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OBJECTIVE

To estimate global and regional trends from 1990 to 2010 of the prevalence and
number of persons visually impaired speciﬁcally by diabetic retinopathy (DR), as a
complication of the precipitous trends in global diabetes, is fundamental for
health planning purposes.

1

CONCLUSIONS

Corresponding author: Rupert R.A. Bourne, rb@
rupertbourne.co.uk.

RESEARCH DESIGN AND METHODS

The meta-analysis of published population studies from 1990 to 2012 for the Global
Burden of Disease Study 2010 (GBD) yielded estimated global regional trends in DR
among other causes of moderate and severe vision impairment (MSVI; presenting
visual acuity <6/18, ‡3/60) and blindness (presenting visual acuity <3/60).
RESULTS

The number of persons with visual impairment due to DR worldwide is rising and
represents an increasing proportion of all blindness/MSVI causes. Age-standardized
prevalence of DR-related blindness/MSVI was higher in sub-Saharan Africa and South
Asia. One out of 39 blind people had blindness due to DR, and 1 out of 52 visually
impaired people had visual impairment due to DR.
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Data on the prevalence of visual impairment and blindness, its causes, and its
changes over time is of high importance for public health issues. On the basis of
previous large-scale population-based studies and meta-analyses, diabetic retinopathy (DR) has been recognized as one of the most common and important causes for
visual impairment and blindness (1–19). These studies in general showed that DR
was the leading cause of blindness globally among working-aged adults and therefore has a signiﬁcant socioeconomic impact (20–22). Although timely treatment of
DR can reduce the risk of visual loss by 60%, the proportion of blindness due to DR
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META-ANALYSIS

Globally in 2010, out of overall 32.4 million blind and 191 million visually impaired
people, 0.8 million were blind and 3.7 million were visually impaired because of
DR, with an alarming increase of 27% and 64%, respectively, spanning the two
decades from 1990 to 2010. DR accounted for 2.6% of all blindness in 2010 and
1.9% of all MSVI worldwide, increasing from 2.1% and 1.3%, respectively, in 1990.
These ﬁgures were lower in regions with younger populations (<2% in East and
Southeast Asia and Oceania) than in high-income regions (North America, Western Europe, and Australasia) with relatively aging populations (>4%).
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ranged from 3 to 7% in the Southeast
Asia and Western Paciﬁc regions and
was as high as 15–17% in developed regions such as the Americas and Europe (23).
A previous meta-analysis (21) summarizing 35 studies with more than 20,000
patients with diabetes estimated a prevalence of any DR of 34.6%, of diabetic
macular edema of 6.8%, and of visionthreating DR of 10.2% within the diabetes
population. The prevalence estimates of
any DR and vision-threatening DR varied
with ethnicity and were highest in African
Americans and lowest in Asians. By extrapolating these prevalence rates to
the 2010 world diabetes population, Yau
et al. (21) estimated that ;93 million
people had some DR and 28 million people had sight-threatening stages of DR.
However, this meta-analysis did not address the prevalence of visual impairment
and blindness due to DR and thus the
impact of DR on the general population.
No previous studies assessed changes in
the prevalence of DR-related blindness
from 1990 to 2010 or the number of people functionally affected applying the
same methodology across all time periods.
We therefore conducted the present
meta-analysis of all available populationbased studies performed worldwide
within the last two decades as part of
the Global Burden of Disease Study
2010 (GBD) to estimate the number
of people affected by blindness and visual
impairment. The global prevalence,
causes, and regional estimates have been
reported previously (24,25). Because the
numbers of persons living with diabetes
and DR have triggered a global public
health response, we believe that it is
imperative to present the ﬁgures we estimated speciﬁcally for blindness and visual
impairment due to DR in the present analysis. Along with the global and regional
ﬁgures, we offer the temporal trends
from 1990 to 2010; we examine regional
differences in the prevalence of DR-related
blindness and moderate and severe vision
impairment (MSVI); and we consider the
implications of how the number of people
with DR-related blindness and visual impairment compares with the number of
people with blindness and visual impairment due to other eye diseases.
RESEARCH DESIGN AND METHODS

