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ABSTRACT
Aim From the most recent data the magnitude of visual
impairment and its causes in 2010 have been estimated,
globally and by WHO region. The definitions of visual
impairment are the current definitions of presenting
vision in the International Classification of Diseases
version 10.
Methods A systematic review was conducted of
published and unpublished surveys from 2000 to the
present. For countries without data on visual impairment,
estimates were based on newly developed imputation
methods that took into account country economic status
as proxy.
Results Surveys from 39 countries satisfied the
inclusion criteria for this study. Globally, the number of
people of all ages visually impaired is estimated to be
285 million, of whom 39 million are blind, with
uncertainties of 10e20%. People 50 years and older
represent 65% and 82% of visually impaired and blind,
respectively. The major causes of visual impairment are
uncorrected refractive errors (43%) followed by cataract
(33%); the first cause of blindness is cataract (51%).
Conclusion This study indicates that visual impairment
in 2010 is a major health issue that is unequally
distributed among the WHO regions; the preventable
causes are as high as 80% of the total global burden.

In order to set policies and priorities and to evaluate
global eye health, it is essential to have up to date
information on prevalence and on causes of visual
impairment. As it previously did in 1995, 2002 and
20041e3 the WHO Prevention of Blindness and
Deafness Programme has carried out a systematic
search and review of all available data to obtain
a global estimate of visual impairment for 2010.
Estimates of visual impairment have been derived
at a global level and in the six WHO regions. The
major causes of visual impairment and of blindness
have been determined. These estimates provide
essential information for the prevention of visual
impairment and the improvement of eye health
globally.

METHODS
Definitions
The definitions of visual impairment used for the
estimates in this study follow the categories of the
International Classification of Diseases Update and
Revision 2006 that defines impairment according to
presenting vision.4

Visual impairment comprises categories 1 to 5,
blindness, categories 3 to 5. The two categories of
moderate and severe visual impairment (<6/18$6/
60 and <6/60$3/60) are combined in this study
(<6/18$3/60) and they are referred to as ‘low
vision’.

Population estimates and WHO regions
Population size and structure are based on the
current population tabulation of WHO according
to ‘World Population Prospects: the 2008 Revision’,
from the United Nations Population Division.5

The estimates are reported for the six WHO
regions.6

Socioeconomic data
Sources of the indicators used are the Human
Development Report 2009 from the United
Nations development programme,7 the World Bank
development indicators 2009,8 the Organization for
Economic Co-operation and Development policy
briefs 2009,9 data from the United Nations
economic and social commission for Asia and the
Pacific,10 the World Health statistics 200911 and
governmental statistical data.

Sources of epidemiological data and inclusion
criteria
Inclusion criteria have been discussed previ-
ously:2 3 12 the studies have to be population based,
representative of the country and of the area
sampled, with sample size adequate to the popu-
lation sampled (from 1200 to 46 000), sufficient
response rate (80% or higher), reporting data for
persons, with definitions of visual impairment in
agreement with those used in this study.
Medline was searched for published data with no

language restriction (search terms: Visual Impair-
ment, Blindness, Prevalence, country and continent
names; last search on 30th June 2010); studies were
searched in the WHO regional databases;13

unpublished data available to WHO/Prevention of
Blindness and Deafness were also used if satisfying
the inclusion criteria.

Estimates of prevalence
The prevalence of visual impairment and blindness
were determined for the six WHO regions for three
age groups: 0e14 years, 15e49 years and 50 years
and older, non-disaggregated by gender. These age
groups are consistent with the available data
sources and with the grouping used in WHO for
similar estimates of prevalence. Smaller age groups
were not considered because data given in the
studies are adjusted by sample composition only for
larger age groups, and smaller age groups would
have much higher uncertainties. Gender stratifica-
tion was not attempted given the inconsistencies of
the data within regions and countries, the uncer-
tainties in the gender stratification could lead to
even higher uncertainties at a global level.
Estimates of prevalence for the age groups 0e14

