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Abstract
Background: In many countries, access to general health and eye care is related to an individual’s socioeconomic
status (SES). We aimed to examine the prevalence of oculo-visual disorders in children in Istanbul Turkey, drawn
from schools at SES extremes but geographically nearby.
Methods: Three school-based vision screenings (presenting distance visual acuity, cover test, eye assessment
history, colour vision, gross stereopsis and non-cycloplegic autorefraction) were conducted on 81% of a potential
1014 primary-school children aged 4–10 years from two private (high SES) schools and a nearby government (low
SES) school in central Istanbul. Prevalence of refractive errors and school-based differences were analysed using
parametric statistics (ANOVA). The remaining oculo-visual aspects were compared using non-parametric tests.
Results: Of the 823 children with mean age 6.7 ± 2.2 years, approximately 10% were referred for a full eye
examination (8.2% and 16.3% of private/government schools respectively). Vision had not been previously
examined in nearly 22% of private school children and 65% of government school children. Of all children, 94.5%
were able to accurately identify the 6/9.5 [LogMAR 0.2] line of letters/shapes with each eye and 86.6% the 6/6 line
[LogMAR 0], while 7.9% presented wearing spectacles, 3.8% had impaired colour vision, 1.5% had grossly impaired
stereo-vision, 1.5% exhibited strabismus, 1.8% were suspected to have amblyopia and 0.5% had reduced acuity of
likely organic origin. Of the 804 without strabismus, amblyopia or organic conditions, 6.0% were myopic ≤ − 0.50DS,
0.6% hyperopic ≥ + 2.00DS, 7.7% astigmatic ≥1.00 DC and 6.2% anisometropic ≥1.00DS.
Conclusions: The results highlight the need for general vision screenings for all children prior to school entry given
the varied and different pattern of visual problems associated with lifestyle differences in two populations raised in
the same urban locale but drawn from different socioeconomic backgrounds.
Keywords: Public health, Socioeconomic status, Primary school children, Middle East, Visual screening, Refractive errors

Background
In many countries, access to general health and eye care
is related to an individual’s socioeconomic status (SES),
with lower SES individuals more likely to experience visual impairment [1] due to limited routine preventive
care on a timely basis [2–4]. One way to detect and
manage vision anomalies would be for every child to
visit an eye care practitioner regularly, though, the cost
is out of reach for many socio-economic groups [2–4]
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especially in countries where there are limited numbers
of practitioners available to carry out full eye examinations [5]. An alternative is public health screening programs aimed at detecting and referring those children
with significant issues that may lead to functional and
preventable blindness [6] or that may potentially perturb
the educational horizons of the child [7]. The costs and
effects of screening school children for refractive errors
has been well-reviewed recently for different WHO subregions in Africa, Asia, America and Europe and the
long term economic benefits established [8]. However, a
cost analysis has not been reported for Turkey and the
neighbouring Middle East.

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Azizoğlu et al. BMC Ophthalmology (2017) 17:230

Currently, prevalence data covering refractive errors,
amblyopia or other vision anomalies such as strabismus
are not available for children living in the largest urban
population in Turkey, namely Istanbul. However, a number of studies of children from what is often considered
to be the lower socioeconomic groups in more rural
areas of Eastern Turkey do exist [9–12] (see Table 1). In
general these rural studies have reported a low prevalence of oculo-visual disorders [9–12], although in 2013
Gursoy et al. found a significantly higher prevalence of
myopia leading them to call for a large-scale national
screening program [10].
Internationally the prevalence of myopia has been
shown to have risen dramatically in Asia in recent decades
and to be greater in the youth of urban communities compared to non-urban areas [13], suggesting that a greater
prevalence of refractive errors and other visual conditions
are likely to be found in Istanbul, the largest city of
Turkey, than in the rural areas that have previously been
examined. This expectation is also enhanced by considerations of prevalence of visual anomalies in children from
suburbs of lower socioeconomic status, who would be expected to receive reduced health and educational experiences or opportunities. In particular, the concern with
monitoring the prevalence of myopia derives from the potential for visual impairment or blindness that accompanies the higher degrees of myopia [14].
In an earlier study we have demonstrated that the refractive distribution for children of Middle Eastern background but residing and being educated in Australia, is
similar to the known Australian norms for Caucasians
[15]. Such results implicate educational style, especially
years of schooling and associated near work (see review
[13]), as significant environmental influences in the development of refractive error [16, 17]. Other research
implicates factors such as time outdoors [18–20], birth
weight [21], higher paternal occupational social class
[22] and higher level of education [23] as influences on
the induction and progress of myopia, suggesting that
pressures for achievement may affect refractive distribution. Hence, it was considered imperative that baseline
studies be carried out in a large metropolitan city in
Turkey, such as Istanbul at the gateway between Asia
and Europe. Apart from informing public health policy,
longitudinal observations will also facilitate a wider understanding of the environmental drivers that operate in
the genesis of myopia.
Thus, the principal aim of the current project was to
conduct a preliminary school screening to gain insight
into the visual status and the prevalence of myopia and
other ocular conditions in school populations covering
the extremes of the range of socioeconomic conditions
in Istanbul. Ethnically similar school populations from
nearby suburbs near central Istanbul were chosen given
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that they share the same national curriculum and geographic environment (e.g. the same hours of sunlight),
but come from different socioeconomic clienteles. In the
Istanbul of today, anecdotal evidence indicates that children attending private schools usually start school at an
earlier age than those in Government schools, have
greater access to good nutrition, less cramped housing,
better health care, better access to books and a more intense schooling including a requirement for a laptop
computer at school. Furthermore, from kindergarten on,
children at private schools are expected to participate in
several hours of organized sport and outdoor activities
per week. By comparison public authorities in Turkey do
not offer generalized preschool education [24], government schools do not begin organised sport programs
until Year 3, and prior to 2010 attending children had
little if any access to personal computers.
This project has resulted in the first data from Istanbul
on the number of children requiring referral for further
clinical investigation based on the prevalence of refractive errors, suspected amblyopia and strabismus.

