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Diabetic retinopathy: An epidemic at home and around the world

Rajiv Raman', Laxmi Gella*?, Sangeetha Srinivasan®*3, Tarun Sharma’

Prevention of blindness due to diabetic retinopathy (DR) requires effective screening strategies, for which
eye care providers need to know the magnitude of the burden and the risk factors pertinent in their
geographical location. It is estimated that around 72 million of the global adult population (around 8.2%)
has diabetes and about one-fifth of all adults with diabetes lives in the South-East Asia. In India, around DOI:
65 million people have diabetes. As the global prevalence of diabetes increases, so will the number of
people with diabetes-related complications, such as DR; nearly one-third of them are likely to develop this
complication. This article reviews the present status of diabetes and DR in India, the current situation of DR
services and the projections on the load of morbidity associated with retinopathy. The article compiles the

Indian studies elucidating the risk factors for DR.
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Epidemic of Diabetes: Local Versus Global

Diabetes mellitus (DM) is a global epidemic. It is estimated
that 439 million people are likely to have DM by the year
2030 in the world and that this increase is disproportionately
more in developing countries (69% in developing countries vs.
20% in developed countries with 2010 as baseline).!"! This will
result in a heavy burden on the health care system because of
several DM-related complications.

The Indian Council of Medical Research-India Diabetes
study, the first national study to determine the prevalence
of diabetes and prediabetes (impaired fasting blood glucose
and/or impaired glucose tolerance) in India in people >20 years
found diabetes to be prevalent in all parts of the country with
few differences. They estimated that in India 62.4 million people
have diabetes, and 77.2 million people have prediabetes.™

Recently, the 10 years incidence study found the incidence of
diabetes, prediabetes, and “any dysglycemia” in South Indian
population was 22.2, 29.5, and 51.7 per 1000 person-years,
respectively. Among those with normal glucose tolerance, the
conversion rate to dysglycemia was 45.1%. Among those with
prediabetes, 58.9% converted to diabetes.?!

Asian Indian Phenotype of Diabetes and
Influence on Retinopathy
The South Asian region is characterized by high prevalence rates

of Type 2 diabetes, in spite of having a young population with
relatively low levels of obesity. To explain this phenomenon, the
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existence of a “South Asian” or an “Asian Indian” phenotype
has been postulated. This phenotype is characterized by
higher waist circumference, higher levels of total and visceral
fat, hyperinsulinemia, insulin resistance, and a greater
predisposition to diabetes as compared with white Caucasians
of comparable body mass index (BMI)." This phenotype makes
Indians more prone to diabetes and early-onset coronary artery
disease. This phenotype could be partly attributed to genetic
factors. But, the main driver of the epidemic of diabetes is the
rapid epidemiological transition associated with changes in
dietary patterns and decreased physical activity as evident
from the higher prevalence of diabetes in the urban population.

Chan et al. described examples of common clinical features
in Asian populations with diabetes are the so-called “Asian
phenotypes.” These include low BMI, increased body fat,
especially visceral fat, high rate of central obesity and metabolic
syndrome (MS), increased inflammatory markers, insufficient
beta cell response to counter insulin resistance, low rate
of autoimmune Type 1 diabetes, high rate of young-onset
Type 2 diabetes, high rate of childhood obesity, high rate of
gestational diabetes, social disparity and psychosocial stress,
high rate of renal disease and high rate of cancer, especially
those with viral causes, for example, liver cancer.®

It is difficult to assess how far does the presence of Asian
phenotype influence diabetic retinopathy (DR). However,
Raman et al. had reported the prevalence of MS in an urban
cohort of Type 2 diabetes, using the International Diabetes
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Federation criteria, to be 73.3%. The prevalence was higher
in women (83.3%) compared to men (65.3%).1! There were no
differences in the prevalence of retinopathy in subjects with
DM, without and with MS. The clustering of MS components
led to an increase in the prevalence of diabetic nephropathy but
not retinopathy and neuropathy. Likewise, Raman et al. also
reported that in the urban South Indian population, isolated
abdominal obesity and higher waist-hip ratio in women is
associated with DR, but not with the severity of DR.