and 15e49 years were calculated applying to the
actual population size and structure the prevalence
from the most recent estimates by WHO2 3 that
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were considered still valid. The regional prevalence was obtained
from population-based studies from countries with data and
imputed estimates for countries missing data. The imputation
process was based on a model that utilised three parameters,
gross domestic product per capita in 2007 measured in
purchasing power parity (PPP),8 World Bank classification of
economies (low income, lower middle income, upper middle
income, high income)8 and the prevalence of blindness in the age
group 50 years and older, chosen because of the many studies
available, a consequence of the prevailing use of rapid assess-
ment survey protocols focused on this age group. As the prev-
alence of blindness and visual impairment were strongly
correlated with each other, only the prevalence of blindness was
selected as the parameter. The correlation between PPP and the
prevalence of blindness was consistently strong in all regions,
with coefficients greater than 0.8, other socioeconomic7 9 10 or
health indicators11 were tested and showed only weak correla-
tions (0.5 or less). In each WHO region the countries were
clustered into ranges of PPP and World Bank classification of
economies.8 A weighted prevalence of visual impairment
and blindness was calculated for countries with data within
a PPP cluster and imputed to the other countries in the same
cluster. A discussion of methods for missing data can be found in
International Labour Organization Employment Trends Units.14

Estimates of causes of visual impairment
For the age groups 0e14 and 15e49 years the causes of visual
impairment are based on previous estimates.2 3 For the age group
50 years and older the causes were calculated using the causal
attribution provided by the studies that were used to estimated
the prevalence. Each cause was calculated as an average
percentage of the total causes at regional level first and then at
global level, by including all the regional values.

Error analysis
As only simple imputation using deductive methods was used
and no regression analysis was conducted, the known errors on
the regional estimates come from the reported uncertainties of
the studies, which for the age group 50 years and older are
approximately 10%, for the other ages approximately 20%.

Additional uncertainties are due to data imputation; these can
be assumed to be lower in regions with more numerous studies.

RESULTS
Data sources
Fifty-three surveys from the 39 countries, listed in table 1, met
the inclusion criteria for this study: details are found in annexes
1 and 2, available online only. The majority of the studies, 38,
took place between 2005 and 2008, 15 between 2001 and 2004;
the largest majority were rapid assessments of cataract surgical
services or of avoidable blindness,15 16 a minority were national
studies for all ages, some were targeting specific age groups or

settings. Other studies not fully satisfying the inclusion criteria
provided supporting evidence for the estimates developed by the
model.

Model of visual impairment in the six WHO regions
Visual impairment was estimated in each WHO region with
a model built using the prevalence of blindness and countries’
economic status from available data as described in the Methods
section.
The African region comprises 46 countries of which 40 are

classified by the World Bank either as low income (LI) or lower
middle income (LMI) within a narrow range of PPP, representing
93.2% of the population in the region. Five countries are classi-
fied as upper middle income (UMI) and one as high income (HI),
representing 6.8% of the region population. Nineteen surveys
from 12 countries, all classified as LI or LMI, were available for
inclusion in the model for the region. Given the similar economic
status of these countries they were considered as a single cluster
of PPP. The weighted prevalence of visual impairment and
blindness from the 19 surveys was imputed to the whole region.
In the region of the Americas the 36 countries were divided

into three clusters of PPP corresponding to the World Bank
classifications: LMI (10 countries), UMI (20 countries), HI (six
countries). Data were available from three countries in the LMI
cluster, and seven in the UMI cluster. The combined population
in the 10 countries with available data in the LMI and UMI
clusters represented 80% of the total population in these
30 countries. The weighted average of the prevalence of visual
impairment and blindness was derived separately in the two
clusters and imputed to the other countries in the same cluster.
Recent data satisfying the inclusion criteria for this study for the
HI cluster were not available; prevalence was derived from
previous WHO estimates.2 3

The 21 countries in the eastern Mediterranean region were
sorted into two clusters of PPP. The first included 13 countries
classified as LI and LMI, the second eight countries classified as
UMI and HI. Data from three countries in the LI/LMI cluster
and from one in the UMI/HI cluster were available for
estimates.
In the European region three economic clusters were defined,

one including 25 HI countries, a second 11 UMI countries, and
the third 14 LMI and three LI countries. Data were available
from one country each in the UMI and in the LMI/LI clusters.

