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Abstract

Purpose: Using a world-wide, population-based dataset of adults, we sought to determine the frequency of far visual
difficulty and its associated risk factors.

Methods: The World Health Survey (WHS) was conducted in 70 countries throughout the world in 2003 using a random,
multi-stage, stratified, cluster sampling design of adults ages 18 years and older. Far vision was assessed by asking “In the
last 30 days, how much difficulty did you have in seeing and recognizing a person you know across the road (i.e. from a
distance of about 20 meters)?”. Responses included none, mild, moderate, severe, or extreme/unable. The income status of
countries was estimated using gross national income per capita data from 2003 from the World Bank. Prevalence and
regression estimates were adjusted to account for the complex sample design.

Results: 21% of adults reported any visual difficulty. The rate varied by the income status of the country with the
percentage who had any visual difficulty being 24%, 23%, and 13% in low, middle, and high income countries, respectively.
Five percent of people reported severe or extreme visual difficulty with rates in low, middle, and high income countries of
6%, 5%, and 2% respectively. Risk factors for visual difficulty included older age, female sex, poorer socioeconomic status,
little to no formal education, and diabetes (P<<0.05).

Conclusions: One out of five adults in the WHS reported some degree of far visual difficulty. Given the importance of vision
to living an independent life, better access to quality eye care services and life course factors affecting vision health (e.g.
repeated eye infections, diet lacking vitamin A) must receive adequate attention and resources, especially in low and middle

income countries.
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Introduction

The most recent world-wide estimates of visual impairment and
blindness are 285 million and 39 million, respectively [1]. These
estimates are based on 53 population-based surveys that measured
presenting far visual acuity from 39 countries of the world. These
estimates were then imputed to countries without data to give a
global estimate. Much of the data from these surveys were from
rapid assessments for cataract surgery services and were limited to
adults ages 50 years and older. Estimates for some world regions
were based on a very small number of countries. Furthermore, no
attempts were made to measure visual difficulty. Researchers have
increasingly recognized the importance of asking about visual
difficulty or vision-related quality of life as visual acuity may not
accurately reflect all aspects of visual disability [2,3,4,5].

The World Health Survey (WHS), which was carried out in
adults in 2002-2003 in 70 countries of the world [6], provides
another source of data to understand the global burden of vision
loss. The WHS does not have data on visual acuity but rather
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asked about the level of difficulty that participants had seeing and
recognizing a person across the road (i.e. about 20 meters). Our
goals for this analysis were to use the WHS data to 1) provide
country-specific prevalence estimates for far visual difficulty, 2)
create a map highlighting the countries in the world with the most
far visual difficulty, 3) identify risk factors for far visual difficulty
and explore whether they differ by the income status of the
country.

Methods
World Health Survey

Ethics Statement. Informed consent was obtained from all
participants and ethics approval was obtained by local institutional
review committees. In addition, the ethics committee of Hépital
Maisonneuve-Rosemont, where the analyses were conducted,
approved the project. Numerous papers have now been published
using this global dataset [7,8,9,10,11].
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Study population. The goal of the WHS, which was
coordinated by the World Health Organization (WHO), was to
collect population-based, nationally representative, cross-sectional
data from 70 countries within 6 world regions. Data were collected
from 276,647 people from 30 European countries, 18 African
countries, 7 North and South American, 4 Eastern Mediterranean,
5 Southeast Asian, and 6 Western Pacific countries in 2002—2003.
Survey institutions were selected by WHO in each country and
these institutions carried out the survey according to WHS
procedures.

Sampling strategy. A multi-stage stratified random cluster
sampling strategy was used to identify the participants to be
contacted in each country. Strata were created based on 3 factors:
region, socioeconomic status, and presence of a healthcare facility.
Lists of households were obtained from population registries, voter
lists, manual enumeration, or other methods. Households within
the sampling units were randomly selected from these lists. Within
cach household, an adult 18 years or older was randomly selected
using a Kish table to complete the survey. If the selected member
of the household was in an institution, the survey team travelled to
the institution. Non-response was carefully documented.

Survey administration. All surveys were interviewer-ad-
ministered in person in local languages. Questionnaires were
translated into 68 local languages using standard techniques.
Briefly, forward translation was done locally by a bilingual
multidisciplinary group. Back-translation was then done by an
independent group. A review of the back-translation was also done
at WHO. Any discrepancies were resolved. A review of the
translated instrument was then done by a panel of experts.