The GBD methodology is detailed elsewhere (24–26). Herein we shall only review the methodology pertinent to the

present analysis of the prevalence of visual impairment due to DR. A systemic
literature review yielded 14,908 relevant
articles published between 1980 and
2012 primarily identiﬁed by searching
Medline, Embase, and the World Health
Organization (WHO) library information
system. (The full search strategy is included in Supplementary Appendix 1.) Of
those, 243 population-based studies were
analyzed after review by an expert panel of
ophthalmologists, optometrists, and ophthalmic epidemiologists. The search terms
applied included “blindness,” “visual impairment,” “population,” “eye,” “survey,”
and a list of ocular disorders (24,25). Additionally, personal communication with
principal investigators identiﬁed in the literature search provided additional unpublished data sources (24,25).
In the GBD, blindness was deﬁned as
presenting visual acuity ,3/60 and MSVI
as presenting visual acuity ,6/18, $3/60.
Population-based studies that reported
prevalence of visual impairment and
blindness disaggregated by cause (128
studies) provided the basic data to calculate the proportion of blindness and MSVI
due to DR (20 studies) in addition to other
causes such as cataract, age-related macular degeneration, glaucoma, trachoma,
or undercorrection of refractive error
(24). Ten of the 21 (47.6%) GBD regions
(27) were represented with data on
DR-related blindness/MSVI (Australasia,
Central and Western Europe, North
America, Caribbean, Tropical Latin
America, Oceania, and South, East, and
Southeast Asia). On a country level,
studies were available for 14 out of
191 countries.
Trends in causes of vision impairment
were calculated by age in 5-year increments, sex, and GBD region. We additionally performed an analysis of
uncertainties. The statistical analysis included the data identiﬁcation and accessibility; the estimation of fractions for
each cause stratiﬁed by the severity of
vision impairment, sex, age, and region;
and the application of cause fractions to
the prevalence of all-cause presenting vision impairment (24). The statistical analysis applied the DisMod-MR (https://
github.com/ihmeuw/dismod_mr) model
to calculate the fraction of vision impairment due to DR and the other causes
mentioned above (24). The DisMod-MR
is a negative binomial regression model including the following elements: covariates
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that predict variation in the true proportion of vision impairment from each disease (e.g., year); ﬁxed effects that adjust
for deﬁnitional differences (e.g., whether
the causes of presenting vs. best-corrected
vision impairment were reported); a hierarchical model structure that ﬁts random
intercepts in individual countries derived
from the data observed in the country, in
its region, and in other regions on the basis
of the availability and consistency of
country- and region-speciﬁc data; agespeciﬁc ﬁxed effects allowing for a nonlinear
age pattern; and a ﬁxed effect for data on
males. The fraction of blindness and visual
impairment due to DR resulted from ﬁtting
one DisMod-MR model using three covariates: an indicator variable describing
whether the data were for blindness or
for MSVI, an indicator variable describing
whether the data were based on presenting
visual acuity or best-corrected visual
acuity measurements, and a countrylevel covariate reﬂecting health systems
access. Two sets of predictions for DR
were generated, one for best-corrected
blindness and one for best-corrected
MSVI. Age-standardized prevalence represented the WHO reference population
(28). The generation of numbers of people with vision impairment and blindness
due to DR reﬂects each region’s population size and age structure (24,25).
RESULTS

Our overall estimates suggest that 32.4
million people were blind and 191 million
people were visually impaired worldwide
in 2010 (24). Of these, 833,690 people
were blind and 3.7 million were visually
impaired because of DR (Table 1). Data
for 1990 are presented in Supplementary
Appendix 2. From 1990 to 2010, the number of people with blindness due to DR
increased by ;176,000 or 27% and the
number with visual impairment due to
DR increased by 1.4 million or 64% (Table
1 and Supplementary Appendix 2). In
2010, South Asia was home to 35% of
those with blindness due to DR (294,811)
and 40% of those with visual impairment
due to DR (1.5 million) (Table 1, Supplementary Appendix 2, and Figs. 1 and 2). Of
those aged 50 years and older, the number of people with blindness due to
DR increased from 574,000 in 1990 to
731,000 in 2010 and the number of people with DR-related visual impairment
increased from 1,858,000 in 1990 to
3,074,000 in 2010.
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MSVI due to DR

Table 1—Number of people (mean [95% UI]) with blindness (presenting visual acuity <3/60) or MSVI (presenting visual acuity <6/18, ‡3/60) due to DR, the age-standardized prevalence
(%) in people aged ‡50 years (mean [95% UI]), and the percentage of all blindness or MSVI attributed to DR (95% UI) in 21 world regions in 2010
Blindness due to DR

