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Abstract

Objectives: The current study aimed at determining asthenopia prevalence and its associated factors in a population of high school
students.

Methods: In the current cross sectional study, samples were selected from high school students (range, 12 to 18 years) in Kermanshah
city, Iran, through stratified cluster sampling. Any person with at least 1 symptom was considered to have asthenopia.

Results: Of the 1070 selected samples, 1040 participated, and examinations were completed for 901 students. The prevalence of
asthenopia was 49.4% (45.7to 53.2). The prevalence of asthenopia was 62.8% (51.9 to 73.8) and 47.7% (43.8 to 51.7) in males and females,
respectively (P = 0.013). Asthenopia prevalence increased from 21.4% in 12-year-old to 63.9% in 18-year-old cases (P < 0.001). The most
common symptom in the study was tearing (20.03%) and eye pain (19.88%) during near-work and reading.

Conclusions: The prevalence of asthenopia in this student population was high. Since asthenopia can interfere with near-work, its

treatment merits high importance in school-age children.
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1. Background

Asthenopia is a term used to describe a variety of non-
specific symptoms associated with the visual system, espe-
cially during nea-work (1). Asthenopia is examined subjec-
tively. This subjective problem entails 2 groups of symp-
toms; nonspecific symptoms including fatigue, burning,
irritation, eye pain, aching eyes, sore eyes, and headache,
and specific symptoms are defined as symptoms such as
photophobia, blurred vision, double vision, itching, tear-
ing, dryness feeling, and foreign body sensation (2).

Previous studies indicate that asthenopia mostly oc-
curs due to uncorrected refractive errors, (3) accommoda-
tive dysfunctions (4, 5), vergence anomalies (6, 7), inap-
propriate lighting condition (8), extraocular muscle im-
balance (9),and compromised quality of the viewed image
such as poor contrast (10). Thus, asthenopia is categorized
accordingly as internal and external. Internal asthenopia
is caused by problems such as uncorrected refractive er-
rors and accommodation disorders, while insufficient am-
bient lighting is responsible for external asthenopia (2).
This eye problem interferes with near-work, especially in

children and can interfere with attention and academic
performance (11).

Along with increased use of computer devices and
other near-work in children, the prevalence of asthenopia
and its associated complications are expected to increase
(12). Nonetheless, authors' knowledge about the preva-
lence of this subjective problem is limited to few stud-
ies. Review of different studies in children show that
the prevalence of asthenopia and certain symptoms range
from below 15% to over 80%, and headaches are 1of the
most common symptoms reported in most studies (13). Al-
though many studies are conducted on computer opera-
tors to show the prevalence of asthenopia, (1, 14) few re-
ports are available regarding schoolchildren (11, 15). More-
over, studying the causes of asthenopia can improve the
ability to treat this condition and resolve symptoms in af-
fected individuals. In Iran, some studies assessed vision
problems in schoolchildren (16-18); however, asthenopia is
not studied in any age group of Iranian students. The cur-
rent study was conducted to examine the prevalence of as-
thenopia and its related factors in a student population in
Iran.
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2. Methods

The current cross sectional study was conducted in
2015 in Kermanshabh, a city in the West of Iran. The target
population was high school students in Kermanshah. Sam-
ples were selected through multi-stage cluster sampling.
First, a number of high school male and female students
were selected. Then, from each school, a number of stu-
dents in each class were randomly selected proportional
to the total number of students in the school. After sam-
ple selection, consent forms were distributed to be signed
by parents.

2.1. Examination

On the examination day, having a signed consent
form was the first inclusion criteria. Before the exami-
nations, each student was interviewed and asked a num-
ber of questions regarding his/her near-work and study-
ing habits. Upon entering the exam room, students were
first tested 3 times for non-cycloplegic auto-refraction by a
skilled operator using the TOPCON RM 8800 (Topcon Cor-
poration, Tokyo, Japan); the results were recorded, and
printouts were attached to their files. In the next stage,
all participants were tested for uncorrected visual acuity
(UCVA). Then, auto-refraction results were refined through
retinoscopy, using HEINE BETA 200 (HEINE Optotechnik,
Germany) and the MSD trial lenses (MSD Meniscus Trial
Lenses, Italy). For each student, first the right and, then,
the left eye was tested. For any case with UCVA worse than
20/25 in either eye, subjective refraction was done and the
best corrected visual acuity (BCVA) was recorded. Then, far
(6 meters) and near (40 cm) cover tests were done using
accommodative targets (a single letter 1 line above acuity
threshold) and the alternate cover test with prism bar was
carried out to diagnose and measure phoria. In the next
stage, the near point of accommodation (NPA) was mea-
sured with the Donder push-up method using Royal Air
Force Rule (RAF) and near print equivalent to 20/25 VA as
accommodative target. The target was slowly moved closer
to the child along the midline and he[she was asked to re-
port the first sustained blur. To increase the reliability of
the test, the measurement was done 3 times and the av-
erage NPA was recorded. The average NPA was, then, con-
verted to amplitude of accommodation (AA) in Diopter.
The near point of convergence (NPC) was measured simi-
lar to AA; instead, the participant was instructed to report
the first sustained diplopia of the target. Again, the NPC
was measured 3 times and the average was recorded.

