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Purpose: Vision impairment is a leading and largely preventable cause of disability worldwide. However, no
study of global and regional trends in the prevalence of vision impairment has been carried out. We estimated the
prevalence of vision impairment and its changes worldwide for the past 20 years.

Design: Systematic review.
Participants: A systematic review of published and unpublished population-based data on vision impairment

and blindness from 1980 through 2012.
Methods: Hierarchical models were fitted fitted to estimate the prevalence of moderate and severe vision

impairment (MSVI; defined as presenting visual acuity <6/18 but �3/60) and the prevalence of blindness (pre-
senting visual acuity <3/60) by age, country, and year.

Main Outcome Measures: Trends in the prevalence of MSVI and blindness for the period 1990 through 2010.
Results: Globally, 32.4 million people (95% confidence interval [CI], 29.4e36.5 million people; 60% women)

were blind in 2010, and 191 million people (95% CI, 174e230 million people; 57% women) had MSVI. The age-
standardized prevalence of blindness in older adults (�50 years) was more than 4% in Western Sub-Saharan
Africa (6.0%; 95% CI, 4.6%e7.1%), Eastern Sub-Saharan Africa (5.7%; 95% CI, 4.4%e6.9%), South Asia
(4.4%; 95% CI, 3.5%e5.1%), and North Africa and the Middle East (4.6%; 95% CI, 3.5%e5.8%), in contrast to
high-income regions with blindness prevalences of �0.4% or less. The MSVI prevalence in older adults was
highest in South Asia (23.6%; 95% CI, 19.4%e29.4%), Oceania (18.9%; 95% CI, 11.8%e23.7%), and Eastern
and Western Sub-Saharan Africa and North Africa and the Middle East (95% CI, 15.9%e16.8%). The MSVI
prevalence was less than 5% in all 4 high-income regions. The global age-standardized prevalence of blindness
and MSVI for older adults decreased from 3.0% (95% CI, 2.7%e3.4%) worldwide in 1990 to 1.9% (95% CI,
1.7%e2.2%) in 2010 and from 14.3% (95% CI, 12.1%e16.2%) worldwide to 10.4% (95% CI, 9.5%e12.3%),
respectively. When controlling for age, women’s prevalence of blindness was greater than men’s in all world
regions. Because the global population has increased and aged between 1990 and 2010, the number of blind has
increased by 0.6 million people (95% CI, �5.2 to 5.3 million people). The number with MSVI may have increased
by 19 million people (95% CI, �8 to 72 million people) from 172 million people (95% CI, 142e198 million people)
in 1990.

Conclusions: The age-standardized prevalence of blindness and MSVI has decreased in the past 20 years.
However, because of population growth and the relative increase in older adults, the blind population has been
stable and the population with MSVI may have increased.
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Vision impairment and age-related eye diseases affect
economic and educational opportunities, reduce quality of life,1

and increase the risk of death.2,3 The World Health Organiza-
tion estimated that vision loss caused 3.9% of the total global
burden of disease measured as disability-adjusted life years in
2004.4 A further update estimated that 39 million people were
blind and 285 million were visually impaired in 2010.5
� 2013 by the American Academy of Ophthalmology
Published by Elsevier Inc.
Estimating trends in the global burden of blindness and
vision impairment is important for several reasons that
include understanding areas of unmet need and the effects of
interventions such as cataract surgery. Published estimates
of vision impairment and blindness have combined the most
recent data available for each world region without
accounting for changes in vision impairment prevalence
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over time.5e7 In addition, the most recent estimates did not
estimate the prevalence of vision impairment by sex.5

Previously, we reported the methodology and the char-
acteristics of studies included in the systematic review of
published literature and some unpublished data from
population-based studies that reported prevalence of blind-
ness and vision impairment dating from 1980.8 This was
undertaken by the expert group convened for the Global
Burden of Diseases, Injuries and Risk Factors (GBD)
Study, which collated published data up to December
2008. We subsequently extended the review to include
published data sources up to January 2012.8 This work
highlighted the uneven distribution of population-based
data on the prevalence of vision impairment worldwide.
The purpose of this study was to provide global estimates of
the prevalence of presenting vision impairment and blind-
ness and their trends using the prevalence data identified in
our systematic review.

Methods

We estimated 1990 through 2010 trends in vision impairment
prevalence and their uncertainties, by sex, for 190 countries in the
21 GBD subregions (Appendix A, Table A1, available at http://
aaojournal.org).9 We estimated the prevalence of 4 extended
categories of vision impairment (Table 1; Appendix A, Text A1)
and highlighted the prevalence of 2 core categories: blindness
and the sum of moderate and severe vision impairment (MSVI).
Vision impairment prevalence was based on presenting visual
acuity. Our analysis was carried out in 5 steps: (1) data
identification and access; (2) conversion of vision impairment
data to 2 core levels (blindness and MSVI); (3) estimation of
age-specific vision impairment prevalence when data were not
reported by age; (4) selection and use of a statistical model to
estimate the prevalence of blindness and MSVI by country, age,
sex, and year; and (5) conversion from the prevalence of MSVI to
the prevalence of severe, moderate, and mild vision impairment.

