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ABSTRACT | Purposes: The purpose of this study was to
evaluate the magnitude and determinants of bilateral blindness
and visual impairment (V1) in the southwest region of Sdo Paulo
State, Brazil. Methods: This cross-sectional study conducted
during 2013 and 2014 targeted people of all ages in 10 districts in
the southwest region of Sdo Paulo State, Brazil. Ophthalmologists
in a mobile unit measured visual acuity and examined eyes.
Visual acuity was categorized according to the World Health
Organization sex-adjusted rates with 95% confidence intervals (CI)
were calculated. Number of blindness and visually impaired was
projected for the entire study area. Results: We examined 2,306
participants. The age- and sex-adjusted frequency of bilateral
blindness was 0.26% (95% Cl: 0.1-0.4). Females (0.35%) and
patients =50 years old (0.58%) had higher rate of blindness
compared with males and younger individuals. The rate of
severe VI was 9.1% (95% Cl: 8.8-10.6) and was higher among
males (11.6%) and those >50 years (12.3%). There could be 880
people with bilateral SVI in the study area. Bilateral severe VI was
attributed to cataracts in 63% and was attributed to refractive
error in 18%. Conclusion: Visual impairment and blindness in
the study population was low and mainly due to cataract and
refractive errors. Initiatives should be addressed by health care
services to further reduce avoidable blindness in the region.

Keywords: Visual impairment; Blindness; Cataract; Refractive
errors; Brazil

RESUMO | Objetivos: O objetivo deste estudo foi avaliar a
magnitude e determinantes da cegueira bilateral e deficiéncia
visual (DV) na regido sudoeste do estado de Sao Paulo, Brasil.
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Métodos: Trata-se de um estudo transversal do qual participaram
pessoas de todas as idades, habitantes de 10 distritos da regiao
sudoeste do estado de Sdo Paulo - Brasil, nos anos de 2013-
2014. Oftalmologistas avaliaram a acuidade visual e realizaram
exame oftalmolégico usando uma unidade mével. A acuidade
visual foi categorizada seguindo os critérios da Organizagao
Mundial de Satde. Foi calculada a taxa ajustada por idade-sexo
e o intervalo de confianca de 95% para estimar o nimero de
cegos e deficientes visuais na populagdo. Resultados: Foram
examinadas 2.306 pessoas. A frequéncia de cegueira bilateral
ajustada por idade e sexo foi de 0,26% (95% Cl: 0,1-0,4).
Mulheres (0,35%) e individuos 250 anos (0,58%) foram os que
tiveram maior taxa de cegueira. A taxa de deficiéncia visual grave
foi de 9,1% (95% Cl: 8,8-10,6), ocorrendo mais em homens
(11,6%), com idade >50 anos (12,3%). Estimativas indicaram
existéncia de 880 pessoas com deficiéncia visual grave bilateral
na regido. Catarata (63%) e erros refrativos (18%) foram as prin-
cipais causas de deficiéncia visual grave. Conclusao: Deficiéncia
visual grave e cegueira na regido estudada foram baixas, sendo
as causas mais frequentes a catarata e os erros de refracao. Os
servigos de satide precisam implementar iniciativas para reduzir
as causas evitaveis de cegueira na regiao.

Descritores: Deficiéncia visual; Cegueira; Catarata; Erros de
refracao; Brasil

INTRODUCTION

The global estimate of visually impaired (V1) worldwide
in 2017 was 253 million (blindness in 36 million and
moderate-to-severe visual impairment in 217 million)™.
Globally, 81% of individuals with blindness or VI are 250
years old”. The prevalence of blindness and VI as well
as the causes vary around the world™ and within Latin
American countries®. Accurate data are crucial for plan-
ning for and monitoring the progress of VISION 2020:
The Right to Sight global initiative to eliminate avoidable
blindness in all member countries®.
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Brazil is within the region of the Americas designated
by the World Health Organization”. Based on the cen-
sus of 2010, the estimated population of Brazil in 2014
was 200 million®. Demographically, nearly one-fourth
of the population is below 15 years of age, and only
one-tenth is 60 years and older®. Although agriculture
is the main economic activity, 87% of the population
resides in urban areas®”. The per capita gross domestic
product of Brazil in 2014 was US$5.97®. Despite Brazil
is rapidly evolving economy, poverty remains an impor-
tant issue and has an impact on access to appropriate
ophthalmic care®.

