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Purpose: To determine the prevalence of refractive errors among high school students.
Methods: In a cross-sectional study, we applied stratified cluster sampling on high
school students of Aligoudarz, Western Iran. Examinations included visual acuity,
non-cycloplegic refraction by autorefraction and fine tuning with retinoscopy. Myopia
and hyperopia were defined as spherical equivalent of -0.5/+0.5 diopter (D) or worse,
respectively; astigmatism was defined as cylindrical error >0.5 D and anisometropia
as an interocular difference in spherical equivalent exceeding 1 D.

Results: Of 451 selected students, 438 participated in the study (response rate, 97.0%). Data
from 434 subjects with mean age of 16+1.3 (range, 14 to 21) years including 212 (48.8%)
male subjects was analyzed. The prevalence of myopia, hyperopia and astigmatism was
29.3% [95% confidence interval (CI), 25-33.6%], 21.7% (95%CI, 17.8-25.5%), and 20.7%
(95%Cl, 16.9-24.6%), respectively. The prevalence of myopia increased significantly with
age [odds ratio (OR)=1.30, P=0.003] and was higher among boys (OR=3.10, P<0.001).
The prevalence of hyperopia was significantly higher in girls (OR=0.49, P=0.003). The
prevalence of astigmatism was 25.9% in boys and 15.8% in girls (OR=2.13, P=0.002). The
overall prevalence of high myopia and high hyperopia were 0.5% and 1.2%, respectively.
The prevalence of with-the-rule, against-the-rule, and oblique astigmatism was 14.5%, 4.8%
and 1.4%, respectively. Overall, 4.6% (95%CI, 2.6-6.6%) of subjects were anisometropic.
Conclusion: More than half of high school students in Aligoudarz had at least one type
of refractive error. Compared to similar studies, the prevalence of refractive errors was
high in this age group.
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INTRODUCTION of children having refractive errors. Although
refractive errors are easily correctable, they
Refractive errors are the most prevalent visual =~ are the main cause of visual impairment in

disorder among children with more than 20% children.!?
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In recent decades, many studies have
focused on the prevalence of refractive errors
throughout the world.'" It is well known that
myopia is more prevalent in Eastern Asian
countries while European and American
nations are mostly affected by hyperopia.
Although racial and ethnic differences are the
most important reason for differences in the
prevalence of refractive errors, differences in
lifestyle such as the amount of near vision tasks
has also increased the global variation in the
prevalence of refractive errors.?’?! In addition
to creating personal issues, the treatment and
correction of refractive errors imposes high costs
on the community in different countries.?

In 2000, the protocol of the Refractive
Error Study in Children (RESC) was presented.
This protocol was designed to standardize the
methodology used to obtain prevalence data on
childhood refractive errors. It emphasizes the
importance of evaluating refractive errors using
cycloplegic refraction.” Since then, refractive
errors in the 5-15 year age range have been studied
in many populations around the world.®8102432
In Iran, a number of studies have described
refractive errors in students in this age range
using cycloplegic refraction.®®3 Although we
have abundant information regarding refractive
errors in the 5 to 15 year old students in Iran, there
is no comprehensive information regarding those
older than 15 years. According to the education
system in Iran, most high school students are over
14 years; these students are in the preparatory
stages for university, and visual problems and
refractive errors are very important for them.

There are few studies that have exclusively
reported refractive errors in high school
students,'*%1%* some of which have limitations
such as studying male subjects only.** In light of
the importance of refractive errors in high school
students and the paucity of information in this
age group in Iran, this study was performed
to determine the prevalence of refractive errors
among high school students in Aligoudarz, a
city in the West of Iran.

METHODS

This cross-sectional study was conducted

on high school students in Aligoudarz, a city
in Lorestan province in the West of Iran. We
used stratified cluster sampling to select samples
from Aligoudarz high schools, using classes and
education years as clusters. The target sample
size for this study was 400. Two educational
institutions (one of the 3 boys’ centers, and one
of the two girls” centers which accommodated
at least 200 rural and urban students) were
randomly selected. Then, two classes were
randomly selected from each grade in each
school. All students enrolled in these classes
were invited. If a certain class was not able to
participate, for any reason, another class of the
same grade was selected instead. Educational
grade was implied in the sampling design to
satisfy equal age categories among participants.
A total of 16 classes were targeted as the sampling
clusters.