Methods
The parents of a total of 1014 students across three nearby
schools in central Istanbul, two privately funded and one
publicly funded, were invited to participate in the study to
be carried out during school hours. Approval for the study
was obtained from Istanbul Surgical Hospital’s Human
Research Ethics Committee, the Turkish Department of
Education and the Turkish Ministry of Health. The study
adhered to the tenets of the Declaration of Helsinki.
Written informed consent was required from at least one
parent of each child and the verbal assent of all children
was obtained before examination.
This study was intended as a school screening and did
not conform fully to the standardised Refractive Error
Study in Children (RESC) epidemiological protocol now
adopted in a number of regions of the world [25]. First,
the school populations were selected for socioeconomic
diversity within a certain locale, rather than randomly
sampled. Second, cycloplegia was not used at the behest
of the Principals of the schools involved, and thus the
data gathered was restricted to that associated with refractive errors manifest at the time of presentation. This
issue is considered further in the Data Analysis section
and in the Discussion.
In order to understand the visual status of Turkish
city-dwelling children from both ends of the socioeconomic extremes, government and private schools in
the municipality of Beşiktaş in central historic Istanbul
were contacted. During a scheduled but informal interview with the school principal to explain the project objectives and procedures, the general socioeconomic
profile of the parents of children attending the schools
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was ascertained in terms of SES. One government school
was deemed to be in the lowest SES group (i.e. with parent wages in the lowest 5% of household income averages for Istanbul) [26]. This school catered for children
aged 4 to 10 years (grades Kindergarten to Year 5) and
charged no fees. Two nearby privately-run schools that
catered for children aged 3 to 10 years (grades Preschool
to Year 5) were selected for comparison and to provide
an age-extension into the preschool age group. Parents
with children attending these two schools were deemed
in the top level of SES (i.e. in the top 5% of household
income averages for Istanbul) and the schools charged
fees in the top bracket of private schools in Turkey.
Parents were requested to complete a questionnaire
(see ‘Additional file 1’) relating to the time of their child’s
last vision assessment (‘never’, ‘over 2 years ago’, ‘between
1 and 2 years ago’, ‘within the last year’) and to indicate
any concerns or other comments. Each parent from the
government school completed this section concerning
last eye examination, however 2.5% of parents at the private schools failed to supply this information.
Vision screenings were performed in 2009 by trained
personnel who included a paediatric ophthalmologist
(FS), an orthoptist (SA) and an ophthalmic nurse. The
same protocol was used at each school between February 2009 and June 2009.
The examination process began with presenting (habitual) distance visual acuity, with or without spectacles as
appropriate, using a computerised EDTRS LogMAR
Chart (Nidek SC-2000 chart, NIDEK Co., LTD) displaying letters or Lea symbols as appropriate to the child’s
reading ability. Visual acuity testing was discontinued
when, despite encouragement, the child misidentified
more than half the line, or once 6/6 (LogMAR 0) was
achieved. Cover test (unilateral and alternating) was then
performed and children with strabismus were noted. To
ascertain the suspected presence of amblyopia, not only
was a visual acuity difference between the 2 eyes of at
least 2 lines required, but also the cover test results, the
child’s autorefractor data (see below) and their status
with respect to wearing spectacles, as well as the time
since their last eye examination were each considered. In
particular, a child was not considered as an amblyopia
suspect if poor acuity was found and the autorefraction
findings at the same time indicated potential for spectacle correction to improve vision. In the absence of a
misalignment of the visual axes of the eyes and/or a refractive reason for reduced acuity, organic reasons for
reduced visual acuity beyond those detectable with an
ophthalmoscope were not pursued as part of this screening and these children were referred.
Autorefraction was undertaken using a Nidek ARK530A (NIDEK Co., LTD) autorefractor/keratometer (with
automatic fogging activated to minimise potential

Page 5 of 14

accommodation). Spectacles were not worn during this
procedure. Ten readings were taken and averaged.
Autorefraction measurements of sphere and cylinder were
converted into spherical equivalent refraction (SER),
where SER = Sphere + (Cylinder/2).
Refractive categorization was defined as follows. The presence of myopia utilized the customary dioptric cut-off for
myopia of at least −0.50D SER, but was superimposed with
a criterion that unaided vision should be 6/9.5 (LogMAR
0.2) or poorer to exclude the possibility of instrument myopia whilst using the Nidek ‘closed box’ style of autorefractor [27]. This procedure has been reported to be reliably
similar to a subjective determination of the need for
spectacles in subjects of similar age, even when cycloplegics
are not used [27]. Furthermore, recent studies have demonstrated that the use of an autorefractor even without cycloplegia results in a sensitivity of over 0.90 to detect moderate
myopia and moderate hyperopia [28, 29]. Hyperopia was
defined as SER ≥ +2.00D and astigmatism as ≥1.00 DC.
Colour vision was tested using the Ishihara test. Gross
stereopsis was assessed using the Standard Titmus Fly
test (Bernell, USA).
Parents were advised of the outcome of the screening
by letter and advised to seek further ophthalmic assessment for their child if any of the following had been
found: presenting visual acuity in either eye poorer than
6/7.5 (LogMAR 0.1) or a difference in acuity of two lines
or more between eyes, hyperopia greater than +1.00 D
SER, myopia greater than −1.00 SER when accompanied
by presenting visual acuity poorer than 6/7.5, astigmatism greater than 0.75 DC or anisometropia greater than
1.00 DS, an inability to identify at least two of Ishihara
plates and/or not being able to trace one of the coloured
pathway plates, an inability to see the Titmus Fly in 3-D
(800 s of arc disparity). Parents of the children at the
government school were offered free eye care and
spectacles at a private ophthalmological clinic if they
were unable to afford eye care elsewhere.
Data analysis

Children with suspected amblyopia (n = 15) were not included in the refractive status statistical analyses as a significant difference in refractive error between the amblyopic
and the fixating eye would be expected [30]. Data from
children with suspected organic causes for their reduced
acuity (n = 4) were also not included in refractive analyses.
Descriptive statistical analysis was carried out using
SPSS (v20). Means and standard error of the mean (SEM)
are presented. Right and left eye SERs were highly correlated for the children not suspected of amblyopia (r = .80,
p < .001), therefore all statistical analyses relating to refractive error were performed only on right eye data. Two
2(school type: private and government) × 3(SER refractive
group: myopia, emmetropia and hyperopia) ANOVAs

Azizoğlu et al. BMC Ophthalmology (2017) 17:230

were carried out to compare refractive groups for differences in age between the different types of school (note
that as expected, refractive error was skewed for the myopia and hyperopia groups, but not the emmetropia
group, thus non-parametric statistics were used to confirm all significant outcomes). The differences in refractive
error between schools were compared using the nonparametric Mann-Whitney U test. The level of significance attributed to failure to meet the criteria for the
other visual variables as shown in Table 2 was established
through the use of Student t-tests for continuous variables
and χ2 tests for categorical variables.

Results
Eight hundred and twenty-three students out of a potential 1014 students in the three schools (81.2%) participated, with almost identical participation at both the
government and private schools (81.1% and 81.3% respectively). Of those screened (see Fig. 1), 596 came from the
private schools (50.0% male) and 227 from the government school (51.3% male). The mean age for the total
population was 6.7 ± 2.2 years, range 4 to 10 years (6.6 ±
2.1 years for males and 6.8 ± 2.2 for females). At the government school the mean age was 7.7 ± 1.9 years and for
the corresponding grades at the private schools it was 7.1
± 1.9 years. This difference stemmed largely from a higher
proportion of children in the early school grades at the
private schools (28.6%) compared to those at the government school (12.3%) (see Fig. 1). The mean age of children
across all private school classes, including the pre-school
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classes, was 6.3 ± 2.1 years. Not surprisingly the two-way
ANOVA for age showed a significant main effect for
school, F(1791) = 13.94, p < .001. A summary of the relative prevalences according to type of school for the visual
characteristics described below is given in Table 2.

Presenting distance visual acuity

Mean visual acuity across all eyes (n = 1646) was 6/6.6
[LogMAR 0] (notably, this value is subject to the ceiling effect imposed by limiting testing to the 6/6 line of letters).
Of all 823 children, visual acuity was 6/9.5 [LogMAR 0.2]
or better in 94.2% of children using either letters or shapes
as appropriate, 6/7.5 [LogMAR 0.1] or better in 88.2%, and
6/6 [LogMAR 0] or better in 83.6%. At the government
school only 76.2% of children were able to read 6/6 [LogMAR 0] or better with each eye, whereas at the private
school this figure was 86.4%, which is a significantly (p
= .0015) greater proportion than for the government school.
For those with acuity poorer than 6/7.5 [LogMAR 0.1] in
each eye, 3.8% of all children (n = 31) were limited to identifying just the 6/9.5 line [LogMAR 0.2] with their better eye
(7.0% and 2.5% at the government and private schools respectively). A further 2.1% of all children (n = 17) were considered to be currently functioning as ‘visually impaired’ as
they were limited to identifying only the 6/19 line of letters
[LogMAR 0.4] with their better eye (6.2% and 0.5% for government and private schools respectively). No child was
measured as having distance visual acuity worse than 6/24
[LogMAR 0.6] with their better eye.

