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OBJECTIVES: To estimate global and regional trends from 2000 to 2020 of the number of persons visually impaired by diabetic
retinopathy and their proportion of the total number of vision-impaired individuals.

METHODS: Data from population-based studies on eye diseases between 1980 to 2018 were compiled. Meta-regression models
were performed to estimate the prevalence of blindness (presenting visual acuity <3/60) and moderate or severe vision
impairment (MSVI; <6/18 to 23/60) attributed to DR. The estimates, with 95% uncertainty intervals [Uls], were stratified by age, sex,

year, and region.

RESULTS: In 2020, 1.07 million (95% Ul: 0.76, 1.51) people were blind due to DR, with nearly 3.28 million (95% Ul: 2.41, 4.34)
experiencing MSVI. The GBD super-regions with the highest percentage of all DR-related blindness and MSVI were Latin America
and the Caribbean (6.95% [95% Ul: 5.08, 9.51]) and North Africa and the Middle East (2.12% [95% Ul: 1.55, 2.79]), respectively.
Between 2000 and 2020, changes in DR-related blindness and MSVI were greater among females than males, predominantly in the
super-regions of South Asia (blindness) and Southeast Asia, East Asia, and Oceania (MSVI).

CONCLUSIONS: Given the rapid global rise in diabetes and increased life expectancy, DR is anticipated to persist as a significant
public health challenge. The findings emphasise the need for gender-specific interventions and region-specific DR healthcare
policies to mitigate disparities and prevent avoidable blindness. This study contributes to the expanding body of literature on the
burden of DR, highlighting the need for increased global attention and investment in this research area.
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INTRODUCTION

Diabetes mellitus (DM) and its complications are a major burden
of disease around the world. DM has increased significantly in
recent decades and will continue to rise in the next few decades,
with a greater burden expected in low-middle income countries
(LMICs) [1]. One of the most common microvascular complica-
tions of DM is diabetic retinopathy (DR). According to previous
large-population based studies and meta-analyses, DR has been
recognized as one of the most common causes of blindness and
vision impairment among the working-age population; however,
this is not true for some countries, such as the United Kingdom,
due to the implementation of national DR strategies aimed at
identifying and treating patients with this condition [2-9]. The
Global Burden of Disease Study (GBD) began 30 years ago to
systematically assess and scientifically report on critical health
outcomes including DM and its complications. The findings are
reported longitudinally and across various populations [10]. In
2020, DR was listed as one of the leading causes of global
blindness among those aged 50 years and above [3]. Leasher et al.
assessed changes in the prevalence of DR-related blindness and
moderate or severe vision impairment (MSVI) from 1990 to 2010
[8]. Findings showed that DR accounted for 2.6% of all blindness
and 1.9% of all MSVI in 2010, an increase from 2.1% and 1.3%,

respectively, from 1990 [8]. Early detection and treatment
interventions for DR can reduce the risk of severe visual loss by
approximately 90% [11].

The Lancet Global Health Commission emphasised how improv-
ing eye health contributes to achieving the sustainable development
goals (SDGs) of improving general health and well-being, reducing
poverty and increasing work productivity, and improving education
and equity [7]. Due to the unmet need of an ageing and growing
population globally, eye health is a major public health concern that
requires urgent attention to develop innovative treatments and
deliver services on a large scale. Political commitment is necessary to
act on eye health, particularly in low-resource settings [7, 12].

The current meta-analysis provides an update of all available
population-based studies from 2000 to 2020 to present estimates
on the number of people (aged 50 years—+) affected by DR-related
blindness and DR-related MSVI. Additionally, we investigate the
global and regional differences in the prevalence of DR-related
blindness and MSVI, and differences by sex.

MATERIALS/SUBJECTS AND METHODS
Preparation of data included first a systematic review of published
(between Jan 1, 1980, and Oct 1, 2018) population-based studies
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of vision impairment and blindness by the Vision Loss and Expert
Group (VLEG) that also included gray literature sources. Eligible
studies from this review were then combined with data from
Rapid Assessment of Avoidable Blindness (RAAB) studies. Data
from the US National Health and Nutrition Examination survey
and the World Health Organization (WHO) Study on Global
Ageing and Adult Health were contributed by the GBD team.
More detailed methods are published elsewhere [3, 13] and
briefly discussed as follows.

