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Abstract

Background: School-going children frequently report eye strain and headaches while reading or performing any near work.

Aim: An investigation into the underlying elements that are responsible for asthenopia is the purpose of the present study.

Materials and Methods: A hospital-based cross-sectional study was designed with school-aged children, ranging in age from seven to sixteen years old, who
presented with active asthenopia symptoms being the participants. Each and every child was subjected to a full eye examination, which included a detailed
history of asthenopia symptoms and screen usage, fogging and cycloplegic refraction, binocular vision evaluation, and the CISS questionnaire.

Result: Total of 140 school children were examined with mean age of 13.2 + 2.7 years. Average number of symptoms in asthenopia child was 2.41 + 1.13.
Headache was found more common (78.57%) followed by ocular pain (50.71%), occasional blurriness (43.57%) and watering (31.43%). 6.25% child was
found emmetrope. Among these, mild to moderate hyperopic error was more common (SH- 29.97%, SHA- 12.4%, CHA- 9.14%). CMA was found in 16.18%,
MA was in 11.4% of the children. Average screen time was found 2.63 + 2.01 hours/day. Mean CISS score was 15.96 + 7.6 with a maximum 33 and a minimum
value was 2. Accommaodative anomalies were most common (37.5%) followed by CI (17.65%) and Difficulty to relax accommodation in 16.18%. Uncorrected
refractive error (13.97%) and over corrected Myopia (7.35%) also shows significant asthenopia symptoms.

Conclusion: This study shows that screen time, refractive errors, and binocular vision anomalies are associated with asthenopia in school-aged children. The
data imply that mild to severe hyperopic errors and accommodative anomalies are critical to asthenopia development and CISS questionnaire is a useful
screening tool for asthenopia symptom’s detection of school going students.
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asthenopia. Previous studies have shown that the prevalence
of asthenopia varies across different countries. Vilela MAP
Asthenopia is a subjective complaint involving the ocular &t 31 shows a prevalence of around 19.7% among Indian
system. These complaints primarily describe a variety of non- schoolchildren in 2015.1 Also, Hashemi H et al shows that
specific symptoms such as headache, ocular pain, occasional  asthenopia in Australian, Swedish, and Indian schoolchildren
blurring of vision, diplopia, ocular strain, fatigue around the ranges from 12.6% to 32.2%.2 S. Abdi et al. study found a
eyes, lacrimation, difficulty opening the eyes properly, and  prevalence of 23% among schoolchildren. Asthenopia is
light sensitivity, among others. Most often, these symptoms mostly a common symptom among computer users (64—
manifest during work hours, but they can also manifest 90%).34 In the post-COVID era, children's modern lifestyles,
remotely. Depending on the cause it can be refractive  jncluding schooling, tuition, homework, and mobile phone
asthenopia, asthenopia due to binocular vision anomalies, e, have led to a significant increase in screen use and near-
photogenous asthenopia, muscular asthenopia or nervous activity. In paediatric OPD, many parents come with
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asthenopic symptoms in their children, which impact their
educational performance at school, in tuition, or at home.
Only a small percentage of these children actively use
screens. According to the Binocular vision anomalies
normative data (BAND) study 31.5% of schoolchildren in
urban areas and 29.6% in rural areas have Non-Strabismic
Binocular vision disorder (NSBVD). So, beyond the use of
screens, NSBVD has a huge impact on schoolchildren.
Binocular vision evaluation primarily evaluates NSBVD, yet
it often overlooks cases of asthenopia in schoolchildren. The
Convergence Insufficiency Treatment Trial Group (CITTG)
developed a Convergence Insufficiency Symptoms Survey
(CISS) questionnaire to quantitatively evaluate the patients
Convergence Insufficiency (CI). Also, uncorrected refractive
error is a major link to asthenopia because it lowers visual
efficiency and is a cause of binocular vision problems like
Accommodative Insufficiency (Al), Cl, and heterophoria.
Children with eye strain are known to experience
hypermetropic errors more frequently.>® Astigmatism ranks
as the second most common type of refractive error among
children with asthenopia. In India, to manage these patients
with asthenopia, the most commonly used options are screen
time management, blue light filter protection, the 20-20-20
rule, and lubricating eye drops, which are effective in a few
cases but not in many. Routine eye examinations to ensure
refractive error and binocular vision anomalies, along with
vision therapy, are more effective in treating asthenopia.”°
Therefore, the current study seeks to identify all potential
factors that contribute to asthenopia in school-aged children.
The main objectives of this study was to assess and evaluate
the refractive errors along with binocular vision anomalies
among the school going children with asthenopic symptoms
and also to correlate the average screen time with the
Convergence insufficiency symptoms survey questionnaire
and other parameters.

