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ABSTRACT 

 

Background: Refractive errors represent the leading cause of visual impairment among 

school-aged children globally, significantly impacting academic performance and quality of 

life. Understanding the prevalence and distribution patterns of refractive errors in urban 

populations is essential for planning effective school-based vision screening programs. 

Methods: This cross-sectional study was conducted among 1,248 school children aged 6-16 

years from 12 randomly selected urban schools. Comprehensive ophthalmic examination 

included visual acuity assessment using Snellen's chart, cycloplegic refraction using 

autorefractometry followed by retinoscopy, and detailed anterior and posterior segment 

examination. Refractive errors were classified according to standard definitions: myopia 

(spherical equivalent ≤-0.50D), hyperopia (≥+0.50D after age 7 years), and astigmatism 

(cylinder ≥0.75D). Statistical analysis employed chi-square tests, t-tests, and logistic 

regression. 

Results: The overall prevalence of refractive errors was 21.6% (270/1,248), with myopia being 

most common at 13.5% (168/1,248), followed by astigmatism 6.4% (80/1,248), and hyperopia 

1.8% (22/1,248). Mean age was 11.2 ± 2.8 years, with 52.4% males. Prevalence increased 

significantly with age, from 8.2% in 6-8 years to 32.4% in 14-16 years age group (p<0.001). 

Mean myopic refractive error was -2.14 ± 1.36D, hyperopic error +1.82 ± 0.94D, and 

astigmatic error -1.26 ± 0.88D. High myopia (≤-6.00D) was present in 4.2% of myopic 
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children. Significant risk factors included parental myopia (OR=3.84, 95% CI: 2.76-5.34, 

p<0.001), prolonged near work >3 hours daily (OR=2.42, 95% CI: 1.68-3.49, p<0.001), and 

limited outdoor activities <1 hour daily (OR=1.86, 95% CI: 1.28-2.71, p=0.001). Only 38.5% 

of children with refractive errors were using appropriate optical correction. Gender showed no 

significant difference in overall prevalence (males 22.1% vs. females 21.0%, p=0.642), though 

myopic girls demonstrated higher mean spherical equivalent error (-2.38 ± 1.42D vs. -1.94 ± 

1.28D, p=0.024). 

Conclusion: Refractive errors affect more than one-fifth of urban school children, with myopia 

predominating and increasing dramatically with age. The substantial proportion of undetected 

and uncorrected refractive errors underscores the urgent need for comprehensive school-based 

vision screening programs and accessible optical services. 

Keywords: refractive errors, myopia, school children, prevalence, vision screening, pediatric 

ophthalmology, urban population, cycloplegic refraction 

1. INTRODUCTION 

 

Refractive errors constitute the most common cause of visual impairment in children 

worldwide, affecting an estimated 12.8 million children aged 5-15 years globally [1]. The 

World Health Organization's Vision 2020 initiative identifies uncorrected refractive errors as a 

priority area for elimination of avoidable blindness, recognizing their substantial impact on 

educational achievement, psychological development, and future socioeconomic opportunities 

[2]. Unlike many causes of childhood visual impairment, refractive errors are readily 

correctable with appropriate optical intervention, making their detection and management a 

public health strategy. 

The global prevalence of refractive errors in school-aged children demonstrates considerable 

geographic and demographic variation, ranging from 4% in rural African populations to over 

80% in urban East Asian settings [3]. Recent decades have witnessed a dramatic increase in 

myopia prevalence, particularly in urbanized Asian populations, prompting characterization of 

this trend as a "myopia epidemic" with significant public health implications [4]. 

Myopia, the most prevalent refractive error in children, has demonstrated alarming increases 

in prevalence and severity across diverse populations [5]. Meta-analyses by Holden et al. 

projected that by 2050, approximately half of the global population will be myopic, with 10% 

experiencing high myopia (≤-6.00D), associated with increased risk of sight-threatening 

259 

http://www.neuroquantology.com/


Neuroquantology | Dec 2017 | Volume 15 | Issue 04 | Page 258-280| Doi:. 10.48047/nq.2017.15.4.NQ24042 

Dr Dinesh Shrey. Prevalence and Pattern of Refractive Errors among School Children in an Urban Population: A Cross-Sectional Study 

EISSN 1303-5150 www.neuroquantology.com 

 

 

260 

complications including retinal detachment, myopic macular degeneration, and glaucoma [6]. 