0.51 (0.29, 0.96)

0.21 (0.13, 0.48)
0.07 (0.04, 0.15)

2.9 (1.8, 5.9)

1.2 (0.91, 1.9)

2.1 (1.2, 3.7)

2.8 (2.1, 4.6)
0.84 (0.49, 1.6)

Percentage of
MSVI in 2010

33 (21, 73)
279 (153, 567)

0.19 (0.13, 0.36)

2.0 (1.5, 3.2)

Age-standardized
prevalence of MSVI
in people aged
$50 years in 2010

1,450 (864, 2,873)

0.14 (0.06, 0.42)

2.5 (1.8, 4.0)

Number of people
(’000s) with MSVI
in 2010

223 (154, 427)

0.24 (0.14, 0.41)

2.8 (1.8, 5.2)

Percentage of all
blindness in 2010

2.8 (1.7, 4.8)

4.0 (2.9, 6.0)
1.1 (0.61, 2.0)

13 (5, 42)

0.18 (0.10, 0.36)

Age-standardized prevalence
of blindness in people
aged $50 years in 2010

0.04 (0.02, 0.06)
0.02 (0.01, 0.03)

1.4 (1.1, 2.1)

24 (15, 42)

0.21 (0.08, 0.47)

Number of people
(’000s) with
blindness in 2010

0.12 (0.07, 0.21)

4.3 (2.5, 7.7)

84 (49, 174)

2010 total
population (’000s)

World region

5 (4, 10)
58 (32, 111)

0.12 (0.03, 0.07)

2.3 (1.7, 3.4)

166 (65, 371)

1.9 (1.6, 2.7)

295 (167, 514)

0.02 (0.01, 0.05)

3.7 (2.8, 5.5)

3.1 (2.0, 5.4)

68,800
1,190,000
499 (35, 76)

0.05 (0.03, 0.08)

4.0 (2.5, 6.9)

3.0 (2.4, 4.5)
2.2 (1.5, 3.8)

0.22 (0.18, 0.31)

1,120,000
2 (0.9, 5)

0.03 (0.02, 0.06)

0.12 (0.08, 0.22)
0.32 (0.19, 0.55)

4.0 (2.6, 6.8)

2.1 (1.6, 3.5)

0.07 (0.04, 0.26)

Asia, Central
Asia, East
460,000
5 (3, 8)

0.03 (0.01, 0.06)

225 (153, 426)
31 (18, 55)

0.25 (0.17, 0.44)

2.2 (1.4, 3.6)

61 (38, 226)

Asia, South
20,500

12 (8, 27)

4.2 (3.4, 5.9)
2.5 (1.6, 4.2)

109 (74, 192)

0.36 (0.21, 0.77)

2.4 (1.8, 3.9)

3,714 (3,128, 5,471)

Asia, Southeast
34,300

24 (11, 48)

2.5 (1.9, 3.7)

64 (37, 139)

0.24 (0.14, 0.45)

2.8 (1.9, 4.7)

2.6 (2.2, 3.4)

Australasia
122,000

0.02 (0.01, 0.03)
0.05 (0.03, 0.09)

5.5 (3.6, 9.1)

108 (62, 204)

0.44 (0.31, 0.75)

1.2 (0.77, 2.3)

4.3 (2.6, 7.1)

Caribbean
222,000

40 (28, 68)
5 (3, 9)

0.06 (0.04, 0.09)

2.9 (1.9, 4.6)

334 (233, 567)

0.26 (0.13, 0.47)

0.07 (0.04, 0.15)

0.05 (0.04, 0.07)

Europe, Central

23 (16, 38)

0.07 (0.04, 0.14)

3.5 (2.8, 5.0)

3 (2, 6)

86 (56, 195)

0.02 (0.01, 0.03)

Europe, Eastern
381,000
38,600

12 (8, 26)

0.05 (0.03, 0.12)

3.9 (2.7, 6.4)

15 (8, 31)

Europe, Western
Latin America, Andean
166,000

23 (12, 51)

0.16 (0.11, 0.25)

1.4 (0.91, 2.4)

834 (703, 1,102)

Latin America, Central
48,900

108 (76, 165)

0.05 (0.02, 0.09)

0.01 (0.01, 0.03)

169,000

Latin America, Southern

154,000

19 (10, 34)

6,890,000

Latin America, Tropical

301,000

0.4 (0.2, 0.9)