Data Identification, Access, and Extraction

We considered measured vision impairment data from epidemio-
logic studies identified in a systematic review. Bourne et al8

reviewed the published literature and unpublished data that were
identified by members of the expert group convened for the
GBD Study, identifying 243 studies. After excluding 16 studies
Table 1. Levels of Visual Acuity Estimated in the Study8

Level

Presenting
Visual Acuity* in
the Better Eye

Mild vision impairment <6/12 but 6/18 or better
Moderate vision impairment <6/18 but 6/60 or better
Severe vision impairment <6/60 but 3/60 or better
Blindness <3/60 and/or a visual field

of no more than 10�
in radius around central
fixation

*Snellen visual acuity or the equivalent calculated from published
logarithm of the minimum angle of resolution values.
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that did not report prevalence of distance vision impairment or
used a definition of vision impairment for which we could not
develop a method for inclusion and one study for which we did
not have covariate data, 227 studies in 84 countries remained
(Appendix A, Text A2; Table A2). Data on both presenting and
best-corrected visual acuity were extracted and used.

Conversion to Core Definitions of Visual Acuity

Not all prevalence data reported in the literature use the definitions
of vision impairment selected for this study. To include prevalence
data reported using other definitions of vision impairment, we
developed logistic regressions to convert the prevalence of vision
impairment using other severity thresholds to the core categories
used in this analysis. We developed 4 regressions to convert 2
commonly used definitions of blindness (visual acuity <6/60 and
visual acuity �6/60) to our definition of blindness, and we con-
verted 2 commonly reported definitions of vision impairment
(visual acuity <6/18 and visual acuity <6/12) to our definition of
MSVI (further details are available in Appendix A, Text A3; see
also Table A3 and Figs A1, A2, A3, and A4).

Conversion to Age-Specific Data

If data were reported by age, age-specific prevalence of vision
impairment was used. In some cases, the prevalence of vision
impairment was reported for a wide age group such as all ages or
adults 50 years of age and older. We fitted 2 universal age patterns,
1 for the prevalence of blindness and 1 for the prevalence of MSVI,
using study data that were available by age. We then applied the
fitted age patterns to data that were available only by wide age
group to calculate prevalence by 5-year age intervals. We did so by
ensuring that the age-specific prevalence values summed to the
reported wide age range prevalence when weighted by the coun-
try’s population by age. Further details are available in Appendix
A, Text A4.

Statistical Analysis of Vision Impairment Data

We fitted 2 hierarchical logistic regressions to estimate vision
impairment prevalence over time by age group, sex, and
country.10,11 We fitted 1 model for the prevalence of blindness and
1 model for the prevalence of MSVI to reflect differences in
geographic patterns and trends for the 2 levels of vision impair-
ment. By using a hierarchical model, estimates of vision impair-
ment were informed both by study data from the same country, if
available, and by study data from other countries. The relative
weight given to the data from the same country versus from other
countries in the same region versus from countries in other regions
was informed by the availability and consistency of the within-
country data compared with the availability and consistency of
data from different countries in the same region and with data from
different regions. We summarize our model below and provide
complete details in Appendix A, Text A5.

We used a model in which vision impairment levels in countries
were modeled hierarchically to be nested in each of the 21 GBD
subregions, which in turn were nested in 4 world regions (shown in
Appendix A, Table A1). We modeled hierarchical linear trends
over time, allowing for region-specific trends in the prevalence
of vision impairment in 4 world regions. The difference in prev-
alence by sex likewise was modeled hierarchically in 4 world
regions, which allows for differences in sex disparities in under-
lying risk of vision impairment or access to ophthalmologic care.
Because vision impairment may not increase linearly by age, we
modeled age as a 3-piece linear spline with knots at ages 40 years
and 70 years.

http://aaojournal.org
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Studies may vary more than indicated by their statistical
uncertainty because of unmeasured design effects. In addition,
subnational and community studies have larger variation than
national studies. Our model includes study-specific error terms,
which have a larger variance for subnational and community
studies, thereby allowing national studies to have a greater influ-
ence on estimates. Studies carried out in urban or rural areas also
may differ systematically from studies carried out in mixed pop-
ulations. We included fixed effects for urban and rural studies for
the blindness model; for the MSVI model, we found that these
effects were not significant and therefore excluded them.

Some studies reported the prevalence of vision impairment after
each subject was provided with the best-available correction.
Others measured and reported the prevalence of vision impairment
with subjects using any normally used visual aids (called pre-
senting visual acuity), and still others reported both types of vision
impairment. We accounted for this in our model by fitting a fixed
effect for data recording presenting visual acuity. We allowed this
difference to vary in the South Asia region, where the ratio of
presenting and best-corrected visual acuity was larger than in other
world regions.

We used time-varying covariates that reflect each country’s
development status to inform estimates. We evaluated 3 country-
specific covariates for which a complete dataset for 190 countries
from 1980 through 2011 was available: gross domestic product per
capita,12 mean years of adult education,13 and a variable
representing access to health care (Lancet 2011;377:969-70.
[Webappendix p. 85]). To select the model that made the most
accurate predictions for countries without data, we calculated the
predictive validity of all combinations of the candidate covariates
using cross-validation. Specifically, for each of 10 validation sets
comprising a random set of 20% of countries with data, we fitted
each candidate model to the remaining training set and used the
resulting model to predict prevalences for each country-age-sex-
severity group in the validation set. The differences between
these predicted prevalences and the known but excluded preva-
lences were used to calculate the median relative error (Appendix
B, Table B1, available at http://aaojournal.org). For both blindness
and MSVI, the best performing model used only mean years of
adult education and health care access as covariates.