In total, VLEG identified 137 studies and extracted data from
70 studies in their 2010 review, and additional 67 studies in their
2014-18 review. Studies were primarily national and subnational
cross-sectional surveys. Additionally, the VLEG commissioned the
preparation of 5-year age-disaggregated RAAB data from the
RAAB repository. Studies were included if they met the following
criteria: visual acuity data had to be measured using a test chart
that could be mapped to the Snellen scale, and the sample had
to be representative of the population. Self-report of vision loss
was excluded. We used International Classification of Diseases
11™ (ICD-11) edition criteria for vision impairment, as used by
WHO, which categorises people according to vision in the better
eye on presentation, in which moderate vision impairment is
defined as a visual acuity of 6/60 or better but less than 6/18,
severe vision impairment as a visual acuity of 3/60 or better but
less than 6/60, and blindness as a visual acuity of less than 3/60
or less than 10° visual field around central fixation (although the
visual field definition is rarely used in population-based eye
surveys) [14].

First, we separated raw data into vision-loss envelopes for all-
cause mild, moderate, and severe vision impairment, and
blindness. Data were input into a mixed-effects meta-regression
tool developed by the Institute for Health Metrics and Evaluation
(IHME) called MR-BRT (meta regression; Bayesian; regularized;
trimmed) [15]. Presenting vision impairment was the reference
definition for each level of severity. Undercorrected refractive
error data were extracted directly from data sources where
available, and otherwise calculated by subtracting best-corrected
vision impairment from presenting vision impairment prevalence
for each level of severity in studies that reported both measures
for a given location, sex, age group, and year. All other causes
were quantified as part of the best-corrected estimates of vision
impairment at each level of severity.

We modeled distance vision impairment and blindness due to
the following causes: cataract, undercorrected refractive error,
age-related macular degeneration, myopic macular degeneration,
glaucoma, diabetic retinopathy, and other causes of vision
impairment (in aggregate). Minimum age for inclusion of data
for these causes was set at 20 years for cataract and diabetic
retinopathy, and 45 years for glaucoma and age-related macular
degeneration. Other vision impairment estimates were combined
with less prevalent causes of vision impairment to create a
residual category (e.g. retinopathy of prematurity, corneal
opacities or optic atrophy, trachoma).

We produced location, year, age, and sex-specific estimates of
MSVI and blindness using Disease Modeling Meta-Regression
(Dismod-MR) 2.1 [16]. The data processing steps are described
elsewhere [3]. Briefly, Dismod-MR 2.1 models were run for all
vision impairment by severity (moderate, severe, blindness)
regardless of cause and, separately, for MSVI and blindness due
to each modeled cause of vision impairment (e.g., MSVI due to
cataract and blindness due to cataract). Then, models of MSVI due
to specific causes were split into moderate and severe estimates
using the ratio of overall prevalence in the all-cause moderate
presenting vision impairment and severe presenting vision
impairment models. Next, prevalence estimates for all causes by
severity were scaled to the models of all-cause prevalence by
severity. This produced final estimates by age, sex, year, and
location for each individual cause of vision impairment by
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severity. We age-standardized our estimates using the GBD
standard population [17].

RESULTS

According to our estimates from 2020, approximately 1.07 million
(95% uncertainty intervals (Uls): 0.76, 1.51) people were blind and
nearly 3.28 million (95% Ul: 2.41, 4.34) had MSVI globally due to
DR (Table 1). An estimated 462,000 males and 611,000 females of
all ages, and 368,000 males and 494,000 females aged =50 years
had DR-related blindness in 2020 (Table 2). The number of males
and females (all ages) with DR-related MSVI in 2020 was 1.4
million and 1.8 million, respectively, whereas an estimated 1.3
million and 1.7 million people were aged 50 years and over
(Table 3). Higher prevalence rates of DR-related blindness were
seen among females aged 60 years and above, with the highest
rates observed in people aged >95 years. Higher prevalence rates
of DR-related blindness and MSVI were seen among females aged
60 years and above, with the highest rates observed in females
aged >95 years.