2. Materials and Methods

This was an cross sectional study conducted at P C Sharma
Eye Hospital, a tertiary eye care centre in Ambala City,
Haryana, India, within a time period of January, 24 to April,
24. Ethical clearance was taken from Institutional ethics
committee of Chitkara University approved the study
(Approval No. — EC/NEW/INST/2024/531/269) to conduct
at P C Sharma Eye Hospital. Random sampling method was
used where expected proportion was taken 24.7%,*” with 5%
Confidential Interval (d). OPD patients, who complained of
Asthenopia, aged in between 7-16 years and has visual acuity
of 6/9 or better then 6/9 (0.02 in Log Mar), and were
responsive to all required tests, were included in the study.
Also, Parents were informed about the need to fill the CISS
questionnaire, those who agreed and were able to dedicate
extra time to answer it, were only included. Students
undergoing any ocular or vision therapy, having alternate
tropia (>10PD) or constant tropia, any neurologic or

developmental disorder, other ocular pathologies like dry
eyes, posterior and anterior segment anomalies were
excluded from the study. Also, if the difference between dry
acceptance and cycloplegic refraction values was more than
1.00 D were excluded from study. Informed consent was
taken from the parents of all students. All required evaluation
and test were conducted in paediatric OPD with calibrated
instrument. Topcon KR 800 Autorefractor, Welch Allyn
retinoscopy, 3-meter calibrated LED Log Mar visual acuity
chart, Trial set were used for Visual acuity and refraction. A
set of orthoptics tool including Royal Air Force (RAF) ruler,
centimetre scale, Gullstrand stick with linear target,
Monocular Estimation Method (MEM) card, accommodative
flipper (AF) (£2.00D), vergence flipper (VF) (12 prism
diopter base out with 3 Prism diopter base-in), horizontal
prism bar and translucent occluder are used for Binocular
Vision (BV) evaluation. For cycloplegic refraction,
cyclopentolate 1% along with tropicamide 0.8% and
phenylephrine 5% were used.

2.1. Examination procedure

Non-contact tonometry and auto refractometer were used as
initial examination. Details history of screen uses and
asthenopic symptoms like Ocular pain, diplopia, headache,
occasional blurring of vision, lacrimation, ocular strain, light
sensitivity and unable to keep eyes open, are noted. Followed
by parents and child are asked to fill the questionnaire and
also explained to parents about the questions. Comprehensive
eye examination including retinoscopy, Borish delayed
subjective acceptance, anterior segment and undilated
posterior segment evaluation were undergone next. Binocular
vision evaluation includes Worth four dot test (WFDT),
Cover test, Prism bar cover test (PBCT), accommodation test
(NPA, AA, NRA, PRA, AF), Vergence test (NPC, NFV,
PFV, VF) were performed. As per these findings, Non -
Strabismic Binocular Vision dysfunction (NSBVD) was
diagnosed and child were sent to instil eye drops for
cycloplegic refraction. After 45-50 min, cycloplegic
refraction was performed, if the difference between
cycloplegic refraction and dry acceptance was found >1.00D,
they are asked to come for post - mediatric test (PMT), and
excluded from study. As per the final refraction, refractive
error diagnosis was made. CISS scoring was done. If the
score found >16, they were identified as convergence
Insufficiency. Detail methodology is represented in Figure 1.
Statistical analysis of Refractive error, Binocular vision
evaluation, screen time and CISS questionnaire score, by
using SPSS version 27 software. Pearson’s correlation (r) and
Mann- Whitney U test was performed to correlate and
compare the value. Descriptive statistics were used with 95%
confidential interval for explanation of data.
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Figure 1: lllustrate stepwise methodology, all the test conducted for school going students, came with complain of asthenopia