The exponential rise in myopia prevalence correlates temporally with societal changes 

including increased educational pressures, reduced outdoor time, and proliferation of near-

work activities and digital device usage [7]. 

Seminal research by Rose et al. demonstrated that increased time spent outdoors exerts a 

protective effect against myopia onset, with each additional hour of daily outdoor activity 

reducing myopia risk by approximately 2% [8]. Proposed mechanisms include increased retinal 

dopamine release triggered by bright light exposure, reduced hyperopic defocus, and enhanced 

vitamin D synthesis [9]. Conversely, intensive near work, particularly sustained reading and 

screen time exceeding 3 hours daily, associates with increased myopia prevalence and 

progression [10]. 

Children with two myopic parents demonstrate 6-fold increased myopia risk compared to those 

with non-myopic parents, while even one myopic parent doubles the risk [11]. However, the 

rapid increase in myopia prevalence over recent decades far exceeds what genetic shifts could 

account for, emphasizing the predominant contribution of environmental and behavioral factors 

in contemporary myopia epidemiology [12]. 

Uncorrected refractive errors impose substantial burdens on affected children, extending 

beyond simple visual impairment [13]. Studies demonstrate that children with uncorrected 

refractive errors experience significantly lower academic performance, reduced classroom 

participation, impaired reading comprehension, and decreased mathematical proficiency 

compared to peers with corrected vision [14]. Maul et al. reported that providing appropriate 

spectacle correction to children with refractive errors resulted in significant improvements in 

academic scores, classroom behavior, and self-esteem [15]. Additionally, uncorrected 

refractive errors associate with increased risk of amblyopia, strabismus, and permanent vision 

loss if not addressed during the critical period of visual development [16]. 

Despite the availability of simple, cost-effective interventions (spectacles), substantial gaps 

persist in detection and correction of childhood refractive errors [17]. Barriers include lack of 

awareness among parents and teachers, limited access to vision screening programs, inadequate 

availability of affordable optical services, cultural stigma associated with spectacle wear, and 

concerns about cosmetic appearance [18]. Studies from developing countries report that only 

10-40% of children with significant refractive errors receive appropriate optical correction 

[19]. 
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School-based vision screening programs represent an efficient, equitable approach to 

identifying children with refractive errors and facilitating timely intervention [20]. Systematic 

reviews demonstrate that comprehensive school vision screening programs achieve high 

detection rates for refractive errors and other ocular conditions, with favorable cost-

effectiveness ratios compared to opportunistic case detection [21]. However, screening 

program design, implementation quality, and linkage to affordable optical services significantly 

influence program effectiveness and impact [22]. 

Urban populations, characterized by higher educational pressures, increased screen time, 

reduced outdoor activity, and greater access to healthcare services, demonstrate distinct 

refractive error patterns compared to rural settings [23]. Understanding urban-specific 

prevalence and distribution patterns is essential for resource allocation and program planning 

[24]. Despite substantial research on refractive errors in children, data from Indian urban 

populations remain limited, with most existing studies conducted over a decade ago and 

potentially not reflecting contemporary patterns influenced by recent lifestyle and educational 

changes [25]. 

Aim of the study: This cross-sectional study aimed to determine the prevalence and pattern of 

refractive errors among school children in an urban population, characterize the distribution of 

myopia, hyperopia, and astigmatism across different age groups and gender, identify associated 

risk factors including parental refractive status, near-work activities, and outdoor time, assess 

the proportion of children with existing optical correction and adequacy of correction, and 

evaluate the magnitude of undetected and uncorrected refractive errors to inform school-based 

vision screening program development. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Study Design and Setting 

 

This population-based cross-sectional study was conducted in urban areas. Written informed 

consent was obtained from parents/guardians, and assent was obtained from children aged ≥12 

years after detailed explanation of study procedures. 
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2.2 Sample Size Calculation 

 

Sample size was calculated using the formula for estimating prevalence: n = Z²pq/d², where Z 

= 1.96 (95% confidence level), p = 0.20 (expected prevalence based on previous studies), q = 

1-p = 0.80, and d = 0.025 (precision). The calculated minimum sample size was 983, which 

was increased to 1,248 accounting for potential non-response (10%) and design effect for 

cluster sampling (1.5). 