Vision data and its validity. Far vision was assessed with
the following question: “In the last 30 days, how much difficulty
did you have in seeing and recognizing a person you know across
the road (i.e. from a distance of about 20 meters)?”. Possible
responses included none, mild, moderate, severe, and extreme/
unable. The validity of a self-report question similar to this was
demonstrated in Klein e/ ¢/ who found a moderate correlation
between positive answers to questions about vision and visual
acuity loss measured with a visual acuity chart [12].

Furthermore, we examined the validity of the exact WHS
question in a sample of 139 patients recruited from an
ophthalmology clinic in Montreal, Canada. The logarithm of
the minimum angle of resolution (logMAR) visual acuity of these
patients ranged from 0.0 (i.e. normal or 20/20) to 1.5 (i.e. blind or
20/632). Responses to the question were moderately correlated
with logMAR visual acuity (Pearson’s r=0.57, P<<0.05). The
mean logMAR scores of those who reported none, mild,
moderate, severe, and extreme visual difficulty were 0.12, 0.30,
0.36, 0,52, and 0.60. Thus, a response of mild visual difficulty or
worse may have closely corresponded to North American
definitions of visual impairment (20/40 or 0.30 logMAR), while
a response of severe visual difficulty may have corresponded to
WHO definitions of visual impairment (20/60 or 0.48 logMAR).

Other relevant data collection. Demographic information
was obtained on age, gender, and highest level of formal education
completed. The wealth of the participant was estimated by
measuring asset ownership using the method of Filmer and
Pritchett [13]. The wealth of each participant was assessed by
asking 1520 questions on asset ownership. The assets included in
the questions for low and middle income countries (i.e. bucket,
electricity, refrigerator) were not exactly the same as those used for
high income countries (i.e. car, television set, computer).

A principal components analysis (PCA) was then done
separately for each country by us to determine the weights to
create an index of the asset variables. The weights for the first

PLOS ONE | www.plosone.org

The Global Burden of Visual Difficulty

component were then applied to each person’s data giving a
continuous asset index measure. We then categorized this index
into high, medium, and low tertiles. This asset index had good
properties in an Indian dataset with good internal coherence and
robustness to the selection of variables used [13]. The index
reflects the long-term economic position of a household rather
than its current economic status and gives the position of a person
within his or her country. Because the PCA was done separately
for each country, the absolute value of the wealth index cannot be
compared between countries.

Also, in low and middle income countries only, questions were
asked about fruit and vegetable consumption per day and
participants were asked about a physician diagnosis of diabetes.

Income Status of Country

We added data to the WHS on the income status of the 70
countries using data from 2003 from the World Bank website [14].
According to the website, gross national income was converted to
US dollars using the Atlas method and was divided by the mid-
year population. The Atlas method of conversion is used by the
World Bank to smooth fluctuations in prices and exchange rates.
We categorized this variable into 3 categories using World Bank
classifications. The 3 categories were low (<$766), middle ($766—
$9385), and high income (>$9385) [14].

Data Compilation and Cleaning

We downloaded the WHS datasets for each country from the
WHS website (http://www.who.int/healthinfo/survey/en/index.
html) and appended them together to create a single dataset. We
checked and cleaned the data to eliminate implausible values,
ineligible persons, and to exclude certain people without sufficient
data. For example, 9,571 people were excluded who did not
answer any questions in the individual questionnaire and 367
people were excluded who were listed as less than 18 years old.
Our final dataset for analysis contained 276,647 people.

Data Analysis

260,958 people (94%) answered the question on far vision and
are the focus of this analysis. Means, standard errors, and
percentages were estimated and were adjusted for the complex
survey design. Eleven countries (Austria, Belgium, Germany,
Denmark, United Kingdom, Greece, Italy, Netherlands, Slovenia,
Guatamala, Zambia) did not report survey design information and
therefore unweighted estimates are given for these 11 countries.
Prevalence estimates were adjusted for age using direct adjust-
ment. The WHO World Standard population was used [15].