DR caused 2.50% (95% Ul: 1.77, 3.52) of blindness in 2020
worldwide. Regionally, the highest percentage of all DR-related
blindness was found in Latin America and Caribbean (6.95% [95%
Ul: 5.08, 9.51]) and High-Income super-regions (5.37% [95% UI:
3.86, 7.55]) (Table 1). The super-regions with the lowest
percentage of all DR-related blindness were Central Europe,
Eastern Europe, and Central Asia (0.97% [95% Ul: 0.67, 1.39]), and
Sub-Saharan Africa (0.98% [95% Ul: 0.69, 1.40]). DR caused 1.11%
(95% Ul: 0.82, 1.47) of MSVI in 2020 worldwide. North Africa and
Middle East (2.12% [95% Ul: 1.55, 2.79]), and Latin America and
Caribbean (1.84% [95% Ul: 1.36, 2.45]) were super-regions with
the highest percentage of all MSVI due to DR (Table 1).

In 2020, the global age-standardized prevalence of DR-related
blindness in those aged =50 years was 0.05% (95% Ul: 0.03, 0.07)
and 0.16% (95% Ul: 0.12, 0.21) for DR-related MSVI (Table 1). The
super-region with the highest age-standardized prevalence of DR-
related blindness was Latin American and Caribbean (0.15% [95%
Ul: 0.10, 0.21]). The lowest age-standardized prevalence of DR-
related blindness in 2020 was in Central Europe, Eastern Europe,
and Central Asia (0.01% [95% UI: 0.01, 0.01]). The super-regions
with the highest age-standardized prevalence of DR-related MSVI
in 2020 were North Africa and Middle East (0.41% [95% UI: 0.30,
0.55]), and Latin America and the Caribbean (0.30% [95% UI: 0.22,
0.40]). The lowest estimates were found in the High-Income
(0.08% [95% Ul: 0.06, 0.11]) and Central Europe, Eastern Europe,
and Central Asia (0.09% [95% UIl: 0.07, 0.13]) super-regions
(Table 1). Figure 1 presents the crude prevalence of blindness and
MSVI due to DR in 2020 across super-regions.

Between 2000 and 2020, the global percentage change in age-
standardized prevalence of DR-related blindness among adults
(=50 years) showed different trends for males and females
(Supplementary file, Table S1). For males, there was a minimal
decrease of —0.10% (95% Ul: —0.54, 0.34), while females
experienced an increase of +12.89% (95% Ul: 12.40, 13.38). An
overall increase in the age-standardized prevalence of DR-related
blindness among adults aged =50 years (both sexes) was found in
South Asia (+25.66% [95% Ul: 25.07, 26.24]), Southeast Asia, East
Asia and Oceania (4+15.36% [95% Ul: 14.80, 15.92]) and Sub-
Saharan Africa (+2.47% [95% Ul: 2.01, 2.94]). An increase of
+14.92% (95% Ul: 14.39, 15.45) in age-standardized prevalence of
DR-related blindness in South Asia from 2000 to 2020 was
observed for males, whiles females experienced even greater
gains with a rise of +34.68% (95% Ul: 34.04, 35.32). In Southeast
Asia, East Asia, and Oceania, the increase in age-standardized
prevalence of DR-related blindness from 2000 to 2020 was
+3.43% (95% Ul: 2.94, 3.91) for males, compared to +26.34%
(95% Ul: 25.72, 26.97) for females. In Sub-Saharan Africa, although
the overall age-standardized prevalence of DR-related blindness
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from 2000 to 2020 increased, a decrease was found among males
(—12.46% [95% Ul: —12.87, —12.04]) compared to females
(+16.79% [95% Ul: 16.27, 17.30]). All other super-regions
demonstrated a decrease in the age-standardized prevalence of
DR-related blindness (=50 years) from 2000 to 2020 overall. In
Central Europe, Eastern Europe and Central Asia, the age-
standardized prevalence of DR-related blindness decreased by
—21.99% (95% Ul: —22.41, —21.58) for males compared to
—3.15% (95% Ul: —3.61, —2.70) for females. In Latin America and
Caribbean, a decrease of —20.74% (95% Ul: —21.06, —20.41) was
observed in males, with a smaller decrease (—5.49% [95% UlI:
—5.86, —5.11]) among females. In the High-Income super-region,
a reduction of —15.73% (95% Ul: —16.13,—15.32) and —8.46%
(95% Ul: —8.83, —8.09) was found in males and females,
respectively. Supplementary file contains Figs. (S1-54) illustrating
the total number of cases (males and females) with DR-related
blindness and MSVI between 2000 and 2020, for all 21 GBD world
regions, including the global total for comparison.