One of the most disturbing trends seen in India is the shift
in age of onset of diabetes to a younger age in the recent years.
This has a direct impact on nation’s health and economy. It is
also linked with a higher prevalence of retinopathy. Raman
et al. reported that the prevalence of DR was almost twice
more in those subjects who developed diabetes before the age
of 40 years than those who developed it later.®

Diabetic Retinopathy: Global Scenario

Regional variations in prevalence, incidence, and progression

In a meta-analysis to compare the global prevalence of DR
across ethnicities, the study found a lower prevalence of
DR in Asians (19.9%) as compared to Caucasians (45.7%),
African-Americans (49.6%), and Hispanics (34.6%); still the
absolute number of people with DR was alarming. In India, in
1970-1975 DR was the 20™ cause of blindness, and today; it is
the 6" cause of blindness. Table 1 shows the regional differences
in prevalence, incidence, and progression of DR in different
global geographic regions.

Regional differences in risk factors

Literature reports various risk factors associated with DR, of
which, the common risk factors were age, increase in duration of
diabetes, poor glycemic control in various regions. Aiello et al.”!
have reported that after 20 years of diabetes more than 60%
of subjects with Type 2 diabetes will develop DR irrespective
of their diabetic control which was confirmed by various

other studies. Studies also suggest that duration of diabetes
might reflect glycemic control and also exposure to other risk
factors.' Studies from Western Pacific region report that low
education level, increase in cerebrospinal fluid pressure, and
short axial length are independent risk factors for DR, which
was not reported in other studies." MADIABETES cohort
study reported a unique factor which was not observed in other
studies that use of aspirin is an independent predictor of DR as
they noticed that patients who developed DR have used aspirin
in a higher percentage than those who did not develop DR.I*2
Studies from South-East Asia and Africa report that middle and
upper socioeconomic status groups and those subjects living
in urban areas were at higher risk of developing DR.!*** Other
factors associated with DR were men, hypertension, and the
use of insulin.

Diabetic Retinopathy: Indian Scenario

There are few population-based studies regarding DR in India.
These are mainly from the Southern states; Fig. 1A shows the
population-based studies in India which reported the prevalence
of DR. There seems to be a rural-urban difference for the
prevalence of DR. The prevalence of DR in urban areas is between
13-18% and in rural areas is 9-10%. Unlike diabetes, which
shows regional variation, DR shows lesser regional differences.

However, there are many reports from the clinic or
self-reported Type 2 diabetes; which gives us information on the
regional trends in DR. Fig. 1B and C show the prevalence of DR
and sight-threatening DR (STDR) in self-reported group, across
different service projects supported by the World Diabetes
Foundation in India.

Sankara Nethralaya DR Epidemiology and Molecular
Genetics Study found the 4-year incidence of any DR in Urban
India to be 9%. The study found, in people who had DR at
baseline, the incidence of diabetic macular edema (DME)
and STDR increased to 11.5% and 22.7% respectively. This

Table 1: Region-wise global diabetic retinopathy prevalence, incidence, and progression

Region (number of studies) Sample size

Range of rates in newly Range of rates in

(range) diagnosed diabetes known diabetes
Western Pacific (22) 150-5313 4.2-30.6 15.1-43.2
South-East Asia (4) 597-2436 5.1-15.2 12.2-44.3
Europe (27) 188-20788 6.0-11.0 10.1-50.7
North America and Caribbean (18) 153-2247 1.5-16.9 18.2-48.1
Middle-East and North Africa (4) 376-960 15.7 30.0-37.0
South and Central America (no data) - - -
Africa (3) 253-400 - 32.3-61
Incidence of any Two step progression

DR (%) of DR (%)
Western Pacific (3) 121-413 11.0-22.2 25.9-34.7
South-East Asia (1) 958 8.97 12.6
Europe (1) 3443 8.07 -
North America and Caribbean (5) 169-955 20.8-34 5.3-34
Middle-East and North Africa (no data) - - -
South and Central America (no data) - - -
Africa (1) 302 23.8 -

Data extracted from International Diabetes Federation Diabetes Atlas, 6™ ed.., 2013. DR: Diabetic retinopathy
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Figure 1: Prevalence of diabetic retinopathy in India: Population-based and self-reported studies. (A) Prevalence of Diabetic Retinopathy
in population-based studies. (B) Prevalence of Diabetic Retinopathy in self-reported diabetics (World Diabetes Foundation funded projects).
(C) Prevalence of Sight-threatening Diabetic Retinopathy in self reported diabetics (World Diabetes Foundation funded projects)

highlights the fact of detection of nonreferrable stages of DR
and an appropriate follow-up to identify DME and STDR at
an early stage. The 1-step and 2-step progression was seen in
30.2% and 12.6%, respectively.