The gradient accommodative-convergence [accommo-
dation (AC/A) ratio was determined by re-measurement of
near phoria by adding -1.00 minus lenses to subjective re-
fraction and comparing the result with the baseline near

phoriavalue. All optometric tests were completed by an ex-
perienced optometrist.

2.2. Definition of Asthenopia

To diagnose asthenopia, the 10 symptoms of eye pain,
dry eyes, eye swelling, blurred vision, diplopia, foreign
body sensation, photophobia, tearing, decreased visual
acuity, and difficulty in sustaining visual operations were
investigated in detail through face to face interviews by a
trained interviewer. In line with previous studies (1,15), any
person with at least 1of these symptoms was considered to
have asthenopia. Nonetheless, to show its degree, the per-
centage of people with at least 2, 3, and 4 symptoms was
also determined.

Exclusion criteria included BCVA of less than 20/ 25 in
either eye, strabismus, ocular or systemic diseases affect-
ing binocular vision, and using any medication that can
impact accommodation or convergence.

2.3. Statistical Analysis

The prevalence of asthenopia was presented in per-
centage along with 95% confidence intervals (CI). Logis-
tic regression was used to examine possible relationships,
and mean values of quantitative variables were compared
between the cases with and without asthenopia using the t
test. Asignificance level of 0.05 was applied in all statistical
tests.

2.4. Ethical Issues

The ethics committee of Mashhad University of Medi-
cal Sciences approved the study protocol conducted in ac-
cordance with the tenets of the Helsinki Declaration. All
participants’ parents signed a written informed consent.

3. Results

Of the 1070 selected students, 1040 were included in
the study; the exclusion criteria were applied, and the re-
sults of 901 students are presented; their mean age was 15.1
=+ 1.6 years.

Mean spherical equivalent refraction in the total sam-
ple was-0.96 + 1.13 D; it was -0.96 =118 D and -0.97 £ 1.13 D
in females and males, respectively (P = 0.964).

The prevalence of asthenopia by age, gender, and de-
gree of asthenopia is summarized in Table 1. Based on
the definition of having at least 1symptom, 49.4% (45.7 to
53.2) of the students had asthenopia, and the prevalence
of having at least 2, 3, and 4 symptoms was 24.9% (21.7 to
28.2),14.4% (11.8 to 17.0), and 9.1% (6.9 to 11.2), respectively.
The prevalence of asthenopia was 62.8% (51.9 to 73.8) in
males and 47.7% (43.8 to 51.7) in females (P = 0.013, odds
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ratio = 1.85, 95% CI: 1.14 - 3.0). Also, as presented in Table
1, the prevalence increased from 21.4% in 12-year-old cases
to 63.9% in 18-year-old cases (P < 0.001). Asthenopia with
at least 4 symptoms was not observed in 12-year-old cases,
while19.4% of the 18-year-old age group had atleast 4 symp-
toms. As illustrated in Figure 1, the most common symp-
toms were tearing and eye pain during near-work and read-
ing, while difficulty in sustaining visual operations was re-
ported by only 0.14% of the students. As presented in Table
2, the average time spent using cell phones and comput-
ers was significantly higher in students with asthenopia,
while most of the other activities were not significantly
different between the 2 groups. Table 3 summarizes the
mean and standard deviation of the AA, NPC, and AC/A ra-
tio in students with and without asthenopia; t test results
indicated significantly lower AA and AC/A ratio, and a sig-
nificantly higher NPC in students with asthenopia. About
50.2% of the students with normal stereopsis and 47.9%
of those with abnormal stereopsis (> 120 sec arc) had as-
thenopia (P=0.562). Mean near esophoria in students with
and without asthenopia was 0.61 and 0.40 prism diopter
(PD) (P = 0.165), respectively. The prevalence of significant
near exophoria defined with a cutoff point of 6 PD was
54.9% and 48.3% in students with and without asthenopia,
respectively (P =0.142).

