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ABSTRACT

Introduction: Unilateral or asymmetric astigmatism is considered a principal refractive error
leading to amblyopia and regular eye examinations should be carried out during childhood to
prevent visual impairment. The aim of this study was to evaluate the prevalence of astigmatism
and spectacle wear among Polish schoolchildren.

Methods: A cross sectional study was carried out in children aged 6 to 14 years old from 50 schools in
Poland. The presence of astigmatism was assessed by non-cycloplegic autorefraction, and defined as
a cylinder equal or greater than 0.75 D. Children were classified as living in urban or rural areas
according to the school location. Spectacle wear was defined as having spectacles at school.
Results: The study included 1041 children and 52.3% were girls (n = 544). The mean age was 8.62
+ 2.04 years. The prevalence of astigmatism was 7.3% (95% confidence interval [C]: 5.8-9.1%). Only
21.7% of children with astigmatism wore spectacles at school. Astigmatism was diagnosed in 8.2%
of boys (95% Cl: 6.0-11.0%) and 6.4% of girls (95% Cl: 4.5-8.8%; p = .13); cylindrical anisometropia
was present in 19/76 (25.0%) of children with astigmatism (95% Cl: 15.8%-36.3%). Against-the-rule
astigmatism was the most common; it was observed in 48.7% of children with astigmatism,
followed by with-the-rule astigmatism (44.7%) and oblique astigmatism (6.6%). The prevalence
of astigmatism was not linearly correlated with age (r=0.24; p =.53). Gender, age and place of
living were not significantly associated with the presence of astigmatism.

Conclusions: This study reports a low prevalence of astigmatism in Polish school children.
However, the majority of children with astigmatism were uncorrected. Further longitudinal studies
are warranted.
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Introduction However, evidence suggests that astigmatism is com-
monly uncorrected in children.® The prevalence of
astigmatism has been well documented in several coun-
tries, but few studies report the rates among European
schoolchildren. The rate of spectacle wear among chil-
dren with astigmatism is also not known. The aim of
this study was to evaluate the prevalence of astigmatism

and spectacle wear among Polish schoolchildren.

Astigmatism is one of the most common refractive
errors. The prevalence of astigmatism varies worldwide
from 2.7% in Nigeria (children aged 5-15 years)' to 51%
in Taiwan (children aged 7-15 years).> Although astig-
matism is a correctable cause of visual impairment in
children, if left uncorrected can lead to a significant
reduction in visual function and impact educational

performance depending on its magnitude.*
Moreover, large amounts of unilateral astigmatism
which is uncorrected during early childhood affects
the visual development and can result in amblyopia.’
Some have reported that astigmatism might be the
principal refractive error leading to amblyopia® and
regular eye examinations should be carried out during
childhood to prevent visual impairment.” Astigmatism
is also associated with increased risk of myopia.®

There are several safe and effective methods for cor-
recting astigmatism like glasses for regular astigmatism
or specialty contact lenses for irregular astigmatism.’

Methods

This cross-sectional school-based study was conducted
in the years of 2017-2018 in 50 primary (6-12 years)
and middle (12-14years) public schools in the
Pomorskie, Warminsko-Mazurskie and Mazowieckie
voivodeships of Poland. The classes were randomly
selected. Examinations were performed by a private
company, Augen-Med, Olsztyn, Poland, in a dedicated
room in selected public schools. The choice of partici-
pating schools was not random, but based on the will of
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cooperating with the examining company. The study
adhered to the tenets of the Declaration of Helsinki
and the study protocol was approved by the local
bioethical committee (Komisja Bioetyczna przy
Okregowej Izbie Lekarskiej w Gdarisku, Approval No.
KB-5/18). Written consent was obtained from the par-
ticipant’s parents.

Examinations

Refraction was obtained with a stationary autorefractor
(Unicos URK-700) without cycloplegia. Three separate
measurements of sphere, cylinder, and axis were
acquired and averaged by the autorefractor.
Refractions were recorded in negative cylinder notation.
Results were obtained for the right and left eye, while the
analysis of astigmatism rate was performed for right
eyes only; the measurements of the left eye were used
to calculate the level of cylindrical anisometropia.
Children with ocular diseases or unobtainable autore-
fractor measures were excluded from the study.
Children were evaluated for the use of glasses at the
time of the examination and additionally asked if they
wore glasses on a daily basis. Children were classified as
living in urban or rural areas according to the school
location using legal definitions."