Prior to 2010 there were several assessments of VI
and blindness in Brazil and specifically in Sao Paulo
State”. However, updating information on eye disease
in the same region will be helpful in evaluating progress
in the health sector, particularly that of eye health care.

Sao Paulo State is in southwest Brazil and has 17 health
regions"?. The region of the present study is composed
of 68 municipalities"” with approximately 2,500,000
inhabitants. In many of the small cities in this health re-
gion, primary health care alone is provided; ophthalmic
care is not available in those cities. However, the Uni-
versity Hospital of Botucatu Medical School, a tertiary
reference eye center, has provided outreach eye care
services for this region over the past decade. This care
is delivered through a mobile ophthalmic unit visiting
a particular city once a week on request. In addition to
providing care, the unit generates information on visual
disabilities through a community-based study with a
view to enhancing eye care services in the region. The
purpose of this study, based on data collected through
this service delivery program, was to evaluate magni-
tude and determinants etiologies of visual impairment
VI and blindness in the southwest region of Sdo Paulo
State, Brazil.

METHODS

A cross-sectional study using a convenience sample
from the eye care service delivery program described
above was carried out in 10 districts of the southwest
region of Sdo Paulo State, Brazil, during 2013 and 2014.
The Ethics Committee in Human Research from the Bo-
tucatu Medical School approved the study protocol.

The target population comprised all individuals resi-
ding in the study area and registered in the basic health
units of the municipalities. Local health authorities in-
vited all residents in need of ophthalmic care to attend
the mobile clinic. We included in the study all those

agreeing to take part, excluding only those declining to
participate.

The study team comprised four ophthalmologists and
four mid-level eye care professionals trained in the study
methodology. A mobile ophthalmic unit stationed within
each health community center was used for a complete
eye examination of each participant. Data were collected
on age, sex, location of residence, and eye disease.

Uncorrected visual acuity (VA) was measured for each
eye using an illuminated Snellen E chart placed 6 m from
the participant. Vision was again tested with spectacles
to measure presenting VA for distance. If the participant
was unable to read the letter on the top line of the chart,
testing was repeated at a distance of 1 m. If the patient
could not see the top line at 1 m, the vision was tested
and recorded as counting fingers, seeing hand move-
ments, light perception, or no light perception. If the
presenting VA was less than 6/6, an objective refraction
was performed and the best-corrected visual acuity
(BCVA) from this refraction was noted. For participants
<40 years of age, cycloplegic refraction was performed.
Cycloplegia was achieved by instilling one drop of 1%
cyclopentolate in each eye, which was repeated after
five minutes a maximum of three times. For patients >5
years old, intraocular pressure (IOP) was measured with
a noncontact pneumotonometer (CT-60 Computerized
Tonometer, Topcon Corp., Tokyo, Japan). The mean of
three measurements was recorded as the 10P of each
eye. If the IOP was >25 mmHg, the measurements
were repeated using a Goldman applanation tonometer
(Haag Strait, Bern, Switzerland). Slit lamp biomicroscopy
(BQ-900, Haag Strait) was performed to evaluate the
anterior segment. Posterior segment evaluation was per-
formed with a 90D Volk lens and a slit lamp. To ensure
consistent quality, the study staff were trained and pe-
riodically monitored and the equipment was frequently
calibrated. All data collection forms were pretested.

Participants who required further clinical or surgical
management were referred to the Botucatu Medical
School university hospital. The final diagnosis of visual
disability was based on comprehensive eye assessment,
further investigations as indicated, and an expert ophthal-
mologist’s opinion.