We fitted our model with a maximum likelihood algorithm, as
implemented in R version 2.14.1 with the lme4 package (available
at: http://cran.r-project.org/web/packages/lme4/index.html and
http://www.r-project.org/; accessed May 4, 2012). To generate
estimates of uncertainty, we followed a bootstrap procedure. For
each model (blindness and MSVI) we created 500 data sets by
drawing vision impairment studies with replacement, such that each
dataset had the same number of studies as the complete dataset. We
then fitted each model 500 times, once for each resampled dataset.
For countries with no data in the bootstrap sample, and thus without
an estimate of the country-specific random effect, we randomly
generated a country-specific effect using the observed standard
deviation of country random effects in that bootstrap sample’s fitted
model (further details in Appendix A, Text A5). We then predicted
blindness and MSVI prevalence for each country-sex-age-year unit
using the predicted coefficients of the model fit with the full dataset
and the 500 bootstrap models, predicting for presenting vision
impairment in a mixed urban and rural population (Appendix A,
Text A5). A graphical presentation of the model fits can be found
in Appendix C (available at http://aaojournal.org).

Finally, we predicted the prevalence of severe, moderate, and
mild vision impairment for the central estimate, for each draw, and
for each country, year, age, and sex. We fitted logistic regressions
to convert the prevalence of blindness and MSVI (further details
are available in Appendix A, Text A5 and Figs A5, A6, and A7),
naturally propagating uncertainty in the models of blindness and
MSVI presented earlier. To obtain global and regional estimates,
we combined the country predictions for the central estimate and
each draw, age, and sex, weighting each country prediction by
its population in the relevant age and sex category. We present
uncertainty intervals in summary estimates as the 2.5the97.5th
percentiles of the distribution of draws.

We also calculated uncertainty around trends in vision impairment
by creating (for each draw) age-standardized total vision impairment
estimates for all ages and for ages 50years andolder for 1990and 2010
and for all countries, regions, and the world. We calculated trends as
the difference between the 1990 and the 2010 age-standardized
prevalence. We present the 2.5th and 97.5th percentiles of the differ-
ences as the uncertainty interval for the time trend.

For presentation, we report age-standardized prevalences using
the World Health Organization reference population.14 We also
calculated numbers of people with vision impairment, which
reflected each region’s population size, age structure, and vision
impairment prevalence. Finally, we decomposed changes in
population with vision impairment into growth in total population,
change in population age and sex structure, and sex-specific
disease rates, as described previously.15

Results

Global Estimates of the Burden of Vision
Impairment in 2010

Globally, 32.4 million people (95% confidence interval [CI],
29.4e36.5 million people; 0.5% of the global population [95% CI,
0.4%e0.5% of the global population]) were blind in 2010, of
whom 19.6 million (95% CI, 17.7e22.1 million; 60%) were
women (Table 2, available at http://aaojournal.org). The largest
number of blind people resided in South Asia (10.6 million; 95%
CI, 8.4e12.5 million), followed by East Asia (5.2 million; 95%
CI, 4.5e6.5 million), and Southeast Asia (3.5 million; 95% CI,
2.7e4.1 million). The prevalence of blindness varied from 0.1%
(95% CI, 0.1%e0.2%) in the North America high-income region
to 0.7% (95% CI, 0.5%e0.9%) in the North Africa and Middle
East region (data by sex in Appendix B, Table B2).

An additional 191 million people (95% CI, 174e230 million
people) had MSVI (2.8% of the global population; 95% CI, 2.5%e
3.3% of the global population), of whom 109million people (95%CI,
99e130 million people; 57%) were women. The largest number of
visually impaired resided in South Asia (72 million; 95% CI, 58e93
million), followed by East Asia (33 million; 95% CI, 26e41 million)
and Southeast Asia (18 million; 95% CI, 15e27 million). Of those
with MSVI, 30 million people (95% CI, 1.4e157 million; 16%) had
a severe vision impairment, and 161million people (95%CI, 41e211
million) had a moderate vision impairment. The prevalence of MSVI
varied from 0.9% (95% CI, 0.7%e1.6%) in the North America high-
income region to 4.5% (95% CI, 3.6%e5.8%) in the South Asia
region.We estimated mild vision impairment fromMSVI prevalence,
calculating that 155 million people (95% CI, 64e354 million people)
worldwide had mild vision impairment in 2010.

The burden of vision impairment was greatest among those 50
years of age and older (Fig 1; Table 3 and Appendix B, Table B3).
Within this age category were 84.6% of blind people and 77.5% of
those with MSVI.

Interregional Disparities

The prevalence of vision impairment varied because of differences
in regional age structures, and epidemiologic differences. To
compare patterns and trends in the prevalence of vision impairment
2379

http://aaojournal.org
http://cran.r-project.org/web/packages/lme4/index.html
http://www.r-project.org/
http://aaojournal.org
http://aaojournal.org


0

5000

10000

15000

20000

25000

0 10 20 30 40 50 60 70 80 90 100

MSVI

0

1000

2000

3000

4000

0 10 20 30 40 50 60 70 80 90 100
Age

Blind

N
um

be
r o

f p
eo

pl
e 

(1
00

0s
)

Region

High−income and
Central/Eastern Europe
East and Southeast
Asia and Oceania
South and Central
Asia
Sub−Saharan
Africa
North Africa and
Middle East
Latin America and
Caribbean

Figure 1. Graph showing the global populationof blindpersons and thosewith
moderate and severe vision impairment by region and age. The 21 subregions
used in this study (and listed in Table 1A) are combined into 6 groups.
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without being confounded by the age structure, we calculated age-
standardized prevalences. We focused on prevalence among adults
50 years and older (hereafter referred to as older adults) who
experienced the largest burden of vision impairment.