Table 2 Summary of the differences in prevalence between children attending a government school versus a private school for the
visual characteristics assessed
Criterion
Visual acuity @6 m

Government school
N = 227

Private school
N = 596

Significance

6/6 or better in both eyes

76.2%

86.4%

0.002

Visual acuity ≤ than 6/9.5 in better eye

7.0%

2.5%

0.034

Visual acuity ≤ than 6/19 in better eye

6.2%

0.5%

0.017

Spherical equivalent refraction

≥ + 2.00 DS

0.6

0.6

NS

< −0.50 DS and VA ≤ 6/9

6.90%

5.60%

NS

Astigmatism

≥1.00 < 2.00 DC

5.10%

4.40%

NS

≥2.00 DC

1.90%

2.90%

NS

Anisometropia

≥ 1.00

5.60%

4.90%

NS

Amblyopia/strabismus

See Methods

4.80%

1.00%

0.048

Last vision assessment

None

64.8%

22.4%

<0.001

Presented wearing spectacles

Yes

5.7%

8.7%

NS

Colour vision

Missed ≥2 plates

0.9%

4.9%

0.040

Stereopsis

> 800 s arc

4.85%

0.17%

0.002

Referred

No spectacles and VA < 6/7.5

13.7%

5.4%

0.004

Current spectacles not giving 6/6

1.3%

1.8%

NS

Presenting acuity ≥6/7.5 but autorefractor ≥ + 1.00DS

1.3%

1.0%

NS
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least 2D of anisometropia. No significant differences were
noted between males and females.
Suspected amblyopia and strabismus

Fig. 1 Number of children in each grade according to type of school

Refractive error

Fifteen children were considered as amblyopia suspects
and four other children were considered more likely to
have an organic reason for the reduced vision in one eye
based on the similar emmetropic refractive errors for
both eyes and the negative results from the cover test.
Hence, the results of these 19 children were not included in the analyses of refractive error prevalence.
For the remaining 804 (97.7%), the mean right eye SER by
non-cycloplegic autorefraction was −0.16 ± 0.70DS. This did
not differ significantly between schools. Of these 804 children, 6.0% (6.9% in the government school and 5.6% in the
private schools) were myopic using both autorefractor and
unaided distance acuity criteria. As expected with increasing
age, the prevalence of myopia in the private schools rose
from 2.8% for those in Pre-school or Grade 1 to 16.1% for
those in Grades 4/5. Similarly, in the government school myopia prevalence rose from 3.8% in Grade 1 to 16.5% for
Grades 4/5. Only 0.6% demonstrated an SER of at least
+2.00D (almost equal proportions at both government and
private schools) and are therefore clearly hyperopic. A further 2.6% had an SER > +1.00D but <+2.00D which is suggestive of considerable hyperopia given the style of
autorefraction employed. Thirty-seven children (4.6%) were
found to have astigmatism of at least 1D but less than 2D
(5.1% in the government school and 4.4% in the private
schools), and a further 2.6% had astigmatism of at least 2D
(1.9% in the government school and 2.9% in the private
school). With respect to anisometropia (≥1.00D difference in
SER between right and left eyes), 5.1% had anisometropia of
at least 1D but less than 2D (5.6% in the government school
and 4.9% in the private schools), and a further 1.1% had at

Of the total 823 children screened, 1.5% were found to be
strabismic on the cover test and 1.8% showed signs of amblyopia, i.e. at least two lines of uncorrectable difference in
visual acuity between the two eyes and either a hyperopic
difference of at least 2.00DS in the eye with poorer acuity
(n = 2), or uncorrected astigmatism of at least 1 DC in the
eye(s) with poorer acuity (n = 13). Six came from the private
school (1.0% of 596 children) whereas nine came from the
government school (4.8% of 227 children) which represent
significantly different proportions (χ2 = 3.90 df = 1 p = .05).
The mean distance visual acuity of all eyes with potential amblyopia (irrespective of whether it was the right
or left eye that was amblyopic) was 6/25.5 ± 12.5 [LogMAR 0.62] (range 6/9.5 [LogMAR 0.2] to 6/48 [LogMAR 0.9]) whereas the mean acuity for their nonamblyopic eyes was 6/7.4 ± 1.9 [LogMAR 0.1] (range 6/
7.5 [LogMAR 0.1] to 6/9.5 [LogMAR 0.2]). The mean
SER of all amblyopic eyes was +0.01 ± 1.23D (range −
1.87 to +3.13D) and fellow non-amblyopic eyes −0.35 ±
0.57D (range to −1.75 to +0.25 D).
Last vision assessment

One third of all parents reported that their child had not
previously attended a visual assessment (64.8% of the government school, and 22.4% of the private school children).
The difference in non-attendance for eye care according to
type of school is highly significant (χ2 = 44.40 df = 1 p
< .001). The remaining two-thirds of the children had
attended an eye examination within a time ranging from in
excess of two years ago to within the last year (of whom,
two-thirds attended the private schools (see Fig. 2)).

Fig. 2 Time since last vision assessment according to type of school,
presented as the percentage of students within each school type
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Spectacle wear

Of the total population (including suspected amblyopes
and those with suspected organic causes for reduced vision)
only 7.9% were wearing spectacles at the time of the screening (8.7% of private school children and 5.7% of government school children, which is not a significant difference).
The autorefractor classification of these children was as follows: 3.5% of all children were myopic ≤ − 0.50D, 1.0% had
low hyperopia between +1.00D to +1.99D, 0.4% had moderate to high hyperopia ≥ + 2.00D. An astigmatic component
≥1.00 DC but <2.00 DC was found in the autorefraction of
1.2% and a further 1.8% had an astigmatic component
>2.00 DC. Only 2 of the 15 amblyopes (both moderate myopes with significant astigmatism) were wearing spectacles.
Of the children wearing spectacles, 76.9% achieved
better than 6/7.5 [LogMAR 0.1] visual acuity (80.8% in
the private schools and 61.5% in the government
school). Of the remaining 15 spectacle wearers with
lower than expected acuity, mean acuity was 6/8.7 ± 1.18
[LogMAR 0.16] of whom 12 were myopes who could
reasonably be expected to have shown mild progression
with their myopia since the last eye care visit.
Colour vision and stereopsis

A total of 3.8% of all students were unable to identify at
least two plates in the Ishihara colour vision test: two children from the government school (0.9% of the 227) and the
remaining 29 from the private schools (4.9% of 596). This
higher prevalence of colour vision impairment in the private schools was significant (χ2 = 4.2 df = 1 p < .04). A total
of 1.5% of all children were found to have stereopsis poorer
than 800 s of arc (11 from the government school and only
1 from the private schools, which was significantly different
(χ2 = 9.8 df = 1 p < .002). Two of these children were
amblyopes and another two had reduced vision deemed to
be organic in origin.
Referral