Differences in means and proportions were tested using
ANOVA and Pearson’s chi square tests taking into account the
complex survey design. Logistic regression was performed to
identify factors associated with far visual difficulty while adjusting
for other factors. The factors that we examined included
demographic factors like age, gender, education, and wealth,
disease factors like diabetes, and dietary factors like fruit and
vegetable consumption. We chose these factors based on prior
literature that indicated possible associations with vision loss
[16,17,18,19]. Interactions between each risk factor and the
income status of the country were examined by stratification and
were tested by adding interaction terms to the regression model.
Regression analyses took into account the complex survey design
and therefore excluded the 11 countries noted above that lacked
data on survey design. Analyses that accounted for the complex
survey design were done using the variables for sampling weight,
strata, and primary sampling unit. Then, the survey estimation
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Table 1. Age-adjusted prevalence of any visual difficulty and severe or extreme visual difficulty by region and country*.
Severe or Extreme Far
Any Far Visual Difficulty Visual Difficulty

Region Country (Income Status) Prevalence 95% CI Prevalence 95% CI

Africa Burkina Faso (LIC) 19.0% 16.9, 21.1% 5.5% 4.3, 6.8%
Chad (LIC) 34.5% 32.0, 37.1% 6.7% 5.7,7.8%
Céte d'lvoire (LIC) 27.9% 25.6, 30.3% 6.5% 5.1, 7.9%
Congo (LIC) 31.6% 24.4, 38.9% 4.8% 2.3,72%
Comoros (LIC) 49.4% 46.2, 52.7% 9.3% 7.8, 10.9%
Ethiopia (LIC) 26.0% 24.3, 27.7% 6.0% 5.0, 7.0%
Ghana (LIC) 20.3% 18.8, 21.9% 5.2% 4.4, 6.0%
Kenya (LIC) 20.9% 18.3, 23.6% 4.7% 3.8, 5.6%
Mali (LIC) 19.6% 16.1, 23.0% 4.0% 2.7, 54%
Mauritania (LIC) 42.6% 394, 45.9% 9.4% 7.2, 11.6%
Malawi (LIC) 19.1% 17.0, 21.3% 6.4% 5.5, 7.4%
Mauritius (MIC) 24.0% 21.6, 26.4% 6.5% 54, 7.5%
Namibia (MIC) 32.8% 30.1, 35.4% 7.3% 5.9, 8.7%
Senegal (LIC) 24.3% 21.9, 26.7% 7.1% 5.5, 8.7%
Swaziland (MIC) 35.2% 33.1, 37.2% 15.4% 13.0, 17.7%
South Africa (MIC) 32.7% 29.0, 36.4% 7.9% 5.6, 10.2%
Zambia (LIC)T 25.7% 24.2,27.2% 5.1% 4.2, 5.9%
Zimbabwe (LIC) 23.1% 21.1, 25.1% 7.5% 6.3, 8.8%

Americas Brazil (MIC) 18.9% 17.5, 20.3% 6.0% 5.1, 6.9%
Dominican Republic(MIC) 18.6% 16.9, 20.3% 5.7% 4.7, 6.8%
Ecuador (MIC) 23.7% 22.0, 25.4% 5.9% 4.8, 6.9%
Guatamala (MIC)" 25.6% 24.4, 26.8% 7.8% 7.1, 8.6%
Mexico (MIC) 21.9% 21.1, 22.6% 3.7% 3.4, 4.0%
Paraguay (MIC) 16.8% 15.7, 17.9% 5.0% 4.3, 5.8%
Uruguay (MIC) 13.1% 10.3, 15.9% 2.1% 1.8, 2.5%

Europe Austria (HIC) 12.7% 10.5, 14.8% 0.6% 0.2, 1.1%
Belgium (HIC)" 13.7% 11.3, 16.1% 1.7% 1.0, 2.5%
Bosnia and Herzegovina (MIC) 25.1% 20.5, 29.6% 3.8% 2.1, 5.6%
Croatia (MIC) 13.5% 10.9, 16.1% 2.7% 1.8, 3.6%
Czech Republic (MIC) 17.2% 12.5, 21.8% 1.3% 0.7, 2.0%
Denmark (HIC)" 7.3% 5.3, 9.4% 1.3% 0.6, 1.9%
Estonia (MIC) 12.3% 9.7, 14.8% 2.6% 1.4, 4.0%
Finland (HIC) 10.2% 7.6, 12.8% 0.5% 0.1, 0.9%
France (HIC) 11.1% 7.9, 14.4% 0.9% 0.4, 1.4%
Georgia (MIC) 22.6% 19.6, 25.5% 4.6% 3.6, 5.5%
Germany HIOT 15.1% 12.7, 17.4% 2.1% 1.1, 3.0%
Greece (HIO) 15.5% 11.7, 19.3% 2.0% 1.1, 2.9%
Hungary (MIC) 9.3% 8.0, 10.7% 2.8% 2.1, 3.5%
Ireland (HIC) 10.1% 7.8, 12.5% 0.8% 0.2, 1.4%
Israel (HIC) 15.2% 12.6,17.9% 3.4% 2.2, 46%
ItaIy(HIC)T 15.5% 133, 17.7% 1.6% 0.9, 2.3%
Kazakhstan (MIC) 21.7% 18.7, 24.7% 3.8% 2.5,52%
Latvia (MIC) 24.6% 20.4, 28.8% 3.7% 2.5, 5.0%
Luxembourg (HIC) 9.5% 7.2, 11.7% 1.0% 0.3, 1.6%
Netherlands (HIC)" 7.8% 6.1, 9.5% 1.0% 0.4, 1.7%
Norway (HIC) 5.7% 4.1, 7.3% 1.0% 0.4, 1.6%
Portugal (HIC) 19.2% 15.9, 22.6% 2.9% 2.0, 3.8%
Russian Federation (MIC) 25.2% 21.7, 28.6% 4.2% 3.4, 5.0%
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(SVY) commands in STATA/IC software version 11.2 were used
(StataCorp, College Station Texas, USA) with standard errors
corrected using Taylor linearized variance estimation. The map

