Int J Ophthalmol, Vol. 10, No. 3, Mar.18, 2017
www.ijo.cn
Tel:8629-82245172 8629-82210956
Email:ijopress@163.com

·Investigation·

Refractive error study in young subjects: results from a
rural area in Paraguay
Isabel Signes-Soler1,2, José Luis Hernández-Verdejo1,3, Miguel Angel Estrella Lumeras1,4, Elena Tomás
Verduras1,2, David P. Piñero5,6
1

Non-governmental Organization Vision Without Borders
(Visio Sense Fronteres), Alicante 03710, Spain
2
School of Advanced Education, Research and Accreditation
(SAERA), Castellón de la Plana 12001, Spain
3
Faculty of Optics and Optometry, University Complutense of
Madrid, Madrid 28037, Spain
4
European University of Madrid, Madrid 28108, Spain
5
Foundation for the Visual Quality (FUNCAVIS), Alicante
03016, Spain
6
Department of Optics, Pharmacology, and Anatomy, University
of Alicante, Alicante 03690, Spain
Correspondence to: Isabel Signes-Soler. C/Corbeta, 6 Calpe,
Alicante 03710, Spain. isabel@opticasignes.es
Received: 2016-01-18
Accepted: 2016-04-28

Abstract

● AIM: To evaluate the distribution of refractive error in young
subjects in a rural area of Paraguay in the context of an
international cooperation campaign for the prevention of
blindness.
● METHODS: A sample of 1466 young subjects (ranging
from 3 to 22 years old), with a mean age of 11.21±3.63 years
old, were examined to assess their distance visual acuity
(VA) and refractive error. The first screening examination
performed by trained volunteers, included visual acuity
testing, autokeratometry and non-cycloplegic autorefraction.
Inclusion criteria for a second complete cycloplegic eye
examination by an optometrist were VA <20/25 (0.10 logMAR
or 0.8 decimal) and/or corneal astigmatism ≥1.50 D.
● RESULTS: An uncorrected distance VA of 0 logMAR (1.0
decimal) was found in 89.2% of children. VA <20/25 and/or
corneal astigmatism ≥1.50 D was found in 3.9% of children (n=57), with a prevalence of hyperopia of 5.2% (0.2%
of the total) in this specific group. Furthermore, myopia
(spherical equivalent ≤-0.5 D) was found in 37.7% of the
refracted children (0.5% of the total). The prevalence of refractive astigmatism (cylinder ≤-1.50 D) was 15.8% (0.6% of
the total). Visual impairment (VI) (0.05≤VA≤0.3) was found
in 12/114 (0.4%) of the refracted eyes. Main causes for VI
were refractive error (58%), retinal problems (17%, 2/12),
albinism (17%, 2/12) and unknown (8%, 1/12).