3. Results

A total of 140 participants with active asthenopic symptoms
are evaluated with mean age of 13.2 + 2.7 years. 70% (n=98)
were female and 30% (n=42) were male. No such difference
in the number of symptoms between males and females (Z=
1.84, p = 0.065, not significant at p<0.05). Mean number of
symptoms per child with asthenopia was 2.41 + 1.13. Only
one symptom was found in 23.53% (n= 32) of subject, at least

two symptoms were in 31.62% (n= 43), at least three
symptoms in 30.15% (n =41) and more than three symptoms
were found in rest 14.07% of subject. Headache was more
common (78.75%, n= 110) followed by Ocular Pain (50.71%,
n=71), Occasional blurriness (43.57%, n= 61), watering
(31.43%, n=44), Ocular strain (21.43%, n=2), light
sensitivity (9.23%, n =13), unable to open eyes (3.57%, n="5)
and diplopia (1.43%, n=2). Visual acuity was good or normal
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among most. 40% among these subjects were presented with
a history of using spectacle. Rest 60% never used spectacle.
Mean presented visual acuity was 0.02 Log Mar. Refractive
error was most commonly found among asthenopic subject
except 6.25%, who were emmetrope. Simple Hyperopic (SH)
error was commonly found refractive error (29.97%),
although Astigmatism (including hyperopic and myopic) was
most prevalent among refractive error (CMA= 16.18%,
SHA= 12.4%, CHA= 9.14%, MA= 11.4%, SMA =7.66%).
Simple Myopia (SM) was found in 6.57% of subject (Table
1).

Over corrected myopia (7.35%) and anisometropia
(2.2%) also found as a significant factor in these subjects.
Noticeably 37.14% of children with no screen time or
minimum screen time (<1.0 hour) were also presented with
asthenopic symptoms along with refractive error and
Binocular vision anomalies. Mean screen time was 2.63 +
2.01 hours/day. A weak positive correlation found in between
screen time and asthenopic symptoms (r= 0.1835, p=0.032,
significant at p<0.05) (Table 2). However, a significant
number of subjects were also found with high number of
symptoms with low screen uses (Figure 2).

According to questionnaire around 43.57% subject shows CI.
Correlation between CISS score and Screen time shows a
negative correlation at p<0.05 (r= 0.1431, p= 0.965) (Table
3). Although strong positive correlation was found between
CISS score and number of symptoms (r= 0.443948,
p=<0.00001, significant at p<0.05) (Figure 3, Table 2).

Correlation Between CISS Score and No. of Symptoms
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Figure 3: Illustrate correlation between No of symptoms and
CISS Score

Table 2: Correlation of no of symptoms with age, CISS score
and screen time at p<0.05.

] ) No of Symptoms
Table 1: Percentages of refractive error among asthenopic ;
school going students. P
Refractive error No of Eyes | Percentage Age 0.22023 <0.00001
(n) (N=280) (%) CISS Score 0.44395 <0.00001
Simple Hyperopia (SH) 84 29.93 Screen Time 0.1835 0.032484
Compound Hyperopic 25 9.12 r = Pearson’s Correlation Coefficient, CISS- Convergence
Astigmatism (CHA) Insufficiency Symptoms Survey,
Simple Myopia (SM) 18 6.57 ) )
Simple Myopic o1 766 I;tﬁlgfa (;grrrizlztloz(t))%t;veen screen time and CISS score and
Astigmatism (SMA) P p=bos. _
Simple Hyperopic 35 12.41 Screen Time
astigmatism (SHA) r p
Compound Myopic 46 16.18 CISS Score 0.143125 0.096517
Astigmatism (CMA) Near exophoria 0.069771 0.419394
Mixed Astigmatism (MA) 33 114
Exophoric deviation was found in 19.85% of subject for
p— — distance and 61.02% of subject for near. Mean exophoria for
7 orrelation Between Screen Time & Symptoms A A
iy . . distance was 0.6 + 1.4 PD and for near it was 2.9 + 3.2 PD.
S5 0 o N . Only one subject was found with esophoria for near who was
§4 o0 0 0 0 0o 0 0 ] diagnosed accommodative excess. Although it has no
2} D R B, S et . significant correlation with screen time (Table 3). Where
52 &9 e e e e e ' WFDT shows no suppression or diplopia. Mean Binocular
1 o 0 0o o ¢ L . .
0 vision evaluation parameters are showed in Table 4 and
0 ) s § g 10 1 compared with normative data for children as per BAND
Avg Sereen time study of 2017.%6 Which shows slightly reduced amplitude of