was done in SAS Version 9.2 (SAS Corp, Cary, NC, USA).

Results

The mean age of the sample was 39.1 years old (95% CI 38.9,
39.3). The global prevalence of any far visual difficulty was 21%.
In adults less than 50 years old, the prevalence of any far visual
difficulty was 13%, while in adults 50 years or older, the
prevalence was 36%. For low, middle, and high income countries,
the age-adjusted prevalence rate of any far visual difficulty was
24%, 23%, and 13%, respectively. In Table 1, the age-adjusted
prevalence rates are given by country. The lowest rates of any far
visual difficulty were found in Norway, Australia, and Sweden,
while the highest rates were found in Comoros, Mauritania, and
the Philippines. The data are summarized on a map in Figure 1.

Five percent of the WHS sample reported severe or extreme
visual difficulty. The age-adjusted prevalence rate of severe or
extreme visual difficulty in low, middle, and high income countries
was 6%, 5%, and 2%, respectively. The lowest rates of severe or
extreme far visual difficulty were found in Finland, Australia, and
Austria, while the highest rates were found in Swaziland,
Bangladesh, and Morocco.
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Table 1. Cont.
Severe or Extreme Far
Any Far Visual Difficulty Visual Difficulty

Region Country (Income Status) Prevalence 95% CI Prevalence 95% CI
Slovakia (MIC) 20.6% 16.6, 24.5% 2.4% 0.1, 4.9%
Slovenia (HIC) 17.3% 14.1, 20.5% 3.2% 1.9, 45%
Spain (HIC) 15.0% 13.7, 16.3% 2.2% 1.8, 2.6%
Sweden (HIC) 8.1% 5.3, 10.9% 2.5% 0.8, 4.1%
Turkey (MIC) 23.6% 22.3, 24.9% 6.6% 5.9, 7.4%
Ukraine (MIC) 19.1% 17.3, 21.0% 4.3% 3.3,53%
United Kingdom (HIC)" 9.2% 7.3, 11.0% 1.6% 0.9, 2.3%

Eastern Morocco (MIC) 19.9% 17.7, 22.1% 10.1% 8.3, 11.9%

Mediterranean
Pakistan (LIC) 21.4% 19.8, 23.0% 2.9% 2.2, 3.6%
Tunisia (MIC) 22.5% 20.8, 24.1% 6.0% 5.2, 6.8%
United Arab Emirates (HIC) 25.5% 21.2, 29.9% 3.6% 2.0, 5.2%

Southeast Asia Bangladesh (LIC) 28.5% 27.1, 29.8% 10.7% 9.8, 11.7%
India (LIC) 27.0% 24.8, 29.1% 8.6% 7.3, 9.9%
Myanmar (LIC) 18.6% 16.8, 20.4% 2.9% 23,3.5%
Nepal (LIC) 25.2% 24.1, 26.3% 9.5% 8.8, 10.2%
Sri Lanka (MIC) 22.2% 20.2, 24.2% 3.6% 2.8, 44%