Definitions

Astigmatism was defined as cylinder power equal or
greater than 0.75 D."! The astigmatism axis was classi-
fied as with-the-rule if the axis was between 0° and 30°
or between 150° and 180°, against-the-rule if the axis
was between 60° and 120° and oblique if it was at any
other meridian. Cylindrical anisometropia was defined
as a difference between the right and left eye in cylinder
power equal to or greater than 1 D.'* Astigmatism was
presented both as polar and vector values; the vector
values JO and J45 were calculated as recommended by
Thibos et al."?

Statistical methods

Statistical analysis was performed using Medcalc v. 14
(Medcalc BVBA, Ostend, Belgium), OpenEpi software
(version 3.01, Dean and Sullivan, Atlanta, GA) and SPSS
(IBM, United States, version 26). The prevalence of
ocular astigmatism was reported as a percentage with
95% confidence intervals (CIs). The Wilson method for
calculating CIs was applied, as it provides more reliable
results than normal approximation with symmetrical
CIs."* For analyzing differences among categorical data
the Chi Square was applied. Effects of gender, age and

place of residence on astigmatism > 0.75 were examined
in unadjusted and multivariable-adjusted logistic
regression analyses. Results with p levels under 0.05
were considered as statistically significant.

Results

A total of 1041 children aged 6 to 14 years were included
in the study. The mean age was 8.62 £ 2.04 years. The
proportion of females was 52.3% (n =544) girls. All
measures were obtainable and there were no children
excluded from the study. The proportion of children
living in urban areas was 73.48%. The mean cylinder
power was —0.30 D (95% CI: —0.33 to —0.27 D) in the
right eye. Astigmatism greater than or equal to 0.75
D was found in 7.3% of children (95% CI: 5.8-9.1%),
while astigmatism greater than or equal to 1.0 D was
present in 4.9% of children (95% CI: 3.7-6.3%). The
prevalence of astigmatism based on cylinder power
according to age, gender and place of living is presented
in Table 1. The prevalence of astigmatism equal to or
greater than 0.75 D was higher in children living in
urban areas than in rural areas (5.1%, 95% CI: 3.7-
6.9% vs. 4.3%, 95% CI: 2.2-7.4%; p < .01), but the differ-
ences were non-significantly among boys and girls
(8.2%, 95% CI: 6.0-11.0% vs. 6.4%, 95% CI: 4.5-8.8%;
p =.13). The prevalence of astigmatism was not linearly
correlated with age (r=0.24; p=.53; Figure 1). The
magnitude of astigmatism was not significantly different
among boys and girls (-0.33 D vs. —0.28 D, respectively;
p=.97).

Against-the-rule astigmatism was the most common;
it was observed in 37 children (48.7%), followed by
with-the-rule astigmatism (43 children, 44.7%) and
oblique astigmatism (5 children, 6.6%; Figure 2). Only
14 out of 76 children (18.4%) with astigmatism 0.75
D or greater wore glasses. The rate of spectacle wear
was non-significantly higher in children with higher
degrees of astigmatism: 24.1% (7/29), 27.3 (6/22) and
30.8% (4/13) for astigmatism »>1 D, 21.5 D, and >2 D,
respectively (p=.37). A lower proportion of children
with against-the-rule astigmatism wore glasses com-
pared to those with-the-rule and oblique astigmatisms
(2.8%, 32.4% and 40.0%, respectively; p <.01). The rate
of spectacle wear did not differ between boys and girls
(p =.74), nor between urban and rural regions of living
(p = .26). Figure 3 presents the joint distribution of the
JO and J45 vector values. The mean JO value was —0.01 +
0.23 D, while the mean J45 value was —0.00 + 0.12 D (R*
=0.10).

Cylindrical anisometropia was present in 19 out of
76 of children with astigmatism (25.0%; 95% CI:
15.8%-36.3%) (Table 2). The rate of cylindrical
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Table 1. Prevalence of astigmatism based on cylinder power according to age, gender and region (n = 1041).