Figure 2: Illustrate correlation between average screen time
and total no of symptoms

CISS questionnaire scoring shows a mean value of 15.96
+ 7.6 with maximum value of 33 and minimum value of 2.

Accommodation (AA), distance and near negative fusional
vergence (NFV), Accommodative facility (AF) and
Vergence facility (VF).
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Table 4: Binocular vision anomalies data of present study and binocular vision anomalies normative data (BAND) study27

Evaluation test BV data (Mean) Present Study BAND study data
NPC (cm) 5.86 + 3.33 3£3
NPA (cm) oD 7.34+£4.01 13+3(7-10Y)
(OF] 7.38+£4.02 11 +£2 (11-17Y)
ou 6.74 £ 2.52 13+3(7-10Y)
MEM (D) oD +0.57+04 +0.4+0.2
(OF] +0.6+0.4 +0.4+0.2
NRA (D) +2.46 £ 0.53
PRA (D) -2.99 £ 0.85
NFV (PD) Blur 4.0+3.0
(Distance) Break 6.44+3.1 +2
Recovery 439+3.0 *
NFV (PD) Blur 9+35
(Near) Break 15.3+44 15+
Recovery 12937 11+
PFV (PD) Blur 12.71£35
(Distance) Break 17.75+7.1 17 +
Recovery 14.86 £ 6.2 12 +
PFV (PD) Blur 19.92 £55
(Near) Break 28.19+95 26 £10
Recovery 23.42£85 21+10
VF (CPM) 12.64 £ 2.57 14+4
AF (CPM) oD 8.94 £ 3.04 11+4 (7-12Y)
(OF] 8.99+2091 14 £5 (13-17Y)
ou 9.02 +3.02 10 £ 4 (7-12Y)
Table 5 Fi_ndings of binocular vision anomalies on o CI as per CISS and BV evaluation
asthenopic children
BV anomalies Percentage | No of child 5o
(%) (n) N=140 B
Accommodative 37.5 52 40
anomalies
Cl 17.65 24 30
Al with CI 2.94 [
IXT 5.15 7 20 d :
Over corrected Myopia 7.35 10 10 ﬁ
Reduce NFV 8.09 11
FVD 1.47 2 0 --
Cl as per CISS Cl as per BV
Al 6.62
Diff to relax Acc/ Acc 16.18 52 Figure 4:_IIIustrate_convergepge insufficigncy (CI) found in
eXCESS CISS scoring and binocular vision evaluation.
Near Eso 0.74 2 Although it was difficult to comment on NSBVD as
WNL 19.84 29 diagnosis factors are not directing to any one anomaly (Table

5). Overall accommodative anomalies were found in most of
the subjects (37.5%, n= 51) where NPA, NRA, PRA and
monocular AF were not in normal range or not correlating
with one another. Around 16.18% (n= 22) subject was found
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only difficulty to clear plus lens in AF without other
characteristics of Accommodative excess, those are
categorized as ‘difficulty to relax Accommodation’. CI was
found in 17.65% (n=24) which was less as compared to Cl
found in CISS questionnaire (Table 4). Al was diagnosed in
6.62% (n=9) of subject. Reduced NFV (8.08%, n= 11) was
also found as one of the significant factors which affecting
asthenopia (Table 5).

