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Abstract

Purpose: The prevalence of myopia has been in-
creasing in young people in East and South East
Asian urban environments. It has been predicted
that by 2050 half of the world population will be
myopic, and of those, 10% will suffer from high
myopia. The prevalence of myopia in Latin Ameri-
ca, which holds 1/10th of the world population, has
been scarcely studied. The present study reports
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on the prevalence of myopia among children living
in Ecuador.

Methods: This was a cross-sectional popula-
tion-based study conducted in 2001. The sam-
ple consisted of schoolchildren from the Andean
region in Ecuador. The ocular examination was
performed at schools by trained ophthalmolo-
gists. Children who did not reach a visual acuity of
10/10 in both eyes were submitted for cycloplegic
refraction. Automated cycloplegic refractive error
measurement and subjective refraction were per-
formed. Myopia was considered as spherical equiv-
alent refractive error <-0.50 dioptres.

Results: The study included 6,143 schoolchildren
aged 8.54 + 2.75 years. There was an extremely low
prevalence of myopia (2.69%) and high myopia
(0.16%) in the studied population.

Conclusion: Low prevalence of myopia and very
low prevalence high myopia were found among
children living in the Ecuadorean Andean region
compared to Asian urban environments.

Key words: myopia, prevalence, Ecuador, Latin
America.

Baja prevalencia de miopia en nifios de la
region andina en Ecuador

Resumen

Objetivos: La prevalencia de miopia ha aumenta-
do en los jovenes de los centros urbanos del este y
el sudeste asiatico. Se ha predicho que para el afio
2050 la mitad de la humanidad sera miope y que
el 10% padecera miopia alta. Existe poca evidencia
acerca de la prevalencia de la miopia en América
Latina, que representa el 10% de la poblaciéon mun-
dial. El presente estudio informa sobre la prevalen-
cia de errores de refraccion en los escolares de la
region andina de Ecuador.

Materiales y métodos: Se realizé un estudio pobla-
cional transversal en el afio 2001 en dos escuelas de
Quito e Ibarra, Ecuador. Se realizo refraccion bajo
cicloplejia (ciclopentolato 1%) con autorrefrac-
tometro. Se tom¢ al equivalente esférico < -0.50
como punto de corte para definir miopia y < -5.00
para miopia alta.

Resultados: Se estudiaron 6.143 escolares de 8,54
+ 2,75 afos con un rango de 5 a 16 afios. La preva-
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lencia de miopia (2,69%) y de miopia alta (0,16%)
fue muy baja en la poblacién estudiada.
Conclusidn: Se observo una baja prevalencia de
miopia entre los niflos que viven en la region andi-
na ecuatoriana en comparacion con otros estudios
poblacionales, especialmente de los grandes cen-
tros urbanos asiaticos.

Palabras clave: miopia, prevalencia, Ecuador,
America Latina.

Baixa prevaléncia de miopia em criancas
da regiao andina do Equador

Resumo

Objetivos: A prevaléncia de miopia aumentou o
numero de jovens em centros urbanos nao no les-
te e sudeste da Asia. Prevé-se que em 2050 a meta
da humanidade seja miope e que 10% sofra de alta
miopia. Existem poucas evidéncias sobre a preva-
léncia da miopia na América Latina, que represen-
ta 10% da populagdo mundial. Este estudo informa
sobre a prevaléncia de erros refrativos em escolares
da regido andina do Equador.

Materiais e métodos: Um estudo transversal da
populacéo foi realizado em 2001 em duas escolas
em Quito e Ibarra, Equador. A refracio sob ciclo-
plegia (ciclopentolato 1%) foi realizada com au-
torefratdmetro. O equivalente esférico < -0,50 foi
considerado como ponto de corte para definir mio-
pia e < -5,00 para miopia alta.

Resultados: Foram estudados 6.143 escolares com
idade entre 8,54 * 2,75 anos e variacdo de 5 a 16
anos. A prevaléncia de miopia (2,69%) e alta mio-
pia (0,16%) foi muito baixa na populagao estudada.
Conclusao: Uma baixa prevaléncia de miopia foi
observada em criangas que vivem na regido andina
do Equador em compara¢ao com outros estudos
populacionais, especialmente em grandes centros
urbanos asidticos.

Palavras-chave: miopia, prevaléncia, Equador,
América Latina.