From 2000 to 2020, there was a decrease in the global
percentage change in age-standardized prevalence of DR-related
MSVI (=50 years) among males (—0.93% [95% Ul: —1.29, —0.56]),
while females experienced an increase (+3.62% [95% Ul: 3.25,
3.99]). Between 2000 and 2020, the super-region of Southeast
Asia, East Asia, and Oceania showed an increase in the age-
standardized prevalence of DR-related MSVI for both males
(+1.17%, [95% Ul: 0.79, 1.55]) and females (+3.33%, [95% Ul: 2.95,
3.71]). In Sub-Saharan Africa, there was a decrease in the age-
standardized prevalence of DR-related MSVI among males
(—1.98%, [95% Ul:—2.34, —1.63]), whereas females experienced
an increase (+1.06%, [95% Ul: 0.69, 1.42]). All other super-regions
demonstrated a decrease in the age-standardized prevalence of
DR-related MSVI (=50 years) between 2000 and 2020 for both
sexes. The super-region of North Africa and the Middle East
showed the most notable decline in age-standardized DR-related
MSVI for both sexes (—15.35% [—15.66, —15.05]). Among males,
there was a decrease of —16.43% (95% Ul: —16.73, —16.12), while
females exhibited a —14.57% (95% Ul: —14.88, —14.26) decrease
(Supplementary file, Table S2).

The global percentage change in crude prevalence for DR-
related blindness between 2000 and 2020 was +1.41% (95% Ul:
—0.96, 1.85) in males compared to a+ 13.32% (95% Ul: 12.83,
13.80) increase in females, and +7.90% (95% Ul: 7.43, 8.36)
overall. The percentage change in crude prevalence of DR-related
MSVI was also higher among females (+3.56% (95% Ul: 3.18,
3.93)) compared to males (+1.31% (95% Ul: 0.93, 1.69)) globally
(Supplementary file, Tables S1, 2).

DISCUSSION
Although DR remains highly prevalent, the figures from 2020
show a slight decrease compared to those reported in 2010 [8]. In
2020, DR accounted for 2.5% of global blindness and 1.1% of
MSVI, down from 2.6% and 1.9%, respectively, in 2010. Leasher
et al. also showed that the highest age-standardized prevalence
of DR-related blindness and MSVI was in the super-regions of
North Africa/Middle East, Sub-Saharan Africa, and South Asia,
while the lowest prevalence was in High-Income regions [8]. An
increase in the numbers of people with DR-related blindness and
MSVI with a relatively unchanged age-standardized prevalence
from 2010 to 2020 may be attributed to the increasing population
and average age in most regions, coupled with falling death rates.
Our study found that DR-related blindness has increased more
among females than males in almost all super-regions. The largest
sex-related inequalities were found in South Asia, Southeast Asia,
East Asia and Oceania, and Sub-Saharan Africa. Though there are
age-adjusted declines in DR prevalence for some super-regions,
the overall global crude prevalence of both DR-related blindness
and DR-related MSVI for males, females, and overall has increased
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globally due to aging and growth of the population. These figures
represent the true burden of disease with which governments
must contend.