● CONCLUSION: A low prevalence of refractive error has
been found in this rural area of Paraguay, with higher prevalence of myopia than of hyperopia.
● KEYWORDS: refractive error; blindness; visual impairment;
myopia; hyperopia
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INTRODUTION
ncorrected refractive errors are the main cause of visual
impairment (VI) in developing countries (43%), followed
by cataract (33%)[1]. Refractive errors were not considered
as a cause of blindness until recently, with the increasing use
of the concept of presenting visual acuity (VA) for defining
blindness[2].
The global magnitude of low vision caused by uncorrected
refractive error (nearsightedness, farsightedness or astigmatism) published in the Bulletin of the World Health Organization in 2010 is estimated to be 103 million[1].
The distribution of blindness is not homogeneous throughout
the world, with 90% of blindness being present in developing
countries[3]. Blindness due to refractive error in a specific
country suggests that its access to eye care services are in general
poor because the management of a refractive error is probably
the easiest and most effective eye care service[4-5].
The overall prevalence of blindness in the American and the
Caribbean regions was found to be of 0.45/1000, with the
majority of these regions (67%) in countries with under 5 death
rates above 30/1000 live births[6].
Children are the most fragile social stratum for VI and
blindness, although the incidences of these conditions are lower
than in adults. Given the potential life of a child, a refractive
error at the young age may have a lifelong impact[7]. In many
middle-income and low-income countries, 30%-72% of
childhood blindness is avoidable, and refractive error, which is
easily correctable with glasses, is the most common cause of
bilateral VI[8-9].
Although there is a growing interest in the elimination of
avoidable blindness due to uncorrected refractive error[10],
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and the eye care services for children have improved[11], a
recalculation of global estimates of prevalence, incidence, and
cause of children’s eye problems is needed.
Paraguay is a Latin America country of middle development,
with a human development index of 0.665. The gross domestic
product per capita in purchasing power parity (PPP) terms is
$4107. Population living below $1.25 PPP per day is 5.1%[12].
In this study, we evaluated the distribution of the refractive
error in young subjects of the rural area of San Roque
González de Santa Cruz (also called Tavapy) around 100 km
south Paraguay’s capital Asuncion, in the context of an
international cooperation campaign for the prevention of
blindness. The district of San Roque Gonzalez de Santa Cruz,
is located in the center of the Department of Paraguarí. The
economy is based in livestock and farming and has a density of
26 people per km2. Although access to a general practitioner is
almost universal in the area, access to a vision specialist is not
easily available. People from this rural area have to travel to
the capital city, Asuncion, to have a comprehensive eye exam.
The patient must assume the travel and specialist consultation
expenses with the additional cost of the glasses, which is not
affordable by most of people living in this rural area. To this
date, there is only one study evaluating the refractive error
in a school age population in Paraguay, only including 324
children[13].
SUBJECTS AND METHODS
Sample Selection All school-age children from preschool
(ages three to five), primary (ages six to eleven) and secondary
(ages twelve to eighteen) in the rural area of San Roque
González de Santa Cruz were contacted and informed about
the campaign of eye examinations. Due to the discontinuity in
the studies, some students were up to 22 years old.
We consider all those children attending school in August
2011 between age 3 and 22 years old whose parents signed the
informed consent for examination. Table 1 shows the name of
the schools visited and the number of children tested in each
one. A specific date for performing the eye examinations was
defined according to the preferences and possibilities of each
school. The study was cross-sectional, and aimed at evaluating
the prevalence of refractive errors and its contribution to VI in
this middle income area of Latin America. The parents gave
written consent for the study that adhered to the tenets of the
Declaration of Helsinki.
Examination Protocol The examination protocol of the
campaign was divided in two parts. A previous visual screening was performed on all children by a trained non-eye
care group of volunteers. This exam included presenting or
uncorrected distance visual acuity (UCDVA) (E Snellen chart
at 5 m), autokeratometry and non-cycloplegic autorefraction
(Retinomax, K-3 plus) in both eyes. Patient name, address,
age and sex were also recorded. All data were entered into a
468

Table 1 Distribution of children screened and examined by school
No. of children No. of children
School name
screened
examined
Avelino Delvalle-Arazaty
62
4
Calle-Simbrón