The International Classification of Diseases Update
and Revision 2006-version 10 was used to grade VI"".
Severe VI (SVI1) was defined as a BCVA of <6/60 in the
better eye and a corresponding restriction in the field
of vision. Moderate VI (MVI) was defined as the BCVA of
<6/18 to 26/60 in the better eye. Blindness was defined
as a BCVA worse than 3/60.
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Data were collected on a form and then transferred
to an Excel spreadsheet (Microsoft Corp., Redmond,
WA, USA). Data were then analyzed with the Statistical
Package for Social Studies (SPSS 19.0; 1BM Corp., New
York, NY, USA). Univariate analysis was performed with
a parametric method.

The participants were grouped based on age: <20
years; 21 to 50 years; and >50 years. The crude rates of VI
for each sex and age group for each city were calculated,
after which age-sex-standardized rates with 95% confi-
dence intervals (Cl) were calculated. Based on the popu-
lation in our sample, we projected the possible number
of individuals with visual disabilities in the study area.

RESULTS

Senior citizens were over represented in the study
compared with children and working-age adults, con-
firming that standardizing the rates for age and sex was
essential (Table 1).

There were six patients with bilateral blindness, for
an age-sex-adjusted rate of 0.26% (95% Cl: 0.1 to 0.4).

Female participants (0.35%) and those 50 years and older
(0.58%) had higher rate of blindness compared with
males and younger individuals (Table 2).

The rate of SVI in the study population was 9.1%
(95% ClI: 8.8-10.6), affecting mainly males and those ol-
der than 50 years (Table 3). The rate of MVI was estima-
ted to be 19.1% (95% Cl: 18.8-20.2), affecting primarily
females and individuals over 50 years of age (Table 4).

SV1 was noted on presenting VA testing in 164 (8.1%)
participants over the age of 20, of whom 104 (63.4%)
still had SVI with BCVA. The main causes of SVI were
cataracts (30.5%) and uncorrected refractive errors (RE)
or uncorrected aphakia (10.5%) (Figure 1). Among par-
ticipants younger than 20 years, 46 (1.9% of the entire
sample of 2306) had SVI based on uncorrected VA, of
whom only five had BCVA less than 3/60 in the better
eye. This was due in one to cataract and in four to
uncorrected RE or uncorrected aphakia. VI due to ocular
infections was uncommon in this population.

Among the 1,032 participants over age 50, cataract
was the principal cause of bilateral blindness in four

Table 1. Demographics and proportion of a population examined for visual disabilities in southwest Sao Paulo State*

Male

Population (A) Study sample (B)

Female

Population proportion (A) Examined proportion (B)

Number % Number % (A-B/A) Age A number A % B number B % (A-B/A)
31,065,802 31.5 228 26.4 0.16 <20 years 27,349,209 29.5 251 17.4 0.41
44,565,568 45.2 228 26.4 0.42 21 to 50 years 40,997,909 44.3 567 39.3 0.11
22,964,150 23.3 409 38.6 -0.66 >50 years 24,237,095 26.2 623 43.2 -0.65
98,595,520 100.0 865 100.0 Total 92,584,214 100.0 1441 100.0

*= Brazil Demographics Profile 2017 [database on the Internet]. 2014 [cited 23/01]. http://www.indexmundi.com/brazil/demographics_profile.html

Table 2. Rates of blindness in southwest Sao Paulo State, Brazil,* based on World Health Organization (WHO) criteria

Bilateral Blindness

Age and sex adjusted

Projected blindness in the

Examined Number of blind prevalence (%) 95% confidence interval community
Total 2306 6 0.26 0.1-0.4 11
Gender Male 865 1 0.12 0.0-0.4 1
Female 1441 5 0.35 0.0-0.7 5
Age <20 years 479 0 - - -
21 to 50 years 795 0 - - -
>50 years 1032 6 0.58 0.1-1.0 11

*= Brazil Demographics Profile. 2014 [Internet]. IndexMundi; 2018. [cited 2018 Feb 22]. Available from:

416 Arqg Bras Oftalmol. 2018;81(5):414-20

http://www.indexmundi.com/brazil/demographics_profile.html®



Schellini SA, et al.