The aim and design of the study were
explained to the subjects and those whose
guardians consented to participation completed
aform, had an interview, and their demographics
were recorded.

Examinations

First, a skilled technician determined non-
cycloplegic refraction using the Topcon RM8800
autorefractometer (Topcon Corporation,
Tokyo, Japan), and the results were refined by
retinoscopy using the Heine Beta 200 (Heine
Optotechnic, Germany) and MSD trial frame
(MSD, Meniscus Trial Lenses, Italy). Then, if the
student had spectacles, visual acuity was first
tested with the current glasses using a Snellen
E-chart at 6 meters distance. If not, uncorrected
visual acuity was measured.

Myopia was defined as a spherical equivalent
refractive error of -0.5 diopter (D) or worse and
hyperopia was defined as a spherical equivalent
of +0.5 D or worse. Anisometropia was defined
as an interocular difference exceeding 1.0 D in
spherical equivalent. High, moderate, and low
myopia were defined as spherical equivalent
of worse than -6.0 D, between -3.1 and -6.0 D,
and between -0.5 and -3.0 D, respectively. High,
moderate, and mild hyperopia was defined as
a spherical equivalent of worse than 4.0 D,
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between 2.1 and 4.0 D, and between 0.5 and
2.0 D, respectively.

Astigmatism was defined as a cylindrical
error exceeding 0.5 D. Astigmatism was classified
as with-the-rule (WTR) if the axis was 0+30°,
against-the-rule (ATR) if the axis was 90+30°,
and oblique with other axes.

Statistical Analysis

Prevalence and 95% confidence intervals (CIs)
of refractive errors were calculated. A simple
logistic regression model was used to examine
correlations between myopia, hyperopia,
astigmatism, and anisometropia on one hand,
and age, sex and region of residence on the
other hand. Age, sex and residence were then
separately included into multivariate logistic
regression models for myopia, hyperopia,
astigmatism and anisometropia to test their role
in these conditions and to eliminate the effects
of confounding variables.

Ethical Issues

Informed consent was obtained from parents
of children who participated in our study. The
protocol of this study was approved by the
Review Board of Noor Ophthalmology Research
Center.

RESULTS

Of 451 selected students, 438 persons participated
in the study (response rate, 97.0%). Due to

missing refraction data for 4 participants,
data from 434 people were analyzed. Mean
age of the students was 16+1.3 (range, 14-21)
years including 212 (48.8%) male subjects.
Figure 1 illustrates the distribution of spherical
equivalent in the study population. Mean
spherical equivalent was -0.23+1.2 (range, -6.6
to 5.7) D overall; -0.4+1.5 D in boys and -0.1x1.1
D in girls (P=0.014). The overall prevalence of
myopia was 29.3% (95% CI, 25-33.6%). Table 1
shows the prevalence of myopia based on sex
and age. Table 2 summarizes the correlation
among different types of refractive errors and
the studied variables using simple and multiple
logistic regression models.

In simple logistic regression model, the
prevalence of myopia was significantly higher
in boys (P<0.001). Also as shown in Table 1,
the prevalence of myopia significantly increased

2007

150

Frequency
2
1

. . y - .
-8.00 -6.00 -4.00 -2.00 00 2.00 4.00 6.00 8.00

Spherical equivalent (diopter)

Figure 1. Distribution of spherical equivalent refractive
error in high school children of Aligoudarz.

Table 1. Prevalence and 95% confidence intervals (CI) for myopia, hyperopia, astigmatism and anisometropia in high

school children of Aligoudarz

Myopia Hyperopia Astigmatism Anisometropia
% (95%CI) % (95%CI) % (95%CI) % (95%CI)

Age (yr)

14 21.8 (10.6-33.1) 29.1 (16.7-41.5) 7.3 (0.2 -14.4) 5.5 (0.5-11.7)

15 26.2 (18.4-34.0) 19.8 (12.8-26.9) 20.6 (13.5-27.8) 6.3 (2.0-10.7)

16 28.0 (19.0-37.0) 22.0 (13.7-30.3) 19.0 (11.2-26.8) 4.0 (0.1-7.9)

17 34.1 (24.1-44.0) 18.7 (10.5-26.8) 26.4 (17.1-35.6) 3.3(0.3-7.1)