Western Pacific Australia (HIC) 7.1% 5.5, 87% 0.6% 0.3, 0.9%
China (MIC) 20.4% 15.8, 24.9% 1.5% 1.1, 2.0%
Lao People’s Democratic Republic (LIC) 17.5% 16.1, 18.8% 3.1% 24, 3.7%
Malaysia (MIC) 15.6% 14.3, 16.9% 1.6% 1.2,2.1%
Philippines (MIC) 38.9% 36.8, 40.9% 6.6% 5.8, 7.4%
Vietnam (LIC) 17.1% 14.2, 19.9% 3.0% 1.3,47%

*Prevalence estimates and standard errors are adjusted for the complex survey design except for 11 countries (Austria, Belgium, Germany, Denmark, United Kingdom,

Greece, Italy, Netherlands, Slovenia, Guatamala, Zambia) that did not provide information on sampling weights. Unweighted estimates are used for those 11 countries

marked with .

LIC=low income status, MIC =middle income status, HIC = high income status.

doi:10.1371/journal.pone.0063315.t001

In Table 2, descriptive statistics are provided for WHS
participants stratified by the income status of the country. The
mean age of participants in low income countries (LIC) was 36.8,
while it was 40.5 in middle-income countries (MIC) and 46.5 in
high-income countries (HIC) (P<<0.05). A large percentage (41%)
of participants in LIC had no formal education compared to 7%
and 2% of those in MIC and HIC (P<<0.05). Fruit consumption
was higher in MIC than in LIC while vegetable consumption was
higher in LIC than in MIC (P<<0.05). More people in MIC were
diagnosed with diabetes than in LIC (P<<0.05).

In Table 3, risk factors for any far visual difficulty were
examined. Older age was a risk factor for far visual difficulty in
countries of all income strata (P<<0.01) with odds ratios ranging
from 1.03 (95% CI 1.02, 1.03) in HIC to 1.07 (95% CI 1.07, 1.08)
in LIC. Female gender was a risk factor only in LIC (OR =1.74,
95% CI 1.59, 1.89) and MIC (OR=1.37, 95% CI 1.27, 1.47)
(P<<0.01). Lower education was a risk factor in all income strata
(P<0.01). Having no formal education was a stronger risk factor in
HIC (OR=3.45, 95% CI 2.29, 5.22) than in LIC (OR =1.33,
95% CI 1.16, 1.53) (interaction term P=0.03). Similarly, a high
wealth index within one’s country was protective in all income
strata but it was more strongly protective in MIC (OR = 0.69, 95%
CI 0.61, 0.78) (interaction term P<<0.01) and HIC (OR =0.54,
95% CI 0.41, 0.70) (interaction term P =0.055). Eating two or
more servings of fruit per day was protective for far visual difficulty
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Far Visual Difficulty, %

<13
M 13-19
M 19-22
W 22-26
M >=26

Figure 1. Map showing the degree of any difficulty with far vision. Darker colors indicate a greater degree of any degree of far visual
difficulty. Countries in white did not participate in the World Health Survey.

doi:10.1371/journal.pone.0063315.9001

in MIC (OR=0.86, 95% CI 0.77, 0.98) while it was not in LIC.
Eating 1 vegetable serving per day was protective in LIC
(OR=0.76, 95% CI 0.62, 0.93) but eating 2 or more servings
was not protective. There was no association between vegetable
consumption and far visual difficulty in MIC. A diagnosis of
diabetes was a risk factor for far visual difficulty in both LIC
(OR=1.52, 95% CI 1.18, 1.97) and MIC (OR=1.37, 95% CI
1.17, 1.60) but the association was stronger in LIC (interaction
term P<0.01).

In sensitivity analyses that do not account for the complex
survey design, we examined the impact of the absence of the 11
countries on our estimates of visual difficulty in LIC, MIC, and
HIC. Including the 11 countries, the percentages with far visual
difficulty were 25%, 23%, and 13%, respectively. Not including
the 11 countries, the percentages were 25%, 23%, 14%. For severe
visual difficulty, the percentages were 6.3%, 4.9%, and 1.9% with
the 11 countries, while without the 11 countries, the percentages
were 6.4%, 4.8%, and 2.0%. Because these percentages are quite
similar to each other, this leads us to conclude that the absence of
the 11 countries does not significantly bias our global estimates.