Risk Factors in Indian Population

Epidemiological studies in many populations have identified
clinical risk factors for DR. Population-based studies from
India™'! have identified the following risk factors in Indian
population. The most significant risk factor in both rural and
urban India is the longer duration of diabetes (6.5 times more
risk in people with > 15 years duration of diabetes).'>!”!

People who develop diabetes early in their life (before
40 years age) have double the risk of developing retinopathy
and also sight-threatening retinopathy.® If a person is
diagnosed to have diabetes, at the time of diagnosis of diabetes
1 in 10 would have nephropathy and neuropathy and 1 in
20 would have retinopathy.™¥! Obesity increases the chances
of developing DR. In Indian population, those with central
obesity are associated with two times increased risk for DR."!

The occurrence of DR is more in diabetics who take low
fiber diet in comparison with people who take high fiber
diet (20% vs. 15%).["1 People with suboptimal glycemic
control (HbAlc>7) have more risk for having DR and those with
poor control (HbAlc>8) also had more risk of sight-threatening
retinopathy.? Abnormal serum lipids (especially serum
cholesterol and low-density lipoprotein cholesterol) have
more role in DME (both in center involving and center not
involving DME).?! People with a combination of suboptimal
control (blood sugar, blood pressure, and lipids) have greater
risk of both retinopathy and sight-threatening retinopathy.
Nearly, 1 in 3 diabetics with suboptimal control have

retinopathy.” If a person has early nephropathy (presence of
microalbuminuria) he has two times more risk of retinopathy.
If he has advanced nephropathy (albuminuria) he has six times
more risk of retinopathy.?! Anemia is more prevalent in India,
more so in women and has two times more risk of developing
retinopathy.®! Table 2 highlights the role of systemic risk factors
in DR based on studies from the Indian subcontinent. Table 3
describes the Indian studies on other ocular parameters among
people with diabetes.

Genetic risk factors

In clinical practice, some patients seem to be having a protection
against DR despite having multiple risk factors, while others
exhibit severe vision-threatening complications even with fewer
or no risk factors. Hence, many groups have started exploring
the role of genetic factors in DR. There are few reports on genetic
studies from India. But significant advancements are happening
in basic research at the different major eye institutes in the
country. One group from Southern India studied nine candidate
genes (receptor for advanced glycation end product [RAGE],
pigment epithelium derived factor [PEDF], AKR1B1, EPO,
HTRAI, and intercellular adhesion molecule (ICAM), HFE,
CFH, and ARMS2) which were chosen based on their roles
in biological pathways implicated in DR.**) Among the
15 single nucleotide polymorphisms (SNPs) studied, in
DR and diabetic patients without retinopathy (DNR), only
1 SNP rs2070600 (G > A) in exon 3 of RAGE, which leads to a
change of amino acid glycine to serine at codon 82 displayed
statistically significant (P = 0.016) association with DR in this
study population.

Another group in India studied the vascular endothelial
growth factor (VEGF), insulin-like growth factor 1 (IGF-1),
PEDEF, endothelial nitric oxide synthase (eNOS), protein kinase



72

INDIAN JOURNAL OF OPHTHALMOLOGY Vol. 64 No. 1

Table 2: Role of systemic risk factors in diabetic retinopathy based on studies from Indian subcontinent

Variable studied

Salient features

ELC

Age of onset

Obesity

Albuminuria

Serum lipids

Metabolic
syndrome

Sleep pattern

Dietary fiber
intake

Newly diagnosed
diabetes

Anemia

Cardiovascular
score

Neuropathy

HbA1c

The prevalence of ELC, among subjects with diabetes, was 59.7%
In predicting DR, presence of ELC had sensitivity of 60.4%, and specificity, 40.5%
ELC cannot be as a screening tool for DR