The age-standardized prevalence of blindness and MSVI was
far higher in some developing regions than in high-income regions
(Fig 2; data by sex in Appendix B, Table B4). The prevalence of
blindness among older adults was greater than 4% in 4 regions
in 2010: Western Sub-Saharan Africa (6.0%; 95% CI, 4.6%e
7.1%), Eastern Sub-Saharan Africa (5.7%; 95% CI, 4.4%e6.9%),
South Asia (4.4%; 95% CI, 3.5%e5.1%), and North Africa and the
Middle East (4.6%; 95% CI, 3.5%e5.8%). The blindness preva-
lence was lowest in high-income regions with figures of 0.4% or
less. The prevalence of MSVI was highest in South Asia (23.6%;
95% CI, 19.4%e29.4%), Oceania (18.9%; 95% CI, 11.8%e
23.7%), Western Sub-Saharan Africa (16.6%; 95% CI, 13.7%e
21.0%), North Africa and the Middle East (16.8%; 95% CI,
14.1%e21.4%), and Eastern Sub-Saharan Africa (15.9%; 95% CI,
13.1%e19.6%). In a similar manner, the MSVI prevalence was
lowest (<5%) in all 4 high-income regions, where it was 5 times
lower than in South Asia. Although the age-standardized preva-
lences of adult blindness and MSVI were correlated with each
other (r ¼ 0.82), the blind made up a greater proportion of the
visually impaired in Sub-Saharan Africa and in the North Africa
and Middle East region than in other regions (Fig 3, available at
http://aaojournal.org).
Table 3. Global Numbers Affected and Prevalenc

Age Range (yrs)

Blind

Prevalence (%) No. (Millions)

Males
0e49 0.08 (0.07e0.09) 2.2 (1.9e2.5)
50e69 0.85 (0.74e0.97) 4.5 (3.9e5.1)
�70 4.2 (3.7e4.8) 6.2 (5.5e7)

Females
0e49 0.10 (0.09e0.12) 2.8 (2.4e3.2)
50e69 1.1 (1.0e1.3) 6.2 (5.5e7.1)
�70 5.3 (4.8e6.0) 10.6 (9.6e12.1

95% Confidence intervals are shown in parentheses.
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Sex Disparities

More women than men were visually impaired. When controlling
for age, women’s prevalence of blindness was greater than men’s
in all world regions (Fig 4). For blindness, the relative sex disparity
was greatest in the high-income regions, with an adult age-
standardized prevalence of blindness in women more than 1.5
times higher than the age-standardized prevalence of blindness in
men. The sex disparity was lowest in the Sub-Saharan African
regions, with blindness in women approximately 1.11 to 1.13 times
greater than blindness in men, and the South Asia region, where
adult blindness was 1.26 times greater in women. In all regions, the
age-standardized adult prevalence of MSVI was 1.1 to 1.2 times
greater in women than in men.

Distribution of Blindness and Vision Impairment by
Country

The age-standardized prevalence of older adult blindness was
highest in Yemen and 7 Sub-Saharan African countries: Niger,
Mauritania, Mali, Chad, Somalia, Ethiopia, and Burkina Faso, all
with prevalences of more than 8% (Appendix B, Table B5). The
highest prevalence of MSVI was found in Egypt, Myanmar, and
Afghanistan, 3 countries that had prevalences of 28% or more in
their older adult population.

The most populated countries also have a large burden of blind
and visually impaired people. More than half of the world’s blind
lived in 5 countries: India (8.3 million people; 95% CI, 6.6e9.7
million people), China (5.2 million people; 95% CI, 4.4e6.3
million people), Indonesia (1.5 million people; 95% CI, 0.9e1.8
million people), Pakistan (1.2 million people; 95% CI, 0.8e1.6
million people), and Nigeria (1.0 million people; 95% CI, 0.6e1.2
million people). Of the global population with MSVI, 31% lived in
India and another 17% lived in China, followed by Pakistan and
Indonesia.

Global Trends in Vision Impairment from 1990
through 2010

The global age-standardized prevalence of blindness among older
adults decreased from 3.0% (95% CI, 2.7%e3.4%) in 1990 to 1.9%
(95%CI, 1.7%e2.2%) in 2010, a decrease of 0.5% (95%CI, 0.4%e
0.8%) per decade (Fig 2). During the same period, the global age-
standardized prevalence of MSVI among older adults decreased
from 14.3% (95% CI, 12.1%e16.2%) to 10.4% (95% CI, 9.5%e
12.3%), a decrease of 2.0% (95% CI, 0.4%e2.8%) per decade.

We estimated a statistically significant decrease in the age-
standardized prevalence of blindness and MSVI among older
adults in all regions, with the largest absolute decreases in North
e of Visual Impairment by Age and Sex, 2010

Moderately and Severely Visually Impaired

Prevalence (%) No. (Millions)

0.72 (0.63e0.91) 20 (18e26)
6.6 (5.9e7.9) 35 (31e42)
18.8 (17.0e22.0) 28 (25e33)

0.89 (0.78e1.1) 24 (21e30)
7.9 (7.2e9.5) 43 (39e52)

) 20.9 (19.1e24.6) 42 (38e49)

http://aaojournal.org


Figure 2. Graphs showing age-standardized prevalence of blindness and moderate and severe vision impairment (MSVI) by subregion and sex for 1990
and 2010.
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Africa and the Middle East and in South Asia for MSVI (�4.0%
per decade) and in the same 2 regions plus Southeast Asia and the 4
Sub-Saharan African regions for blindness (all experienced
declines of at least 1% per decade).