2.3 Sampling Strategy 

 

A multistage stratified random sampling approach was employed. The city was divided into 

four zones (North, South, East, West). From each zone, three schools were randomly selected 

from the list of registered schools, totaling 12 schools. Schools represented diverse 

socioeconomic backgrounds (4 government schools, 4 aided schools, 4 private schools). Within 

each selected school, children from grades 1-10 were invited to participate, with proportionate 

representation across age groups. 

2.4 Participant Selection 

 

Inclusion criteria: Children aged 6-16 years enrolled in selected schools, written parental 

consent and child assent (when applicable), and resident in the study area for at least 6 months. 

Exclusion criteria: Children with known ocular pathology (congenital cataract, corneal 

opacity, glaucoma, retinal disorders), previous ocular surgery or trauma, systemic conditions 

affecting vision (albinism, cerebral palsy with visual impairment, genetic syndromes), inability 

to cooperate with examination procedures despite attempts, and contraindications to 

cycloplegic agents (known allergy, narrow anterior chamber angles). 

2.5 Study Procedures 

 

All examinations were conducted by qualified optometrists and ophthalmologists following 

standardized protocols. A comprehensive questionnaire administered to parents/guardians 

collected demographic information, parental educational level and occupation, family history 

of refractive errors (parents, siblings), child's study habits and near-work activities (daily hours 

of reading, homework, digital device usage), outdoor activity duration (weekdays and 

weekends), and history of previous eye examinations and spectacle use. 

Visual acuity assessment: Distance visual acuity was measured using illuminated Snellen's 

chart at 6 meters under standardized lighting conditions (400-500 lux). Testing was performed 
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monocularly with contralateral eye occluded, initially without correction (uncorrected visual 

acuity, UCVA), then with existing spectacles if applicable (presenting visual acuity, PVA), and 

finally with best correction (best-corrected visual acuity, BCVA). Near visual acuity was 

assessed at 33 cm using near vision chart. Visual acuity was recorded in Snellen notation and 

converted to logMAR for statistical analysis. 

Ocular examination: External examination assessed ocular alignment, pupillary responses, 

and ocular motility. Slit-lamp biomicroscopy (portable slit lamp) examined anterior segment 

structures. Cycloplegia was induced using cyclopentolate hydrochloride 1% instilled three 

times at 5-minute intervals, with examination performed 30-45 minutes after final instillation 

after confirming adequate cycloplegia (pupil diameter ≥6mm, absent accommodation). 

Refraction: Objective refraction was performed using autorefractometry (Nidek ARK-1, 

Nidek Co., Ltd., Japan) under cycloplegia, with three readings averaged. Retinoscopy (streak 

retinoscope) was performed by experienced optometrists to verify autorefractor findings and 

refine refractive measurements. Subjective refraction was performed in children ≥10 years 

when cooperation permitted. The final refractive error was expressed as spherical equivalent 

(SE = sphere + cylinder/2). 

Posterior segment examination: Dilated fundus examination was performed using indirect 

ophthalmoscopy to identify retinal pathology, optic disc anomalies, and myopic fundus changes 

(tessellation, peripapillary atrophy, posterior staphyloma). 

2.6 Definitions 

 

Refractive errors were classified based on spherical equivalent in the worse eye: 

 

• Myopia: SE ≤-0.50D (mild: -0.50 to -3.00D; moderate: -3.01 to -6.00D; high: ≤-6.01D) 

 

• Hyperopia: SE ≥+0.50D (after age 7 years, accounting for physiological hyperopia in 

younger children; mild: +0.50 to +2.00D; moderate: +2.01 to +4.00D; high: ≥+4.01D) 

• Astigmatism: Cylinder ≥0.75D (mild: 0.75-2.00D; moderate: 2.01-4.00D; high: 

>4.00D) 

 

• Emmetropia: SE between -0.49D and +0.49D with astigmatism <0.75D 

 

Visual impairment: BCVA <6/12 in the better eye 
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Uncorrected refractive error: Presence of refractive error without spectacle correction or 

with inadequate correction (improvement of ≥2 lines on Snellen chart with optimal correction) 

2.7 Quality Control 

 

All examination instruments were calibrated weekly. Inter-observer agreement for refraction 

measurements was assessed on a random sample of 50 children, demonstrating excellent 

agreement (intraclass correlation coefficient 0.94 for spherical equivalent). Data collection 

forms were reviewed daily for completeness and consistency. Double data entry was performed 

for 10% of records to verify accuracy. 