Prevalence of DR differs with the age of known onset of diabetes: The younger the onset, the more the prevalence
Prevalence was 33.3% early onset of diabetes (<40 years) compared to 15.6% in those with late onset (>40 years)

Isolated abdominal obesity and higher WHR in women are associated with DR, and higher BMI offers a protective role
For assessing the risk of DR, multiple obesity indices such as waist circumference, WHR, and BMI in combination
seem to play a greater role rather than a single obesity index

Every 6" individual among Type 2 diabetes is likely to have albuminuria
Subjects with microalbuminuria were two times likely to have DR than those without
The risk of developing DR becomes six times in the presence of macroalbuminuria

Independent risk factors for non-CSME were high serum LDL cholesterol, high serum non-HDL cholesterol, and
high cholesterol ratio
For CSME are poor glycemic control, microalbuminuria, and high serum total cholesterol

Age and gender adjusted prevalence of metabolic syndrome, using the IDF criteria were 73.3%
Prevalence was high among women (83.3%), compared to men (65.3%)

Prevalence of abnormal sleep patterns was more than twice in subjects with Type 2 diabetes than those with no
diabetes

Abnormal sleep patterns can also influence the microvascular complications, especially diabetic neuropathy
Subjects with low-fibre diet intake had 1.51 times more risk of microalbuminuria than those with a healthy fiber diet
Presence of DR and STDR were also associated with lower dietary fiber intake

Nearly, one-third of newly diagnosed Type 2 diabetes subjects had some form of microvascular complication;
nephropathy; and neuropathy were common than retinopathy

Prevalence of anemia among diabetes was 12.3%

Individuals with anemia were 1.80 times more likely to develop DR than those with no anemia

Prevalence of 10-year risk of developing CVD among Type 2 diabetes was 33.5%

Risk of CVD was more in men than women (56.8% vs. 7%)

Every fifth individual among Type 2 diabetes is likely to have diabetic neuropathy

Risk factors for diabetic neuropathy are age, duration of diabetes, macroalbuminuria, and presence of DR
STDR was significantly associated with non-STDR and STDR when compared with the no-DR group

In a screening program, the cut-off value of HbA1¢>8.0% provides a maximum yield of STDR

DR: Diabetic retinopathy, BMI: Body mass index, CSME: Clinically significant macular edema, IDF: International Diabetes Federation, STDR: Sight-threatening
diabetic retinopathy, ELC: Ear lobe crease, CVD: Cardiovascular disease, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, WHR: Waist-hip ratio

C beta (PKC-f), aldose reductase 2 (ALR2), inducible nitric
oxide synthase (iNOS), RAGE, and ICAM-1 for their possible
association with retinopathy in Indian population. Variants
Z-2 of ALR2, (CA) 18 of IGF-1, and AA genotype of ICAM-1
have been identified as high-risk alleles,”?"! whereas (GT), of
tumor necrosis factor- and (CCTTT) , of iNOS genes were
reported as low-risk alleles for retinopathy; however, variants
Gly82Serand T130T in RAGE and PEDF genes, respectively,
showed a protective association.”**! In addition, they also
found the variants in the promoter and 3’ untranslated region
in PKC-f and VEGF and the 27 bp intron four variable number
tandem repeat in eNOS gene showing a lack of association
with Type 2 DR in the South Indian population.F**3!! Recently,
in a genome-wide association study, a subset of replication
cohort from South India showed rs9896052 to be associated
with STDR in Type 2 diabetes (P = 0.016).1%

Diabetic Retinopathy: Projections for India

The number of people with diabetes (>40 years) is expected to
increase to 79.4 million and patients with DR would increase
to 22.4 million in another two decades.!! This would imply
approximately 2 million diabetics who would have STDR.
Fig. 2 depicts the projections for a number of new cases of DR