100

9

Cañada-Simbrón

162

10

Cap. Benítez

41

5

Cerrito

101

9

EE.UU

196

14

Fidelino González-Moquete

78

6

Loma-Simbrón

101

5

Martin Molinas-Moquete

93

4

Mbocayaty

112

11

Niño Jesús-Matachi

96

6

Puerta del Ypoa

39

3

Rep. Venezuela

106

15

San Alfonso-Rincón

64

5

San Blas-Arazaty

62

4

Valle Pucu-Mbocayaty

34

3

Yvypytandy-Simbrón
Total

19

1

1466

114

customized Excel (Microsoft Windows) page to select those
children that met one or both of the following inclusion criteria
for an additional comprehensive examination: VA of 20/25
or worse and corneal astigmatism (CA) of 1.50 D or higher.
This second eye examination was performed on those children
meeting the criteria mentioned and included the following tests
performed by three experienced optometrists: ocular motility,
retinoscopy, cycloplegic and subjective refraction and dilated
fundus examination. Cycloplegic refraction was performed
30min after instilling 1% cyclopentolate administered two
times at intervals of 5min. Additionally, anterior segment
integrity was explored by means of a portable slit lamp.
Myopia was defined as the presence of a spherical equivalent
(SE) of -0.50 D or more and hyperopia as an SE of +1.50 D
or more. Children were considered as myopic if one or both
eyes were myopic (including antimetropic patients), hyperopic
if one or both eyes were hyperopic as long as neither eye
was myopic, and emmetropic if neither eye was myopic or
hyperopic[14]. The prevalence of astigmatism was investigated
at the following ranges: cylinder ≥1.00 D and ≥1.50 D. The
prevalence of refractive error was calculated assuming that
eyes with normal or near-normal vision (VA≥0.8) were
emmetropic. This assumption was made considering the
fact that subjective refraction data were not available for
this type of eyes. According to WHO definitions, a logMAR
UCDVA between 0.5 and 1.0 (between 0.05 and 0.3 in decimal
notation) was considered as VI and logMAR UCDVA lower
than 0.5 (0.05) as blindness[15].
Refraction Notation The spherocylindrical refractions
obtained were converted to vectorial notation using the power
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vector method described by Thibos and Horner. Using this
procedure, any spherocylindrical refractive error can be
expressed by 3 dioptric powers: M, J0 and J45, being M a
spherical lens equal to the SE of the given refractive error,
and J0 and J45 two Jackson crossed cylinders equivalent to
the conventional cylinder. These numbers are the coordinates
of a point in a three-dimensional dioptric space (M, J0, J45).
The length of this vector is a measure of the overall blurring
strength B of a spherocylindrical refractive error.
According to the power vector method, manifest refractions
in conventional script notation [S (sphere), C (cylinder)×φ
(axis)] were converted to power vector coordinates and overall
blurring strength (B) by the following formulas: M=S+C/2;
J0=(-C/2) cos (2 φ); J45=(-C/2) sin (2 φ); and B=(M2+J02+J452)1/2.
Statistical Analysis Data analysis was performed using the
software SPSS for Windows version 19.0 (IBM, Armonk, NY,
USA). Mean, standard deviation (SD) and range for each of
the parameters evaluated were calculated. Normality of data
samples was confirmed by means of the Kolmogorov-Smirnov
test. The degree of correlation between different clinical
variables was assessed by means of the coefficient of correlation
(Pearson or Spearman depending if the condition of normality
could be assumed or not). Correlations were considered to be
statistically significant when the associated P-value was <0.05.
RESULTS
A total of 1466 young subjects (age range, 3 to 22 years old)
of a mean age of 11.21±3.63 years old were screened. A total
of 2932 eyes were autorefracted with 114 (3.9%) undergoing
a second complete eye examination because they had a
VA<20/25 (0.10 logMAR) and/or CA ≥1.50 D. The gender
distribution of the sample analyzed was even, with 50.1% of
women. A total of 86% of subjects were 15 years old or younger.
Visual Outcomes Mean logMAR UCDVA for the 1466
children screened was 0.016±0.074 (range 1.00 to 0.00 logMAR).
The UCDVA was 20/25 (0.1 logMAR, 0.8 decimal) or worse
and 20/250 (1.30 logMAR, 0.05 decimal) or worse in the better
eye in 96.3% and 0% of eyes, respectively. 89.2% of subjects
had UCDVA of 0 logMAR (1 decimal). 1.9% had an UCDVA
of 20/40 or worse.
VI, considered as a logMAR UCDVA between 0.5 and 1.0
(between 0.05 and 0.3 decimal), was found in 12/114 (0.4%)
of the refracted eyes. Refractive error was the main cause of
VI in the analyzed sample. Indeed, 7 (58%) of the 12 eyes with
VI achieved with refractive correction a best corrected distance
visual acuity (BCDVA) of 20/25 or better in both eyes. Other
causes of VI found in our sample were retinal problems in
2/12 (17%), albinism in 2/12 (17%) and unknown causes 1/12
(8%). Amblyopia, defined as a difference of two lines or more
between the two eyes or a BCDVA of 20/30 or worse, was
found in 14 eyes (12.3%). The UCDVA was better than 0.8 and
worse than or equal to 0.3 in 3.3% of eyes.