4. Discussion

The current study was the first to describe the preva-
lence of asthenopia in a population of Iranian students.
In this section, the comparison of results with other stud-
ies should be performed with caution. One of the reasons
for the differences among studies is various definitions of
asthenopia that should be considered. As already demon-
strated, about 50% of the students in the study had as-
thenopia, and 9.1% reported having 4 symptoms or more.
Based on the criteria employed in the current study, Han
etal. (15) showed that the prevalence of asthenopia in Chi-
nese students was 57%. Vilela et al. (11) recently reported
a prevalence of 24.7% in children aged 6 to 16 years. Ac-
cording to a recent review, the prevalence of asthenopia
in Australian, Swedish, and Indian schoolchildren ranges
from 12.6% to 32.2% (13). There are studies that have only
examined the prevalence of eye strain, and, thus, their re-
sults are not comparable to those of the asthenopia stud-
ies. In addition to definition differences, age group seems
to be another important factor affecting the prevalence of
asthenopia. Overall, asthenopia prevalence was not low
in the current study. This could be due to heavy studying
in many high school students for their pre-college exams
and overusing computer devices; although race and ethnic
variations should also be considered.
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In the current study, a higher percentage of males re-
ported asthenopia symptoms. Ma L (19) showed a higher
prevalence in females; while, Han et al. showed no
difference between the genders (15). Contradictory re-
sults regarding gender-related prevalence rates do not al-
low reaching a strong hypothesis. However, as already
demonstrated, the prevalence of asthenopia significantly
increases with aging. This trend was observed even in se-
vere cases of asthenopia. Few studies have focused on how
asthenopia changes with age, but overall results indicate
that the prevalence is low in childhood. Ip et al. reported
a prevalence of 15.2% in 6-year-old children (20). Sterner
found no signs of asthenopia in children under 7.5 years
old, while 47.2% of 7.5- to 10-year-old children had atleast1
symptom during near-work (21) Bhandari reported an in-
crease in asthenopia prevalence with age, even in the el-
derly (1). Mocci also showed changes in asthenopia with
age increase (22) It is a little difficult to interpret this find-
ing; 1important reason for the low prevalence in children
is their understanding of the questions, and the answers
being subjective. The higher prevalence of asthenopia
with increasing age could be because people are more in-
volved in near-work, and in the presence of accommoda-
tive and binocular disorders, which are considered as im-
portant factors in developing asthenopia (23), the symp-
tom occurs more frequently during near-work. The time
spent using computer and cell phone was significantly
higher in students with asthenopia. This had been already
shown in previous studies, and the main reason seems to
be overstimulation of accommodation, imbalance in the
convergence and accommodation relationship, and dry
eye (21,24).

As observed in the results, the most common symp-
tom in the current study was tearing followed by eye pain;
while, difficulty in sustaining visual operations was the
rarest symptom. In the study by Wajuihian (2), headaches
were the most common symptoms of asthenopia followed
by itching and tearing; while, the least common symptom
was diplopia. Mvtu and Kimbo (25), Neugebauer (26), and
Alexander et al. (27) also found headaches as the most com-
mon symptom of asthenopia; while, Dwyer (2) and McKay
(28),and Westman (23) reported near blur or eye strain and
tired eyes as the most common symptoms.

The results of the current study showed that the
amount of NPC was significantly higher in the group with
asthenopia than the normal group; on the other hand,
the AC/A ratio was lower in the asthenopia group than
the normal group. A remote NPC with a low AC/A ratio
suggests a higher prevalence of convergence insufficiency
(CI) in the asthenopic cases. CI is a common binocular vi-
sion anomaly associated with high decompensated near
exophoria, distance NPC, and a low AC/A ratio; it is sug-
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Figure 1. The Prevalence of Symptoms in Children
Table 1. The Prevalence of Asthenopia Among Schoolchildren by Age and Gender®
Variables Number of Symptoms
1o0r More 2 or More 3 or More 4 or More