Table 3. Rates of severe visual impairment (vision < 6/60) in southwest Sao Paulo State, Brazil

Severe visual impairment bilaterally

Examined Number with SVI

Age and sex adjusted rate (%)

95% Confidence interval Projected SVI in the community

Total 2,306 210

Gender Male 865 100
Female 1,441 110

Age <20 years 479 46
21 to 50 years 795 37

>50 years 1,032 127

9.1
11.6
7.6
9.6
4.6
12.3

8.8-10.6 444
10.3-12.9 275
6.5-8.7 169
3.7-7.9 160
3.2-6.1 73
10.3-14.3 269

SVI= severe visual impairment.

Table 4. Rates of moderate and severe visual impairment in southwest Sao Paulo state, Brazil

Bilateral MVI & SVI

Age-sex-adjusted 95% confidence Projected visual
Examined Number with low vision rate (%) interval impairment in community

Total 2,306 460 19.1 18.8-20.2 880

Gender Male 865 144 16.5 14.0-19.0 393

Female 1441 316 21.9 19.8-24.0 487
Age (years) <20 479 60 12,5 9.6-15.5 -
21to 50 795 106 132 10.9-15.6 -
>50 1,032 294 28.5 25.7-31.3 =

MVI= moderate visual impairment; SVI= severe visual impairment.

Phthisis

Corneal opacity
Optic atrophy

Glaucoma |

Diabetic retinopathy I

Unknown

Age relsted macular degeneration

Unzorrected refractive error & aphakia

Cataract

Figure 1. Etiologies of bilateral severe visual impairment in southwest
Sao Paulo State, Brazil.

participants (0.4%) and of SVI in 80 participants (7.8%).
Thus, among those over age 50 in the study area po-
pulation, as many as 9,000 individuals could be blind
due to cataract and 17,000 individuals could have SVI
secondary to cataract.

Based on 18% of the total study sample with SVI due
to uncorrected RE, it is estimated that 50,000 people

of all ages in the study area require spectacles or other
visual aids for vision correction.

DISCUSSION

Our study evaluated the magnitude and determinants
of blindness and V1 in a convenience sample of individuals
attending a mobile ophthalmic unit in Sdo Paulo State,
Brazil. The use of a mobile ophthalmic unit to study a
convenience sample is uncommon in epidemiologic stu-
dies and could be an alternative to undertaking similar stu-
dies while providing assistance, allowing simultaneous
collection of data and provision of eye care services

We estimated 0.26% of bilateral blindness of 0.26%
among residents of the municipalities covered in this
study. This result from a convenience sample of people
actively seeking ophthalmic care may overestimate the
true prevalence in the general population. Thus, the
actual blindness rates in the community could be lower
than 0.26%. A cross-sectional study performed a decade
earlier in the same region reported a 0.4% prevalence of
blindness (95% Cl: 0.2 to 0.6)“. The lower rate in our
study might reflect the impact of continuous mobile eye
care services provided in the region in the past 10 years.

Arg Bras Oftalmol. 2018;81(5):414-20 417
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Among individuals older than 50 years in our study,
the blindness rate was 0.58%. A population-based sur-
vey in 2005 evaluating individuals older than 50 years
from Sao Paulo City, Sao Paulo State, Brazil, was 1.5%%.
That study was completed 10 years earlier than ours,
and differences in access to eye care services between
the two different studied regions of Sao Paulo State or
in the study design may account for the discrepancy in
the results.

In Latin America, the prevalence of blindness among
individuals older than 50 years reportedly varies from
0.7% (95% Cl: 0.4-1.0) in Argentina to 3.0% (95% Cl:
2.3-3.6) in Panama®. The global estimate of the preva-
lence of bilateral blindness in 2017 was 0.48%", higher
than that in the present study and comparable to that in
industrialized countries"?.