2030
Diabetos: 67.8 million

2025

Diabetes: 56.9 million

DR: 5,07 millon

2020
Diabetes: 47.4 milion

OR: 421 million y

2011

Diabetes: 33.3 milion

OR: 294 millon

201 2020

Figure 2: Projections of new cases of diabetic retinopathy in urban India

in India, based on a census of India 2011 and incidence and
progression of DR based on SN-DREAMS urban data. India
ranks third in the world in the number of Internet users by
volume. In addition, 70% has access to mobile phones, and
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Table 3: Other ocular parameters among people with diabetes from Indian studies

Topic Salient features
VI Prevalence of VI was 4% among subjects with Type 2 diabetes
VI was higher among subjects older than 60 years, females and low economic status group
Systemic risk factors were nephropathy, neuropathy, and ocular factors were cataract and STDR
Cataract Nearly, two-third of the diabetic population showed evidence of cataract

Refractive error

PVD

Corneal endothelial cell

Ocular perfusion pressure

10P

Color vision

Retinal sensitivity

Fixation characteristics

Incidence of PVD

Foveal slope

Mixed cataract was more common than the monotypes ones
Risk factors for cataract were increasing age, macroalbuminuriam, and high HbA1c

Prevalence of refractive errors among subjects with diabetes was 60%
Prevalence of astigmatism (47%) was higher than hyperopia (40%) or myopia (20%)
Risk factors were increasing age, poor glycemic control and female gender

Prevalence of posterior vitreous detachment among subjects with Type 2 diabetes was 63.3%
Incomplete PVD is a major risk factor for STDR

Corneal endothelial cell count was reduced among subjects with Type 2 diabetes
Independent risk factors for reduced corneal endothelial cell count were increase in age and diabetic status

There was no association of mean ocular perfusion pressure with DR, non-STDR, and STDR

Hypertension, smoking, elevated resting pulse rate, and increased central corneal thickness were
associated with elevated intraocular pressure in Type 2 diabetes
Women with CSME were more prone to have elevated IOP

Gender-adjusted prevalence of ICV among subjects with diabetes but no retinopathy was 39.5%
Risk factors for ICV were women, increased resting heart rate and increased intraocular pressure
Acquired ICV is an early indicator of neurodegenerative changes

Prevalence of abnormal MRS was 89.1% among Type 2 diabetes
Increased retinal thickness was a significant risk factor for abnormal MRS
Reduced RS among subjects with diabetes but no retinopathy suggests the early neuronal damage

Fixation characteristics like stability of fixation and fixation location are independent of ocular
characteristics except for BCVA

Females, reduced visual acuity and contrast sensitivity, cataract, and STDR were significantly associated
with presence of scotoma

Incidence of PVD among diabetic subjects was 81%

Independent risk factors for the progression of PVD were increase in age, myopia, increased axial length,
and cataract surgery

Risk factors associated with the conversion of CPVD from no PVD and IPVD at baseline were age, myopia
and increase in axial length

Subjects with STDR had significantly shallow foveal slope

Average foveal slope in diabetic subjects was independently and significantly correlated with increase in

age and central subfield thickness

PVD: Posterior vitreous detachment, STDR: Sight-threatening diabetic retinopathy, CSME: Clinically significant macular edema, ICV: Impaired color vision,
RS: Retinal sensitivity, MRS: Mean retinal sensitivity, IPVD: Incomplete posterior vitreous detachment, CPVD: Complete posterior vitreous detachment,
VI: Visual impairment, BCVA: Best corrected visual acuity, IOP: Intraocular pressure

39% of them live in rural areas. Teledensity has increased
from merely 12.1% to 73.3%, a growth of 600%, during the
past 5 years.™ This makes screening of DR using imaging and
teleophthalmology a distinct possibility that can revolutionize
the health care system.

Awareness Regarding Diabetic Retinopathy

The awareness about DR is low, both among the diabetics and
the diabetic care providers. In a population-based study to
determine knowledge, awareness, and practices relating to
DR among paramedics in a South Indian population, it was
found that over 50% of the respondents were not aware of risk
factors for DR. Only one-fifth of paramedics and one-tenth of
the people from the community were aware that uncontrolled
diabetes was a risk factor for retinopathy. Although 80%
of respondents from the community felt that yearly eye
examinations were essential, only 43.5% had ever visited an
ophthalmologist.?**

In another study done at Chennai, it was found that the
uptake of eye care was poor both in urban and in rural areas.
Around 63% (n = 2168) of individuals in the rural areas and
75% (n=2399) in the urban areas had never undergone an eye
examination for DR. 45% (n = 139) of rural and 50% (n = 74) of
urban diabetics who had sight-threatening retinopathy, had
never undergone a fundus evaluation before.!