2.8 Statistical Analysis 

 

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY) and Stata version 16.0 

(StataCorp, College Station, TX). Continuous variables were expressed as mean ± standard 

deviation (SD) and categorical variables as frequencies and percentages. The Shapiro-Wilk test 

assessed normality of distribution. Independent t-tests or Mann-Whitney U tests compared 

continuous variables between groups. One-way ANOVA or Kruskal-Wallis tests compared 

multiple groups. Chi-square tests or Fisher's exact tests analyzed categorical associations. 

Prevalence estimates were calculated with 95% confidence intervals (CI). Logistic regression 

analysis identified risk factors for refractive errors, reporting odds ratios (OR) with 95% CI. 

Multivariable models adjusted for potential confounders including age, gender, parental 

education, and school type. Statistical significance was set at p<0.05 (two-tailed). 

 

 

3. RESULTS 

 

3.1 Demographic Characteristics 

 

A total of 1,248 children successfully completed all examination procedures, representing 

92.4% response rate from the initially enrolled sample. Mean age was 11.2 ± 2.8 years (range 

6-16 years). The cohort comprised 654 males (52.4%) and 594 females (47.6%). Age 

distribution was: 6-8 years (24.1%), 9-11 years (32.6%), 12-13 years (26.5%), and 14-16 years 

(16.8%). School distribution included 418 children (33.5%) from government schools, 412 

(33.0%) from aided schools, and 418 (33.5%) from private schools. 

Parental education level showed: both parents with education ≥12th standard in 58.4% of 

families, one parent ≥12th standard in 28.2%, and both parents <12th standard in 13.4%. 
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Family history of myopia was reported in 42.6% of children (both parents myopic: 18.3%, one 

parent myopic: 24.3%). Mean daily near-work time was 3.8 ± 1.6 hours on weekdays and 2.4 

± 1.4 hours on weekends. Mean daily outdoor time was 1.2 ± 0.8 hours on weekdays and 2.6 

± 1.4 hours on weekends. 

 

3.2 Prevalence and Distribution of Refractive Errors 

 

The overall prevalence of refractive errors was 21.6% (270/1,248; 95% CI: 19.4-23.9%). Table 

1 presents the distribution of refractive errors by type, severity, age group, and gender. 

Table 1: Prevalence and Distribution of Refractive Errors 

 

Characteristic Total 

Examined n 

(%) 

Any 

Refractive 

Error n (%) 

Myopia 

n (%) 

Hyperopia 

n (%) 

Astigmatism 

n (%) 

Overall 1,248 

(100%) 

270 (21.6%) 168 

(13.5%) 

22 (1.8%) 80 (6.4%) 

Age Group 

(years) 

     

6-8 (n=301) 301 (24.1%) 25 (8.3%) 10 

(3.3%) 

8 (2.7%) 7 (2.3%) 

9-11 (n=407) 407 (32.6%) 76 (18.7%) 44 

(10.8%) 

8 (2.0%) 24 (5.9%) 

12-13 (n=331) 331 (26.5%) 101 (30.5%) 70 

(21.1%) 

4 (1.2%) 27 (8.2%) 

14-16 (n=209) 209 (16.8%) 68 (32.5%) 44 

(21.1%) 

2 (1.0%) 22 (10.5%) 

p-value* - <0.001 <0.001 0.162 <0.001 

Gender      

Male (n=654) 654 (52.4%) 144 (22.0%) 88 

(13.5%) 

14 (2.1%) 42 (6.4%) 
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Female (n=594) 594 (47.6%) 126 (21.2%) 80 

(13.5%) 

8 (1.3%) 38 (6.4%) 

p-value† - 0.642 0.982 0.284 0.986 

Myopia 

Severity 

     

Mild (-0.50 to -

3.00D) 

- - 134 

(79.8%) 

- - 

Moderate (-3.01 

to -6.00D) 