Because of increases in the proportion of older adults in the
world population, the overall prevalence of blindness and MSVI
has decreased less than adult age-standardized prevalences. In
1990, 0.6% (95% CI, 0.5%e0.7%) of the all-age global population
was blind; this decreased to 0.5% (95% CI, 0.4%e0.5%) in 2010.
Globally, 3.2% (95% CI, 2.7%e3.7%) of the population had MSVI
in 1990, decreasing to 2.8% (95% CI, 2.5%e3.3%) in 2010.
Because the global population has increased since 1990, the
number of blind was stable at 31.8 million (95% CI, 28.2e36.8
million) in 1990 and 32.4 million (95% CI, 29.4e36.5 million) in
2010, a difference of 0.6 million (95% CI, �5.2 to 5.3 million;
Table 4). The number with MSVI may have increased by 19
million people (95% CI, �8 to 72 million people) from 172
million people (95% CI, 142e198 million people) in 1990.

Discussion

We found that 32.4 million people worldwide were blind in
2010 and that 191 million people had MSVI, with the
2381
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largest number in South Asia, followed by East Asia and
Southeast Asia. The global age-standardized prevalence of
blindness and MSVI among adults 50 years of age and older
decreased worldwide from 3.0% to 1.9% and from 14.3% to
10.4%, respectively; however, because of the rapid increase
in the older adult population, the number of people blind
and with MSVI did not decrease.

Our study follows previous meta-analyses of vision
impairment data. Thylefors et al16 summarized global data
on blindness in 1995. Using data on best-corrected visual
acuity, they estimated that there were 38 million blind
people and a further 110 million people with low vision in
1990. They postulated an increase in the prevalence of
blindness because of the increasing proportion of older
adults in the global population. Seven years later, Resnikoff
et al7 performed a meta-analysis and reported global data on
vision impairment in 2002. They estimated the number of
people with vision impairment worldwide was in excess of
161 million, of whom approximately 37 million were blind.
According to their study, the burden of vision impairment
was not distributed uniformly throughout the world, with the
least developed regions carrying the largest share. Vision
impairment largely was confined to adults 50 years of age
and older, and women had a significantly higher risk of
having vision impairment than men. In the same year,
Pascolini et al17 performed a literature search and included
208 population-based studies on vision impairment from
Table 4. Global Trends in Numbers of People Blind or Visually Im
Population Growth, Population Ageing, and Change in Age

No. of persons in 1990 (millions)
No. expected with 2010 population, 1990 population age structure, and 1990
No. expected with 2010 population, 2010 population age structure, and 1990
No. of persons in 2010 (millions)
Percentage change from 1990 because of population growth
Percentage change from 1990 because of population ageing
Percentage change from 1990 because of change in age-specific prevalence
Percentage change from 1990 to 2010
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68 countries. Based on these studies, Resnikoff et al6

reported that an estimated 153 million people (95% CI,
123e184 million people) were visually impaired from
uncorrected refractive errors in 2004. Finally, the
prevalence of blindness and MSVI found in our study
agrees with the recent analysis by Pascolini and Mariotti,5

who performed a meta-analysis of recent data on vision
impairment based on presenting visual acuity. Including
surveys from 39 countries, Pascolini and Mariotti estimated
that in 2010, 285 million people were visually impaired, of
whom 39 million were blind. These figures are within our
uncertainty range for most world regions. The main
discrepancy is for China, where Pascolini and Mariotti
estimated 8.2 million blind people and 67.2 million people
with MSVI in 2010 versus our estimates of 5.4 million
people (95% CI, 4.5e6.5 million people) and 32.4 million
people (95% CI, 24.1e42.3 million people), respectively.
Our estimates for China synthesize 23 subnational and local
studies and 1 national study from 1987 (Appendix A,
Table A2) and include an estimate of trends over time,
whereas Pascolini and Mariotti based their estimates on 2
subnational studies, 1 representative of a rural area and 1
representative of an urban area.18,19 Although there are
many high-quality subnational studies of vision impairment
prevalence in China, there is a risk that estimates are biased
if studies are concentrated in areas with better access to
treatment or higher socioeconomic status; a new nationally
representative study of China would clarify the current
prevalence of vision impairment and blindness.

In our study, we estimated the change in the prevalence
of blindness and MSVI and found a decrease in both
parameters. However, because of the worldwide demo-
graphic transition, with older adults growing in relative and
absolute numbers in every country and region of the world,
we estimated that the number of people with vision
impairment, including blindness, has increased since 1990
(Table 4). This indicates that measures to reduce blindness
and vision impairment were successful but were
insufficient to counteract the demographic trends of the
past 2 decades.

In all regions worldwide, women had a higher age-
standardized prevalence of vision impairment and blind-
ness than men. Interestingly, the relative sex difference was
greatest in the high-income regions and lowest in the Sub-
Saharan African regions. This finding is consistent with
a meta-analysis of data published from 1980 to 1999: Abou-
paired between 1990 and 2010 and the Change Attributable to
-Specific Prevalence of Blindness or Visual Impairment

Blind
Moderate and Severe
Vision Impairment

31.8 172.0
prevalence (millions) 41.4 223.9
prevalence (millions) 50.9 268.0

32.4 191.0
30% 30%
30% 26%

�58% �45%
2% 11%
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Gareeb et al20 found that, after controlling for age, the odds
ratio of blindness was highest in industrialized countries
(1.63; 95% CI, 1.30e2.05) and lowest in Africa (1.41;
95% CI, 1.29e1.545). The authors hypothesized that
a lower female-to-male ratio may be present in African
regions affected by onchocerciasis. Other explanations for
the observed geographical variations in sex difference may
include factors such as accessibility or use of eye-care
services, which are known to vary by culture and socio-
economic development.

