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Refractive errors in children: analysis among preschool and
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ABSTRACT

Aim To establish the prevalence of refractive errors in preschool
and school children between 4 and 15 years of age, living in Tuzla,
Bosnia and Herzegovina.

Methods Children from all elementary schools in the city of Tuzla
and as well from eight day-care centres were screened for refrac-
tive errors in the period 2015-2019. Any child, who failed to pass
the screening examination, was referred to an ophthalmologist for
complete ophthalmological evaluation. The obtained data were
analysed using non-parametric statistics.

Results The highest number of children who were tested after
the screening process was during 2015. A total of 7415 children
(3790 males and 3625 females), in the age range of 4-15 were
screened. In the total sample of children who were completely eva-
luated (n=145; 290 eyes) the most common refractive error was
astigmatism, in 152 (52.4%) eyes. In the preschool children (n=18;
36 eyes), the most common refractive error was astigmatism, in
19 (52.8%) eyes, followed by hyperopia, in 9 (25%) eyes. In the
school children (n=127) (254 eyes), the most common refractive
error was astigmatism, in 133 (52.4%) eyes, followed by myopia,
in 92 (36.2%) eyes. The overall prevalence of refractive errors was
1.95% (145 with refractive error out of 7415 screened).

Conclusion Prevalence of refractive errors is high enough to ju-
stify a school eye screening programme.
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INTRODUCTION

It is well known that children with different un-
corrected refractive errors may experience diffe-
rent kinds of problems in life, including headache
and persistent ocular discomfort, particularly for
near work which can impair reading efficiency
and their performance in school activities. Chil-
dren with uncorrected refractive errors can have
poor school performance as well (1). There are
three types of refractive errors: myopia, hype-
ropia and astigmatism. Myopia is a condition in
which the eye is long and causes a reduction in
visual acuity (VA) that cannot be overcome by
accommodation (2,3). In addition, highly myopic
eyes, of —6 dioptres (D) or more, may develop si-
ght-threatening complications (4). Hyperopia, by
contrast, is a condition in which the eye is shor-
ter (5). Although distance VA may be unaffected,
especially in mild hyperopia, it can create visual
disturbances which can affect optimum functio-
nal performance of school children or cause squ-
int (5,6). Astigmatism is another form of refrac-
tive error which is caused by differences in the
refractive power of the optical system in different
axes. This is caused by irregular curvature of the
cornea and less commonly the crystalline lens
(7). The importance of astigmatism in children
lies in the fact that it is a correctable cause of vi-
sual impairment in these ages, and it can coexists
with spherical error (8). In addition, astigmatism
increases the incidence of amblyopia in children,
and even treatment results are affected by the
type of astigmatism (9,10). Anisometropia is the
condition in which two eyes have unequal refrac-
tive power; its severe forms can affect binocular
vision (11). During the growth of the eye, the
process of emmetropization normally occurs. It is
known that hyperopia, from +3.0D to +4.0D that
is present at birth, usually decreases during the
preschool period to +0.50D, emmetropia or even
converges to small myopia (12). Minor amount
of anisometropia remains undetected and does
not cause any significant visual problem. Howe-
ver, a difference of >1.0D in a child can lead to
amblyopia and development of squint (13). Re-
fraction of the eye changes through life.

In Bosnia and Herzegovina most children, in our
experience, are usually examined very late by the
ophthalmologist and many of them are forced to
live visually impaired life prior to the first exami-

nation. In our country there is small amount of in-
formation available on the incidence of refractive
errors in our population, especially among pres-
chool and school children (14). To our knowled-
ge, a similar study only with school children was
done in Brcko District (15) and only one similar
study that evaluated the frequency of refractive
errors in premature children in retinopathy of
prematurity (ROP) screening (16) was done in
the Federation of Bosnia and Herzegovina.

There was also a study in Croatia, comparing the
difference between screened and unscreened po-
pulation (17).

The aim of this study was to analyse and evaluate
refractive errors in paediatric population in the
city of Tuzla, Bosnia and Herzegovina.

PATIENTS AND METHODS

Patients and study design

All pre-school children from 7 day-care cen-
tres and school children from all 24 elementary
schools in Tuzla, who failed vision screening
and were referred to the Eye Clinic, University
Clinical Centre (UCC), Tuzla for full eye exam,
were included in this study. This study took place
between November 2014 and November 2019 in
Tuzla, Bosnia and Herzegovina.

An approval of the Ethics Committee Board of
the University Clinic Centre Tuzla was obtained
to conduct this study in accordance with the Dec-
laration of Helsinki.

Inclusion criteria were age of 4-15 years on the
examination day, failed vision screening, parents
or legal guardians signed an informed consent,
and no history of systemic diseases. The exclusion
criteria were children who had eye injuries or eye
diseases of any kind, children who were allergic
to any ingredient in 1% cyclopentolate solution,
children who refused to continue the examinations
due to eye discomfort during cyclopentolate admi-
nistration (e.g. burning, photophobia, irritation).