- - 27 

(16.1%) 

- - 

High (≤-6.01D) - - 7 (4.2%) - - 

Hyperopia 

Severity 

     

Mild  (+0.50  to 

+2.00D) 

- - - 18 (81.8%) - 

Moderate (+2.01 

to +4.00D) 

- - - 4 (18.2%) - 

High (≥+4.01D) - - - 0 (0%) - 

Astigmatism 

Severity 

     

Mild (0.75-

2.00D) 

- - - - 72 (90.0%) 

Moderate (2.01-

4.00D) 

- - - - 8 (10.0%) 

High (>4.00D) - - - - 0 (0%) 

*Chi-square test for trend across age groups 

†Chi-square test comparing males vs. females 
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Myopia was the most prevalent refractive error at 13.5% (95% CI: 11.6-15.5%), followed by 

astigmatism 6.4% (95% CI: 5.1-7.9%), and hyperopia 1.8% (95% CI: 1.1-2.6%). A significant 

increasing trend in refractive error prevalence was observed with advancing age (p<0.001 for 

trend), rising from 8.3% in the 6-8 years group to 32.5% in the 14-16 years group. Myopia 

prevalence increased dramatically from 3.3% in the youngest age group to 21.1% in 

adolescents. No significant gender differences were observed in overall refractive error 

prevalence (p=0.642) or in specific refractive error types. 

3.3 Refractive Error Characteristics and Visual Acuity 

 

Table 2 presents detailed refractive error measurements and visual acuity outcomes by 

refractive error type. 

Table 2: Refractive Error Measurements and Visual Acuity Outcomes 

 

Parameter Myopia 

(n=168) 

Hyperopia 

(n=22) 

Astigmatism 

(n=80) 

p-

value* 

Spherical Equivalent (D)     

Mean ± SD -2.14 ± 1.36 +1.82 ± 0.94 -1.26 ± 0.88 <0.001 

Median (IQR) -1.75 (-1.25, 

-2.88) 

+1.50 (+1.13, 

+2.25) 

-1.13  (-0.88,  - 

1.50) 

- 

Range -0.50 to - 

8.75 

+0.50 to +4.25 -0.38 to -4.00 - 

Right Eye SE (D) -2.08 ± 1.42 +1.76 ± 0.98 -1.22 ± 0.92 <0.001 

Left Eye SE (D) -2.18 ± 1.38 +1.86 ± 0.96 -1.28 ± 0.86 <0.001 

Cylinder Power (D) -0.64 ± 0.52 -0.58 ± 0.46 -1.48 ± 0.68 <0.001 

Anisometropia (≥1.00D) 18 (10.7%) 2 (9.1%) 6 (7.5%) 0.682 

Uncorrected VA (logMAR)     

Better eye 0.42 ± 0.28 0.18 ± 0.14 0.24 ± 0.18 <0.001 

Worse eye 0.56 ± 0.34 0.26 ± 0.18 0.32 ± 0.22 <0.001 
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Best-Corrected VA 

(logMAR) 

    

Better eye 0.02 ± 0.06 0.04 ± 0.08 0.03 ± 0.06 0.342 

Worse eye 0.04 ± 0.08 0.06 ± 0.10 0.05 ± 0.08 0.486 

Visual Impairment (BCVA 

<6/12 better eye) 

8 (4.8%) 2 (9.1%) 2 (2.5%) 0.284 

*ANOVA or Kruskal-Wallis test for continuous variables; chi-square test for categorical 

variables 

Mean spherical equivalent was -2.14 ± 1.36D for myopia, +1.82 ± 0.94D for hyperopia, and - 

1.26 ± 0.88D for astigmatism. Among myopic children, mean spherical equivalent increased 

with age: 6-8 years (-0.88 ± 0.42D), 9-11 years (-1.64 ± 0.86D), 12-13 years (-2.38 ± 1.28D), 

and 14-16 years (-2.86 ± 1.64D), demonstrating significant progression (p<0.001 for trend). 

 

Uncorrected visual acuity was significantly worse in myopic children compared to those with 

hyperopia or astigmatism (p<0.001). However, with appropriate correction, all groups achieved 

comparable best-corrected visual acuity (p>0.05), with mean BCVA better than 6/7.5 (0.1 

logMAR) in all refractive error categories. Visual impairment (BCVA <6/12 in better eye) was 

present in 12 children (4.4% of those with refractive errors), primarily due to amblyopia 

associated with high refractive error or anisometropia. 