Potential limitations of our study should be mentioned.
First, the main limitation of our study is that many country-
years remained without data or had only subnational data.
Only a few national studies for all ages were available,
whereas most surveys in the past 20 years were rapid
assessments for ages 50 years and older.8 In particular, there
remains a dearth of information from certain regions such as
high-income countries, Central and Eastern Europe, the
Caribbean and Latin America, and Central Sub-Saharan
Africa. The weaknesses in the available databases from
these regions have led to increased uncertainty of the
calculated prevalence of blindness and MSVI for these
regions, reflected in their larger 95% CIs (Table 2, available
at http://aaojournal.org). Second, some data sources did not
report prevalence by age. To use these data, we imputed
age-specific prevalence, assuming that the study partici-
pants’ age distribution matched the population age pattern in
the country where the study was carried out. Third, to use
data on best-corrected vision impairment in our model, we
estimated a fixed proportional relationship between best-
corrected and presenting vision impairment. We allowed
this parameter to vary in the South Asia region. Insofar as
this relationship varies by population group outside of South
Asia or over time, the inference we draw from studies
reporting only best-corrected vision impairment (20% of
studies; Appendix A, Table A2) would be affected. Fourth,
some data sources used definitions of vision impairment that
differed from those in this study or did not report blindness
or MSVI. Conversion from alternate definitions to blindness
and MSVI definitions used in this report allowed us to use
more data sources but caused increased uncertainty. The
strengths of our study included the large amount of
population-based data accessed and used, analysis of
trends in vision impairment by severity, systematic
conversion of vision impairment prevalence data to standard
definitions, incorporation of nonlinear age trends and
accounting for data that were not reported by age,
accounting for study representativeness such that our esti-
mates used all available data but tracked data from nation-
ally representative studies more closely, and systematic
quantitative analysis and reporting of uncertainty. The large
network of ophthalmologic researchers involved in identi-
fication and evaluation of data sources ensured that we were
able to access unpublished materials and to reanalyze pub-
lished studies, that all major studies of vision impairment
were evaluated for inclusion in our dataset, and that low-
quality studies were excluded from our analysis.

To improve the precision of the estimates and trends of
the global prevalence of blindness and vision impairment,
more nationally representative surveys of vision impairment
prevalence are needed. These studies should follow strict
epidemiologic principles applying the standardized defini-
tions of vision impairment using presenting visual acuity as
defined by the World Health Organization and, importantly,
should report their results by age and sex. Data on children
are particularly sparse; new methods for determining the
prevalence of childhood blindness should be validated and
expanded.21,22 The prevalence of mild vision impairment
and near vision impairment should be measured and re-
ported to generate more accurate estimates of the total
burden of vision impairment. Accurate national registries
and increased surveillance of blindness and vision impair-
ment are critical components that contribute to the infor-
mation in national and subnational studies. Studies using
rapid assessment methods can complement surveys using
more comprehensive ophthalmic examinations.

In conclusion, in 2010, 191 million people had MSVI
and 32.4 million people were blind worldwide. The preva-
lence of vision impairment, including blindness and MSVI,
was highest in South Asia, East and West Sub-Saharan
Africa, and North Africa and the Middle East. Women
were affected more often by vision impairment and blind-
ness compared with men, with the relative sex disparity
being larger in high-income regions than in Sub-Saharan
Africa. The prevalence of blindness and MSVI has been
reduced markedly within the past 20 years, with greater
reduction in absolute terms in low-income regions.
References

1. Ramrattan RS, Wolfs RC, Panda-Jonas S, et al. Prevalence and
causes of visual field loss in the elderly and associations with
impairment in daily functioning: the Rotterdam Study. Arch
Ophthalmol 2001;119:1788–94.

2. McCarty CA, Nanjan MB, Taylor HR. Vision impairment
predicts 5 year mortality. Br J Ophthalmol 2001;85:322–6.

3. Taylor HR, Katala S, Muñoz B, Turner V. Increase in
mortality associated with blindness in rural Africa. Bull World
Health Organ 1991;69:335–8.

4. The Global Burden of Disease: 2004 update. Geneva: World
Health Organization; 2008:40e49, 60. Available at: http://
www.who.int/healthinfo/global_burden_disease/GBD_report_
2004update_full.pdf. Accessed April 9, 2013.

5. Pascolini D, Mariotti SP. Global estimates of visual impair-
ment: 2010. Br J Ophthalmol 2012;96:614–8.

6. Resnikoff S, Pascolini D, Mariotti SP, Pokharel GP. Global
magnitude of visual impairment caused by uncorrected refrac-
tive errors in 2004. Bull World Health Organ 2008;86:63–70.

7. Resnikoff S, Pascolini D, Etya’ale D, et al. Global data on
visual impairment in the year 2002. Bull World Health Organ
2004;82:844–51.

8. Bourne R, Price H, Taylor H, et al; Global Burden of Disease
Vision Loss Expert Group. New systematic review method-
ology for visual impairment and blindness for the 2010 Global
Burden of Disease study. Ophthalmic Epidemiol 2013;20:33–9.

9. Rajaratnam JK, Marcus JR, Flaxman AD, et al. Neonatal,
postneonatal, childhood, and under-5 mortality for 187 coun-
tries, 1970e2010: a systematic analysis of progress towards
Millennium Development Goal 4. Lancet 2010;375:1988–2008.