Table 2 Distribution of the keratometric measures obtained in
the analyzed study
Keratometric parameters (n=2932)

Mean (SD)

Range

K1 (mm)

7.86 (0.27)

7.07 to 8.88

K2 (mm)

7.67 (0.28)

6.82 to 9.85

KM (mm)

7.77 (0.27)

6.96 to 8.91

Astig (D)

0.19 (0.10)

0 to 1.89

K1: Flattest keratometric reading; K2: Steepest keratometric
reading; KM: Mean keratometry; Astig: Keratometric astigmatism.
Table 3 Mean values of refractive parameters and of its power
vector components in the sample of eyes in which manifest
refraction was performed in the current study (114 children)
Refractive parameters

Mean (SD)

Range

Sphere (D)

+0.14 (1.55)

-6.50 to +5.50

Cylinder (D)

-0.77 (1.31)

-6.75 to 0.00

SE (D)

-0.25 (1.44)

-6.75 to +3.75

J0 (D)

-0.08 (0.70)

-1.64 to +3.32

J45 (D)

-0.02 (0.29)

-0.98 to +1.17

B (D)

1.07 (1.25)

0.00 to 6.89

SE: Spherical equivalent; J0 and J 45: Power vector components
of manifest cylinder; B: Overall blurring strength of the manifest
spherocylindrical error.

Figure 1 Distribution of the SE in the group of eyes from the
sample that were refracted (n=114).

Keratometric and Refractive Outcomes Mean keratometric
outcomes for the whole sample are summarized and displayed
in Table 2.
The proportion of myopic patients (SE≤-0.50 D) was 37.7%
(43/114) of the refracted children that corresponded with
a 1.5% of whole sample (2932 eyes). Mean magnitude of
myopia was -1.42±1.41 D. The percentage of myopia in the
sample of eyes refracted according to these other definitions
was SE≤-1.00 D 21.9% (25/114) and SE≤-3.00 3.5% (4/114).
The proportion of hyperopic patients defined as SE≥+2.00 D
was 5.2% (6/114), a 0.2% of the total, decreasing to 1.7%
(2/114) when a SE≥+3.00 D was considered. Mean magnitude
of hyperopia was +3.4±1.3 D (Figure 1).
Refractive astigmatism (RA) of 1.50 D or more was present
in 15.8% (18/114) of eyes (0.6% of the total) and of 1.00 D or
more in 34.2% of eyes (39/114) which corresponds with 1.3%
of the total. Mean magnitude of RA was -3.4±1.7 D. Table 3
summarizes the refractive data in conventional format as well
as in vector notation.
No significant correlation of SE in refracted patients with
age was found (r=-0.21, P=0.11). In addition, manifest SE
469
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did not correlate with mean keratometry (r=0.09, P=0.37)
and keratometric astigmatism (r=0.11, P=0.25). In contrast,
a significant correlation between manifest and keratometric
cylinder was found (r=-0.64, P<0.01) (Figure 2).
Likewise, a statistically significant but weak correlation was
found between SE and BCDVA (r=0.26, P<0.01) (Figure 3).
DISCUSSION
The south American population encompasses an extremely
diverse set of nations. In Paraguay, the social differences in the
population are significant, with the presence of highly educated
and wealthy people who have access to the most developed
eye care systems, to very poor people with limited access to
any type of eye care service[16]. In addition, Paraguay has a
scarce scientific production in Ophthalmology and Vision[17].
Therefore, there was a need for the study and characterization
of the refractive error in different regions of this specific
country.
In our sample from a rural area of Paraguay, a total of 89.2% of
subjects had UCDVA of 0 logMAR (1 decimal), a percentage
very close to the 85.3% found in a urban school children of
low-income families in Kolkata (India)[18], and worse than
that found in Nigeria (97.7%)[19]. Only 1.9% of subjects had
an UCDVA of 20/40 or worse compared to the 4.82% found
in Brazil[20]. Keratometric mean values found in our sample
were normal and similar to those reported in other young
populations[21].
Regarding refraction, the mean vector parameters obtained
in the current study (J0: -0.08±0.70 D, J45: -0.02±0.29 D, B:
1.07±1.25 D) were very similar to those found by our research
group in a rural population of Kenya (J0: -0.10±0.30 D, J45:
-0.01± 0.07 D, B: 1.12±0.73 D)[22]. In a study with a Malaysian
young population, Choong et al[23] found a mean binocular
subjective refraction of -0.62±2.51 D (95% CI -1.07 to -0.16),
a slightly more myopic result than our mean SE (-0.25±1.44 D).
Refractive error was the main cause of VI in our series (58%),
as in another study performed in Chile in which the percentage
of decreased VA due to uncorrected refractive error in children
was of 55%[24]. In low-middle income school children of
Brazil, refractive error was the cause of VI in one or both eyes
in 76.8% of children. Regarding amblyopia, the percentage
found in our study (12.3%) was similar to that found by
Salomao et al[25] (11.4%) in a total of 2441 Brazilian children.
We found a prevalence of myopia (SE≤-0.5 D) of 37.7% (1.5%
of the total) and a prevalence of hyperopia (SE ≥+2 D) of 5.2%
(0.2% of the total) in the sample of refracted children. The
proportion of myopic patients in our series is similar to the
one reported by Carter et al[13] (from 1.2% to 1.4% depending
on the ethnicity) in a study conducted at the capital city of
Paraguay, Asuncion. In contrast, these authors found a higher
prevalence of hyperopia (from 34.2% to 46.3%, depending on
the ethnicity). This high hyperopia prevalence also contrasts
470