Eighty-six children (10.4% of all children assessed) required
referral either because (i) they did not own spectacles and
their presenting acuity was inadequate (13.7% of children
attending the government school, 5.4% the private school),
or, their presenting acuity was 6/7.5 or better but the autorefractor indicated hyperopic refractive error ≥ +1.00DS
(1.3% and 1.0% at the government and private schools respectively), or, (ii) their current spectacles did not provide
an expected 6/6 visual acuity (1.3% and 1.8% at the government and private schools respectively). Thus, only 8.2% of
children from the private school were deemed in need of
further assessment whereas 16.3% of children came from
the government school. The difference in the proportions
of children ‘not owning spectacles and also having inadequate visual acuity’ varied significantly between type of
school (χ2 = 8.50 df = 1 p < .01).
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Discussion
This is the first report on the visual status of children in
Istanbul and indicates a need for government sponsored
screening programs, especially for children from lower
socioeconomic backgrounds. As expected, the findings indicate that children from more privileged families are more
likely to have already received eye care, more likely to experience better visual acuity regardless of whether spectacles
are available to them or not, and less likely to exhibit amblyopic signs. With one in ten of children in the entire sample
requiring immediate attention for relatively easily remedied
visual problems, and two-thirds of these being children from
a low socioeconomic background, this study underscores
the imperative for vision tests to be included in communityor school-based public health screenings.
The need for eye care

The pre-eminent issues relating to eye care concern strabismus, amblyopia and refractive errors as they are the
most common vision-based afflictions in children and
are usually manageable such that visual acuity and visual
comfort can be improved to minimise any impact on
learning and lifestyle into adulthood [31–34]. To date,
only a small number of studies on the visual status of
children have been carried out in Turkey and are
reviewed and summarised in Table 1 [9–12, 35, 36].
Strabismus and amblyopia. Strabismus often leads to
amblyopia and can be cosmetically displeasing which
leads to social isolation, but can be surgically managed
and the long-term impact on the child decreased [31, 34,
37, 38]. The current finding of 1.5% of children observed
to have strabismus is at the lower end of the range previously found in Turkey, and is at the lower end of the
range of prevalence studies in the Middle East, European
and Asian populations [37–41]. Notably however, in the
current Istanbul study, the prevalence of amblyopia was
found to be 3.9 times greater in children from the government school than children from the private schools.
It cannot be ruled out that amblyopia may have been
present at an earlier age in the private school children,
but that the higher incomes of parents of higher socioeconomic status facilitated earlier identification and effective treatment. Poverty has been reported in the US
as a factor in poor amblyopia treatment outcomes, as access to interventions is significantly restricted by their
cost [42–44]. Additionally, Unsal et al. [12] found that
the children of working women in Turkey were significantly more likely to present to a school screening with
visual impairment, suggesting that the mother did not
have time to take their child for eye care, or, there was
insufficient family income to pay for eye care services.
Refractive error prevalence. In keeping with worldwide
studies, uncorrected refractive error affects a far greater
number of children in Turkey than does strabismus or
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amblyopia as demonstrated here and in the other Turkish studies (see Table 1). Notably, Gursoy et al. [10] considered their finding of a comparatively high prevalence
of myopia in a rural university-based city may derive
from incomplete cycloplegia leaving some residual focussing capability (see ‘Note’ below Table 1), even
though the RESC protocol for drug administration and
refractive assessment was utilized.
Myopia is usually the first refractive error category to
be considered given that the eye is at far greater risk of
significant age-related ocular morbidity according to
WHO standards [45], and likely to lead to low vision or
blindness. In East Asia, a doubling of the numbers of
children with myopia, particularly higher degrees of myopia has occurred every decade over the last 30 years
which precludes genetics as being the main determinant
of whether a child develops myopia and thus implicates
environmental and lifestyle factors [13, 46–48]. In
Shanghai, 19.5% of university students have high myopia
greater than −6.00DS and are at high risk of pathological
consequences that will significantly affect quality of life
and employment [45]. One may argue that Turkey does
not have significant numbers of persons with myopia.
Indeed, it did appear that Australia was not experiencing
the shift towards higher numbers of myopic children in
the early 2000’s [49] at a time when Asian countries had
already noted this. However, a decade later it is apparent
that the prevalence of myopia in Australian children
may be rising [50]. Although it has been long held that
factors such as parental education and hours of nearwork can be drivers for the development of myopia,
more subtle aspects such as urban/rural living and the
number of hours of outdoor activities have also been
noted as important [13, 20, 48]. Thus, we consider it important that well-designed baseline studies be undertaken in Istanbul to document the prevalence of myopia
as a means to inform and monitor the need for public
health initiatives, and also aim to better understand the
many parameters driving the genesis of myopia.
Our finding that 6.0% of children (mean age 6.7 years)
have myopia is low compared with East Asia, but not
lower than that generally found in Caucasian countries for
children of similar age. Even lower prevalences of myopia
were found in rural Turkey where farming is common
and attendance at the government school is generally just
half a day [9, 11]. On the other hand, a much higher
prevalence has been found in one Turkish rural centre
that is also a large university town [10]. Considering just
the older children in the current study, 16% of the 9–
10 year olds were myopic, which is in keeping with our
other published data of a prevalence of 17.2% for children
aged 10–11 years of predominantly Lebanese background
but residing in Australia and undertaking the standard
Australian school curriculum [15]. The only published
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study concerning myopia prevalence in adults in Turkey
looked specifically at medical students in 2007 [51] and
found 32.9% had at least −0.75D myopia. Although seemingly high, this finding for Turkish medical students is low
compared to the prevalence of over 90% found in east
Asian medical students (using a − 0.50D cut-off) [51].
Thus, it is important when the results of vision screenings
are reported that a thorough description of the demographics of the subjects are also provided so as to aid understanding of the likely genetic predisposition and
potential environmental triggers for myopigenesis.
The similarity in the prevalence of myopia between the
two different types of school in the current study was unexpected. However, all schools undertake the same academic
curriculum set by government and the children from the
three schools have very similar ethnic backgrounds and
physical locations even though they come from SES lifestyle
environment extremes. The size of dwelling may also be
similar, as most of the private school children apparently
live in new apartment blocks in inner Istanbul. On the
other hand, parental myopia and higher education are wellknown risk factors and the parents from the private schools
pay very high school fees necessitating a higher socioeconomic level, derived in many cases as a result of a higher
educational background. The advantage of higher income
has long been known worldwide to be accompanied by an
increasing prevalence of myopia [52–57] and has this been
noted in rural centres in Turkey [9]. Therefore, one might
argue there is a greater likelihood of myopia among the private school parents compared to parents of children attending low-income government schools. Notably, in Turkey
only 12% of those over the age of 15 years have tertiary education [58]. However, this phenomenon with respect to
higher parental income was not apparent in the current
study, even when taking into account the dissimilar age
profiles between our schools (6.7% and 6.9% for myopic
children of comparable age in the private and government
schools respectively). An association was also not seen in
urban Iran when using father’s education as the variable
[59]. Unfortunately, the refractive status and education level
of parents in the current study was not available, both of
which represent limitations to interpretation of our data.
Counter to these arguments, the private schools in the
current study have an extensive outdoor sport program that
starts earlier than the government school’s program, which
may according to recent research [20], be an ameliorating
factor in the potential early onset of myopia for the private
school children.
Hyperopia has traditionally received less attention than
myopia as, from a medical view-point, hyperopia is seldom a
risk factor for ocular complications [60]. However, hyperopia
is increasingly understood as being associated with asthenopia and less successful educational outcomes, and thus
should receive greater public health intervention [60–62],
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particularly for hyperopia that has limited or no impact on
visual acuity [63]. The current non-cycloplegic findings of
0.6% children having moderate hyperopia (> + 2.00D) and
4.1% having milder hyperopia (> + 0.75, <0.2.00D) are somewhat lower proportions than typically found in populations
of lower socioeconomic background or rural location, where
low to moderate hyperopia is common [17, 38, 48, 54, 64,
65]. The use of a ‘closed box’ style autorefractor in the
current study (i.e. where the child looks at a picture inside
the shoe-box sized instrument positioned in front of their
face, rather than looking through a semi-silvered mirror sitting on top of the instrument to a distant object across the
room), may have limited the detection of children with
hyperopia and somewhat minimised the degree of hyperopia
detected, in that the closed-box can promote awareness of
nearness and in turn inhibit the degree of hyperopia
manifested [66].
Medically, those with astigmatism are not at risk of developing ocular complications, but may experience significant asthenopia (eyestrain, headaches, blurred vision) [61,
67, 68] and thus impaired learning. Few Turkish studies
have addressed astigmatism, however our finding of 12.9%
is similar to the only other Turkish study using a reliable
autorefractor cut-off criterion for astigmatism [69].
In most countries neighbouring Turkey, there is limited
data (particularly in the English language literature) relating to the prevalence of refractive errors in children (see
Table 1). However, in Iran there have been six significant
cycloplegic refractive errors studies in the last five years
(all adopting the RESC procedures with large sample size
and in large cities or towns of population at least 200,000
people) [59, 70–74]. All yielded a prevalence of myopia (≤
− 0.50D) under 5% in children of similar age to those in
the current study. The prevalence of hyperopia ≥ + 2.00D
under cycloplegia has been described as ranging from 7%
to 20.9% in 5–15 year olds in Iran [59, 70–74] and is far
greater than that found in our study. Two Iranian studies
additionally examined pre-cycloplegic data and found that,
as would be expected, a far greater number of children
(56% [72] to 76% [75]) fell in the category of low hyperopia (≥ + 0.50D but <2.00D) in the non-cyclopleged state
than during cycloplegia (19% to 33% respectively).
What is apparent from all these figures is that our refractive data for central Istanbul is generally consistent with
these recent trends showing a higher prevalence of myopia
in urban versus truly rural towns. In modern urban areas
there has been a shift in society towards higher education
standards for children, more urban white-collar work and
less outdoor play and employment. Further evidence that
argues strongly for an important role for environmental influences relating to location comes from studies examining
the change in prevalence with immigration to a country of
higher prevalence resulting in ethnic-related increase in
prevalence [15, 76, 77] or conversely, immigration to a
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country of lower prevalence resulting in ethnic-related decrease in prevalence [76]. Although ethnicity was not pursued in the current study, it would be of value in future
larger investigations.
Previous eye care as a public health issue