Methods

The vision screening process and examinations
of children were performed by medical teams
consisting of medical students (volunteers), re-
sidents in ophthalmology, ophthalmologist and
ophthalmic nurse and optometrist.
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Ophthalmologic examinations included external
eye examination, visual acuity, biomicroscopic
examination of the anterior segment of the eye,
intraocular pressure, dilated fundus and as well
as ocular motility examination. The examinati-
on process began with testing uncorrected visual
acuity. To measure visual acuity Snellens charts,
tumbling E or Lea charts were used. A cover-un-
cover test was then performed to detect if stra-
bismus was present. The eye movements were
tested in 9 cardinal directions. Anterior segment
was examined with slit lamp to detect any ocular
pathology of anterior segment like corneal patho-
logy, cataract, congenital anomalies and evidence
of previous eye surgery. The children underwent
a full ocular examination, and any pathology
involving the anterior and posterior ocular se-
gments was documented. Detailed history about
present and past ocular problems and treatment,
history of any medical or surgical treatment, and
family history were taken.

Refraction was performed under cycloplegia,
with cyclopentolate 1% administrated three times
at 5 minutes intervals. Retinoscopy was per-
formed 45 minutes following the first instillation
of drops, followed by dilated fundus exam. Sub-
jective refraction was also performed if the child
collaborated. Myopia was considered when mea-
sured objective refraction was > —0.75 spherical
equivalent dioptres in one or both eyes. Hypero-
pia was considered when the measured objec-
tive refraction was greater than +2.00 spherical
equivalent dioptres in one or both eyes provided
no eye was myopic. Astigmatism was considered
to be visually significant if >1.00D. Anisometro-
pia was defined as unequal refractive power in
two eyes.

Statistical analysis

Relevant data were presented as frequencies, me-
ans, and standard deviations.

RESULTS

In the period between November 2014 and No-
vember 2015 a total of 7415 children were ex-
amined. There were 3790 (51%) male and 3625
(49%) female children. The number of children
referred to the ophthalmologists for further eval-
uation and management was 409, of which 145
children completed full ophthalmological ex-

amination, 18 preschool children and 127 school
children. The mean age of children was 9.50 +
2.91 years (range of 4 to 15 years).

In the period 2016-2019 at UCC Tuzla there was
fewer number of children who failed screening
tests and were examined in our department: in
2016 30, in 2017 79, in 2018 48, and in 2019 46
children. The average visual acuity (VA) of the
right eye without correction in all patients was
0.54 (SD=+/-0.27). The most frequently repeated
visual acuity of the right eye without correcti-
on was 0.80. The minimum visual acuity of the
right eye without correction was 0.03, while the
maximum visual acuity of the right eye without
correction was 0.90. The overall average visual
acuity (VA) of the left eye without correction was
0.53 (SD = +/-0.29). The most frequently repea-
ted visual acuity of the right eye without correc-
tion was 0.80. The minimum visual acuity of the
right eye without correction was 0.01, while the
maximum without correction was 0.90.

During 2015, 2016, 2017, 2018 and 2019 we fo-
und 36 (24.8%), 10 (33.3 %), 25 (31.64 %), 15
(31.25%), and 15 (32.60%), respectively, chil-
dren with anisometropia of>1.0D.

As the higher number of examined children was
during 2014-2015 we gave a special focus on
this period. The most common refractive error
in the 2014-2015 period was astigmatism, in 152
(out of 290; 52.4%) of eyes. In both preschool
(n=18; 36 eyes) and school children (n=127; 254
eyes), the most common refractive error was
astigmatism, which was recorded in 19 (52.8%)
and 133(52.4%) eyes, respectively, followed by
hyperopia, 9 (25%) and myopia, 8 (22.2%) eyes
in preschool children, and in school children
followed by myopia, 92 (36.2%) and hyperopia,
29 (11.4%) (Table 1).

Table 1. Distribution of refractive errors among preschool
and school children during 2015

Children No (%) of eyes

group Astigmatism  Hyperopia Myopia Total
Preschool 19 (52.8) 9(25) 8(22.2)  36(100)
School 133 (52.4) 29 (11.4) 92(36.2) 254 (100)
Total 152 (52.4) 38 (13.1) 100 (34.5) 290 (100)

During 2016, among 30 children (60 eyes) 5
children were of school age, while 25 were pre-
schoolers. The most common refractive error was
hyperopia, in 25 (41.7%), followed by myopia,
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20 (33.3%), and astigmatism, in 15 (25%) chil-
dren. During 2017, among 79 children (158 eyes)
the most common refractive error was hyperopia,
80 (50.6%), followed by astigmatism, 48 (30.4%)
and myopia, 30 (19%). During 2018, among 48
children (96 eyes) the most common refractive
error was astigmatism, 47 (50%), followed by
myopia, 25 (26%), and hyperopia, 23 (24%).
During 2019, among 46 children (92 eyes) the
most common refractive error was astigmatism,
44(47.8%), followed by myopia, 33 (35.9%), and
hyperopia 15 (16.3%) (Table 2).