Introduction

The prevalence of myopia has been increasing
in recent generations of young people from dif-
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ferent regions of the world, affecting especially
younger generations from East and South-East
Asian urban environments. Based on this epi-
demic of myopia, some researchers have proposed
that by 2050 half of the world population might be
myopic and about 10% will suffer from high myo-
pia'?. Considering the deleterious consequences
of visual impairment in late adulthood produced
by high myopia, especially myopic maculopathy,
this produces great concern®. Latin America has
1/10th of the world population, involving an
affluent mixed population where people coming
from all parts of the world have settled and mixed
with the aboriginal populations that have lived
for more than 10,000 years in the continent, after
migrating from East Asia across Alaska’. There
are few epidemiological studies of refractive error
in children in Latin America®®. Because of that
the objective of the present study was to evaluate
and show that in the Andean region of Ecuador,
where the Incas developed their culture, and peo-
ple are now mainly a mixture of native Americans
with people of European descendant, there is a
historically very low prevalence of myopia and
high myopia.

Materials and methods

Study design, ethics and participants

This was a cross-sectional population-based
study that involved schoolchildren aged 4 to
16-year-old living in two cities (Quito and Ibarra)
in the Andean region of Ecuador. Methods were
presented in a previous analysis of this sample'.
In brief, all children attending eligible public
schools in Carapungo (a neighborhood in the
city of Quito) and in a nearby city called Ibarra,
were examined in 2002'. These two locations
include a mestizo Andean population descendant
from the Inca Empire which contacted Europeans
about 500 years ago. In Quito 2,286 children were
involved and 3,857 in Ibarra. There were no dif-
ferences in age or gender in the two locations, so
both data are presented together'’. This screening
was approved by the Didcesis of Ibarra Ethics
Committee (Ibarra, Ecuador), and followed the
tenets of the Declaration of Helsinki. Agreement

was obtained from the directors of the schools in
which the study was conducted. The teachers sent
parents a formal communication about the visual
screening two weeks before the study. Children
gave verbal consent for the ocular examination
at the time of the study. All data were treated
confidentially.

Settings and procedures

The ocular examination took place at the
school buildings. The children were examined
by a team of ophthalmologists who first tested
visual acuity with the HOTV test at 3 meters dis-
tance (Precision Vision, USA). The threshold for
normal visual acuity was established at 10/10 (at
least 4 of 5 letters in the line) and when a child did
not reach this visual acuity in either eye, the child
was referred for cycloplegic refraction and fundus
exam. The cycloplegic refraction was performed
after instilling two drops of cyclopentolate 1%
into the inferior fornix twice, 10 min apart. A
third drop was instilled if inadequate dilation was
noted. The autorefraction was performed 40 min
after instillation of the first drop with an autore-
fractometer (Canon R-50, Canon). The mean of
five consecutive measurements was recorded.
One month later, trained optometrists performed
a subjective refraction with this cycloplegic infor-
mation. Spectacles were prescribed and provided
by technical personnel at a subsidized cost of 4
US dollars.

Main outcomes and statistical evaluation

The spherical equivalent refraction was cal-
culated as the sphere + ¥ the cylinder value of
the cycloplegic autorefraction. Refractive data are
presented for the right eyes, because data obtained
in the left eye were similar (r=0.896, p<0.001).
For reporting prevalence of refractive error, the
present study followed the protocol used in the
Refractive Error Studies in Children and the
recommendations of the International Myopia
Institute: myopia was considered as spherical
equivalent refractive error < -0.50 diopters'!'2
For the purpose of this study astigmatism was
considered as that < -2.00 diopters (but other cut
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Table 1. Relative percentages of visual
acuity in decimals.

VA n= %
0,05 12 0.2
0,10 N 0.2
0,13 14 0.2
0,16 29 0.5
0,20 30 0.5
0,25 84 1.4
0,32 96 1.6
0,40 103 1.7
0,50 170 2.8
0,63 270 44
0,80 883 14.4
1,00 444 723

points are presented for comparison with other
studies). Parametric values are expressed as mean,
standard deviations and range. The data were
recorded in an Excel spreadsheet and converted
to SPSS database for the analysis (SPSS version
15, SPSS Inc., Chicago, IL, USA).