The issue of whether children in Turkey and neighbouring countries have previously received eye care has been
addressed by several groups (see Table 1). Our data reveals a stark contrast between the 77.6% of children
from a higher socioeconomic background living in
Istanbul who have previously had an eye examination
versus the less than half this proportion (35.2%) for
nearby government school children who are generally of
lower socioeconomic background. Other Turkish studies
do not address previously received eye care, although in
Iran it appears that health checks are obligatory for all
children before enrolling in school [71]. Indeed, Jamali
et al. [71] found that 85.3% of children had completed
the preschool amblyopia screening, and furthermore,
that children who were compliant wearing their
spectacles were half as likely to develop amblyopia.
An indirect indication of previous eye care comes from
looking at the number of children presenting with spectacles.
In the current study (where children are of relatively younger
age and thus less likely to be myopic), only 7.9% presented
wearing spectacles. However, only 5.7% of children from the
predominantly lower socioeconomic background government school presented wearing spectacles compared with
10.6% of children from the private school. This again highlights the advantage of a higher socioeconomic background,
given that the prevalence of myopia was similar in both the
private and government schools.
The value of public health screening to detect those
requiring eye care

The issue of how many children during a screening will
be identified to require further care is of utmost importance to public health policy makers, but does depend on
the scope of the screening, the age of the children, the
locale, etc. The current study has also highlighted socioeconomic status as an important factor, with twice the
number of children (16.3%) in the lower socioeconomic
background school requiring referral compared to those
in private schools (8.2%).
Measurement of vision/visual acuity is a useful screening tool (see Table 1), as presenting acuity during a
screener can reliably detect refractive error [78, 79].
Presenting distance vision is particularly useful to detect
myopia, but to ascertain the presence of all three refractive
errors the combination of both distance and near vision
testing gives best results [78]. However, perhaps the best
indicators to develop public health policy regarding the efficacy of screening children comes through comparison of
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the relative proportions of children with poor vision under
different conditions: (i) when uncorrected (as this identifies the total number of children affected), as against (ii)
habitual vision (which, with the first item, then identifies
the resourcefulness within the community to provide any
necessary optical aids), and finally (iii) best corrected vision (which when considered against the first item indicates the proportion requiring spectacle correction, as
well as the small proportion of children who despite best
correction will always be dependent on community support to adequately survive because their vision is still quite
inadequate). Thus, the cost of public health screenings
should not be considered simply in monetary terms, but
also against the personal burden for those experiencing
visual anomalies. For example, Caca et al. [9] showed that
13.9% of children could be raised from a status of ‘visually
impaired’ to ‘normal or near-normal vision’ simply
through correction of their refractive error. Furthermore,
they showed that 4.1% of all children changed their designation from ‘functionally blind’ to ‘useful’ if not ‘normal’
vision simply with spectacles.
Poor best-corrected visual acuity has been found to be
most likely associated with strabismus, hyperopia, astigmatism and anisometropia by Gursoy et al. [10], hence
the importance of including visual acuity status and refractive error determination in the one vision screening
(particularly if children are subsequently spectaclecompliant [71]). However, in the current study there was
notably a significant difference between the proportions
of government school children (6.2%) and private school
children (0.5%) experiencing ‘visual impairment’ as their
habitual state at school (i.e. poorer than 6/19 line of letters with their better eye). By WHO standards, this level
of impairment affects quality of life and ability to hold
employment, and underscores potential socioeconomic
contributing factors [80].
The current study was initiated as a pilot to obtain a
public health perspective on oculo-visual status of children in Turkey’s largest city. The lack of refractive data
on 19% of non-participants at each school may be perceived as an equally distributed overall bias. However,
because the relative proportions of children identified
with anomalies at each type of school were not equal,
bias from non-participation although numerically equal
may not actually be the same. It could be argued that
those who did not participate had already been identified
as having a visual anomaly, in which case our prevalence
findings may represent an overall underestimate. Some
non-participation was reported by teachers to be simply
due to illness on the day of screening. The reliance of
non-cycloplegic data in the current study has been mentioned and is further discussed at the foot of Table 1
(see a). This aspect suggests also that our prevalence
findings for hyperopia will be an underestimate.
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Future studies of visual status of children in Turkey
should use appropriate randomised cluster sampling stratified by socioeconomic status and aim to determine what
true differences in schooling exist for children of differing
SES covered by the study, the socioeconomic status of the
family, parental education and income, and importantly,
parental refractive error and compliance of children already
prescribed spectacles. Whilst demographic information is
customarily gathered through a questionnaire to parents, it
must be recognised that educational attainment is generally
poor in Turkey (prior to 1997 compulsory schooling comprised only 5 years and thereafter increased to 8 years, and
in 2007 literacy for persons aged 15 and over stood at only
78.5% for females and 94.4% for males [81]).