World

North Africa/Middle East

5,814

281,000

Asia Paciﬁc, high income

North America, high income
Sub-Saharan Africa, Central
Sub-Saharan Africa, East

201,000

52,600

53,400
208,000

66 (44, 107)

10 (5, 20)

8 (4, 23)
50 (35, 76)

0.19 (0.12, 0.31)

0.10 (0.05, 0.20)

0.10 (0.05, 0.25)
0.14 (0.10, 0.20)

3.1 (2.4, 4.9)

3.4 (2.1, 5.8)

3.0 (2.0, 5.2)
2.4 (1.9, 3.4)

193 (125, 249)

24 (14, 55)

33 (18, 82)
128 (92, 204)

0.50 (0.32, 0.92)

0.22 (0.12, 0.50)

0.33 (0.18, 0.80)
0.31 (0.21, 0.49)

2.5 (1.6, 4.6)

2.3 (1.6, 4.0)
1.8 (1.4, 2.6)

Oceania

Sub-Saharan Africa, South

2.7 (1.9, 4.5)

Sub-Saharan Africa, West

1646

Diabetic Retinopathy Visual Impairment Worldwide

Diabetes Care Volume 39, September 2016

Figure 1—Number of people with blindness due to DR in 1990 and 2010 by world region of all ages and the age-standardized prevalence in 1990 and
2010 by world region of those aged $50 years (95% UI).

DR caused 2.6% of all cases with
blindness worldwide in 2010 and 1.9%
of all cases for MSVI (Table 1). The percentage of blindness caused by DR varied regionally from ,2% in East and
Southeast Asia and Oceania to $5.5%

in Southern Latin America (Table 1).
World regions with older populations
such as the high-income regions, Southern Latin America, and Eastern and Western Europe, as compared with regions
with relatively younger populations,

showed a higher percentage of blindness
caused by DR (Table 1).
Compared with 1990, of all global
blindness causes, the percentage caused
by DR increased from 2.1 to 2.6% in
2010, and of global MSVI causes, the

Figure 2—Number of people with MSVI due to DR in 1990 and 2010 by world region of all ages and the age-standardized prevalence in 1990 and
2010 by world region of those aged $50 years (95% UI).

care.diabetesjournals.org

percentage caused by DR increased
from 1.3 to 1.9% in 2010 (Table 1 and
Supplementary Appendix 2). The increase in the percentage of global
blindness caused by DR from 1990 to
2010 took place in all world regions except those higher-income regions of Asia
Paciﬁc, Australasia, Western Europe, and
North America where a slight decrease
occurred (Table 1 and Supplementary
Appendix 2).
Age-standardized prevalence of
DR-related blindness and MSVI in those
aged $50 years was relatively unchanged worldwide. Age-standardized
prevalence of blindness due to DR
changed to 0.0518% (95% uncertainty
interval [UI] 0.0440, 0.0690) in adults
aged $50 years in 2010 from 0.0652%
(95% UI 0.0565, 0.0812) in 1990. Agestandardized prevalence of MSVI due to
DR changed to 0.2185% (95% UI 0.1843,
0.3135) in 2010 from 0.2093% (95% UI
0.1689, 0.2635) in 1990 (Table 1, Supplementary Appendix 2, and Figs. 1
and 2).
On a regional basis, in 2010, the agestandardized prevalence of blindness
related to DR in those aged $50 years
was highest in West sub-Saharan Africa
(0.1889%) and North Africa/Middle East
(0.1599%), followed by East subSaharan Africa (0.1366%), and 0.1% or
less in all other regions (Table 1). In
2010, the age-standardized prevalence
of MSVI due to DR in those aged $50 years
was highest in South Asia (0.5112%), West
sub-Saharan Africa (0.5002%), and North
Africa/Middle East (1.0%) and lowest in
the high-income regions such as North
America (Table 1).
CONCLUSIONS

