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hyperopia prevalence was associated to low academic score in grade 1, the year
students began primary school (B = -0.1, p = 0.001). In contrast, myopia
prevalence was associated with high academic score in grades 6 and 8, the years
when students were preparing for board examinations for primary or secondary
school (B = 0.3, p =0.04; B = 0.5, p = 0.001). The longitudinal analysis indicated
that quicker myopia progression was associated with high score across all
grades, after adjusting for factors including parental myopia, BMI, outdoor
activities, screen, and reading times (at baseline all grades were as follow; grade
2: B =0.04, p <0.001; grade 3: B =0.05, p = 0.001; grade 4: B = 0.02, p < 0.001;
grade 5: B =0.04, p < 0.001; grade 6: B = 0.05, p < 0.001).

Conclusion: Refractive errors indicated an association with academic
performance among school children. Children who were in high academic
performance tended to exhibit more rapid myopia development.
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Introduction development. Overall, research on association between
education factors and refractive error in school children

Refractive error prevalence is associated to educational holds important implications for public health.2
attainment. A study found a positive correlation between
the number of years of education and myopia
development.! Additionally, intense learning activities,
such as prolonged reading, are associated to myopia

The refractive error prevalence is significantly high
among East Asians compared to other ethnic groups.® A
significant number of individuals, including school
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children, need correction for refractive errors like
nearsightedness and farsightedness. VISION 2020
partners are creating models to deliver affordable optical
correction and low vision aids to people in need
worldwide, particularly those in underserved urban and
rural areas with limited access to services. Access to
these services helps secure a brighter future for visually
impaired children and adults.* Uncorrected refractive
errors account for 11.4% of blindness cases in Pakistan.®

Many children with uncorrected refractive errors are
asymptomatic, making screening essential for early
detection and timely intervention. The lack of sight-
improving glasses for children has become a significant
concern in recent studies.® Ocular screening programs for
school-aged children are essential and highly beneficial.
It also positively impacts children's psychosocial
development. School screening programs facilitate the
identification of myopia and its associated risk factors,
including refractive errors.” These factors are
environmental and genetic factors to development the
myopia. Genetically, myopia may be associated with
certain inheritable connective tissue disorders. Various
environmental factors, such as the amount of near work
performed, contribute to the progression of myopia. Near
work refers to activities that require the eye's lens to
accommodate and focus sharp images on retina, including
reading, studying (writing and homework), watching
television, playing video games, or using computers.®

Given the regional variation in refractive error prevalence
within the education system, it is essential to carry out an
in-depth study among school children in Pakistan to
explore the association between academic performance
and refractive errors. Furthermore, no follow-up study
has yet specified the nationwide association between
development the myopia and academic performance.
Therefore, this study examines the associations between
ametropia, academic performance, and development of
myopia among schoolchildren, contributing to the
formulation of strategies for enhancing academic
outcomes and protecting visual health.

Methodology

This multicenter study was carried out in Ophthalmology
Department at Akbar Niazi Teaching Hospital,
Islamabad, as well as at Farooq Teaching Hospital and
Holy Family Hospital in Rawalpindi, Pakistan, from
January 2022 to June 2023 IRB no RAC & IRB-1-
1/06/2023 The study adhered to the outlines of
Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE).® This study was approved by
Institutional Review Boards of all three institutions, and
consent was attained after informing the parents of all
participating children. This study analyzed two distinct
cohorts of students in Rawalpindi/lslamabad, Pakistan.
One cohort comprised students from grades 1 to 9 (age
range 6-15 years) to assess the association between
academic performance and refractive error status
annually in a cross-sectional study. Another cohort
included students from grades 2 to 6 (age range 7-12
years) to assess the association of academic performance
in relation to refractive variations over a 12-month span.
Study data was collected during hospital-based
screenings and from children who reported directly to the
hospitals.

The students in the study participated in an interview
regarding their eye’s health. The students had previously
used rigid contact lenses, who had any medical
treatments, conditions that could impact on vision or
visual development including amblyopia or diabetes were
excluded. The students examined by uniform slit lamp in
a low light indoor setting using HS 5000 (Huvitz, South
Korea). If students had strabismus, keratitis, cataracts,
and other conditions that could lead to impaired vision or
adversely impact academic performance were also
excluded from this study.