The factors contributing to these gender disparities are
multifaceted. One possible contributing factor is the difference
in average life expectancy between women and men. As women
tend to have a longer lifespan, they are consequently at greater
risk of developing DM and DR. In LMICs, women may have poorer
access to healthcare services compared to men [18, 19]. Other
factors that may contribute to disparities in eye health include,
lack of access to information and resources, and lower literacy
among females compared to males [20-22]. Pregnancy is another
factor that can accelerate the progression of DR in women [23].
Finally, DR has been linked to intake of the retinal carotenoids
lutein and zeaxanthin, and women are thought to have lower
retinal levels of lutein and zeaxanthin [24, 25]. The difference in
retinal levels of lutein and zeaxanthin between men and women
may be due to several factors including hormones, dietary
patterns, and variances in metabolic processes [25]. Factors such
as smoking might vary between women and men, contributing to
differences in retinal levels. This requires further investigation to
ascertain the precise causes behind the observed differences in
retinal levels between men and women. Action is needed to
improve female care and reduce the burden of DR-related
blindness and MSVI.

Teo et al. estimated that there would be 103.12 million people
with DR, 28.54 million people with vision-threatening DR, and
18.83 million people with clinically significant macular oedema in
2020 [26]. They found that the North America and Caribbean
(NAC) and Middle East and North Africa (MENA) showed
significantly higher prevalence of DR compared to other regions
[26]. Similarly, our results show that the Latin America and
Caribbean and North Africa, and Middle East super-regions
demonstrated the highest prevalence of DR-related blindness
and MSVI. This may be attributed to several factors such as limited
access to quality healthcare services, increased DM cases, and
inadequate management of DM. Although DR is estimated to
affect over 100 million people globally, our data from 2020 sug-
gests that less than 1.1 million are currently blind and less than
3.3 million are visually impaired. Compared to the 2010 data,
834,000 people were blind whereas 3.7 million were visually
impaired [8]. The decline in the number of people with MSVI from
2010, despite an increase in DR-related blindness may be due to
advancements in medical technology and treatments for DR. They
play a role in preventing the progression of the disease to more
severe stages, hence reducing the number of individuals with
MSVI. Additionally, increased awareness about DM and its ocular
complications might lead to earlier detection and intervention,
which could prevent or mitigate MSVI cases despite the rise in DR-
related blindness.

Blindness and MSVI can have a profound impact on quality of
life, impairing both mental and physical health, and social
independence [27]. As reported in the GBD Study 2019, blindness
and low vision was ranked eighth (contributing 3-8% [95% Ul 3.0,
4.9]) of all years lived with disability (YLDs) in people aged 50-69
years [13]. Among people aged 70 years and older, blindness and
low vision was ranked fourth (contributing 6-4% [5-4, 7-4] of all
YLDs) [13]. Furthermore, blindness and MSVI are associated with
reduced economic, educational, and employment opportunities
[28-30]. Economic productivity at the individual, family, commu-
nity, and national level is important to sustainable development.
An inability to work can diminish the productive capacity of the
economy by reducing the workforce. Iliness and disability can
contribute to productivity losses through absenteeism from work,
reduced productivity while at work or unemployment, including
job loss and early retirement [28-31]. The Lancet Global Health
Commission on Global Eye Health assessed the overall relative
reduction in employment by working-aged people with blindness
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a b

o

Fig. 1 Prevalence of blindness and moderate to severe visual impairment (MSVI) due to diabetic retinopathy (DR) in 2020 across seven
global burden of disease (GBD) super-regions. Crude prevalence of blindness and MSVI due to DR in 2020 by age, across seven world GBD
super-regions. a Crude prevalence of blindness due to DR in 2020 by seven world GBD super-regions by age. The graph demonstrates an
increase in prevalence with age, with notable variations between super-regions. The super-regions are represented by different coloured lines.
b Crude prevalence of MSVI in 2020 by seven world GBD super-regions by age. Similar to (a), the prevalence increases with age, highlighting
disparities among different super-regions. Each super-region is depicted by a distinct coloured line.
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