DR ranks as the ﬁfth most common
cause of global blindness and of global
MSVI (25). Regardless of the relatively
low percentage of ,3% of all global
blindness and MSVI being caused by
DR, this analysis estimates that, in
2010, 1 out of every 39 blind people
had blindness due to DR and 1 out of
every 52 people had visual impairment
due to DR. In adults aged $50 years, the
global age-standardized prevalence in
2010 was 0.05% for DR-related blindness and 0.22% for DR-related MSVI.
The prevalence of any DR has been
previously reported in a number of
population-based studies (1–23). However, few addressed the prevalence of
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DR-related blindness at the global level.
Within the period from 1990 to 2010,
the age-standardized prevalence of DRrelated blindness and MSVI did not
markedly change as a global mean. This
is in contrast to the global decrease in
the age-standardized prevalence of cataract, undercorrected refractive error,
and trachoma (24,25). Our study demonstrated regional differences such as the
increase in age-standardized prevalence
observed in sub-Saharan regions and
how the highest age-standardized prevalence of DR-related blindness and MSVI
was in the regions of North Africa/
Middle East, sub-Saharan Africa, and
South Asia and the lowest prevalence
was in the high-income regions. Similar
interregional ﬁndings were reported in a
recent meta-analysis (21) where prevalence estimates of any DR and of visionthreatening DR were highest in African
Americans and lowest in Asians.
We propose that the phenomenon of
an increase in numbers of people with
vision loss due to DR with a relatively
unchanged age-standardized prevalence of vision loss due to DR from
1990 to 2010 globally can be attributed
to the increasing population and average age in most regions coupled with
falling death rates (27).
Our data suggest that the percentage
of blindness and MSVI attributable to
DR was lower in low-income regions
with younger populations than in highincome regions with older populations.
There are several reasons that may explain this observation. First, low-income
societies may have a higher percentage
of unoperated cataract or undercorrected refractive error–related blindness and MSVI (25), which is probably
related to access to visual and ocular
health services. Therefore, the proportional increase in blindness and MSVI
attributable to DR may be rising because
of the decreasing proportion attributable to cataract (25) as a result of the
increasing availability of cataract surgery in many parts of the world (29)
during the past decade. Improved visualization of the fundus afforded by cataract surgery should also improve the
detection of DR. The increase in the percentage of global blindness caused by
DR within the last two decades took
place in all world regions except Western Europe and high-income North
America where there was a slight

decrease. This decrease may reﬂect the
effect of intensiﬁed prevention and
treatment of DR possibly in part due
to the introduction of intravitreal injections of steroids and anti-VEGF (vascular endothelial growth factor) drugs
(30,31).
Second, in regions with poor medical
infrastructure, patients with diabetes
may not live long enough to experience
DR (32). This reduces the number of patients with diabetes, and, furthermore,
it reduces the number of patients with
DR-related vision loss. Studies in the literature have reported that the prevalence of severe DR decreased from
1990 to 2010 (21) while the prevalence
of diabetes simultaneously increased
(27), which implies a reduction in the
prevalence of severe DR per person
with diabetes. This paradox is even
more remarkable if one takes into account that duration of diabetes is one
of the most important risk factors for
the development of DR and for the development of severe DR. For example, in
Central India (19) the prevalence of DR
within the diabetes population was 5%,
which was considerably lower than the
global prevalence of 34.6%. In that rural
population in Central India, the prevalence of diabetes in 2006/2008 decreased after the age of 60 years, and
the prevalence of DR was exceptionally
low compared with populations in industrialized countries. Differences between regions in the screening and
management of DR and diabetes, socioeconomic factors, medical infrastructure, ethnic differences, and variation
in genetic susceptibility for DR may
also explain some of these differences
(22). Interestingly, the age-standardized
prevalence of DR-related blindness and
MSVI were as low in South Asia as in
high-income regions, despite marked
regional differences in socioeconomic
levels and medical infrastructure.
Third, as in the case of Central India
described above (19), younger populations may have a lower prevalence of
diabetes (33). If we apply our prevalence
results to the number of people with
diabetes reported by Danaei et al. (34),
;350 million, our ﬁgures would suggest
that ;0.2% (or 834,000 people) of the
350 million were blind because of DR
and that 1.1% (or 3.7 million individuals)
of the 350 million with diabetes were
visually impaired because of DR. These
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percentages are much lower than the
aforementioned ﬁgure of 35% of all patients with diabetes having any form of
DR as reported in the meta-analysis by
Yau et al. (21) in 2012. In that meta-analysis,
the prevalence of vision-threatening DR,
deﬁned as the presence of proliferative
DR or diabetic macular edema, was
10.2%. Assuming that the data in the
meta-analysis of our study are also valid,
our data indicate that about 10% of the
individuals with vision-threatening DR
experience a marked reduction in visual
acuity to levels of visual impairment and
that ;2% of them become bilaterally
blind.
Therefore, considering further economic development in rural regions, improvements in medical infrastructure, the
general global demographic transition to
elderly populations, and the association
between increasing economic development and obesity, we project the increase
in the proportion of DR-related blindness
and MSVI to continue to rise in the future.
These ﬁndings can be used to develop
strategies for preserving the vision of
adults with diabetes, and several of these
are advanced in Table 2.
Several limitations of our study should
be mentioned. First, as also noted in our
previous publications on the global prevalence of vision loss (24,25), a major limitation was that most country-years were
without data or only had subnational
data. Second, some data sources did not
report prevalence by age. To use these
data, we imputed age-speciﬁc cause fractions, assuming that the age pattern of
visually impaired in the study represented
the modeled age pattern of visually impaired in the country where the study was
conducted (24,25). Third, recommended
WHO surveillance protocol dictated that
population-based studies reported one
cause as the principal cause for an individual examined in that particular study in
order to arrive at the causal prevalence.