Total 49.4 (45.7-53.2) 24.9(21.7-28.2) 14.4 (11.8-17.0) 9.1(6.9-11.2)
Gender

Female 47.7(43.8-51.7) 24.7(213-281) 14.1(11.4-16.9) 8.8(6.5-11.0)

Male 62.8(51.9-73.8) 26.9 (16.9 -37.0) 16.7(8.2-25.1) 115 (4.3-18.8)
Age,y

12 21.4(103-32.5) 5.4(0.7-11.4) 0 0

13 37.1(24.7-49.5) 13(3.2-19.4) 3.2(11-7.7) 1.6(1.2-4.8)

14 39.3(29.8-48.7) 15.9(8.8-22.9) 8.4(3.1-13.8) 3.7(0.1-7.4)

15 54.7(47.1-62.3) 28.2(21.4-35.1) 20.6 (14.4-26.7) 11.8(6.9-16.7)

16 61.6 (54.1- 69.1) 33.5(26.2-40.8) 17.1(11.3-22.9) 12.2(7.1-17.3)

17 49.5(39.5-59.5) 29.3(20.2-38.4) 17.2(9.6-24.7) 11.1(4.8-17.4)

18 63.9 (47.4-80.4) 38.9(22.2-55.6) 25.0 (10.1-39.9) 19.4 (5.9-33.0)

Data were expressed based on percentage and 95% confidence interval.

gested as1of the most common causes of asthenopic symp-
toms in children (29). Since up to 6 PD of near exophoria is
considered normal and physiological (30), this threshold
was employed to categorize near exophoria into 2 groups
of high exophoria (> 6 PD) and low exophoria (> 6 PD).
Based on the results of the current study, although the

prevalence of high exophoria was higher in the asthenopia
group than the normal group, this difference was not sta-
tistically significant, which rejects CI as the primary cause
of asthenopic complaints. Another factor that could be at-
tributed to asthenopic complaints is the convergence ex-
cess anomaly, but this hypothesis was also rejected as there
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Table 2. Mean and Standard Deviation of Time Spent on Performing Certain Near-Work Activities, Sleeping, and Exercising Among Schoolchildren with and Without Asthenia®

Variables Normal Asthenopia PValue
Using computers hour/day, hour/day 129 +1.52 158 +-1.98 0.034
Using cell phones, hour/day 218 £ 2.47 2.87£2.85 0.001
Studying and reading, hour/day 3.83 225 3.88 £2.22 0.790
Watching TV, hour/day 2.43+1.95 2.66 +1.92 0.122
Looking at the board in class, hour/day 4.99 £1.76 4.97 £ 2.05 0.887
Sleeping, hour/day 7.66 £1.72 7.6 £ 2.05 0.650
Participating in sports and exercise, hour/week 2.57£3.53 235+34 0.406
Value are expressed as Mean =+ SD.
Table 3. Mean and Standard Deviation of Amplitude of Accommodation, Near Point Acknowledgments

of Convergence, and the Accommodative-Convergence Over Accommodation Ratio
Among Schoolchildren with and Without Asthenopia®

Variables Normal Asthenopia P Value
AA, diopters 10.51 1+ 1.87 10.09 =+ 2.22 0.006
NPC, cm 5.65 1 1.81 6.13 £ 236 0.003
AC/A 253£135 2324127 0.034

Value are expressed as Mean =+ SD.

was no significant difference in near esophoria between
the 2 groups and the AC/Aratio was low. As for AA, it was sig-
nificantly lower in the asthenopia group, which means a
higher prevalence of accommodative insufficiency in this
group, and suggests this accommodative anomaly as a po-
tential factor to develop asthenopic complaints. On the
other hand, reduced AA can lead to reduced accommoda-
tive response and accommodative convergence. This can
exert more strain on positive fusional convergence, in-
creased near exophoria, and a more distant NPC due to a
decrease in the gross convergence (30), and this explains
the higher prevalence of exophoria and higher NPC in the
asthenopia group in the current study, compared to the
normal group. The current study results were consistent
with the findings of Marran et al. (31) and suggest accom-
modation insufficiency as a major factor responsible for
asthenopic complaints in children. Therefore, it is impor-
tant to diagnose and treat this condition to improve the
accommodative performance in children and reduce their
asthenopic symptoms.

The current study had some limitations; for example,
dry eye objective tests were not applied. Moreover, con-
ducting this study in the Kurdish ethnic group hinders
generalizing its results to other Iranian high school stu-
dents. Therefore, more extensive studies are required in
this regard in Iran.
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