Cylinder power >0.75 D

Cylinder power >1 D Cylinder power >2D

Variable n (95% Cl) (95% Cl) (95% Cl)
Gender
Male 497 8.2% 4.0% 1.8%
(6.0-11.0) (2.5-6.2) (0.8-3.4)
Female 544 6.4% 1.7% 0.7%
(4.5-8.8) (0.8-3.1) (0.2-1.9)
Region
Urban 765 5.1% 3.0% 1.4%
(3.7-6.9) (1.9-4.5) (0.7-2.6)
Rural 276 4.3% 2.2% 0.7%
(2.2-7.4) (0.8-4.7) (0.1-2.6)
Age [years]
[ 174 5.7% 2.3% 0.6%
(2.8-10.3) (0.6-5.8) (0.0-3.2)
7 192 7.3% 2.6% 1.0%
(4.0-11.9) (0.9-6.0) (0.1-3.7)
8 173 8.7% 2.3% 1.7%
(4.9-13.9) (0.6-5.8) (0.4-5.0)
9 150 6.7% 3.3% 1.3%
(3.2-11.9) (1.1-7.6) (0.2-4.7)
10 114 7.0% 1.8% 0.9%
(3.1-13.4) (0.3-6.2) (0.0-4.8)
1 86 8.1% 3.5% 0.0%
(3.3-16.1) (0.7-9.9) (0-0)
12 72 5.6% 1.4% 1.4%
(1.5-13.6) (0.0-7.5) (0.0-7.5)
13 45 13.3% 6.7% 2.2%
(5.1-26.8) (1.4-18.3) (0.1-11.8)
14 35 5.7% 5.7% 5.7%
(0.7-19.2) (0.7-19.2) (0.7-19.2)
Overall 1041 7.3% 2.8% 1.2%
(5.8-9.1) (1.9-4.0) (0.7-2.1)
30 p—
25— &
20 p— e o

Prevalence [%]

Age [Years]

Figure 1. The prevalence of astigmatism among boys and girls aged 6-14 years.

anisometropia was non-significantly higher in chil-
dren with astigmatism greater than 1 D and greater
than 2 D (p=.45). Out of children with cylindrical
anisometropia and astigmatism the rate of spectacle
wear was 15.8% (3/19), 30.0% (3/10) and 40.0% (2/5)
for children with cylindrical power =0.75 D, >1.0 D,
and »>2.0 D, respectively. Multiple logistic regression
analysis showed that age (p=.56), gender (p=.28)

and region (p =.48) were not associated with the pre-
sence of astigmatism.

Discussion

In this study of 6 to 12-year-old Polish children we
found a relatively low (7.3%) prevalence of astigma-
tism equal or greater than 0.75 D. The prevalence of
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Figure 2. The distribution of different types of astigmatism in children aged 6-14 years.
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Figure 3. Joint distribution of power vectors in the right eyes of Polish schoolchildren aged 6-14 years [D]. JO is the Jackson cross-
cylinder power at axis 90° and 180°, J45 is the Jackson cross-cylinder power at axis 45° and 135°. In this representation, positive values
of JO indicate with-the-rule astigmatism and negative values indicate against-the-rule astigmatism. Power J45 represents oblique

astigmatism.

astigmatism correlated with age, although the corre-
lation was weak. Only 18.4% of children with astig-
matism equal or greater than 0.75 D wore glasses.
The rates of spectacle wear were non-significantly
greater for children with higher levels of astigmatism.
Potentially, this could contribute to substantial reduc-
tions in visual performance and learning problems.

The prevalence of astigmatism in our population was
significantly lower than in several published studies.
Several studies have reported the prevalence of astigma-
tism in schoolchildren [Table 3]. However, there are few
studies reporting the rates among European schoolchil-
dren. Particularly high rates of astigmatism were found
in Southeast Asia and Taiwan, where the reported



Table 2. The presence of cylindrical anisometropia.

