs of the patient,
vision at presentation, the general condition of the patient, life
expectancy and the surgical risk–benefit ratio.

Presently, early vitrectomy is recommended in people with
type 1 diabetes with severe vitreous haemorrhage of >1 month
duration, monocular patients whose fellow eye does not provide
useful vision, and in patients with active and advanced PDR (even
with useful baseline vision) in whom laser photocoagulation has
not caused adequate regression of new vessels or in whom
vitreous haemorrhage prevents laser photocoagulation.

Further, low vision aids are useful in providing the best
possible vision depending on the degree of residual vision. Finally,
to achieve optimal outcome in these patients a coordinated,
interactive, multispecialty approach is needed.

Newer treatment approaches
Intravitreal corticosteroids. By inhibiting the expression of

VEGF, corticosteroids have been found to have a potent anti-
inflammatory effect, which is both time- and dose-dependent.
Steroids also decrease vascular permeability. Several forms of
intravitreal steroid delivery systems are presently under evaluation
for the management of diabetic retinopathy. These include intravitreal
triamcinolone injection and flucinolone acetonide implants.

Macugen. Pegaptanib is a nucleic acid ligand (aptamer)
that prevents VEGF-receptor activation. Intravitreal administration
of this drug has been approved by the US Food and Drug
Administration (FDA) for the management of exudative AMD
following recent successful studies on humans. Studies are now
on to determine the safety and efficacy of injecting this drug in
patients with diabetic retinopathy.

Protein kinase C (PKC) inhibitors. The PKC β-isoform has
been specifically implicated in diabetic retinopathy and leads to
ischaemia, increased permeability and angiogenesis. Ruboxistaurin
mesylate is an orally active, β-isoform-specific PKC inhibitor.
Initial results have shown improved outcome of vision and reduced
risk of macular oedema in patients treated with 32 mg of
ruboxistaurin once daily.

The exact role of other anti-VEGF drugs such as bavacizumab
and ranibizumab in the treatment of diabetic macular oedema and
poorly responding proliferative disease is still unclear.

Conclusion

Blindness from diabetic retinopathy is preventable in a majority
of patients provided the treatable stage is diagnosed early. This
often does not occur as progression of retinopathy is generally
‘silent’. Hence, patients present to eye specialists only after
having lost substantial vision. The silent nature of progression of
retinopathy makes it imperative for all physicians involved in the
care of people with diabetes to educate and inform them about the
necessity of having their retina examined regularly (even in the
absence of any symptoms).

Postscript
The author (PV) interviewed a small group of 93 patients with
diabetic retinopathy in 2000–2001, with a questionnaire especially
designed to assess the awareness of retinopathy caused by diabetes.
The mean age of the patients was 52.3 years; 86 out of 93 patients
(92.5%) were literate; and 81 of 93 (87%) were settled in an urban
locality. Although 78.5% of these patients were under the care of
either a diabetologist or general physician, more or less regularly,
only 4 out of 73 (5.5%) had had an ocular examination. The
average time interval from the diagnosis of diabetes to the first
retinal examination was about 8 years. This implies either poor
communication about the need for periodic retinal examination by
diabetes care providers or inadequate comprehension by those
with the illness.
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