Discussion

Twenty-one percent of the WHS sample reported some degree
of far visual difficulty while 4.8% reported severe or extreme
difficulty. In general, the percentage with far visual difficulty
increased as the income level of the country decreased. However,
there were some MIC with very high age-adjusted rates of any far
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visual difficulty such as the Philippines, Swaziland, and South
Africa, which all had age-adjusted prevalence rates over 30%.
Also, Morocco (MIC) had the third highest rate of severe or
extreme visual difficulty. Comoros and Mauritania, two LIC, had
the highest age-adjusted rates of any far visual difficulty with both
over 40%. Swaziland (MIC) and Bangladesh (LIC) had the highest
age-adjusted rates of severe or extreme far visual difficulty at
15.4% and 10.7%. The region with the largest burden was Africa
followed by Southeast Asia.

We compared some of the highest rates of visual difficulty in the
WHS to what can be found in prior published research. A rapid
assessment of avoidable blindness was done in the Philippines in
2007 in adults ages 50 years and over [20]. Vision was measured
using a tumbling E visual acuity chart. Using a cutoff of 6/18 (20/
60 or logMAR 0.48) to define visual impairment, the authors
found that 11% had visual impairment in Negros Island and 7.3%
had visual impairment in the Antique district [20]. In our analysis
using WHS data from the Philippines, 10.9% of people ages 50
years and older reported severe or extreme visual difficulty, which
may correspond to a cutoff of 20/60 according to our validation
study. These results are very similar. By contrast, a population-
based study done in Cape Town, South Africa reported a
prevalence of visual impairment of 4.9% [16] using the same
cutoff in people ages 50 years and older while our estimate for
adults ages 50 and older for South Africa is much higher at 13.8%.
This may indicate that visual impairment is a much bigger
problem in the rural regions of South Africa, which were included
in the WHS, than in an urban location like Cape Town. We did
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Table 2. Description of participants by income status of country*.

Low Income Countries (20 Middle Income Countries (28 High Income Countries (11 countries,
countries, n=90,158) countries, n=145,342) n=25,458)
Risk Factor % or mean (SE) % or mean (SE) % or mean (SE)
Age 36.8 (0.1) 40.5 (0.1) 46.5 (0.5)
Female gender 49% 52% 51%
Education Completed
> =Secondary School 27% 65% 76%
Primary School 19% 19% 16%
<Primary School 13% 9% 6%
No Formal Education 41% 7% 2%
Wealth Index
Low 40% 36% 35%
Middle 41% 41% 41%
High 20% 23% 24%
Fruit Consumption/Day
0 servings 28% 15%
1 35% 39%
>=2 38% 46%
Vegetable Consumption/Day
0 servings 4% 6%
1 31% 42%
>=2 65% 53%
Diagnosed with Diabetes 2% 5%

doi:10.1371/journal.pone.0063315.t002

not find any literature describing the prevalence of visual
impairment in the rural regions of South Africa. Furthermore,
we did not find any published prevalence studies for Swaziland,
Comoros, or Mauritania.

Demographic risk factors for visual difficulty varied by the
income status of the country. For example, female gender was a
risk factor for visual difficulty in LIC and MIC but not in HIC.
This may be because women in LIC and MIC have not attained
the status that women have attained in HIC according to data on
gender inequality from the United Nations [21]. They have less
financial resources and empowerment, which are necessary to
access eye care and to lead a healthy life, than women in HIC. By
contrast, low education was a risk factor for far visual difficulty in
countries of all income strata but it was a stronger risk factor in
HIC. This could be explained by the fact that education is less
helptul if one does not have access to eye care services as might be
the case in many LIC and MIC. In HIC, access to care is relatively
less of a problem but one has to be educated in order to know that
a vision problem may be treatable and how to use the eye care
services that exist. Higher education is known to be an important
factor in explaining eye care utilization [22,23,24]. One also needs
to be able to afford and travel to the services that exist. The wealth
index was associated with far visual difficulty in countries of all
income strata although the association was strongest in HIC.

Our results on fruit and vegetable consumption were inconsis-
tent. Fruit and vegetables contain antioxidants and vitamins that
may protect against cataract [25] and age-related macular
degeneration [26], and do protect against xerophthalmia (vitamin
A deficiency) [27]. We found consumption of two or more servings
of fruit per day was associated with less far visual difficulty but only
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*Statistically significant differences across income strata were found for all risk factors (p<<0.05). SE =standard error.

in MIC and not in LIC. We did not have data on fruit
consumption in HIC. One would expect to find this relationship in
both LIC and MIC if one truly existed, and therefore, it is possible
that this is a chance finding or that the WHS questions on fruit
and vegetable consumption were not detailed enough. Little prior
research has been done on fruit consumption and vision loss/eye
disease in low and middle income countries [28,29]. Our findings
were also inconsistent for vegetable consumption.