This lack of awareness in India warrants initiation of a
mass awareness program on diabetes and its microvascular
complications such as DR. Over period of time, increased
awareness would result in improved utilization of health
services.

Diabetic Retinopathy Screening in India

There is no national screening program for DR in India.
Currently, screening in the country is undertaken on an ad hoc
or project basis, and no optimal strategy has been developed
at the national level. Different models have been developed for
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DR case finding in India, and they are implemented to varying
degrees of success across the country.

Screening camps

These camps screen people with diabetes for STDR and
those with STDR are referred for treatment.**¥”! Qutreach
screenings camps are conducted in the community with
the help of physicians with the help of local community
participation. Here, known diabetics are screened for DR by
an ophthalmologist - based strategy. These camps increase
awareness in the community regarding retinopathy.

Telemedicine

This method tackles the problem of access. Nonmydriatic
digital retinal images are taken for people with diabetes. These
images are then transmitted to an expert who reads them
remotely.’8! Mobile vans with communication capabilities
have been deployed in the community with fundus cameras
in various states of India. The pooled diabetic patient’s fundus
pictures are captured and sent to a centralized reading center
by a telecommunication network. The images are graded and
a report is generated and sent back to the mobile van. The
patient receives this report along with counseling for further
follow-up and treatment. Using the World Health Organization
threshold of cost-effectiveness, telescreening in India is found to
be cost-effective ($1320 per quality-adjusted life year) compared
to no screening by a health provider perspective.?!

Opportunistic screening

In this approach, diabetics are screened when they visit their
physician or diabetologist. A trained technician takes the
fundus photos of these diabetic patients using nonmydriatic
fundus cameras and sends them to a centralized reading center
or an ophthalmologist. The images are read and a report is
generated and sent back to the diabetic center on the same day.
The patient is advised accordingly based on the report received.

Physicians also do a screening using direct
ophthalmoscopy (DO); however, according to a study in
South India, only 1.3% of general practitioners actually use
DOs. Among them, only 50% practice DO after dilatation. The
barriers for doing DR screening among general practitioners are
alack of time, lack of ophthalmoscopes, and lack of training.*"!

Ophthalmologists in India

The burden of DR in India can be tackled only by a pool of
well-qualified, efficient, and geographically and culturally
accessible ophthalmologists and supporting eye care
infrastructure. However, there are wide variations in the
accessibility to ophthalmic care in India. Against a national
ophthalmologist: Population ratio of 1:107,000, there are certain
regions in India which have a ratio of 1:9000 while in other regions
there is only one ophthalmologist for 608,000 population.!!

There is limited information regarding ophthalmologists in
India who are specialized in retinal diseases. With increasing
short-term fellowship programs in medical retina, there is also
now an overlap of anterior segment practicing ophthalmologists
who also treat DR. As of 2012, there are 655 ophthalmologists
who are registered in the Vitreoretinal Society of India. In 2015,
based on the Novartis India user data, 1058 ophthalmologists
inject intravitreal ranibizumab across India. This number is far
less to tackle the projected load of DR in India.

In India, services for people with diabetes and for blindness
control are provided by the public health system as well as
private practitioners and the not-for-profit sector. The Ministry
of Health and Family Welfare has a program for control
of noncommunicable diseases (the National Program for
Prevention and Control of Cancer, Diabetes, Cardiovascular
Disease and Stroke) and for blindness (the National Blindness
Control Program). The Government of India, through its
National Program for Control of Blindness, has included
support for laser treatment for DR in its 11" 5-year-plan. A range
of different approaches is being used by the government and
not-for-profit sector in India to detect and treat DR.

The burden of DR in India can be tackled by increasing
awareness among people living with diabetes providing an
educational package for physicians, and other staff who care
for diabetics and by extending programs for the detection and
treatment of DR, which are integrated into the Government of
India health system.
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