JOURNAL OF BINOCULAR VISION AND OCULAR MOTILITY e 5

Total Cylinder power 20.75 D Cylinder power >1 D Cylinder power >2D
(N=1041) (N=76) (N=29) (N=13)
Variable n (%) n (%) n (%) n (%)
Isometropia 988 57 19 8
(94.9%) (75.0%) (65.5%) (61.5%)
Cylindrical anisometropia 53 19 10 5
(5.1%) (25.0%) (34.5%) (38.5%)

prevalence was over 40.0%.>>"** The reported preva-
lence of astigmatism varies between countries and eth-
nicities. Additionally, those variations should be
interpreted with caution due to differences in metho-
dology, children’s ages and astigmatism definitions.
This study found that the presence and severity of
astigmatism was not significantly different between boys
and girls. Previous studies reported minimal gender dif-
ferences in the prevalence of astigmatism. Yekta et al.
reported that Iranian boys had a higher prevalence of
astigmatism than girls (12.11% vs. 10.37%,
respectively).”> In another study, the overall prevalence
of astigmatism in Tunisian schoolchildren was non-
significantly higher in boys than in girls (7.51% vs.
5.88%, respectively; p =.051). However, against-the-rule
astigmatism was more common in boys (p=.033).”'
Those mixed findings may be related with lifestyle but
further research and longitudinal studies are necessary to
understand the role of gender in refractive error

development. In our study, we also found that astigma-
tism was more prevalent among children in urban than
rural areas (5.1% vs 4.3%, respectively). A similar rela-
tionship was observed among Indian children.*>**

A unique feature of our study is that it shows the
proportion of astigmatic children wearing glasses.
Large amounts or unilateral astigmatism often leads
to amblyopia,6 which could often be undetected as
children may not complain about insufficient vision.
The awareness of vision difficulties in children is
associated with older age and greater visual
impairment.’***> The results of our study confirm
that several cases of astigmatism in children were
uncorrected, and, if it is unilateral or the difference
between eyes is large, may potentially lead to
amblyopia. In this study, cylindrical anisometropia
was non-significantly common in children with
higher levels of astigmatism (25.0%, 34.5% and
38.5%, respectively). Still, only 15.8-40.0% of

Table 3. The prevalence of astigmatism in children in different studies worldwide.

Country Study Age [Years] Definition of astigmatism Cycloplegic measurement Prevalence
Europe
Northern Ireland O'Donogue et al. 2015" 6-7 >1D Yes 22.9%
12-13 18.4%
Poland Czepita et al. 2007'° 6-18 >05D Yes 4.0%
Poland This study 6-14 >0.75D No 7.3%
>1D 4.9%
North America
USA Kleinstein et al. 2003"” 5-17 21D Yes 28.4%
South America
Chile Maul et al. 2000'® 5-15 >0.75D Yes 27.0%
Asia
China Zhao et al. 2000"° 5-15 >0.75D Yes 1.0%
China (Hong Kong) Fan et al. 2004%° 5-16 >10D Yes 18.1%
China (Guangzhou) He et al. 20082’ 5-15 >0.75 D Yes 42.7%
China (Southern) He et al. 2004% 5-15 >0.75D Yes 42.8%
India (urban) Murthy et al. 2002% 5-15 >0.75 D Yes 14.6%
India (rural) Dandona et al. 20022 7-15 >0.75 D Yes 9.7%
Iran (Dezful) Fotouhi et al. 2007% 7-15 >0.75 D Mix 18.7%
Malaysia Goh et al. 2005%° 7-15 >0.75 D Yes 213%
Nepal Negrel et al. 2000%’ 5-15 >0.75D Yes 3.5%
Singapore Tong et al. 2002% 7-9 >0.75D Yes 28.3%
Taiwan Shih et al. 20042 7-15 >0.5D Yes 42.5% (1995)
51.0% (2000)
Africa
Marocco Anera et al. 2009%° 6-16 >0.75D Yes 23.5%
Nigeria Maduka-Okafor et al. 2021 5-15 >0.75 D Yes 2.3%
Republic of South Africa Naidoo et al. 2003*° 5-15 >0.75D Yes 14.7%
Tunisia Chebil et al. 2015 6-14 >0.75D Yes 6.7%
Australia
Australia Robaei et al. 200632 12 >1D Yes 21.8%
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children with astigmatism and cylindrical anisome-
tropia were wearing spectacles during the examina-
tion. Those results highlight the importance of
regular eye checks and vision examinations which
should be carried out during childhood.”
Furthermore, there is a requirement for high aware-
ness among parents and teaching staff regarding
vision problems in children. The results of this
study also warrant further investigations on early
detection and correction of astigmatism during
childhood.