This is the first study to examine visual difficulty in such a large
number of countries using the same data collection protocol. The
WHS was done in all adults ages 18 years and older as opposed to
other population-based studies which have largely focused on
adults ages 50 years and older. These data provide complementary
information to other studies on visual impairment and can be used
to provide information on countries which have no previously
published data on visual impairment. Furthermore, we added data
from the World Bank on the income status of the country to
Investigate interactions.

A limitation of this study is that visual acuity was not measured
and causes of vision loss were not investigated. Although visual
difficulty is a valuable outcome by itself, using it as a proxy for
visual acuity may be problematic. Some respondents may have
over or under-estimated their visual difficulty due to cultural or
other factors. For this reason, in Montreal, Canada, we examined
the validity of the vision question used in the WHS and found
moderate correlation with the ETDRS distance visual acuity
chart. Furthermore, the cutoffs of mild and severe visual difficulty
corresponded well with acuity levels of 20/40 and 20/60
respectively. Whether this question correlates well with visual
acuity in countries with less formal education and different
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cultures compared to Montreal 1s unknown. Another limitation of
this study is its cross-sectional nature which precludes establishing
temporality of the risk factors and the onset of visual difficulty.
Finally, the data we present here are 10 years old. It is possible that
interventions and increased funding directed towards eye disease
during that time period have changed the degree of visual
difficulty in certain countries. For example, the prevalence of
trachoma trichiasis has decreased in Ethiopia after widespread
implementation of the SAFE strategy (surgery, antibiotics, face
washing, environmental hygiene) [30]. Vitamin A deficiency has
been on the decline in many areas due to widespread supplemen-
tation [31]. Onchocerciasis has been targeted in central and
eastern Africa with mass treatment of ivermectin [32]. However,
despite the age of the WHS data, our results may still have
tremendous value to indicate the need for attention in certain
areas that have been neglected.

In conclusion, one out of five adults in the WHS reported any
far visual difficulty while one out of twenty reported severe or
extreme visual difficulty. Those with low levels of formal education
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and women in low and middle income countries were most
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corneal opacities, diabetic retinopathy, childhood blindness,
trachoma, and onchocerciasis [34]. Great progress has been made
for some of these conditions [30,31,32]. Given the importance of
vision to living an independent life, quality eye care service
delivery and life course factors affecting vision health (e.g. repeated
eye infections, diet lacking vitamin A) must receive adequate
attention and resources, especially in low and middle income
countries.

Author Contributions

Conceived and designed the experiments: EF SH MJA MVZ. Performed
the experiments: ES MHRG. Analyzed the data: ES MHRG CV EF.
Wrote the paper: EF MHRG ES SH MJA CV MVZ.

Questionnaire: results from focus groups with visually impaired persons. Arch
Ophthalmol 116: 227-233.

6. WHO (2009) World Health Survey.

7. Hosseinpoor AR, Parker LA, Tursan d’Espaignet E, Chatterji S (2012)
Socioeconomic inequality in smoking in low-income and middle-income
countries: results from the World Health Survey. PLoS One 7: ¢42843.

8. Loerbroks A, Herr RM, Subramanian S, Bosch JA (2012) The association of
asthma and wheezing with major depressive episodes: an analysis of 245 727
women and men from 57 countries. Int J Epidemiol 41: 1436-1444.

9. Mechakra-Tahiri SD, Freeman EE, Haddad S, Samson E, Zunzunegui MV
(2012) The gender gap in mobility: A global cross-sectional study. BMC: Public
Health 12: 598.

May 2013 | Volume 8 | Issue 5 | e63315



20.

21.
. Vela C, Samson E, Zunzunegui M, Haddad S, Aubin M, et al. (2012) Eye Care

. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, et al. (2007) Depression,

chronic diseases, and decrements in health: results from the World Health
Surveys. Lancet 370: 851-858.

. Guthold R, Ono T, Strong KL, Chatterji S, Morabia A (2008) Worldwide

variability in physical inactivity a 51-country survey. Am J Prev Med 34: 486
494.

. Klein BE, Klein R, Lee KE, Cruickshanks KJ (1999) Associations of

performance-based and self-reported measures of visual function. The Beaver
Dam Eye Study. Ophthalmic Epidemiol 6: 49-60.

. Filmer D, Pritchett LH (2001) Estimating wealth effects without expenditure

data—or tears: an application to educational enrollments in states of India.
Demography 38: 115-132.