18> 37.1 (24.7-49.5) 22.6 (11.9-33.3) 27.4 (16.0-38.8) 3.2(1.3-7.7)
Sex

Female 19.4 (14.1-24.6) 27.5 (21.6 -33.4) 15.8 (10.9-20.6) 45 (1.8-7.3)

Male 39.6 (33.0-46.3) 15.6 (10.6-20.5) 25.9 (20.0-31.9) 4.7 (1.8-7.6)
Total 29.3 (25.0-33.6) 21.7 (17.8-25.5) 20.7 (16.9-24.6) 4.6 (2.6-6.6)
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Table 2. Association between refractive errors and different variables based on simple and multiple logistic regression

analysis
Simple logistic regression Multiple logistic regression
OR (95%CI) P-value OR (95%CI) P-value
Myopia
Age (years) 1.2 (1.02-1.42) 0.029 1.3 (1.1-1.55) 0.003
sex (male/female) 2.73 (1.77 -4.21) <0.001 3.1(1.98 -4.84) <0.001
Residence (urban/rural) 1.62 (1.08 -2.42) 0.019 * NS
Hyperopia
Age (years) 0.94 (0.78 -1.13) 0.489 * NS
sex (male/female) 0.49 (0.3 -0.78) 0.003 * NS
Residence (urban/rural) 0.58 (0.37 -0.9) 0.016 * NS
Astigmatism
Age (years) 1.29 (1.07 -1.55) 0.008 1.35(1.12 -1.64) 0.002
sex (male/female) 1.87(1.17 -3.01) 0.010 2.13 (1.31 -3.48) 0.002
Residence (urban/rural) 1.82 (1.15 -2.87) 0.010 * NS
Anisometropia
Age (years) 0.82 (0.56 -1.18) 0.278 * NS
sex (male/female) 1.05 (0.43 -2.59) 0.907 * NS
Residence (urban/rural) 1.44 (0.61 -3.42) 0.408 * NS

OR, odds ratio; CI, confidence interval; NS: not significant

* These factors did not remain in the multiple logistic regression models

with age; 21.8% in 14 year-old subjects versus
37.1% in 18 year-old students (P=0.029). The
prevalence of mild, moderate, and severe
myopia was 25.6%, 3.2%, and 0.5%, respectively.
Figure 2 illustrates the distribution of spherical
equivalent based on the severity of refractive
errors in boys and girls. The prevalence of
myopia was 23.0% (95%CI, 16.8-29.3%) in rural
students and 33.5% (95%CI, 27.5-39.4%) among
urban students (P=0.019) (Table 2). Based on
multiple logistic regression model, only older
age (P=0.003) and male sex (P<0.001) were
significantly correlated with myopia.

The overall prevalence of hyperopia was
21.7% (95%CI, 17.8-25.5%). As demonstrated
in Table 2, the prevalence of hyperopia was
significantly higher in girls (P=0.003) but was
not significantly different among different
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Figure 2. Spherical equivalent refractive error by gender.

age groups (P=0.489). The prevalence of mild,
moderate, and severe hyperopia was 19.4%,
1.2%, and 1.2%, respectively. The prevalence
of hyperopia was 27.5% (95%CI, 20.1-34.1%) in
rural students and 17.9% (95%CI, 13.1-22.7%)
in urban subjects (P=0.016). After entering age,
sex and residence, only female gender was
significantly correlated with hyperopia (Table 2).

Mean cylindrical power was 0.5+0.9 D. The
overall prevalence of astigmatism was 20.7%
(95%CI, 16.9-24.6%); 25.9% in boys and 15.8% in
girls (P<0.001). Also, as demonstrated in Table 1,
the prevalence of astigmatism had an increasing
trend from 7.3% in 14 years old students to 27.4%
in 18 year old subjects (P=0.008). The prevalence
of WTR, ATR, and oblique astigmatism was
14.5%, 4.8%, and 1.4% overall; 17.5%, 6.1%, and
2.4% in boys; and 11.7%, 3.6% and 0.5% in girls,
respectively. Inter-sex difference in terms of the
type of astigmatism was statistically significant
(p=0.043). The prevalence of astigmatism was
significantly higher among rural students
(24.5% in rural and 15.2% in urban students,
P=0.010). The prevalence of WTR astigmatism
was significantly lower in rural students than
in urban students (P=0.020). The prevalence of
WTR, ATR and oblique astigmatism was 28.3%,
42.9% and 16.7% in rural astigmatic students
and 71.7%, 57.1% and 83.3% in urban astigmatic
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subjects. Based on multiple logistic regression
model, the prevalence of astigmatism increased
significantly with age and was significantly
higher in boys (Table 2).