Students also underwent additional refractive error
measurements using non-cycloplegic autorefraction with
Nidek ARK-1a (Nidek Co., Ltd., Japan). A maximum of
three measurements were taken. During examination if
eyes failed to align properly with visual targets were
excluded from the measurements. The follow-up
examinations mirrored those conducted at baseline and
were carried out by same evaluator using identical
equipment. The refractive status was measured twice: at
baseline and follow-up. Sphere and cylinder powers were
documented to determine the spherical equivalent
refraction (SER) for each eye, which is the algebraic sum
in diopters (D). The development of myopia was referred
as changes in eye refraction, determined by comparing
SER at baseline with SER at follow-up. Vision conditions
were categorized as follow: (SER < —0.5 D, myopia);
(SER < +0.5 D, < —0.5 D, emmetropia); and (SER > +0.5
D, hyperopia). Myopia was additionally categorized as
low (SER < -0.5 D, < —=3 D), moderate (SER < -6 D, <
—3 D), and high (=6 D or less).

The latest overall scores from standard board
examinations, based on grades level, were utilized as
evaluation of individual academic performance. All
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students within equal grades level participated in the
identical exam. Each student’s total score of exams was
documented. Each subject score for students from grades
1 to 6 were documented for analysis of subgroups. Total
score and individual subject score were converted to 0—
100% scale for evaluation.

Parental myopia, body mass index (BMI), daily reading,
daily screen, and daily outdoor activities times are
considered environmental factors influencing myopia.
Data from right eye was utilized in this analysis, as 64%
of studies performed analysis only one eye, and right eye
being a common selection criterion.°

Chi square test was employed to evaluate the student’s
proportional variations with myopia and hyperopia across
successful grades. The prevalence comparison of myopia
and hyperopia was analyzed in male and female students.
In cross-sectional analysis, the association between
refractive status and academic performance in students
from grades 1 to 9, representing the compulsory
education grades, was examined following these steps.
Firstly, multilinear regression was conducted to
determine the association between refractive errors
(hyperopia and myopia) and academic performance.
Secondly, an analysis of subgroups was conducted to
examine the association between score in each subject
and refractive errors. Thirdly, multilinear regression was
applied to evaluate the association between precise
refraction of eye in students with hyperopia or myopia
and academic performance.

In every regression analysis, academic performance was
the dependent variable, with BMI, age, and gender
factored in as covariates. The statistical tests were
conducted as two-sided, with significance defined at p <
0.05. Every analysis was performed using SPSS v 25.

Results

The study included 2,000 students, and 88 participants
were excluded because of high astigmatism, low vision,

anisometropia, unreliable autorefraction values, or
missing data. Additionally, 28 were excluded because of
previous medical treatments, used rigid contact lenses,
conditions that could impair vision and adversely affect
academic performance. 4 participants were excluded for
being under 6 years old or over 15 years old at baseline.
Finally, 1,880 students were analyzed in the study,
comprising 1,051 (55.9%) males and 829 (44.1%)
females. In the follow-up cohort, 1,765 students were
included at baseline, and 1,750 (99.2%) were re-
examined after 12-month.

The mean SER values were as follows: for all subjects,
—0.3 + 1.0 D (ranged, —7.7 to 5.7 D); for males, —0.3 +
0.8 D (ranged, —7.2 to 5.7 D); and for females, —0.3 + 1.1
D (ranged, —7.7 to 5.1 D). The overall prevalence rates
were 2.3% for hyperopia and 13.2% for myopia.

Table I illustrate the prevalence rates and hyperopia and
myopia trend of every grade. From grade 1 to grade 9,
hyperopia prevalence rate was decreased from 7.5% - 0%
(x2 = 44.1, p < 0.001), while myopia prevalence rate was
increased from 11.5% - 90.5% (x> = 785.1, p < 0.001).
Additionally, in grade 6 and 7, myopia growth rate was
surged from 35.6% to 80.1%. All levels of myopia rose
from grade 1 to 9: low (3® = 356.1, p < 0.001), moderate
(x> = 896.9, p < 0.001), and high (32 = 576.3, p < 0.001).
Females exhibited high prevalence rate of myopia
compared to males (y*> = 21.1, p < 0.001). However, they
had similar prevalence rate of hyperopia (y> = 1.1, p =
0.89).