Our study has several limitations. Firstly, there is a risk
of sampling bias.*® We did not employ random sampling
to select pupils that were included in the study. The
choice of participating schools was not random, but
based on the will of cooperating with the examining
company. Only public schools participated in this study,
although in Poland 93.8% of primary school children and
92.8% of middle-school children attend public schools.””
Second, measurements of objective refraction were per-
formed without cycloplegia. As such accommodation
may have affected the measurement of the refractive
error despite the autofogging used by the autorefractor
to minimize accommodation. Cycloplegia is known to
strongly influence spherical equivalent refraction, but
the effect only minimally affects the refractive
cylinder.’®*! In a recent study by Guo et al. the observed
mean cylindrical differences by refractive error types and
magnitude generally were <0.10 D despite the variance
being statistically significant.**

Conclusion

We found only 18.4% of Polish children with astigma-
tism wore glasses. Age, gender and place of living were
not associated with the presence of astigmatism. Future
research should be undertaken with cycloplegic refrac-
tion and studies with a longitudinal design to examine
the progression of astigmatism into adolescence and
adulthood and to explore further the causes for the
low rates of wearing glasses.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

ORCID

Piotr Kanclerz MD, PhD
7691

http://orcid.org/0000-0002-8036-

References

1.

10.

11.

12.

13.

. Harvey EM. Development

Maduka-Okafor FC, Okoye O, Ezegwui I, et al.
Refractive error and visual impairment among school
children: result of a South-Eastern Nigerian regional
survey. Clin Ophthalmol. 2021;15:2345-2353. doi:10.
2147/OPTH.S298929.

. Shih Y-F, Hsiao CK, Tung Y-L, Lin LLK, Chen C-J,

Hung P-T. The prevalence of astigmatism in Taiwan
schoolchildren. Optom Vis Sci. 2004;81(2):94-98.
doi:10.1097/00006324-200402000-00007.

. Read SA, Vincent SJ, Collins M]J. The visual and func-

tional impacts of astigmatism and its clinical
management. Ophthalmic Physiol Opt. 2014;34
(3):267-294. d0i:10.1111/0p0.12128.

. Grzybowski A, Kanclerz P. Beginnings of astigmatism

understanding and management in the 19th century.
Eye Contact Lens. 2018;44(Suppl 1):522-529. doi:10.
1097/ICL.0000000000000449.

and treatment of
astigmatism-related amblyopia. Optom Vis Sci. 2009;86
(6):634-639. doi:10.1097/0OPX.0b013e3181a61651.

. Robaei D, Rose K, Ojaimi E, Kifley A, Huynh S,

Mitchell P. Visual acuity and the causes of visual loss
in a population-based sample of 6-year-old Australian
children. Ophthalmology. 2005;112(7):1275-1282.
doi:10.1016/j.0phtha.2005.01.052.

. Wallace DK, Morse CL, Melia M, et al. American acad-

emy of ophthalmology preferred practice pattern pedia-
tric ophthalmology/strabismus panel pediatric eye
evaluations preferred practice pattern®: 1. Vision
screening in the primary care and community setting;
II.  Comprehensive  ophthalmic  examination.
Ophthalmology. 2018;125:184-P227.

. Gwiazda J, Grice K, Held R, McLellan J, Thorn F.

Astigmatism and the development of myopia in
children. Vision Res. 2000;40(8):1019-1026. doi:10.
1016/S0042-6989(99)00237-0.

. Lee J, Saltarelli DP. Management of Astigmatism in

Children. In: Elias T, Utz V, eds. Practical
Management of Pediatric Ocular Disorders and
Strabismus. A Case-Based Approach. New York, NY:
Springer; 2016:51-58.

Dz.U. Nr 166 Poz. 1612. Ustawa Z Dnia 29 Sierpnia
2003 R. O Urzedowych Nazwach Miejscowosci
I Obiektéw Fizjograficznych Available online. http://
prawo.sejm.gov.pl/isap.nsf/download.xsp/
WDU20031661612/T/D20031612L.pdf. 2003. Accessed
June 29, 2019.