When there were multiple disorders contributing equally to visual loss, only the
‘‘most readily curable’’ or the ‘‘most easily preventable’’ was recorded (35). This
approach has the potential to underestimate the impact of DR when the patient
presented with cataract and underestimate the burden of cataract when patients also had an uncorrected refractive
error (36). Fourth, some studies reporting
population blindness had a relatively
small sample size, with a relatively small
proportion of visual impairment attributed to DR. The DisMod-MR model, however, took into account power estimates
so that studies with small sample sizes
inﬂuenced the estimates less than studies
with large sample sizes. For this reason,
the uncertainty intervals of cause-speciﬁc
prevalence estimates are relatively large.
Strengths of this study design as compared with previous meta-analytical literature reviews (37) included the amount
of population-based data accessed and
used, analysis of trends in the causes of
vision impairment and blindness, incorporation of nonlinear age trends and accounting for data that were not reported
by age, and systematic quantitative analysis and reporting of uncertainty.
Global estimates of the prevalence and
number of persons with visual impairment speciﬁcally caused by DR as a complication of the precipitous trends in
global diabetes are fundamental data
for health planning purposes. Although
DR is estimated to affect nearly 100 million people globally and nearly 30 million
have vision-threatening stages of disease,
our data suggest that less than 1 million
are currently blind and 4 million visually
impaired. The current global strategy of
prioritizing more treatable eye diseases
such as cataract and uncorrected refractive error may reduce avoidable blindness in more people and may be more
successful, cost efﬁcient, and safe; however, it is imperative to plan for a

Table 2—Strategies for preserving the vision of adults with diabetes
Development of evidence-based, cost-effective strategies to screen for DR
Improve control of systemic risk factors (e.g., glucose and blood pressure) among persons
with diabetes
Increase health education and awareness of the risk of visual loss from DR
Intensiﬁed prevention and treatment of DR through the introduction of laser treatments,
intravitreal injections of steroids, and anti-VEGF drugs (20,38)
Reduction of differences between regions in the screening and management of diabetes and
DR, socioeconomic factors, and medical infrastructure
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greater share of blindness and visual impairment due to DR and to develop strategies (Table 2) to prevent DR and
subsequent vision loss.

Acknowledgments. The authors thank Benita J.
O’Colmain (ICF International, Phoenix, AZ) who
assisted with the incorporation of microdata
from several large population-based studies.
The authors thank the principal investigators
of these and other studies for authorizing unpublished study data to be used in this project.
Colin Mathers (WHO, Geneva, Switzerland)
greatly assisted in the communications between the GBD Core Group and the GBD Vision
Loss Expert Group. Donatella Pascolini (WHO)
kindly assisted in retrieval of some unpublished
data sources. Bin Zhang (Nova Southeastern
University, Fort Lauderdale, FL) created the ﬁgures.
Funding. This study was partially funded by the
Bill & Melinda Gates Foundation, Fight for Sight,
the Fred Hollows Foundation, and the Brien
Holden Vision Institute.
The results in this article were prepared independently of the ﬁnal estimates of the GBD.
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.
Duality of Interest. No potential conﬂicts of
interest relevant to this article were reported.
Author Contributions. J.L.L., R.R.A.B., J.B.J.,
K.N., K.P., H.P., and T.Y.W. researched the
data. R.R.A.B., S.R.F., and R.A.W. conducted
the statistical analysis. J.L.L., R.R.A.B., J.B.J.,
and T.Y.W. wrote the manuscript. J.L.L., J.B.J.,
T.Y.W., S.R., and H.R.T. edited the manuscript, and
all authors reviewed the manuscript. R.R.A.B. is
the guarantor of this work and, as such, had full
access to all the data in the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the Association
for Research in Vision and Ophthalmology
2014 Annual Meeting, Orlando, FL, 4–8 May
2014. The detailed methods and some of the
results have been published within the context
of an analysis of all causes of global blindness
and visual impairment in the appendix of
Bourne et al. (25).