4. Bank W (2003) GNI per capita, Atlas Method.
. Ahmad O, Boschi-Pinto C, Lopez A, Murray C, Lozano R, et al. (2001) Age

standardization of rates: A new WHO standard.

. Cockburn N, Steven D, Lecuona K, Joubert F, Rogers G, et al. (2012)

Prevalence, causes and socio-economic determinants of vision loss in Cape

Town, South Africa. PLoS One 7: ¢30718.

. Jacques PF, Chylack LT Jr, Hankinson SE, Khu PM, Rogers G, et al. (2001)

Long-term nutrient intake and early age-related nuclear lens opacities. Arch
Ophthalmol 119: 1009-1019.

. Woldeyes A, Adamu Y (2008) Gender differences in adult blindness and low

vision, Central Ethiopia. Ethiop Med J 46: 211-218.

. Glover SJ, Burgess PI, Cohen DB, Harding SP, Hofland HW, et al. (2012)

Prevalence of diabetic retinopathy, cataract and visual impairment in patients
with diabetes in sub-Saharan Africa. Br J Ophthalmol 96: 156-161.

Eusebio C, Kuper H, Polack S, Enconado J, Tongson N, et al. (2007) Rapid
assessment of avoidable blindness in Negros Island and Antique District,
Philippines. Br J Ophthalmol 91: 1588-1592.

UNDP (2009) Human Development Reports. In: United Nations, editor.

Utilization in Older Adults in Low, Middle, and High Income Countries. BMC
Ophthalmology 12.

PLOS ONE | www.plosone.org

23.

27.

28.

29.

30.

32.

33.

34.

The Global Burden of Visual Difficulty

Orr P, Barron Y, Schein OD, Rubin GS, West SK (1999) Eye care utilization by
older Americans: the SEE Project. Salisbury Eye Evaluation. Ophthalmology
106: 904-909.

Schaumberg DA, Christen WG, Glynn R]J, Buring JE (2000) Demographic

predictors of eye care utilization among women. Med Care 38: 638-646.

. Christen WG, Liu S, Schaumberg DA, Buring JE (2005) Fruit and vegetable

intake and the risk of cataract in women. Am J Clin Nutr 81: 1417-1422.

. Cho E, Seddon JM, Rosner B, Willett WC,, Hankinson SE (2004) Prospective

study of intake of fruits, vegetables, vitamins, and carotenoids and risk of age-
related maculopathy. Arch Ophthalmol 122: 883-892.

Shankar AV, West KP Jr, Gittelsohn J, Katz J, Pradhan R (1996) Chronic low
intakes of vitamin A-rich foods in households with xerophthalmic children: a
case-control study in Nepal. Am J Clin Nutr 64: 242-248.

Ojofeitimi EO, Adelekan DA, Adeoye A, Ogungbe TG, Imoru AO, et al. (1999)
Dietary and lifestyle patterns in the aetiology of cataracts in Nigerian patients.
Nutr Health 13: 61-68.

Freeman EE, Zunzunegui MV, Kouanda S, Aubin M]J, Popescu ML, et al.
(2010) Prevalence and risk factors for near and far visual difficulty in Burkina
Faso. Ophthalmic Epidemiol 17: 301-306.

Roba AA, Wondimu A, Patel D, Zondervan M (2011) Effects of intervention
with the SAFE strategy on trachoma across Ethiopia. ] Epidemiol Community
Health 65: 626-631.

Sherwin JC, Reacher MH, Dean WH, Ngondi J (2012) Epidemiology of vitamin
A deficiency and xerophthalmia in at-risk populations. Trans R Soc Trop Med
Hyg 106: 205-214.

Coffeng LE, Stolk WA, Zoure HG, Veerman JL, Agblewonu KB, et al. (2013)
African programme for onchocerciasis control 1995-2015: model-estimated
health impact and cost. PLoS Negl Trop Dis 7: €2032.

Resnikoff' S, Pascolini D, Etya’ale D, Kocur I, Pararajasegaram R, et al. (2004)
Global data on visual impairment in the year 2002. Bull World Health Organ
82: 844-851.

Resnikoff' S, Pascolini D, Mariotti SP, Pokharel GP (2008) Global magnitude of
visual impairment caused by uncorrected refractive errors in 2004. Bull World
Health Organ 86: 63-70.

May 2013 | Volume 8 | Issue 5 | e63315