Results

The sample consisted of 6,143 children aged
8.54 £ 2.75 years, range 5 to 16 years of whom
2,775 (45.2%) were female. The mean uncorrected
visual acuity in decimal notation was 0.89 + 0.20
for the right eyes. The relative percentages of each
visual acuity level are presented in Table 1. There
were 1,702 (27.7%) children in the sample who did
not reach the 10/10 cut off for uncorrected visual
acuity in the right eyes. In this study 2,436 (39.6%)
children were examined with cycloplegia, includ-
ing all children with at least one eye which did
not reach 10/10 visual acuity. The mean refractive
error of these children was similar for both eyes (r
=0.86, p < 0.001) and its distribution can be seen
in Figure 1. The mean refractive error was mildly
hyperopic for the refracted right eyes (spherical
equivalent = +1.19 + 1.53 diopters).

There were 165 subjects (2.69% of the whole
sample) with myopic spherical equivalent < -0.50
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Figure 1. Distribution of the spherical equivalent of the auto refracted
right eyes.

diopters (limit -12.25 diopters). There were 436
(7.09%) subjects with refractive cylinder < -2.00
diopters (limit -8.50 diopters), 984 (16.02%) with
cylinder < -1.00 diopters and 1391 (22.64%) cyl-
inder < -0.75 diopters. Figure 2 shows the distri-
bution of refractive cylinder and Figure 3 the dis-
tribution of the axis of these cylinders, which were
mainly with-the-rule.

The high prevalence of high simple myopic
astigmatism (< -2.00 diopters) made some sub-
jects look like biased myopes with not true negative
spherical equivalent (for example a -2.00 diopters
simple myopic astigmatism classified as a -1.00
diopter spherical equivalent myopic subject).
Thus, there were only 80 (1.30%) children with
spherical component < than -0.50 diopters (true
myopes compared to 2.69% of myopic spherical
equivalent). There were only ten subjects (10/6143;
0.16%) with high myopia < -5.00 diopters of spher-
ical equivalent in the right eye. There were 318
subjects with anisometropia of 1 diopter or more
in the whole sample (5.17%).

Discussion

In this school based cross-sectional study on
the prevalence of refractive errors, the frequency
of myopia is exceptionally low (2.69%) with vir-
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Figure 2. Distribution of the cylinder of right eyes.

tually no high myopia (0.16%). The children
included in this study belong to a mestizo pop-
ulation according to recent genetic studies in the
zone®. Mestizo populations have a differentiated
Amerindian genetic background, consistent with
a mainly local native ancestry”’.

These children live in the Andes Mountain
Range, over a plateau surrounded by high moun-
tains in two nearby urban environments (Quito,
at 2.850 mts, and in Ibarra at 2.215 mts over the
sea level). Quito, with around two million resi-
dents registered in 2010 has a population den-
sity of 5,401 inhabitants per square kilometer and
Ibarra with 131,856 inhabitants has a population
density 3,216 inhabitants per square kilometer
(Hong Kong 6,300, Singapore 7,843, and Beijing
1,322). Ecuadorean children spent 4 hours a day
at public schools and probably many more hours
a day outdoors. At the time of the study (2001)
they had no access to cell phones and very lim-
ited access to computers or video games. This
study was performed nearly 20 years ago when
the link between myopia and outdoor exposure
was not yet discovered and therefore not inves-
tigated. Nowadays some changes in habits may
have occurred, especially after the massification
of cell phones and computers, so similar stud-
ies performed now, might bring up different
results. In this context, the prevalence of spheri-

Figure 3. Distribution of the axis of the cylinder in right eyes.

cal myopia is exceptionally low, even lower than
in Nepal, a country with low literacy and high
outdoor exposure where studied children were
rural village dwellers'. This fact suggests that in
children living in Ecuadorean suburban environ-
ments, perhaps similarly to what happens in great
part of the cities in the underdeveloped world,
there is no epidemic of myopia (Table 2). This
should be considered not only for future perspec-
tives, but also to study how living environment
can influence refractive errors. Another factor
to be considered is the extremely bright sunlight
exposure that these children were subjected to.
Due to the thin atmosphere found in the high
altitude of Quito and Ibarra and the location near
the equatorial line, the light exposure is more
intense in this part of the world".

The epidemic of myopia was first described in
a population of Alaskan aboriginals, in whom the
prevalence of myopia in those born before 1940
was 3%, and increased to 35-65% both in inuit
and aboriginal children who were born between
1950 and 1960'°. Another epidemic was described
in Singapore where the prevalence increased five-
fold in military conscripts from 1980 to 2000".
These changes were unexplained until the associ-
ation between myopia and academic achievement
or lack of outdoor exposure was discovered in
recent years'. It would be interesting to measure

206



Oftalmologfa Clinica y Experimental « ISSN 1851-2658 + Volumen 14 « Nimero 4 » Diciembre 2021

Table 2. Prevalence of myopia in different Latin American studies in children.