References
1. Klein R, Klein BE, Moss SE, Davis MD, DeMets
DL. The Wisconsin epidemiologic study of diabetic retinopathy. III. Prevalence and risk of diabetic retinopathy when age at diagnosis is
30 or more years. Arch Ophthalmol 1984;102:
527–532
2. Mitchell P, Smith W, Wang JJ, Attebo K. Prevalence of diabetic retinopathy in an older
community. The Blue Mountains Eye Study.
Ophthalmology 1998;105:406–411
3. Dandona L, Dandona R, Naduvilath TJ,
McCarty CA, Rao GN. Population based assessment of diabetic retinopathy in an urban population in southern India. Br J Ophthalmol 1999;
83:937–940
4. Leske MC, Wu SY, Hyman L, et al. Diabetic
retinopathy in a black population: the Barbados
Eye Study. Ophthalmology 1999;106:1893–1899

care.diabetesjournals.org

5. McKay R, McCarty CA, Taylor HR. Diabetic
retinopathy in Victoria, Australia: the Visual Impairment Project. Br J Ophthalmol 2000;84:
865–870
6. West SK, Klein R, Rodriguez J, et al.; Proyecto
VER. Diabetes and diabetic retinopathy in a
Mexican-American population: Proyecto VER.
Diabetes Care 2001;24:1204–1209
7. Tapp RJ, Shaw JE, Harper CA, et al.; AusDiab
Study Group. The prevalence of and factors associated with diabetic retinopathy in the Australian population. Diabetes Care 2003;26:
1731–1737
8. Varma R, Torres M, Pe~
na F, Klein R, Azen SP;
Los Angeles Latino Eye Study Group. Prevalence
of diabetic retinopathy in adult Latinos: the Los
Angeles Latino Eye Study. Ophthalmology 2004;
111:1298–1306
9. Kempen JH, O’Colmain BJ, Leske MC, et al.;
Eye Diseases Prevalence Research Group. The
prevalence of diabetic retinopathy among
adults in the United States. Arch Ophthalmol
2004;122:552–563
10. Rema M, Premkumar S, Anitha B, Deepa R,
Pradeepa R, Mohan V. Prevalence of diabetic
retinopathy in urban India: the Chennai Urban
Rural Epidemiology Study (CURES) eye study, I.
Invest Ophthalmol Vis Sci 2005;46:2328–2333
11. Wong TY, Klein R, Islam FM, et al. Diabetic
retinopathy in a multi-ethnic cohort in the
United States. Am J Ophthalmol 2006;141:
446–455
12. Xu L, Wang Y, Li Y, et al. Causes of blindness
and visual impairment in an urban and rural
area in Beijing: the Beijing Eye Study. Ophthalmology 2006;113:1141.e1–1141.e3
13. Klein BE. Overview of epidemiologic studies
of diabetic retinopathy. Ophthalmic Epidemiol
2007;14:179–183
14. Wong TY, Cheung N, Tay WT, et al. Prevalence and risk factors for diabetic retinopathy:
the Singapore Malay Eye Study. Ophthalmology
2008;115:1869–1875
15. Namperumalsamy P, Kim R, Vignesh TP,
et al. Prevalence and risk factors for diabetic
retinopathy: a population-based assessment
from Theni District, south India. Br J Ophthalmol
2009;93:429–434
16. Raman R, Rani PK, Reddi Rachepalle S, et al.
Prevalence of diabetic retinopathy in India:
Sankara Nethralaya Diabetic Retinopathy