Figure 2 Scattergram showing the relationship between the
magnitude of the RA and the magnitude of CA for 114 eyes The
adjusting line to the data obtained by means of the least squares fit
is shown (R2=0.40) and the RA is correlated with the CA with this
formula: RA=0.19-3.17×CA.

Figure 3 Scattergram showing the relationship between the SE
and the logMAR CDVA for 114 eyes The adjusting line to the data
obtained by means of the least-squares fit is shown (R2=0.06). The
spherical equivalent is correlated with the corrected distance visual
acuity with this formula: SE=0.11+0.03×CDVA.

with the results of a recent study from India, in which myopia
and hyperopia was present in 11.9% and 2.5% of children,
respectively[18]. In India, Bagchi et al[26] reported in a population
of 45 087 urban students a prevalence of myopia of 2.85%.
A great number of factors may have accounted for the
significant differences in the prevalence of myopia and
hyperopia between studies, such as the type of population
selected from the country evaluated (rural or urban), the
development of the country, the quality of the eye services
of each country, or even the tests and conditions used for
evaluating the VA. There was a trend of a higher proportion
of myopia than hyperopia in our evaluated population which
contrasts with the mildly hyperopic children found in the
refractive error study[27].
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The proportion of RA in our study (1.00 D or more) was
34.2% (1.3% of the total). This finding is consistent with the
proportion of astigmatism found in a population of children
in Nepal[28], but higher than the one found in Brazil[29] and
Asuncion (Paraguay)[13].
Regarding the relationship of SE with other clinical factors, no
significant correlations were found with age, mean keratometry
and keratometric astigmatism. In a study among children
in Brazil, myopic VI (SE<-0.50 D in one or both eyes) was
not associated with age or sex as well as hyperopic VI (SE
≥2.00 D)[25]. A significant inverse correlation was found in
our sample between refractive and keratometric astigmatism,
suggesting that eyes with significant RA (high negative
cylinder) had large levels of CA. This is coherent considering
the optical relevance of the first corneal surface. Remón et al[30]
determined in an adult population by means of regression
analysis a linear model relating corneal and RA expressed in
their power vector components (J0 and J45).
This study presents some drawbacks, such as its design. A
population-based design would have been a more suitable
design for this type of study. In any case, given the lack of
information about the refractive error distribution of the area
evaluated, we believe that our data can be of interest for the
scientific community.
In conclusion, refractive error seems to be a not very common
disorder among the children of the rural area of San Roque
González de Santa Cruz-Tavapy of Paraguay, with a low
proportion of patients with VI due to refractive error in
comparison with other studies evaluating the visual function in
rural areas of other low-income countries. Refractive error is
the main cause of VI in this specific population, which can be
avoided, with the establishment of an effective eye care service
in this rural area.
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