In grade 1, multilinear regression indicated that hyperopia
students had low score compared to those with
emmetropia (B = —0.1, p = 0.01). In grade 1, hyperopia
was associated with poorer academic performance in
Urdu and Math subjects (B =—-0.1, p=0.01;  =—0.03, p
= 0.01; Tables 2 and 3). In grades 6 and 8, myopia was
associated with strong academic performance ( = 0.03, p
= 0.04; B = 0.2, p = 0.001). In grade 6, myopia students
were unlikely to achieve strong academic performance in

Table I: Refractive errors trends and proportion.

Grades

Trend

Characteristics 1 > 3 7 5 6 7 8 9 Total @) P value
No. of students 312 208 144 223 265 284 212 131 101 1880 - -
Ages (yrs) 6.8 8.2 9.1 110 102 119 126 134 144 10.8 - -
Mean (D) -0.1 -0.1 -0.3 -0.3 -0.7 -1.0 -2.1 -2.9 -3.1 -0.5 - -
SE (D) 0.8 0.7 0.8 0.9 1.3 1.6 21 2.2 2.2 2.0 - -
Hyperopia (%) 75 3.8 2.8 1.4 1.0 0.9 2.4 1.5 0 1.3 44.1 .001
Myopia (%) 115 8.8 17.6 22.5 32.1 35.6 80.1 84.5 90.5 235 785.1 .001
Low myopia (%) 9.9 8.2 15.8 19.5 22.9 234 42.6 39.0 42.4 19.5 356.1 .001
Moderate (%) 1.7 0.7 1.9 3.0 103 139 322 386 40.5 4.8 896.9 .001
High (%) 0 0 0 0.1 0 0.4 7.4 9.1 9.7 0.3 576.3 .001
D: diopter, SE: standard error
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Table 11: Regression analysis of academic performance with refractive errors.

Hyperopia, B & p-values

Myopia, p & p-values

Grades N Total score Urdu Math English Total score Urdu Math English
1 312 01(001) _ -01(003 -003(0.01) B 2002 (031) -0.02(031) -0.002 (0.56) -
2 208 -001(068) -0.01(0.78) -0.01(0.66) - 0.02(029) _0.02(0.36) _ 0.02(0.32) -
3 144 005(048) 007(042) 002(0.93) 0.02(041) 003(0.88) 0.01(0.71) 0.004 (0.73) 83‘;?
4 223 -001(083) -001(047) 002(0.66) -002(050) 002(0.37) 002(0.30) 0.02(029) 0.02(0.67)
5 265 01(032)  01(0.04) -023(0.27) -0.02(L00) 002(049) 0.03(0.31) _ 0.02(0.40) 0.003 (0.84)
6 284 -0001(L00) 0.01(0.89)  0.03(099) -0.08(0.60) 003(0.04) 003(0.03) 0.03(0.25) _ 0.04(0.03)
7 212 0.1(033) - - 5 0.02 (0.72) - - -
8 131 ; - - - 0.05 (0.01) . - .
9 10l . . - -0.03 (0.59) : . :

Empty cells indicate an insufficient sample for analysis.

Table I11: Stratification of overall academic performance and refractive errors in regression analysis.

Hyperopia Myopia
Grades N B p-value N ] p-value
1 23 0.001 1.00 40 0.003 0.92
2 12 0.05 0.42 42 -0.02 0.68
3 6 - - 52 -0.03 0.09
4 8 -0.03 0.94 90 0.02 0.29
5 6 - - 135 -0.02 0.46
6 5 - - 181 -0.02 0.29
7 7 -0.38 0.88 182 -0.003 0.88
8 4 - - 120 -0.02 0.20
9 1 - - 100 -0.03 0.03

Urdu and English subjects compared to those no myopia
(B=0.03, p=0.03; B =0.04, p = 0.03). In other grades,
refractive errors did not show an association with
academic performance (Tables Il and 111).