10. Gelman A. Multilevel (hierarchical) modeling: what it can and
cannot do. Technometrics 2006;48:432–5.
2383

http://aaojournal.org
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref1
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref1
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref1
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref1
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref2
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref2
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref3
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref3
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref3
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GBD_report_2004update_full.pdf
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref4
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref4
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref5
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref5
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref5
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref6
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref6
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref6
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref7
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref7
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref7
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref7
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref8
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref8
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref8
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref8
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref8
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref9
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref9
https://www.researchgate.net/publication/51846326_Global_Estimates_of_Visual_Impairment_2010?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/51846326_Global_Estimates_of_Visual_Impairment_2010?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/5615885_Global_magnitude_of_visual_impairment_caused_by_uncorrected_refractive_errors_in_2004?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/5615885_Global_magnitude_of_visual_impairment_caused_by_uncorrected_refractive_errors_in_2004?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/5615885_Global_magnitude_of_visual_impairment_caused_by_uncorrected_refractive_errors_in_2004?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/21261498_Increase_in_mortality_associated_with_blindness_in_rural_Africa?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/21261498_Increase_in_mortality_associated_with_blindness_in_rural_Africa?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/21261498_Increase_in_mortality_associated_with_blindness_in_rural_Africa?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==


Ophthalmology Volume 120, Number 12, December 2013
11. Gelman A, Hill J. Data analysis using regression and multilevel/
hierarchical models. New York: Cambridge University Press;
2007: 625.

12. James SL, Gubbins P, Murray CJ, Gakidou E. Developing
a comprehensive time series of GDP per capita for 210 coun-
tries from 1950 to 2015. Popul Health Metr [serial online]
2012;10:12. Available at: http://www.pophealthmetrics.com/
content/10/1/12. Accessed April 9, 2013.

13. Gakidou E, Cowling K, Lozano R, Murray CJ. Increased
educational attainment and its effect on child mortality in 175
countries between 1970 and 2009: a systematic analysis.
Lancet 2010;376:959–74.

14. Ahmad O, Boschi-Pinto C, Lopez AD, et al. Age standardi-
zation of rates: a new WHO standard. World Health Organi-
zation; 2001. GPE Discussion Paper Series: No. 31. Available
at: http://www.who.int/healthinfo/paper31.pdf. Accessed April
9, 2013.

15. Lozano R, Naghavi M, Foreman K, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet 2012;380:2095–128.
2384

The author has requested enhancement of the downloaded file. All in-tThe author has requested enhancement of the downloaded file. All in-t
16. Thylefors B, Negrel AD, Pararajasegaram R, Dadzie KY.
Global data on blindness. Bull World Health Organ 1995;73:
115–21.

17. Pascolini D, Mariotti SP, Pokharel GP, et al. 2002 global
update of available data on visual impairment: a compilation of
population-based prevalence studies. Ophthalmic Epidemiol
2004;11:67–115.

18. Zhao J, Ellwein LB, Cui H, et al. Prevalence of vision
impairment in older adults in rural China: the China Nine-
Province Survey. Ophthalmology 2010;117:409–16.

19. Li L, Guan H, Xun P, et al. Prevalence and causes of visual
impairment among the elderly in Nantong, China. Eye (Lond)
2008;22:1069–75.

20. Abou-Gareeb I, Lewallen S, Bassett K, Courtright P. Gender
and blindness: a meta-analysis of population-based prevalence
surveys. Ophthalmic Epidemiol 2001;8:39–56.

21. Cama AT, Sikivou BT, Keeffe JE. Childhood visual impair-
ment in Fiji. Arch Ophthalmol 2010;128:608–12.

22. Muhit MA, Shah SP, Gilbert CE, et al. The key informant
method: a novel means of ascertaining blind children in
Bangladesh. Br J Ophthalmol 2007;91:995–9.
Footnotes and Financial Disclosures
Originally received: January 11, 2013.
Final revision: May 23, 2013.
Accepted: May 23, 2013.
Available online: July 11, 2013. Manuscript no. 2013-61.
1 Department of Health Statistics and Information Systems, World Health
Organization, Geneva, Switzerland.
2 Department of Genes and Environment, Norwegian Institute of Public
Health, Oslo, Norway.
3 School of Computer Science & Heinz College, Carnegie Mellon
University, Pittsburgh, Pennsylvania.
4 Vision & Eye Research Unit, Postgraduate Medical Institute, Anglia
Ruskin University, Cambridge, United Kingdom.
5 Department of Ophthalmology, Universitätsmedizin, Mannheim, Medical
Faculty Mannheim, Heidelberg University, Mannheim, Germany.
6 Centre for Eye Research Australia, University of Melbourne, Melbourne,
Australia.
7 College of Optometry, Nova Southeastern University, Fort Lauderdale,
Florida.
8 African Vision Research Institute, University of Kwazulu-Natal, South
Africa & Brien Holden Vision Institute, Sydney, Australia.
9 NHMRC Centre for Clinical Eye Research, Flinders University, Adelaide,
Australia.
10 International Health and Development, Geneva, Switzerland.
11 Melbourne School of Population Health, University of Melbourne,
Melbourne, Australia.

*A list of the Vision Loss Expert Group members appears at http://www.
anglia.ac.uk/ruskin/en/home/microsites/veru/other_research_areas/global_
burden_of_diseases.html. Accessed March 27, 2013.

Presented at: Association for Research in Vision and Ophthalmology
Annual Meeting, Fort Lauderdale, Florida, May 2012.

Financial Disclosure(s):
The author(s) have no proprietary or commercial interest in any materials
discussed in this article. Dr. Stevens is a staff member of the World Health
Organization. The authors are responsible for the views expressed in this
publication and they do not necessarily represent the decisions, policy, or
views of the World Health Organization.