Table 1 Studies used for the global estimate of visual impairment, 2010

WHO region Countries with studies

African region Botswana, Cameroon, Eritrea, Ethiopia, Gambia, Ghana, Kenya, Mali, Nigeria, Rwanda, Uganda, United Republic of Tanzania

Region of the Americas Argentina, Brasil, Chile, Cuba, Dominican Republic, Guatemala, Mexico, Paraguay, Peru, Venezuela

Eastern Mediterranean region Islamic Republic of Iran, Oman, Pakistan, Qatar

European region Russian Federation, Turkmenistan

South-east Asian region Bangladesh, Democratic Republic of Timor-Leste, India, Indonesia, Myanmar, Nepal

Western Pacific region Cambodia, China, Papua New Guinea, Philippines, Viet Nam

Table 2 Global estimate of the number of people visually impaired by
age, 2010; for all ages in parenthesis the corresponding prevalence (%)

Ages
(in years)

Population
(millions)

Blind
(millions)

Low vision
(millions)

Visually
impaired
(millions)

0e14 1848.50 1.421 17.518 18.939

15e49 3548.2 5.784 74.463 80.248

50 and older 1340.80 32.16 154.043 186.203

All ages 6737.50 39.365 (0.58) 246.024 (3.65) 285.389 (4.24)
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The data from a single country were imputed to the UMI cluster
and analogously data from a single country to the LMI/LI
cluster. Recent data for this study were not available for the HI
cluster and previous WHO estimates were used.2 3

The estimates for the south-east Asian region were derived for
India and for the other countries in the region separately. The
prevalence for India was derived from three recent surveys (see
annexes 1 and 2, available online only). The other 10 countries in
the region are classified either as LMI or LI, and given the
similarity of PPP were all included in one single cluster. Data
were available from five of the 10 countries comprising
almost 80% of the population in the region (India excluded).
The weighted prevalence estimated from the data in the five
countries was imputed to the whole cluster.

The estimates for China were derived separately from the
other countries in the western Pacific region, and were based on
recent surveys conducted in the rural areas combined with data
from urban settings (see annexes 1 and 2, available online only).
The other countries in the region were sorted into three clusters:
the first included seven countries classified as HI and one as
UMI; the second included all 15 Pacific Islands with 14 countries
classified as LMI and one UMI; the third comprised four coun-
tries, two classified as LI and two as LMI. For the first cluster
prevalence was derived from the previous estimates.2 3 Data
from one country were used for the second cluster and data from
three countries for the third cluster (see annexes 1 and 2,
available online only).

Global prevalence of visual impairment
The estimated number of people visually impaired in the world
is 285 million, 39 million blind and 246 million having low
vision; 65% of people visually impaired and 82% of all blind are
50 years and older (table 2). The distribution of people visually
impaired in the six WHO regions is shown in table 3 with the
percentage of the global impairment shown in parentheses.
Figure 1 shows the number of people visually impaired, with
low vision and blind per million population in the six WHO
regions and in India and China separately.

Cause of visual impairment
Globally, the principal causes of visual impairment are uncor-
rected refractive errors and cataracts, 43% and 33%, respectively.
Other causes are glaucoma, 2%, age-related macular degenera-
tion, diabetic retinopathy, trachoma and corneal opacities, all
approximately 1%. A large proportion of causes, 18%, are
undetermined (figure 2A). The causes of blindness are cataract
51%, glaucoma 8%, age-related macular degeneration 5%,
childhood blindness and corneal opacities 4%, uncorrected
refractive errors and trachoma 3%, and diabetic retinopathy 1%,
the undetermined causes are 21% (figure 2B).