Author Location n= Age (years) Publication  Myopia
Maul® Chile 701 14-15 2000 8.86%
Lira® Campinas (Br) 266 12 2014 6.39%
Schimiti? Ibipora (Br) 13471 6-15 2001 5.20%
Salomao® Sao Pablo (Br) 2441 11-14 2008 4.56%
Zeman® Salta (Arg) 1852 5-15 2021 3.61%
Magnetto Marcos Juarez (Arg) 283 12 in preparation  3.53%
Thorn” Amazon (Br) a1 12-59 2005 2.30%
Zeman Ecuador 1594 5-16 presentstudy  1.44%
Carter** Paraguay 168 5-16 2013 1.40%
Signes-Soler®>  Paraguay 1466 3-2 2017 0.50%

academic achievement and outdoor exposure in
Ecuadorean children in future similar studies to
determine how much time outdoors is needed to
achieve the low prevalence of myopia of this region
(Table 2).

Concerning the high prevalence of high astig-
matism in this sample, it is interesting to note that
our methods avoided classifying as mild myopes
those with simple myopic astigmatism, which
have myopic spherical equivalent. Even in case
that those were included, the prevalence of myo-
pic spherical equivalent would be extremely low,
under 4% in the present study. The possible genetic
background of the noticeable prevalence of high
astigmatism in this study is beyond the scope of
this paper and has been described thoroughly in
a companion paper in preparation with similar
data from Salta, Argentina. Noteworthy, we can
state that this high prevalence of with-the-rule
high astigmatism is probably genetic in nature,
and related to Andean populations across the
Americas, like those of Chilean children® or Zuni
and Navajo aboriginals'® which show high pro-
portion of high astigmatism as Chinese children
from East Asian environments'**. Interestingly,
Andean, Zuni and Navajo societies have upheld
some degree of stability in their genetic back-
ground due to inbreeding, a fact which is associ-
ated with a high prevalence of genetic diseases'®.

The cut point of 10/10 visual acuity used in
the present study for screening myopia is very

conservative as Leone et al. in the Sydney Myopia
Study have shown that a cut point of 7/10 could
equally serve to detect significant myopia®.
Therefore, we believe that no child with myopia
may have gone undetected in this study. Another
strength of our study is that it was school-based,
and given there is no discrimination for refrac-
tive errors in Ecuador at school entrance, high
myopes were probably not undetected as well.
Of interest, high myopia (over -5.00 diopters)
in school aged children of low prevalence areas
might probably be syndromic or genetic in
nature, and was extremely rare in this studied
sample. We do not report on hyperopia preva-
lence in this study because low hyperopes can
accommodate for 10/10 uncorrected visual acuity
and would be missed by our methods. Even in
that case, the mean refractive error of children
in whom cycloplegic refraction was performed
was mildly hyperopic (around +1.00 D), show-
ing that this seems to be the endpoint refractive
development during childhood in a population
with low prevalence of myopia.

Conclusion

In conclusion, an exceptionally low prevalence
of myopia or high myopia is reported historically
for school-aged children in the Andean region of
Ecuador, descendants of native Americans, eval-
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uated in 2002. This might be explained by the
genetic background, but especially by the envi-
ronmental factors determined by the possibly
limited near work and significant time spent
outdoors under the bright sun of the Ecuadorian
region. These children have also a significant
prevalence of high astigmatism as other Andean
children, which may probably be genetic in
nature. The study of living habits of these pop-
ulations, namely academic achievement, hous-
ing, outdoors exposure and spare time activities
could contribute to the understanding of the
myopia epidemics in developed urban environ-
ments in other parts of the world. Thus, future
studies in this region should include the eval-
uation of myopia risk factors. Indeed this his-
torical prevalence gathered 20 years ago could
serve for the basis of future studies showing
the trends in refractive error prevalence to see
if Ecuador is developing the same epidemic of
myopia as other parts of the world. In fact, little
has changed in these 20 years with urbanization
and academic performance of children in the
zone, so it would be very interesting to repli-
cate the study with questionnaires of outdoor
exposure and reading habits.
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