Hashemi H, Khabazkhoob M, Yekta A, et al. High
prevalence of astigmatism in the 40- to 64-year-old
population of shahroud, Iran. Clin Exp Ophthalmol.
2012;40(3):247-254. doi: 10.1111/j.1442-9071.2011.
02635.x.

Somer D, Budak K, Demirci S, Duman S. Against-the-
Rule (ATR) astigmatism as a predicting factor for the
outcome of amblyopia treatment. Am J Ophthalmol.
2002;133(6):741-745. doi:10.1016/S0002-9394(02)
01345-4.

Thibos LN, Wheeler W, Horner D. Power vectors: an
application of Fourier analysis to the description and


https://doi.org/10.2147/OPTH.S298929
https://doi.org/10.2147/OPTH.S298929
https://doi.org/10.1097/00006324-200402000-00007
https://doi.org/10.1111/opo.12128
https://doi.org/10.1097/ICL.0000000000000449
https://doi.org/10.1097/ICL.0000000000000449
https://doi.org/10.1097/OPX.0b013e3181a6165f
https://doi.org/10.1016/j.ophtha.2005.01.052
https://doi.org/10.1016/S0042-6989(99)00237-0
https://doi.org/10.1016/S0042-6989(99)00237-0
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20031661612/T/D20031612L.pdf
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20031661612/T/D20031612L.pdf
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20031661612/T/D20031612L.pdf
https://doi.org/10.1111/j.1442-9071.2011.02635.x
https://doi.org/10.1111/j.1442-9071.2011.02635.x
https://doi.org/10.1016/S0002-9394(02)01345-4
https://doi.org/10.1016/S0002-9394(02)01345-4

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

statistical analysis of refractive error. Optom Vis Sci.
1997;74(6):367-375. d0i:10.1097/00006324-199706000-
00019.

DasGupta A, Tony Cai T, Brown LD. Interval estima-
tion for a Dbinomial proportion. Stat Sci.
2001;16:101-133.

O’Donoghue L, Breslin KM, Saunders KJ. The changing
profile of astigmatism in childhood: the NICER study.
Invest Ophthalmol Vis Sci. 2015;56(5):2917-2925.
doi:10.1167/iovs.14-16151.

Czepita D, Mojsa A, Ustianowska M, Czepita M,
Lachowicz E. Prevalence of refractive errors in school-
children ranging from 6 to 18 years of age. Ann Acad
Med Stetin. 2007;53:53-56.

Kleinstein RN, Jones LA, Hullett S, et al. Refractive error
and ethnicity in children. Arch Ophthalmol. 2003;121
(8):1141-1147. doi: 10.1001/archopht.121.8.1141.

Maul E, Barroso S, Munoz SR, Sperduto RD,
Ellwein LB. Refractive error study in children: results
from La Florida, Chile. Am J Ophthalmol. 2000;129
(4):445-454. doi:10.1016/50002-9394(99)00454-7.
ZhaoJ, Pan X, Sui R, Munoz SR, Sperduto RD, Ellwein LB.
Refractive error study in children: results from Shunyi
District, China. Am ] Ophthalmol. 2000;129(4):427-435.
doi:10.1016/S0002-9394(99)00452-3.

Fan DSP, Lam DSC, Lam REF, et al. Prevalence, inci-
dence, and progression of myopia of school children in
Hong Kong. Invest Ophthalmol Vis Sci. 2004;45
(4):1071-1075. doi:10.1167/i0vs.03-1151.

He M-G, Lin Z, Huang ], Lu Y, Wu C-F, Xu J-J.
[Population-based survey of refractive error in
school-aged children in Liwan District, Guangzhou].
Zhonghua Yan Ke Za Zhi. 2008;44:491-496.

He M, Zeng J, Liu Y, Xu ], Pokharel GP, Ellwein LB.
Refractive error and visual impairment in urban chil-
dren in Southern China. Invest Ophthalmol Vis Sci.
2004;45(3):793-799. d0i:10.1167/i0vs.03-1051.