Additionally, the data was stratified by refractive status to
analyze the association between academic performance
and eye refraction in hyperopia and myopia students.
Interestingly, in grade 9, low refractive values in myopia
students had significant better academic score (B = —0.03,
p = 0.02). This suggests that students with high myopia
(<=6 D) tend to have high academic score compared to
those with low or moderate myopia (>—6 D).

Of the 1,765 participants who were followed. At baseline,
1,750 emmetropic or myopic students were analyzed to
mitigate the influence of hyperopia on academic
performance. In grade 2 students, the regression indicates
that faster myopia progression of -2.0 D over 12 months
was associated to a 4% enhancement in academic
performance by end of grade 5 (B = 0.04, p < 0.001).
With grade 3 at baseline, -2.0 D raise in myopia
progression over 12 months was linked to 5%
improvement in academic performance by end of grade 6
(B = 0.05, p = 0.001). For students in grade 4, faster
refraction progression (-2.0 D over 12 months) was
associated with a 2% increase in scores (B = 0.02, p <
0.001). Additionally, for grade 5 students, a faster myopia

progression of -2.0 D over 12 months was linked to a 4%
raise in academic performance by end of grade 7 (f =
0.04, p < 0.001). Also, accelerated myopia progression
was positive correlated with improved academic
performance in grade 6 (B =0.05, p <0.001). Table IV

Table 1V: Overall academic performance and myopia
progression in regression analysis

Baseline Follow-u
grades grades i N B p-value
2 4 55 0.04 .0001
3 5 28 0.05 .001
4 6 1565 0.02 .0001
5 7 50 0.04 .0001
6 8 35 0.05 .0001

The questionnaire was completed by the parents of 1,733
students, resulting in a 99% response rate. After adjusting
for covariates from the questionnaire including parental
myopia (both maternal and paternal), BMI, average daily
reading time, average daily screen time, and average
daily outdoor activity, the association in myopia
progression and academic performance remained
significant (at baseline grade 2: B = 0.04, p < 0.001; at
baseline grade 3: B = 0.05, p < 0.001; at baseline grade 4:
B =0.02, p < 0.001; at baseline grade 5: § = 0.04, p <
0.001; at baseline grade 6: B = 0.05, p <0.001).

Discussion

This study conducted a comprehensive analysis of
association in refractive errors and academic performance
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among schoolchildren. The study demonstrates a
relationship in academic performance and refractive
status in schoolchildren. In grade 1, there is an
association in hyperopia prevalence and low academic
performance  in  Urdu and math  subjects.
Emmetropization begins between 1 and 7 years of age,
with students typically having mild hyperopia earlier
starting school, which can impact their writing, reading,
and classroom concentration.'*!? In grades 6, 8, and 9,
students with myopia tended to achieve high academic
score, which may be attributed to the intensified study
demands for entrance exams at the conclusion of grade 9.
A prior study found that engaging in near-distance
activities can lead to an average refractive shift of —0.63
D every year in 6 to 17 years aged students.'® This study
found that students of 6 grade with myopia had a positive
correlation with high academic performance in Urdu and
English subjects, possibly due to reading and writing
demands of language studies.

Based on the follow-up analysis, academic performance
was strongly positively correlated with changes in
refraction over time among students across all grades
with emmetropia or myopia. After adjusting for parental
myopia, BMI, outdoor activities, screen and reading
times, students with high academic performance showed
a greater prevalence and quicker progression of myopia.

This analysis reveals that myopia prevalence in grade 1
students (11.5%, mean age 6.8 years) is high than what
was documented in an earlier study (< 5% for both
genders, age 6 years).!* Furthermore, the study revealed
that myopia prevalence in grade 7 (80.1%, average age
12.6 years) was high compared to previous reports by Li
et al (63.3% at age 12) and Grzybowski et al (60% at age
12).15% These findings may suggest a recent raise in
myopia prevalence. In line with previous studies, females
exhibited a high prevalence of refractive errors (including
myopia) as compare to males, which may be linked to
shorter axial lengths and steeper corneas.!’” As a result,
myopia addressing and preventing might be difficult in
females compared to their male counterparts.