Conclusion
In summary, this study is the first to detail the prevalence
of refractive error, amblyopia and strabismus in children
from the extremes of socioeconomic status in inner
Istanbul. It is suggested that at least one in ten children requires ongoing visual care. Children receiving education at
a government-run school (and likely to represent the lowest
socioeconomic sector of Istanbul), were three times less
likely to have had their eyes examined previously, exhibited
poorer habitual visual acuity and presented with a higher
prevalence of amblyopia, but had a similar prevalence of
myopia as for children from the private schools. Hence,
given the relatively high numbers of young people in
Turkey and the predominance of children in lower socioeconomic circumstances, a plan for eye care as part of
standard public health care delivery is indicated. Further,
developing a scientific understanding of the factors involved
in the prevalence of refractive error in Turkey will be particularly useful to understanding potential ameliorating
agents should the prevalence of myopia rise in Turkey with
time, as has occurred in countries where striving for academic achievement has significantly increased demands for
extended near work and shifted lifestyles. Thus, coping with
the increase in myopia prevalence is not just a public health
issue, but also an important social issue.
Additional file
Additional file 1: Parent Questionnaire. The questionnaire is to be
completed by a parent or guardian of each child participating in the
school-based vision screening, and covers the time of the child’s last
vision assessment and whether there are any concerns or other
comments about the child’s eyes and vision. (DOCX 66 kb)

Abbreviations
DC: Dioptres cylinder; DS: Dioptres sphere; FS: Funda Şerefhan (Author);
RESC: Refractive Error Study in Children; SA: Serap Azizoğlu (Author);
SER: spherical equivalent refraction; SES: socioeconomic status; WHO: World
Health Organisation

Azizoğlu et al. BMC Ophthalmology (2017) 17:230

Page 12 of 14

Acknowledgements
Not applicable

8.

Funding
None

9.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
SA was involved in planning, data collection, analysis, writing the first draft and
approval of the final version. SGC was involved with data analysis, and
organisation and writing of the manuscript through to the final version. FS was
involved with planning and data collection, preliminary analysis and approved
of the final version of the manuscript. AB was involved with data analysis and
contributed to the writing of the manuscript and approved its final version. SG
was involved with planning and data collection, preliminary analysis and
approved of the final version of the manuscript. BMJ was involved with data
analysis, and organisation and writing of the manuscript through to the final
version. All authors have read and approved the final version of this manuscript.

10.
11.

12.

13.
14.
15.

16.
Ethics approval and consent to participate
Approval for the study was obtained from Istanbul Surgical Hospital’s Human
Research Ethics Committee, the Turkish Department of Education and the Turkish
Ministry of Health. The study adhered to the tenets of the Declaration of Helsinki.
Written informed consent was required from at least one parent of each child
and the verbal assent of all children was obtained before examination.

17.
18.

Consent for publication
Not applicable

19.

Competing interests
The authors declare that they have no competing interests.

20.

Publisher’s Note

21.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
22.
Author details
1
School of Psychology and Public Health, La Trobe University, Bundoora, VIC
3086, Australia. 2Istanbul Surgery Hospital, Şişli, 34365 Istanbul, Turkey.
3
Optometry, School of Medicine, Deakin University, Geelong, VIC 3220,
Australia. 4Department of Experimental Psychology, University of Oxford,
Oxford OX1 3UD, UK. 5School of Optometry and Vision Science, University of
New South Wales Australia, UNSW, Sydney 2052, Australia.

23.
24.
25.

Received: 2 March 2017 Accepted: 20 November 2017
26.
References
1. Tielsch JM, Sommer A, Katz J, Quigley H, Ezrine S. Socioeconomic status and
visual impairment among urban Americans. Baltimore eye survey research
group. Arch Ophthalmol. 1991;109(5):637–41.
2. Newacheck PW, Halfon N. Preventive care use by school-aged children:
differences by socioeconomic status. Pediatrics. 1988;82:462–8.
3. Berkman L. Kawachi I. New York: Social Epidemiology; 2000.
4. Lesser C, Cunningham P. Access to care: is it improving or declining? Data
Bull (Cent Stud Health Syst Change). 1997;1:1–2.
5. Oduntan OO, Mashige KP, Hansraj R, Ovenseri-Ogbomo G. Strategies for
reducing visual impairment and blindness in rural and remote areas of
Africa. Afr Vis Eye Health. 2015; https://doi.org/10.4102/aveh.v74i1.25.
6. American Academy of Pediatrics. Eye examination in infants, children, and
young adults by pediatricians. Pediatrics. 2003;111:902–7.
7. Moore B, Augsburger A, Ciner E, Cockrell D, Fern K E. Clinical Practice
Guideline: Care of the Patient with Hyperopia Care of the Patient with
Hyperopia In: Optometric Clinical Practice Guideline. Edited by Association
American Optometry. St Louis; 2008. http://www.aoa.org/documents/
optometrists/CPG-16.pdf. Accessed on 22 Feb 2017.

27.

28.

29.

30.

31.
32.

Baltussen R, Naus J, Limburg H. Cost-effectiveness of screening and
correcting refractive errors in school children in Africa, Asia, America and
Europe. Health Policy. 2009;89:201–15.
Caca I, Cingu A, Sahin A, Ari S, Dursun M, Dag U, Balsak S, Alakus F, Yavuz A,
Palanci Y. Amblyopia and refractive errors among school-aged children with
low socioeconomic status in southeastern Turkey. J Pediatr Ophthalmol
Strabismus. 2013;50:37–43.
Gursoy H, Basmak H, Yaz Y, Colak E. Vision screening in children entering
school: Eskisehir, Turkey. Ophthalmic Epidemiol. 2013;20:232–8.
Polat S, Akyol N. The prevalance of amblyopia and allergic eye disease in
second year primary school students (original in Turkish). Türkiye Klinikleri
Tıp Bilimleri Dergisi. 2003;23:213–9.
Unsal A, Ayranci U, Tozun M. Vision screening among children in primary
schools in a district of western Turkey. An epidemiological study. Pak J Med
Sci. 2009;25:976–81.
Pan C-W, Ramamurthy D, Saw S-M. Worldwide prevalence and risk factors
for myopia. Ophthalmic Physiol Opt. 2012;32:3–16.
Saw S-M, Gazzard G, Shih-Yen EC, Chua W-H. Myopia and associated
pathological complications. Ophthalmic Physiol Opt. 2005;25:381–91.
Azizoglu S, Junghans BM, Barutchu A, Crewther SG. Refractive errors in
students from middle eastern backgrounds living and undertaking
schooling in Australia. Clin Exp Optom. 2011;94:67–75.
Junghans B, Kiely PM, Crewther DP, Crewther SG. Referral rates for a
functional vision screening among a large cosmopolitan sample of
Australian children. Ophthalmic Physiol Opt. 2002;22:10–25.
Junghans BM, Crewther SG. Prevalence of myopia among primary school
children in eastern Sydney. Clin Exp Optom. 2003;86:339–45.
Rose K, Younan C, Morgan I, Mitchell P. Prevalence of undetected ocular
conditions in a pilot sample of school children. Clin Exp Ophthalmol. 2003;
31:237–40.
Rose KA, Morgan IG, Ip J, Kifley A, Huynh S, Smith W, Mitchell P. Outdoor
activity reduces the prevalence of myopia in children. Ophthalmology. 2008;
115:1279–85.
Sherwin JC, Reacher MH, Keogh RH, Khawaja AP, Mackey DA, Foster PJ. The
association between time spent outdoors and myopia in children and
adolescents: a systematic review and meta-analysis. Ophthalmology. 2012;
119:2141–51.
Pai AS, Wang JJ, Samarawickrama C, Burlutsky G, Rose KA, Varma R, Wong TY,
Mitchell P. Prevalence and risk factors for visual impairment in preschool children
the Sydney paediatric eye disease study. Ophthalmology. 2011;118:1495–500.
Rahi JS, Cumberland PM, Peckham CS. Myopia over the lifecourse:
prevalence and early life influences in the 1958 British birth cohort.
Ophthalmology. 2011;118:797–804.
Xu L, Wang Y, Jonas J. Level of education associated with ophthalmic diseases.
The Beijing eye study. Graefe's arch. Clin Exp Ophthalmol. 2010;248:49–57.
OECD. Basic Education in Turkey. 2005;http://www.oecd.org/edu/reviews/
nationalpolicies Accessed 22 Feb 2017.
Negrel AD, Maul E, Pokharel GP, Zhao J, Ellwein LB. Refractive error study in
children: sampling and measurement methods for a multi-country survey.
[comment]. Am J Ophthalmol. 2000;129:421–6.
Turkish Statistical Institute. Official Statistics of Turkey - Income, Living,
Consumption and Poverty. 2015;http://www.turkstat.gov.tr/UstMenu.
do?metod=temelist Accessed 22nd February 2017.
Gibson G, Davies L. Clinical Evaluation of the Nidek ARK-530A Auto
Refractor/Keratometer. In: In: Optometry Today. London: Association of
Optometrists, UK; 2008. p. 48–51.
Kulp MT, Ying GS, Huang J, Maguire MG, Quinn G, Ciner EB, Cyert L, OrelBixler D, Moore B. Accuracy of Noncycloplegic Retinoscopy, Retinomax
autorefractor and SureSight vision screener for detecting significant
refractive errors. I. Invest Ophthalmol Vis Sci. 2014;55:1378–85.
Williams C, Miller L, Northstone K, Sparrow JM. The use of non-cycloplegic
autorefraction data in general studies of children's development. Br J
Ophthalmol. 2008;92:723–4.
Nastri G, Perugini GC, Savastano S, Polzella A, Sbordone G. The evolution of
refraction in the fixing and the amblyopic eye. Doc. Ophthalmologica. 1984;
56:265–74.
Davidson S, Quinn GE. The impact of pediatric vision disorders in
adulthood. Pediatrics. 2011;127:334–9.
Zhao J, Pan X, Sui R, Munoz SR, Sperduto RD, Ellwein LB. Refractive error
study in children: results from Shunyi District, China. Am J Ophthalmol.
2000;129:427–35.