The prevalence of SV1in our study was 9.7%, which is
higher than the 7.4%reported in a similar area in 2009%,
but is lower than the rate reported in Campinas, Sao
Paulo State, in 2003". Differences in sampling proce-
dures among different study populations likely explains
the discrepancies between results.

The rate of SVI in the present study was lower than
that in El Salvador (14%)®@, but was much higher than the
global estimated prevalence of SVI and MVI combined
(2.95%), for all ages”. These differences may be related
to sampling techniques and may also reflect the variability
in access to eye care services within the regions studied.

The proportion of females in the study population was
higher than the females, in our sample and there were
more women who were blind. The overrepresentation
of females in our study can be because of longer life ex-
pectancy for women compared with men in Brazil®, or
it may be because outreach activities such as the mo-
bile eye care unit can bridge the sex gap in developing
countries. Another explanation may be the characteris-
tics of the study region, which is mostly comprised of
small cities where men are the labor force, while most
women undertake domestic chores. Thus, women might
find it easier to attend community health projects such
as ours. In addition, as men are the income earners in
this region, they may have the funds to seek eye services
at hospitals, while women are less likely able to afford
hospital care. They might therefore be more likely to
take advantage of community-based, low-cost services.

We adjusted the rates of visual disability based on age
and sex to obtain an accurate estimate for the study area
as a whole and to allow comparison with other studies
of visual disabilities. We found a very low rate of visual

418 Arqg Bras Oftalmol. 2018;81(5):414-20

disabilities in children under 20 years old. The sample
required for a prevalence study should be large; hence
outcomes from this relatively small subgroup of children
should be interpreted with caution. Our study may also
have some bias because senior citizens over 50 years old
were overrepresented in the sample, both in relation to
the general Brazilian population and in comparison with
children and working-aged adults.

The current study enrolled subjects of all ages.
However, the WHO recommends surveys targeting in-
dividuals 250 years old in countries with limited resources,
an undertaking known as the Rapid Assessment for the
Prevention of Blindness®'*'¥. Numerous studies from
Latin America based on this program or on the Rapid
Assessment of Cataract Surgical Services have involved
samples of individuals 250 years old®”:#'%'9  although
other prevalence surveys have included individuals 40
years and older"?, and WHO estimates include all ages".

Approximately 6% of the population in the study
area is comprised of individuals 250 years. Undertaking
a survey only of that age group may be cost effective,
but it will eliminate a large population of younger peo-
ple from surveys designed to enhance effective eye-care
planning®®. Such surveys fail to address the problem of
visual disability in the entire community, depriving younger
age groups of the planning needed to reduce visual disa-
bility throughout the population of interest.

Blindness in children was not detected in our study.
The adjusted prevalence of bilateral SVI for patients <20
years old was 12.5%. The causes of SVI in this particu-
lar group were the same as in adults (cataract and RE),
although REs were more important than cataracts in this
young subgroup.

The finding that cataract (63%) and uncorrected RE
(18%) were the main causes of SVI in our study corres-
ponds with the findings of another study in the same re-
gion noting that these two etiologies contributed to 85%
of V19 In Campinas, Sao Paulo State, 41% of blindness
was due to cataract”. The difference between our results
and those of the Campinas study is likely related to study
design, as we used a convenience sample and the Cam-
pinas study used a population-based sample. The causes
of blindness in the current study are similar to data from
other countries, for example, cataract is responsible for
25%" to 33%” of blindness globally.

The ophthalmic services in the study area should be
enhanced to provide care for the projected numbers of
patients with cataract-related disability, whether 9,000
with blindness or 17,000 with SVI. Notably, bilateral ca-
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taract surgery is required for disabled individuals, so the
resources required would be double that of the number
of individuals needing it.