Murthy GVS, Gupta SK, Ellwein LB, et al. Refractive
error in children in an urban population in New Delhi.
Invest Ophthalmol Vis Sci. 2002;43:623-631.

Dandona R, Dandona L, Srinivas M, et al. Refractive
error in children in a rural population in India. Invest
Ophthalmol Vis Sci. 2002;43:615-622.

Fotouhi A, Hashemi H, Khabazkhoob M,
Mohammad K. The prevalence of refractive errors
among  schoolchildren in Dezful, Iran. Br
J Ophthalmol. 2007;91(3):287-292. doi:10.1136/bjo.
2006.099937.

Goh P-P, Abgariyah Y, Pokharel GP, Ellwein LB.
Refractive error and visual impairment in school-age
children in Gombak District, Malaysia. Ophthalmology.
2005;112(4):678-685. doi:10.1016/j.0phtha.2004.10.048.
Negrel AD, Maul E, Pokharel GP, Zhao J, Ellwein LB.
Refractive error study in children: sampling and mea-
surement methods for a multi-country survey. Am
J Ophthalmol. 2000;129(4):421-426. doi:10.1016/
S0002-9394(99)00455-9.

Tong L, Saw S-M, Carkeet A, Chan W-Y, Wu H-M,
Tan D. Prevalence rates and epidemiological risk fac-
tors for astigmatism in Singapore school children.
Optom Vis Sci. 2002;79(9):606-613. do0i:10.1097/
00006324-200209000-00012.

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

JOURNAL OF BINOCULAR VISION AND OCULAR MOTILITY e 7

. Anera RG, Soler M, de la Cruz Cardona J, Salas C,
Ortiz C. Prevalence of refractive errors in school-age
children in Morocco. Clin Exp Ophthalmol. 2009;37
(2):191-196. doi:10.1111/j.1442-9071.2009.02001 .x.
Naidoo KS, Raghunandan A, Mashige KP, et al.
Refractive error and visual impairment in African chil-
dren in South Africa. Invest Ophthalmol Vis Sci. 2003;44
(9):3764-3770. doi: 10.1167/i0vs.03-0283.

Chebil A, Jedidi L, Chaker N, et al. Characteristics of
Astigmatism in a population of tunisian
school-children. Middle East Afr ] Ophthalmol.
2015;22(3):331. doi:10.4103/0974-9233.150635.

Robaei D, Huynh SC, Kifley A, Mitchell P. Correctable
and non-correctable visual impairment in a
population-based sample of 12-year-old Australian
children. Am ] Ophthalmol. 2006;142(1):112-118.e1.
do0i:10.1016/.aj0.2006.02.042.

Yekta A, Fotouhi A, Hashemi H, et al. Prevalence of
refractive errors among schoolchildren in Shiraz, Iran.
Clin Exp Ophthalmol. 2010;38(3):242-248. doi: 10.
1111/j.1442-9071.2010.02247 x.

Ebeigbe JA, Emedike CM. Parents’ awareness and per-
ception of children’s eye diseases in Nigeria. ] Optom.
2017;10(2):104-110. doi:10.1016/j.0ptom.2016.06.001.
Falkenberg HK, Langaas T, Svarverud E. Vision status
of children aged 7-15 years referred from school vision
screening in Norway during 2003-2013: a retrospective
study. BMC Ophthalmol. 2019;19(1):19. doi:10.1186/
s12886-019-1178-y.

Tyrer S, Heyman B. Sampling in epidemiological
research: issues, hazards and pitfalls. BJPsych Bull.
2016;40(2):57-60. doi:10.1192/pb.bp.114.050203.
Statistical Office in Gdansk, Centre for education and
human capital statistics education in 2017/18
school year - statistical information. https://stat.gov.pl/
download/gfx/portalinformacyjny/pl/defaultaktual
nosci/5488/1/13/1/oswiata_i_wychowanie_w_roku_
szkolnym_2017_18.pdf. Accessed on March 27, 2019.
Jorge J, Queiros A, Gonzalez-Méijome J, Fernandes P,
Almeida JB, Parafita MA. The influence of cycloplegia
in objective refraction. Ophthalmic Physiol Opt. 2005;25
(4):340-345. doi:10.1111/j.1475-1313.2005.00277 x.
Asharlous A, Hashemi H, Jafarzadehpur E, et al. Does
astigmatism alter with cycloplegia? ] Curr Ophthalmol.
2016;28(3):131-136. doi:10.1016/j.joco.2016.05.003.
Paff T, Oudesluys-Murphy AM, Wolterbeek R, et al.
Screening for refractive errors in children: the
plusoptiX S08 and the retinomax K-plus 2 performed
by a lay screener compared to cycloplegic retinoscopy.
J Aapos. 2010;14(6):478-483. doi: 10.1016/].jaapos.
2010.09.015.