Azizoğlu et al. BMC Ophthalmology (2017) 17:230

33. Colburn JD, Morrison DG, Estes RL, Li C, Lu P, Donahue SP. Longitudinal
follow-up of hypermetropic children identified during preschool vision
screening. JAAPed Ophthalmol. Strabismus. 2010;14:211–5.
34. Schmucker C, Grosselfinger R, Riemsma R, Antes G, Lange S, Lagrèze W,
Kleijnen J. Effectiveness of screening preschool children for amblyopia: a
systematic review. BMC Ophthalmol. 2009;9:3–3.
35. Cumurcu T, Düz C, Gündüz A, Doğanay S. [The prevalence and distribution
of refractive errors in elementary school children in area of Malatya] English
abstract. İnönü Üniversitesi Tıp Fakültesi Dergisi. 2011;18:145–8.
36. Ergin A. Eye screening results at te primary schools in Kirikkale [English
abstract]. T Klin J Med Sci. 2011;21:166–72.
37. Webber AL, Wood J. Amblyopia: prevalence, natural history, functional
effects and treatment. Clin Exp Optom. 2005;88:365–75.
38. Arnold RW. Amblyopia risk factor prevalence. J Pediatr Ophthalmol
Strabismus. 2013;50:213–7.
39. McKean-Cowdin R, Cotter SA, Tarczy-Hornoch K, Wen G, Kim J, Borchert M,
Varma R. Multi-ethnic pediatric eye disease study G. Prevalence of amblyopia
or strabismus in asian and non-Hispanic white preschool children: multi-ethnic
pediatric eye disease study. Ophthalmology. 2013;120:2117–24.
40. Cotter SA, Varma R, Tarczy-Hornoch K, McKean-Cowdin R, Lin J, Wen G, Wei
J, Borchert M, Azen SP, Torres M, et al. Risk factors associated with
childhood strabismus: the multi-ethnic pediatric eye disease and Baltimore
pediatric eye disease studies. Ophthalmology. 2011;118:2251–61.
41. Ying GS, Maguire MG, Cyert LA, Ciner E, Quinn GE, Kulp MT, Orel-Bixler D,
Moore B. Prevalence of vision disorders by racial and ethnic group among
children participating in head start. Ophthalmology. 2014;121:630–6.
42. Hudak DT, Magoon EH. Poverty predicts amblyopia treatment failure.
JAAPed Ophthalmol. Strabismus. 1997;1:214–5.
43. Majeed M, Williams C, Northstone K, Ben-Shlomo Y. Are there inequities in
the utilisation of childhood eye-care services in relation to socio-economic
status? Evidence from the ALSPAC cohort. Br J Ophthalmol. 2008;92:965–9.
44. Tarczy-Hornoch K, Varma R, Cotter SA, McKean-Cowdin R, Lin JH, Borchert MS,
Torres M, Wen G, Azen SP, Tielsch JM, et al. Risk factors for decreased visual
acuity in preschool children: the multi-ethnic pediatric eye disease and
Baltimore pediatric eye disease studies. Ophthalmology. 2011;118:2262–73.
45. Sun J, Zhou J, Zhao P, Lian J, Zhu H, Zhou Y, Sun Y, Wang Y, Zhao L, Wei Y,
et al. High prevalence of myopia and high myopia in 5060 Chinese
university students in ShanghaiMyopia and high myopia in shanghai
students. Invest Ophthalmol Vis Sci. 2012;53:7504–9.
46. Lin LL, Shih YF, Hsiao CK, Chen CJ. Prevalence of myopia in Taiwanese
schoolchildren: 1983 to 2000. Ann Acad Med Singap. 2004;33:27–33.
47. Seet B, Wong TY, Tan DT, Saw SM, Balakrishnan V, Lee LK, Lim AS. Myopia in
Singapore: taking a public health approach. Br J Ophthalmol. 2001;85:521–6.
48. Foster PJ, Jiang Y. Epidemiology of myopia. Eye (Lond). 2014;28:202–8.
49. Junghans BM, Crewther SG. Little evidence for an epidemic of myopia in Australian
primary school children over the last 30 years. BMC Ophthalmol. 2005;5:1.
50. French AN, Morgan IG, Burlutsky G, Mitchell P, Rose KA. Prevalence and 5to 6-year incidence and progression of myopia and hyperopia in Australian
schoolchildren. Ophthalmology. 2013;120:1482–91.
51. Onal S, Toker E, Akingol Z, Arslan G, Ertan S, Turan C, Kaplan O. Refractive
errors of medical students in Turkey: one year follow-up of refraction and
biometry. Optom Vis Sci. 2007;84:175–80.
52. Angle J, Wissmann DA. The epidemiology of myopia. Am J Epidemiol. 1980;
111:220–8.
53. Krause U, Krause K, Rantakallio. sex Differences in refraction errors up to the
age of 15. Acta Ophthalmol. 1982;60:917–26.
54. Morgan I, Rose K. How genetic is school myopia? Prog Retina Eye Res. 2005;
24:1–38.
55. Lim H, Yoon J, Hwang S-S, Lee S. Prevalence and associated
sociodemographic factors of myopia in Korean children: the 2005 third
Korea National Health and nutrition examination survey (KNHANES III). Jap. J
Ophthalmol. 2012;56:76–81.
56. Xiang F, He M, Morgan IG. The impact of parental myopia on myopia in
Chinese children: population-based evidence. Optom Vis Sci. 2012;89:1487–96.
57. Uzma N, Kumar BS, Khaja Mohinuddin Salar BM, Zafar MA, Reddy VD. A
comparative clinical survey of the prevalence of refractive errors and eye
diseases in urban and rural school children. Can J Ophthalmol. 2009;44:328–33.
58. Zapata J, Pont B, Albiser E, Fraccola S. Education Policy Outlook: Turkey. In OECD
Education Policy Outlook Series. 2013;12.2.2014. http://www.oecd.org/education/
school/reviewsofnationalpoliciesforeducation-basiceducationinturkey.htm.
Accessed 22 Feb 2017.