4. Discussion

Most of the pediatric population nowadays are suffering from
asthenopic symptoms due to the increased screen time and
less outdoor activity. Presentation of these symptoms may
vary across different age group of children. As we have seen
in our data, among 140 children, females (70%) were more
prone to asthenopia than males (30%). Majority of children
were found with two (31.62%) to three (30.15%) symptoms
of asthenopia. Hashemi et al reported a prevalence of having
two, three and four symptoms among 24.9%, 14.4% and
9.1% of child and males being more prone to asthenopia
(62.8%). Refractive error was found as one of the major
contributing factors in asthenopic symptoms like headache’
followed by ocular pain, occasional blurring of vision,
watering and ocular strain. Although tearing and ocular pain
was found as commonest in the study by V. Gupta et al.'!
However, in our study, simple hyperopic error was most
common (29.93%), followed by compound myopic
astigmatism (16.18%), Simple hyperopic astigmatism
(12.41%), mixed astigmatism (11.4%) and only 6.25% child
was emmetropic. Majority of children having asthenopic
symptoms found with near exophoria (61.02%) more than
distance exophoria (19.85%). Around 60.9% near horizontal
phoria and 71.6% mild hyperopic error was found in Manual
AP Vilela’s'? study of ‘Asthenopia in Schoolchildren’.
Uncorrected hyperopic error and near exophoria leads to
worsening of near visual acuity, stereopsis and
accommodative  response  which can impact to
accommodative convergence interaction during near work
and cause asthenopic symptoms.812 This study shows
accommodative anomalies as most common binocular vision
anomalies among asthenopic schoolchild. Most of them were
felt difficulty to clear with plus lens in accommodative
facility. Convergence insufficiency was found as second
major binocular vision anomalies. Although Normal BV
parameters found in 19.84% of child. J R Hussaindeen et al
found a prevalence of NSBVD among urban children was
31.5%, where convergence insufficiency was most common.®
Whereas D Rao found lack of clear information regarding
prevalence of NSBVD specially among asthenopic child.4
Mean screen time was 2.63 hours/day which was less than
previous several studies.'*"?> Whereas no specific outdoor
activity was also noted among these children. More near
centric activity may one of the major reasons towards poor
BV parameters among children. Padavettan C et al showed a
significant reduction of BV parameter value after continue 30
min of near work. Clinical CI found less in number compared

to ClI found with CISS questionnaire that means CISS
questionnaire give high false positive and poor sensitivity
rate. CISS questionnaire can’t be used as screening tool for
university student. In children, because of false positivity, it’s
still a question.31-3

5.  Conclusion

The study on asthenopia in schoolchildren concluded that the
refractive errors primarily caused headaches and ocular pain.
Incorrect binocular vision and screen time also contribute to
asthenopia. Comprehensive eye exams and vision treatment
are crucial for controlling and preventing these symptoms.
Tertiary eye care hospitals should use the CISS questionnaire
to measure the effects of symptoms in children with active
asthenopia and perform detailed ocular investigations on
students with asthenopic symptoms.

6. Research Gap

A very few studies which is hospital and clinics based has
been done to find out various possible factors that affects
various asthenopic symptoms among school going children
in especially in northern India.

7. Limitations & Future Prospective

As proper prevalence of asthenopia in Haryana especially in
Ambala region are not found in the previous studies, but to
found an exact factors among all the population with
asthenopic symptoms are limited to 140 subjects only. Screen
time was noted as per the history of parents, no specific prove
or surety related to this was not considered during data
collection. Few subjects (specially aged <10 years) are not
aware of the proper symptoms when filling convergence
insufficiency symptom survey (CISS) questionnaire, so
answer of few questions of questionnaire may vary in case of
few subjects. Other few factors like psychological or
environmental factors are not considered in our study which
also can cause headache like symptoms. Although for
children these factors are less affective but cannot neglect. A
larger sample will assist understand all factors. Screen use
history and CISS questionnaire score can vary due to poor
child/parent responses. Psychological and environmental
factors that may cause asthenopia are ignored. Although more
research is needed to determine the optimal asthenopia
treatment for schoolchildren.

Despite these limitations, the result of this study may
help to spread an awareness to optometry and ophthalmology
practitioner as well as parents, against, neglecting asthenopic
symptoms, use of screen for children’s time spending, less
outdoor activity and most Importantly to add binocular vision
evaluation and proper refractive error correction as a
evaluation process for a child with asthenopia.

8. Ethical No.
EC/NEW/INST/2024/531/269.
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