Sun Y-Y, Wei S-F, Li S-M, et al. Cycloplegic refraction
by 1% cyclopentolate in young adults: is it the gold
standard? The Anyang University Students Eye Study
(AUSES). Br J Ophthalmol. 2018;103(5):654-658. doi:
10.1136/bjophthalmol-2018-312199.

Guo X, Shakarchi AF, Block SS, Friedman DS,
Repka MX, Collins ME. Noncycloplegic compared
with cycloplegic refraction in a Chicago school-aged
population. Ophthalmology. 2022;129(7):813-820.
doi:10.1016/j.0phtha.2022.02.027.


https://doi.org/10.1097/00006324-199706000-00019
https://doi.org/10.1097/00006324-199706000-00019
https://doi.org/10.1167/iovs.14-16151
https://doi.org/10.1001/archopht.121.8.1141
https://doi.org/10.1016/S0002-9394(99)00454-7
https://doi.org/10.1016/S0002-9394(99)00452-3
https://doi.org/10.1167/iovs.03-1151
https://doi.org/10.1167/iovs.03-1051
https://doi.org/10.1136/bjo.2006.099937
https://doi.org/10.1136/bjo.2006.099937
https://doi.org/10.1016/j.ophtha.2004.10.048
https://doi.org/10.1016/S0002-9394(99)00455-9
https://doi.org/10.1016/S0002-9394(99)00455-9
https://doi.org/10.1097/00006324-200209000-00012
https://doi.org/10.1097/00006324-200209000-00012
https://doi.org/10.1111/j.1442-9071.2009.02001.x
https://doi.org/10.1167/iovs.03-0283
https://doi.org/10.4103/0974-9233.150635
https://doi.org/10.1016/j.ajo.2006.02.042
https://doi.org/10.1111/j.1442-9071.2010.02247.x
https://doi.org/10.1111/j.1442-9071.2010.02247.x
https://doi.org/10.1016/j.optom.2016.06.001
https://doi.org/10.1186/s12886-019-1178-y
https://doi.org/10.1186/s12886-019-1178-y
https://doi.org/10.1192/pb.bp.114.050203
https://stat.gov.pl/download/gfx/portalinformacyjny/pl/defaultaktualnosci/5488/1/13/1/oswiata_i_wychowanie_w_roku_szkolnym_2017_18.pdf
https://stat.gov.pl/download/gfx/portalinformacyjny/pl/defaultaktualnosci/5488/1/13/1/oswiata_i_wychowanie_w_roku_szkolnym_2017_18.pdf
https://stat.gov.pl/download/gfx/portalinformacyjny/pl/defaultaktualnosci/5488/1/13/1/oswiata_i_wychowanie_w_roku_szkolnym_2017_18.pdf
https://stat.gov.pl/download/gfx/portalinformacyjny/pl/defaultaktualnosci/5488/1/13/1/oswiata_i_wychowanie_w_roku_szkolnym_2017_18.pdf
https://doi.org/10.1111/j.1475-1313.2005.00277.x
https://doi.org/10.1016/j.joco.2016.05.003
https://doi.org/10.1016/j.jaapos.2010.09.015
https://doi.org/10.1016/j.jaapos.2010.09.015
https://doi.org/10.1136/bjophthalmol-2018-312199
https://doi.org/10.1136/bjophthalmol-2018-312199
https://doi.org/10.1016/j.ophtha.2022.02.027

	Abstract
	Introduction
	Methods
	Examinations
	Definitions
	Statistical methods

	Results
	Discussion
	Conclusion
	Disclosure statement
	ORCID
	References