This study limitations must be considered when
evaluating its findings. Refractive errors were assessed
using noncycloplegic  autorefraction, subsequently
through subjective refraction. Measuring refractive errors
absence of cycloplegia may lead to overestimating
myopia or underestimating hyperopia. As a result, certain
participants in the study may have been misclassified as
myopic. Factors related to academic performance, such as
parental educational and intelligence quotient (1Q) were

not included in this analysis. These findings warrant
additional analysis with adjustments for these potential
factors. The approach for evaluating academic
performance appears to depend on single standardized
exam given at end of year.

Conclusion

Academic performance is associated to progression of
myopia and ametropia. The hyperopia prevalence is
associated with low academic score in grade 1, whereas
myopia is associated to strong academic score in grades
6, 8, and 9. Schools and parents are urged to prioritize

providing suitable correction for hyperopia students t0
mitigate possible learning challenges.

References

1. Mountjoy E, Davies NM, Plotnikov D, Smith GD, Rodriguez
S, Williams CE, et al. Education and myopia: assessing the
direction of causality by mendelian randomisation. BMJ.
2018;361(6):k2022. https://doi.org/10.1136/bmj.k2022

2. Yang Y, Li R, Ting D, Wu X, Huang J, Zhu Y, et al. The
associations of high academic performance with
childhood ametropia prevalence and myopia
development in China. Ann Transl Med. 2021;9(9):745.
https://doi.org/10.21037/atm-20-8069

3. Khoshhal F, Hashemi H, Hooshmand E, Saatchi M, Yekta A,
Aghamirsalim M, et al. The prevalence of refractive errors
in the Middle East: a systematic review and meta-analysis.
Int Ophthalmol. 2020;40(6):1571-1586.
https://doi.org/10.1007/s10792-020-01316-5

4. Lodhi HN, Khalid N, Akram M, lkram T, Saeed M, Chiragh
S. Assessment of refractive errors in school girls in a rural
setting. Pak Postgrad Med J. 2024;35(01):12-15.
https://doi.org/10.51642/ppmj.v35i01.520

5. Igbal DS, Bashir DI. The most common causes of visual
impairment in the university of Lahore teaching hospital.
GSJ. 2020;8(5):70-80.

6. Zhang X, Zhou M, Ma X, Yi H, Zhang H, Wang X, et al.
Impact of spectacles wear on uncorrected visual acuity
among urban migrant primary school children in China: a
cluster-randomised clinical trial. Br J Ophthalmol.
2021;105(6):761-767.
https://doi.org/10.1136/bjophthalmol-2020-316213

7. Sen S, Singh P, Saxena R. Management of amblyopia in
pediatric patients: Current insights. Eye. 2022;36(1):44-56.
https://doi.org/10.1038/541433-021-01669-w

8. Abbas SA, Gul N, Kiran A, Shezadi K. Myopia Frequency of
Myopia in Rural and Urban School Going Children:
Frequency of Myopia in School Going Students. J Aziz
Fatm Med Den College. 2022;4(1):170.
https://doi.org/10.55279/jafmdc.v4i1.170

9. Skrivankova VW, Richmond RC, Woolf BA, Yarmolinsky J,
Davies NM, Swanson SA, et al. Strengthening the
reporting of observational studies in epidemiology using
Mendelian randomization: the STROBE-MR statement.
JAMA. 2021;326(16):1614-1621.

Ann Pak Inst Med Sci

January-March 2025 Vol. 21 No. 1 233


https://doi.org/10.1136/bmj.k2022
https://doi.org/10.1136/bmj.k2022
https://doi.org/10.21037/atm-20-8069
https://doi.org/10.21037/atm-20-8069
https://doi.org/10.1007/s10792-020-01316-5
https://doi.org/10.1007/s10792-020-01316-5
https://doi.org/10.51642/ppmj.v35i01.520
https://doi.org/10.51642/ppmj.v35i01.520
https://doi.org/10.1136/bjophthalmol-2020-316213
https://doi.org/10.1136/bjophthalmol-2020-316213
https://doi.org/10.1038/s41433-021-01669-w
https://doi.org/10.1038/s41433-021-01669-w
https://doi.org/10.55279/jafmdc.v4i1.170
https://doi.org/10.55279/jafmdc.v4i1.170

10.