Supported by the Bill & Melinda Gates Foundation, Seattle, WA; Fight for
Sight, London United Kingdom; Fred Hollows Foundation, Rosebery,
NSW Australia; and the Brien Holden Vision Institute, University of New
South Wales, Sydney NSW, Australia. The results in this paper are prepared
independently of the final estimates of the Global Burden of Diseases,
Injuries, and Risk Factors study. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the
manuscript.

Correspondence:
Rupert R.A. Bourne, FRCOphth, MD, Vision & Eye Research Unit, Anglia
Ruskin University, East Road, Cambridge CB1 1PT, United Kingdom.
E-mail: rb@rupertbourne.co.uk.
ext references underlined in blue are linked to publications on ResearchGate.ext references underlined in blue are linked to publications on ResearchGate.

http://refhub.elsevier.com/S0161-6420(13)00480-6/sref10
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref10
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref10
http://www.pophealthmetrics.com/content/10/1/12
http://www.pophealthmetrics.com/content/10/1/12
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref12
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref12
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref12
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref12
http://www.who.int/healthinfo/paper31.pdf
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref13
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref13
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref13
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref13
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref14
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref14
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref14
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref15
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref15
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref15
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref15
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref16
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref16
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref16
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref17
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref17
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref17
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref18
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref18
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref18
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref19
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref19
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref20
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref20
http://refhub.elsevier.com/S0161-6420(13)00480-6/sref20
http://www.anglia.ac.uk/ruskin/en/home/microsites/veru/other_research_areas/global_burden_of_diseases.html
http://www.anglia.ac.uk/ruskin/en/home/microsites/veru/other_research_areas/global_burden_of_diseases.html
http://www.anglia.ac.uk/ruskin/en/home/microsites/veru/other_research_areas/global_burden_of_diseases.html
mailto:rb@rupertbourne.co.uk
https://www.researchgate.net/publication/5386454_Prevalence_and_causes_of_visual_impairment_among_the_elderly_in_Nantong_China?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/5386454_Prevalence_and_causes_of_visual_impairment_among_the_elderly_in_Nantong_China?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/5386454_Prevalence_and_causes_of_visual_impairment_among_the_elderly_in_Nantong_China?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/44587819_Childhood_Visual_Impairment_in_Fiji?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/44587819_Childhood_Visual_Impairment_in_Fiji?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/12069553_Gender_and_blindness_A_meta-analysis_of_population-based_prevalence_surveys?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/12069553_Gender_and_blindness_A_meta-analysis_of_population-based_prevalence_surveys?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/12069553_Gender_and_blindness_A_meta-analysis_of_population-based_prevalence_surveys?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/46305483_Increased_Educational_Attainment_and_Its_Effect_on_Child_Mortality_in_175_Countries_between_1970_and_2009_A_Systematic_Analysis?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/46305483_Increased_Educational_Attainment_and_Its_Effect_on_Child_Mortality_in_175_Countries_between_1970_and_2009_A_Systematic_Analysis?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/46305483_Increased_Educational_Attainment_and_Its_Effect_on_Child_Mortality_in_175_Countries_between_1970_and_2009_A_Systematic_Analysis?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/46305483_Increased_Educational_Attainment_and_Its_Effect_on_Child_Mortality_in_175_Countries_between_1970_and_2009_A_Systematic_Analysis?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/15494094_Global_Data_on_Blindness?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/15494094_Global_Data_on_Blindness?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/15494094_Global_Data_on_Blindness?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/51992845_Data_Analysis_Using_Regression_And_MultilevelHierarchical_Models?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/51992845_Data_Analysis_Using_Regression_And_MultilevelHierarchical_Models?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/51992845_Data_Analysis_Using_Regression_And_MultilevelHierarchical_Models?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/230588274_Developing_a_Comprehensive_Time_Series_Of_GDP_Per_Capita_For_210_Countries_from_1950_to_2015?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/230588274_Developing_a_Comprehensive_Time_Series_Of_GDP_Per_Capita_For_210_Countries_from_1950_to_2015?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/230588274_Developing_a_Comprehensive_Time_Series_Of_GDP_Per_Capita_For_210_Countries_from_1950_to_2015?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/230588274_Developing_a_Comprehensive_Time_Series_Of_GDP_Per_Capita_For_210_Countries_from_1950_to_2015?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/230588274_Developing_a_Comprehensive_Time_Series_Of_GDP_Per_Capita_For_210_Countries_from_1950_to_2015?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/284696312_Age_Standardization_of_Rates_A_New_WHO_Standard?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/284696312_Age_Standardization_of_Rates_A_New_WHO_Standard?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/284696312_Age_Standardization_of_Rates_A_New_WHO_Standard?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/284696312_Age_Standardization_of_Rates_A_New_WHO_Standard?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==
https://www.researchgate.net/publication/284696312_Age_Standardization_of_Rates_A_New_WHO_Standard?el=1_x_8&enrichId=rgreq-ea61152b2784e94e066ae7ba6cceb33f-XXX&enrichSource=Y292ZXJQYWdlOzI1OTA5Nzg5NjtBUzoxODQ2NzIwMDkwNzI2NDBAMTQyMTA0MDY0Njk2NA==

	Global Prevalence of Vision Impairment and Blindness
	Methods
	Data Identification, Access, and Extraction
	Conversion to Core Definitions of Visual Acuity
	Conversion to Age-Specific Data
	Statistical Analysis of Vision Impairment Data

	Results
	Global Estimates of the Burden of Vision Impairment in 2010
	Interregional Disparities
	Sex Disparities
	Distribution of Blindness and Vision Impairment by Country
	Global Trends in Vision Impairment from 1990 through 2010

	Discussion
	References