Anisometropia was detected in 4.6%
(95%Cl, 2.6-6.6%) of students and the differences
between girls and boys (P=0.907), different age
groups (P=0.278), and rural and urban students
(P=0.408) were not significant. Overall, 55.3% of
students were ametropic.

DISCUSSION

In this study, the prevalence of refractive errors
was determined in a sample of high school
students from Aligoudarz, Western Iran. Since
different methods have been used to determine
refractive errors in different studies, comparison
of the results must be done with caution. More
than half of the students in this study had at
least one type of refractive error. This finding
indicates the importance of refractive errors
in this age group. Since uncorrected refractive
errors are one of the most important causes of
visual impairment in the world, refractive errors
in this age range deserve special attention.

Of students enrolled in this study, 29.3%
were myopic; this prevalence is lower than that
of East Asian countries such as Singapore,!?
China,* and Hong Kong® but comparable to
other parts of Iran.”** Nonetheless, compared to
other refractive errors, myopia is more likely to
go uncorrected and lead to visual impairment.®-”
Therefore, although its prevalence in this study
was lower than other studies, its correction calls
for attention.

The prevalence of hyperopia in this study
was lower than myopia and astigmatism,
however, since non-cycloplegic refraction in
this age group has low sensitivity in detecting
hyperopia,®® the observed prevalence is expected
to be an underestimation. Still, the observed
rate is significantly higher than that reported
in previous studies.®®* Use of different cut-off
points can be one reason for such differences,
but even when similar definitions are used, the
prevalence of hyperopia in our study seems
high. Based on previous studies, hyperopia is
more common than myopia among Iranians.®%3

The prevalence of astigmatism is also
relatively higher in this study as compared to
previous studies in Iran.®® The prevalence of
astigmatism was 18% in Dezful high school
students and 10.5% in Varamin school boys.”
Using a similar definition, higher astigmatism
prevalence rates have only been reported from
East Asian countries, especially China (23.5%)
and Singapore (58.7%).'%%" Astigmatism has
already been reported to be affected by ethnicity
and genetics.***’ Our findings regarding
astigmatism along with a high prevalence of
hyperopia may also confirm the role of ethnicity
for explaining the observed differences.

The prevalence of myopia increased with age
and was higher in boys, while the prevalence of
hyperopia was higher in girls. This observation is
in agreement with most previous studies.®” 113041
Most changes in the prevalence of hyperopia
have been observed in children before the age of
15; a myopic shift is expected to occur thereafter.
Other studies have also shown this age group to
coincide with the onset of myopia.**** Overall,
it seems that both biometric and environmental
factors may play a role in the increased prevalence
of myopia in this age group.***#*% Possible
causes of increased myopia in this age group
are firstly the increase in axial length with age,
and secondly an increase in near work in high
school students.**#

Since changes in refraction are mainly
attributed to ocular biometric components,
it seems that inter-sex differences in ocular
biometrics is the main cause of the higher
prevalence of myopia in boys and hyperopia
in girls. We believe that axial length plays the
most important role in explaining the inter-sex
difference in refractive errors. In all age groups,
axial length has been reported to be larger
in male subjects as compared to females.*4
According to our findings, the prevalence of
astigmatism increased with age and was higher
in boys. Although most studies agree that the
prevalence of astigmatism increases with aging
after the age of 40 years,” there are contradictory
results in this age group in this regard.’'~?
Nonetheless, there are hardly any studies
suggesting that astigmatism increases in this age
group. Most studies indicate that the prevalence
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of astigmatism is high in infancy and follows a
decreasing trend towards adolescence.*

In summary, based on the results of the
present study, more than half of high school
students had refractive errors. Compared to
other studies on the 5-15 years age group, our
results show that the prevalence of refractive
errors in this age group is high. In light of the
importance of perfect visual acuity in this age
group, the health system should give priority
to identifying affected students and correcting
their refractive errors.

Conflicts of Interest
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