11.

12.

13.

doi. 10.48036/apims.v21i1.1324

https://doi.org/10.1001/jama.2021.18236

Armstrong RA. Statistical guidelines for the analysis of
data obtained from one or both eyes. Ophthalmic Physiol
Opt. 2013;33(1):7-14. https://doi.org/10.1111/0p0.12009
Tkatchenko TV, Tkatchenko AV. Genetic network
regulating visual acuity makes limited contribution to
visually guided eye emmetropization. Genomics.
2021;113(4):2780-2792.
https://doi.org/10.1016/j.ygeno.2021.06.021

Kinori M, Nitzan |, Szyper NS, Achiron A, Spierer O.
Correlation of refractive error with anisometropia
development in early childhood. Am J Ophthalmol.
2024;264(8):145-153.
https://doi.org/10.1016/j.a2j0.2024.03.008

Lin Z, Vasudevan B, Liang YB, Zhou HJ, Ciuffreda KJ. The
association between nearwork-induced transient myopia
and progression of refractive error: a 3-year cohort report
from Beijing myopia progression study. J Optom.
2021;14(1):44-49.

14.

15.

16.

17.

https://doi.org/10.1016/j.0ptom.2020.05.004

Liu L, Jiang D, Li C, Lin Y, Zhou W, Xiao H, Chen Y.
Relationship between Myopia Progression and School
Entrance Age: A 2.5-Year Longitudinal Study. J
Ophthalmol. 2021;2021(1):7430576.
https://doi.org/10.1155/2021/7430576

Li T, Jiang B, Zhou X. Age-Related Change of Axial Length,
Spherical Equivalent, and Prevalence of Myopia and High
Myopia in School-Age Children in Shanghai: 2014-2018. J
Ophthalmol. 2020;2020(1):4235893.
https://doi.org/10.1155/2020/4235893

Grzybowski A, Kanclerz P, Tsubota K, Lanca C, Saw SM. A
review on the epidemiology of myopia in school children
worldwide. BMC Ophthalmol. 2020;20(12):1-11.
https://doi.org/10.1186/s12886-019-1220-0

Jones-Jordan LA, Sinnott LT, Chu RH, Cotter SA, Kleinstein
RN, Manny RE, et al. Myopia progression as a function of
sex, age, and ethnicity. Invest Ophthalmol Vis Sci.
2021;62(10):36. https://doi.org/10.1167/iovs.62.10.36

Ann Pak Inst Med Sci

January-March 2025 Vol. 21 No. 1

234


https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1111/opo.12009
https://doi.org/10.1111/opo.12009
https://doi.org/10.1016/j.ygeno.2021.06.021
https://doi.org/10.1016/j.ygeno.2021.06.021
https://doi.org/10.1016/j.ajo.2024.03.008
https://doi.org/10.1016/j.ajo.2024.03.008
https://doi.org/10.1016/j.optom.2020.05.004
https://doi.org/10.1016/j.optom.2020.05.004
https://doi.org/10.1016/j.optom.2020.05.004
https://doi.org/10.1016/j.optom.2020.05.004
https://doi.org/10.1155/2021/7430576
https://doi.org/10.1155/2021/7430576
https://doi.org/10.1155/2021/7430576
https://doi.org/10.1155/2020/4235893
https://doi.org/10.1155/2020/4235893
https://doi.org/10.1155/2020/4235893
https://doi.org/10.1186/s12886-019-1220-0
https://doi.org/10.1186/s12886-019-1220-0
https://doi.org/10.1186/s12886-019-1220-0
https://doi.org/10.1167/iovs.62.10.36
https://doi.org/10.1167/iovs.62.10.36
https://doi.org/10.1167/iovs.62.10.36