Table 2. Distribution of refractive errors in the 2015-2019
period

Total number of No (%) of eyes

Year .

children/eyes  Astigmatismus Myopia Hypermetropia
2015 145290 152(524) 100 (345) 38 (13.1)
2016 30/60 1525  2033.3)  25(41.7)
2017 79/158 48(30.4)  30(19)  80(50.6)
2018 48/96 47 (50) 25 (26) 23 (24)
2019 46/92 44(478)  33(359)  15(163)

As we gave special focus to the 2014-2015 peri-
od, we asked parents about medical history of the
children. Of the total number of children (n=145)
140 were delivered without any complication,
while five pregnancies were maintained by hor-
mone therapy. All children had normal postnatal
development. In the family history, we did not
receive information from the parents about ocu-
lar diseases (glaucoma, cataracts or strabismus)
in immediate family members. From the total
number (n=145) of children, 118 (81.4%) were
without refractive error (RE) in the family. In
six (4.2%) children, some of the refractive errors
were found in siblings, five had astigmatism whi-
le one sibling had high myopia. In four (2.8%)
children, both parents wore glasses, while in se-
ven (11.8%), one parent wore glasses or lenses.

DISCUSSION

In this study we analysed refractive errors in scho-
ol and preschool children living in Tuzla city. The
results showed that refractive errors were very
common and undiagnosed. Detection and correc-
tion of refractive anomalies are especially impor-
tant in the paediatric population, because they
can be the cause of amblyopia and strabismus,
if detected late (18). Our screening program re-
lating to refractive errors was the biggest one in
Bosnia and Herzegovina after the war, since the-
re is still no population-based screening program

for preschool children. In the last few years there
are strong initiatives in neighbouring countries
for systemic screening at the age of 4 (17). Our
results showed that the prevalence of refractive
errors was 1.95%; however, considering that chil-
dren who previously had corrected visual acuity
with appropriate glasses or contact lenses were
not included, we can estimate the prevalence of
refractive errors in the Tuzla city is much higher.
It can be estimated that the prevalence in the city
of Tuzla could be expected to be around 9.96%.
The prevalence of refractive errors varies from
one country to another. Several studies reported
the prevalence of refractive errors between 2.9%
and 18.5% (20-22). Variations within the country
are also noticeable (22,23). The reason for this
variation is probably because some studies were
conducted in rural and other in urban areas (22,
23). In the period 2016-2019 fewer children were
examined in UCC Tuzla probably because te-
achers had sent children to primary health centres
in our region, and many children were examined
by private practitioners.

In a study from Ni§ (Serbia) conducted on the
sample of 620 children (1240 eyes), hyperme-
tropia was the most common refractive error,
54.11%, followed by astigmatism, 42.91%, while
myopia was detected in 2.98% children (12). A
study in Novi Sad (Serbia), where 200 children
(400 eyes) aged 3-18 were examined, showed
prevalence of hyperopic astigmatism (farsighted
astigmatism) of 40.8%, followed by hyperme-
tropia, 21.3% (24). In Lithuania, in a study in-
volving 839 (1678 eyes) children aged 2-6 years,
different grade hyperopia was present in 43.26%
and hypermetropic astigmatism in 23.08% (25).
Also, the rate of myopia in the United States in
patients aged 12-17 years increased significantly
from 24.5% during 1971-1972 to 34.8% during
the 1999 -2004 periods (26). In Taiwan the preva-
lence of myopia is 20-30% among 6-7 year olds,
and as high as 84% in high school students (27).
In Hong Kong, in a study of 4257 children aged
6-8 years, 25.0% were myopic (28).

Screening programs can significantly reduce am-
blyopia, as showed in our neighbouring countries
(17). Preschool and school children are not qu-
ick in sharing their visual problems and parents
are very often unaware of the children problems.
Refractive errors are common in Bosnian chil-
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dren and often remained undiagnosed due to low
standard of living and low level of social-eco-
nomic development in some areas, and there is
not enough attention paid to children's vision and
refraction. We also emphasize that it is necessary
to implement mandatory examination of all chil-
dren at the age of 4 years.

The obstacles in this study came from the fact
that many examinations were performed in pri-
vate practices with no legal register. Also, a high
number of children was not further examined
even though it was suggested after the screening.

In conclusion, our study presents evidence that a
national screening program in Bosnia and Her-
zegovina is needed in order to include a larger
number of children and to obtain even more
accurate data. We strongly believe it is necessary
to conduct a massive screening program in the
whole country to determine the correct inciden-
ce and prevalence of refractive errors which can
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