Measuring both the presenting VA and the BCVA
allowed us to highlight the role of uncorrected RE as
a cause of visual disability in the study area. We found
that RE was the second most common cause of SVI, with
prevalence of 2.1% in our sample. Nearly one-fourth of
the population had uncorrected RE causing some degree
of VI. A cross-sectional study in the same area reported
that 13.8% of subjects had uncorrected RE, with a pre-
valence of optically reversible low vision of 4.6% and of
blindness of 1.8%?". The 2.1% prevalence of visual disa-
bility due to uncorrected RE in our study is in line with
previous data from Brazil (2.3%)*?, Colombia (1.4%)*,
and Chile (2.1%)“, while this prevalence of visual
disability due to uncorrected RE is lower than that in
Venezuela (5.0%)?.

We estimated that 50,000 people in the total popu-
lation require spectacles to improve their VI. The high
percentage of SVI due to uncorrected RE in our study is
of particular concern, indicating the urgent need to es-
tablish affordable refractive services in smaller cities like
those in our study area. Beyond this, mobile units can
provide access for populations where local services for
refraction are unavailable. We recommend the provision
of low-cost visual aids and education encouraging the
use of visual aids in the target population.

Other causes of SVI in our population were related
to posterior segment pathologies such as age-related
macular degeneration (AMD) in 6%, diabetic retinopathy
(DR) in 4%, and optic nerve atrophy in 2%. The propor-
tion of AMD is higher in developed countries and in
high-income regions®®. A study from Sao Paulo City,
Brazil, reported that AMD contributed to 16.4% of new
cases of blindness®”. The prevalence of AMD in Latin
America is 15%"“?, contributing to 5% of blindness or
4% of VI globally™. The low presentation of AMD in
our study could be due to a large proportion of patients
with significant cataracts precluding posterior segment
examination or because the age structure of our sample
did not precisely match the age structures of population-
based studies. Another cause could be the manner in
which the data was collected, with the listing of a pre-
ventable or curable disorder as a principal cause of VI
seen as a priority in the mobile units in our study, so that
less attention was paid to AMD.

DR was responsible for SVI in 4% of our sample. In
another study from the same geographic area as ours,

the prevalence of type 2 diabetes and DR was 8.7% and
7.6%, respectively®®. The lower rate of SVI due to DR
in our population could be due to the continued provi-
sion of eye care in the study area over the past 10 years.
Changing lifestyles in these communities will likely result
in decreases in the prevalence of metabolic diseases
such as diabetes. Health care providers should plan for a
reduction in the frequence of diabetes and its associated
comorbidities.

Glaucoma was responsible for 4% of SVI in our sample.
A previous study from the same region reported the same
4% prevalence of glaucoma”, and 7.4% of blindness in
Brazil is due to glaucoma®”. However, the prevalence of
glaucoma-related visual disability was lower in our study
compared with other Latin American countries, including
Honduras (21.1%), Paraguay (15.6%), Uruguay (14.3%),
Peru (13.7%), and Panama (10.2%)>19),

The strength of the present study is the sample size,
the opportunity to assess individuals in their own com-
munity using a mobile unit which favored participation,
and data based on a complete ophthalmic exam done
by a trained team of ophthalmologists.

Limitations of our study include the use of a conve-
nience sample recruited through a program offering oph-
thalmic care to a specific population rather than to a
population-based sample. Our results, then, are not pre-
cisely representative of the general population. However,
our design allowed data collection for projecting future
resource requirements at the same time as that when we
rendered care to individuals in need. Another limitation
is the fact that we did not include standard assessment of
visual field defects to define blindness and SVI. This may
have resulted in underrepresentation of certain types of
visual disabilities.

In conclusion, we found that individuals presenting
for eye care in the study area had a lower prevalence of
blindness and SVI compared with previous estimates.
Visual disabilities were more prevalent in females and
in those individuals aged 50 years or older. Cataract not
operated and uncorrected RE remain the most common
causes of VI. These issues must be urgently addressed to
attain the goals of VISION 2020 in our region.
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