Page 13 of 14

59. Yekta A, Fotouhi A, Hashemi H, Dehghani C, Ostadimoghaddam H, Heravian
J, Derakhshan A, Yekta R, Behnia M, Khabazkhoob M. Prevalence of
refractive errors among schoolchildren in shiraz. Iran Clin Ex Ophthalmol.
2010;38:242–8.
60. Tarczy-Hornoch K. The epidemiology of early childhood hyperopia. Optom
Vis Sci. 2007;84:115–23.
61. Cotter SA. Management of childhood hyperopia: a pediatric optometrist's
perspective. Optom Vis Sci. 2007;84:103–9.
62. Kulp MT, Ciner E, Maguire M, Moore B, Pentimonti J, Pistilli M, Cyert L,
Candy TR, Quinn G, Ying G-S. Uncorrected hyperopia and preschool early
literacy: results of the vision in preschoolers–hyperopia in preschoolers (VIPHIP) study. Ophthalmology. 2016;123:681–9.
63. Vilela MA, Pellanda LC, Fassa AG, Castagno VD. Prevalence of asthenopia in
children: a systematic review with meta-analysis. J Pediatr. 2015;91:320–5.
64. Attebo K, Ivers R, Mitchell P. Refractive errors in an older population: the
Blue Mountains eye study. Ophthalmology. 1999;106:1066–72.
65. Wang Q, Klein BE, Klein R, Moss SE. Refractive status in the beaver dam eye
study. Invest Ophthalmol Vis Sci. 1994;35:4344–7.
66. Suryakumar R, Bobier WR. The manifestation of noncycloplegic refractive
state in pre-school children is dependent on autorefractor design. Optom
Vis . 2003;80:578–586.
67. Stark L, Strang N, Atchison D. Dynamic accommodation response in the
presence of astigmatism. J Opt Soc Am. 2003;20:2228–36.
68. Read SA, Vincent SJ, Collins MJ. The visual and functional impacts of
astigmatism and its clinical management. Ophthalmic Physiol Opt. 2014;34:
267–94.
69. Prabakaran S, Dirani M, Chia A, Gazzard G, Fan Q, Leo SW, Ling Y, Au Eong
KG, Wong TY, Saw SM. Cycloplegic refraction in preschool children:
comparisons between the hand-held autorefractor, table-mounted
autorefractor and retinoscopy. Ophthalmic Physiol Opt. 2009;29:422–6.
70. Fotouhi A, Hashemi H, Khabazkhoob M, Mohammad K. The prevalence of
refractive errors among schoolchildren in Dezful, Iran. Br J Ophthalmol.
2007;91:287–92.
71. Jamali P, Fotouhi A, Hashemi H, Younesian M, Jafari A. Refractive errors and
amblyopia in children entering school: Shahrood, Iran. Optom Vis Sci. 2009;
86:364–9.
72. Ostadimoghaddam H, Fotouhi A, Hashemi H, Yekta A, Heravian J, Rezvan F,
Ghadimi H, Rezvan B, Khabazkhoob M. Prevalence of the refractive errors by
age and gender: the Mashhad eye study of Iran. Clin Exp Ophthalmol. 2011;
39:743–51.
73. Rezvan F, Khabazkhoob M, Fotouhi A, Hashemi H, Ostadimoghaddam H,
Heravian J, Azizi E, Khorasani AA, Yekta AA. Prevalence of refractive errors
among school children in northeastern Iran. Ophthalmic Physiol Optics.
2012;32:25–30.
74. Hashemi H, Fotouhi A, Mohammad K. The Tehran eye study: research
design and eye examination protocol. BMC Ophthalmol. 2003;3:8.
75. Hashemi H, Fotouhi A, Mohammad K. The age- and gender-specific
prevalences of refractive errors in Tehran: the Tehran eye study. Ophthalmic
Epidemiol. 2004;3:213–25.
76. Kleinstein RN, Jones LA, Hullett S, Kwon S, Lee RJ, Friedman NE, Manny RE,
Mutti DO, JA Y, Zadnik K, et al. Refractive error and ethnicity in children.
Arch Ophthalmol. 2003;121:1141–7.
77. HM W, Seet B, Yap EP, Saw SM, Lim TH, Chia KS. Does education explain
ethnic differences in myopia prevalence? A population-based study of
young adult males in Singapore. Optom Vis Sci. 2001;78:234–9.
78. Jin P, Zhu J, Zou H, Lu L, Zhao H, Li Q, He X. Screening for significant
refractive error using a combination of distance visual acuity and near visual
acuity. PLoS One. 2015;10:e0117399.
79. Luo HD, Gazzard G, Liang Y, Shankar A, Tan DT, Saw SM. Defining myopia
using refractive error and uncorrected logMAR visual acuity >0.3 from 1334
Singapore school children ages 7–9 years. Br J Ophthalmol. 2006;90:362–6.
80. World Health Organisation. 10 facts about blindness and visual impairment.
In. Online: World Health Organisation; 2014;http://www.who.int/features/
factfiles/blindness/en/ Accessed 22 Feb 2017.
81. Aksit N. Educational reform in Turkey. Int J. Dev. 2007;27:129–37.
82. Turacli ME, Aktan SG, Duruk K. Ophthalmic screening of school children in
Ankara. Eur J Ophthalmol. 1995;5:181–6.
83. Plainis S, Moschandreas J, Nikolitsa P, Plevridi E, Giannakopoulou T, Vitanova
V, Tzatzala P, Pallikaris IG, Tsilimbaris MK. Myopia and visual acuity
impairment: a comparative study of Greek and Bulgarian school children.
Ophthalmic Physiol Opt. 2009;29:312–20.

Azizoğlu et al. BMC Ophthalmology (2017) 17:230

Page 14 of 14

84. Ostadimoghaddam H, Fotouhi A, Khabazkhoob M, Heravian J, Yekta A.
Prevalence and risk factors of refractive errors among school children in
Masshad, 2006-2007. Iranian. J Ophthalmol. 2008;20:3–9.
85. Gao L, Zhuo X, Kwok AK, Yu N, Ma L, Wang J. The change in ocular refractive
components after cycloplegia in children. Jpn J Ophthalmol. 2002;46:293–8.
86. Ludlum W, Weinberg S, Twarowski C, Ludlum D. Comparison of cycloplegic
and non-cycloplegic ocular component measurement in children. Am J
Optom Arch Am Acad Optom. 1972;49:805–18.
87. Young FA, Leary GA, Box RA, Harris E, Baldwin WR, West DC, Johnson C.
Comparison of cycloplegic and non-cycloplegic refractions of Eskimos. Am J
Optom Arch Am Acad Optom. 1971;48:814–25.
88. Fotedar R, Rochtchina E, Morgan I, Wang JJ, Mitchell P, Rose KA. Necessity
of cycloplegia for assessing refractive error in 12-year-old children: a
population-based study. Am J Ophthalmol. 2007;144:307–9.
89. London NJ, Carden SM, Good WV. Paradoxical myopic shift following
cycloplegia in retinopathy of prematurity patients: a case series. Cases J.
2009;2:8970.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