Leasher and Associates

Epidemiology and Molecular Genetics Study report 2. Ophthalmology 2009;116:311–318
17. Wang FH, Liang YB, Zhang F, et al. Prevalence of diabetic retinopathy in rural China: the
Handan Eye Study. Ophthalmology 2009;116:
461–467
18. Zhang X, Saaddine JB, Chou CF, et al. Prevalence of diabetic retinopathy in the United
States, 2005-2008. JAMA 2010;304:649–656
19. Jonas JB, Nangia V, Khare A, et al. Prevalence and associated factors of diabetic retinopathy in rural central India. Diabetes Care 2013;
36:e69
20. Cheung N, Mitchell P, Wong TY. Diabetic
retinopathy. Lancet 2010;376:124–136
21. Yau JW, Rogers SL, Kawasaki R, et al.; MetaAnalysis for Eye Disease (META-EYE) Study
Group. Global prevalence and major risk factors
of diabetic retinopathy. Diabetes Care 2012;35:
556–564
22. Ding J, Wong TY. Current epidemiology of
diabetic retinopathy and diabetic macular
edema. Curr Diab Rep 2012;12:346–354
23. Resnikoff S, Pascolini D, Etya’ale D, et al.
Global data on visual impairment in the year
2002. Bull World Health Organ 2004;82:844–851
24. Stevens GA, White RA, Flaxman SR, et al.;
Vision Loss Expert Group. Global prevalence of
vision impairment and blindness: magnitude
and temporal trends, 1990-2010. Ophthalmology 2013;120:2377–2384
25. Bourne RR, Stevens GA, White RA, et al.;
Vision Loss Expert Group. Causes of vision loss
worldwide, 1990-2010: a systematic analysis.
Lancet Glob Health 2013;1:e339–e349
26. Bourne R, Price H, Taylor H, et al.; Global
Burden of Disease Vision Loss Expert Group.
New systematic review methodology for visual
impairment and blindness for the 2010 Global
Burden of Disease study. Ophthalmic Epidemiol
2013;20:33–39
27. Murray CJ, Vos T, Lozano R, et al. Disabilityadjusted life years (DALYs) for 291 diseases and
injuries in 21 regions, 1990-2010: a systematic
analysis for the Global Burden of Disease Study
2010. Lancet 2012;380:2197–2223
28. Ahmad O, Boschi-Pinto C, Lopez AD, et al. Age
Standardization of Rates: A New WHO Standard.
Geneva, World Health Org., 2001
29. Lansingh VC, Resnikoff S, Tingley-Kelley K,
et al. Cataract surgery rates in latin america:

a four-year longitudinal study of 19 countries.
Ophthalmic Epidemiol 2010;17:75–81
30. Jonas JB, Kamppeter BA, Harder B,
Vossmerbaeumer U, Sauder G, Spandau UH.
Intravitreal triamcinolone acetonide for diabetic macular edema: a prospective, randomized study. J Ocul Pharmacol Ther 2006;22:
200–207
31. Elman MJ, Qin H, Aiello LP, et al.; Diabetic
Retinopathy Clinical Research Network. Intravitreal ranibizumab for diabetic macular edema
with prompt versus deferred laser treatment:
three-year randomized trial results. Ophthalmology 2012;119:2312–2318
32. Jafﬁol C. The burden of diabetes in Africa: a
major public health problem. Bull Acad Natl
Med 2011;195:1239–1253; discussion 1253–
1254 [in French]
33. He L, Tuomilehto J, Qiao Q, et al.; DECODA
study group. Impact of classical risk factors of
type 2 diabetes among Asian Indian, Chinese
and Japanese populations. Diabetes Metab.
2015;41:401–409
34. Danaei G, Finucane MM, Lu Y, et al.;
Global Burden of Metabolic Risk Factors
of Chronic Diseases Collaborating Group
(Blood Glucose). National, regional, and
global trends in fasting plasma glucose and
diabetes prevalence since 1980: systematic
analysis of health examination surveys and
epidemiological studies with 370 countryyears and 2z7 million participants. Lancet
2011;378:31–40
35. World Health Organization. Coding instructions for the WHO/PBL eye examination record
(version III). PBL/88.1 [Internet]. Available from
http://apps.who.int/iris/bitstream/10665/
67896/1/PBL_88.1.pdf. Accessed 5 September
2015
36. Kempen JH. The need for a revised approach to epidemiological monitoring of the
prevalence of visual impairment. Ophthalmic
Epidemiol 2011;18:99–102
37. Pascolini D, Mariotti SP. Global estimates of
visual impairment: 2010. Br J Ophthalmol 2012;
96:614–618
38. Mitchell P, Wong TY; Diabetic Macular
Edema Treatment Guideline Working Group.
Management paradigms for diabetic macular
edema. Am J Ophthalmol 2014;157:505–513.
e1–e8.

1649