DISCUSSION
This study presents some limitations, the most significant are
the following: the surveys in the past 10 years have been mostly

Table 3 Number of people visually impaired and corresponding percentage of the global impairment by WHO region and country, 2010

WHO region
Total population
(millions)

Blindness Low vision Visual impairment
No in millions (%) No in millions (%) No in millions (%)

African region 804.9 (11.9) 5.888 (15) 20.407 (8.3) 26.295 (9.2)

Region of the Americas 915.4 (13.6) 3.211 (8) 23.401 (9.5) 26.612 (9.3)

Eastern Mediterranean region 580.2 (8.6) 4.918 (12.5) 18.581 (7.6) 23.499 (8.2)

European region 889.2 (13.2) 2.713 (7) 25.502 (10.4) 28.215 (9.9)

South-east Asian region (India excluded) 579.1 (8.6) 3.974 (10.1) 23.938 (9.7) 27.913 (9.8)

Western Pacific region (China excluded) 442.3 (6.6) 2.338 (6) 12.386 (5) 14.724 (5.2)

India 1181.4 (17.5) 8.075 (20.5) 54.544 (22.2) 62.619 (21.9)

China 1344.9 (20) 8.248 (20.9) 67.264 (27.3) 75.512 (26.5)

World 6737.5 (100) 39.365 (100) 246.024 (100) 285.389 (100)

Figure 1 Number of people (in 1000s)
blind, with low vision and visually
impaired per million population by WHO
region and country, 2010. AFR, African
region; AMR, region of the Americas;
EMR, eastern Mediterranean region;
EUR, European region; SEAR, south-
east Asian region (without India); WPR,
western Pacific region (without China).
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rapid assessments for ages 50 years and older, and national
studies for all ages with or without WHO eye survey protocol
have been few. As a consequence data could be limited in the
representation of countries and of ages. The imputation of
prevalence for missing data can give errors that are difficult to
estimate; clearly they could be high in regions with sparse data.
In the eastern Mediterranean region recent data were unavail-
able for most of the countries, therefore the estimates were in
large extent based on surveys from 1993 to 1998.2 3 Data from
HI countries were also missing or were dated as far back as
15 years. However, it must be noted that in HI countries from
available information there was no evidence of major changes in
prevalence.

The combined effect of these uncertainties is possibly an over
or underestimation of visual impairment and blindness of
approximately 20%.

The attribution of the causes of visual impairment and
blindness is also prone to uncertainty. This is often the case in
surveys carried out in the field with limited diagnostic capacity,
but it is particularly true in the case of rapid assessments whose
aim is primarily to survey cataract surgical services for ages 40 or
50 years and older. The large percentages of undetermined causes
are also likely to be a reflection of these protocols.
The strengths of the estimates derive first from the fact that

new data were available to replace previous extrapolations.
Furthermore, to estimate the prevalence of visual impairment in
countries missing data, a model was used based on the same
economic parameters for all countries. This is a new approach in
producing estimates of visual impairment. The imputation
process via a model is more transparent than using expert
assumptions and it provides consistency between countries and
regions. It also allows for adjustments and corrections as soon as

Figure 2 (A) Global causes of visual
impairment, inclusive of blindness, as
percentage of global visual impairment
in 2010. (B) Global causes of blindness
as percentage of global blindness in
2010. AMD, age-related macular
degeneration; CO, corneal opacities;
DR, diabetic retinopathy; RE,
uncorrected refractive errors.
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new information becomes available and it could also be adapted
for estimating trends.

Because data available and methods used have changed, it is
not possible to draw conclusions from differences in present
estimates and previously published estimates. In areas where
surveys were repeated with similar protocols for ages 50 years
and older a reduction of visual impairment is shown despite the
rapid growth of this age group. This decline fits with increased
socioeconomic development, but it is also the direct consequence
of investments made by governments and of interventions by
international partners.

Posterior segment (retinal) diseases are a major cause of visual
impairment worldwide, and are likely to become more and more
important with the rapid growth of the ageing population. The
proportion of the total visual impairment and blindness from
age-related macular degeneration, glaucoma and diabetic reti-
nopathy is currently greater than from infective causes such as
trachoma and corneal opacities.

This requires the urgent development of eye care systems that
address chronic eye diseases with rehabilitation, education and
support services.

CONCLUSION
Monitoring the magnitude of visual impairment is essential for
policies aiming at the prevention and elimination of the avoid-
able causes. The global estimates have significant uncertainties
that could be reduced with population-based studies from
regions with limited or old data and with studies conducted at
the national level for all ages recording all causes of blindness.
Particularly urgent is to determine the extent of posterior
segment diseases as causes of visual impairment, because these
require the development of eye care systems, including human
resources and infrastructures.
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