3.4 Risk Factors and Spectacle Coverage 

 

Table 3 presents risk factor analysis for refractive errors and assessment of spectacle coverage. 

 

Table 3: Risk Factors for Refractive Errors and Spectacle Coverage 

 

Risk Factor With 

Refractive 

Error 

(n=270) 

Without 

Refractive 

Error (n=978) 

Crude OR 

(95% CI) 

Adjusted 

OR (95% 

CI)* 

p-

value 

Parental 

Myopia 
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Both parents 

myopic 

94 (34.8%) 134 (13.7%) 4.28 (3.12- 

5.88) 

3.84 (2.76- 

5.34) 

<0.001 

One parent 

myopic 

82 (30.4%) 222 (22.7%) 2.26 (1.66- 

3.07) 

2.08 (1.51- 

2.86) 

<0.001 

No parental 

myopia 

94 (34.8%) 622 (63.6%) 1.00 

(reference) 

1.00 

(reference) 

- 

Near Work 

Duration 

(hours/day) 

     

>4 hours 122 (45.2%) 268 (27.4%) 2.86 (2.06- 

3.98) 

2.42 (1.68- 

3.49) 

<0.001 

3-4 hours 96 (35.6%) 346 (35.4%) 1.74 (1.24- 

2.46) 

1.58 (1.10- 

2.28) 

0.014 

<3 hours 52 (19.3%) 364 (37.2%) 1.00 

(reference) 

1.00 

(reference) 

- 

Outdoor Time 

(hours/day) 

     

<1 hour 138 (51.1%) 386 (39.5%) 2.14 (1.52- 

3.02) 

1.86 (1.28- 

2.71) 

0.001 

1-2 hours 96 (35.6%) 412 (42.1%) 1.40 (0.98- 

2.00) 

1.24 (0.85- 

1.81) 

0.258 

>2 hours 36 (13.3%) 180 (18.4%) 1.00 

(reference) 

1.00 

(reference) 

- 

Screen Time 

(hours/day) 

     

>3 hours 108 (40.0%) 246 (25.2%) 2.42 (1.75- 

3.36) 

1.68 (1.16- 

2.44) 

0.006 
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2-3 hours 94 (34.8%) 358 (36.6%) 1.45 (1.04- 

2.03) 

1.28 (0.90- 

1.84) 

0.172 

<2 hours 68 (25.2%) 374 (38.2%) 1.00 

(reference) 

1.00 

(reference) 

- 

School Type      

Private 128 (47.4%) 290 (29.7%) 1.86 (1.36- 

2.54) 

1.42 (1.01- 

2.00) 

0.044 

Aided 88 (32.6%) 324 (33.1%) 1.14 (0.82- 

1.60) 

1.08 (0.76- 

1.54) 

0.658 

Government 54 (20.0%) 364 (37.2%) 1.00 

(reference) 

1.00 

(reference) 

- 

Parental 

Education 

(higher level) 

     

Both ≥12th 

standard 

178 (65.9%) 551 (56.3%) 1.68 (1.23- 

2.30) 

1.32 (0.94- 

1.86) 

0.108 

One ≥12th 

standard 

68 (25.2%) 284 (29.0%) 1.25 (0.87- 

1.78) 

1.14 (0.78- 

1.66) 

0.496 

Both <12th 

standard 

24 (8.9%) 143 (14.6%) 1.00 

(reference) 

1.00 

(reference) 

- 

*Adjusted for age, gender, and other variables in the table using multivariable logistic 

regression 

Spectacle Coverage Assessment: 

 

Spectacle Status Number (%) 

With adequate correction 104 (38.5%) 

With inadequate correction 38 (14.1%) 

Without any correction 128 (47.4%) 
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Uncorrected refractive error (combined inadequate + no correction) 166 (61.5%) 

Parental myopia emerged as the strongest risk factor, with children having both parents myopic 

demonstrating 3.84-fold increased odds of refractive errors (95% CI: 2.76-5.34, p<0.001) 

compared to those with non-myopic parents. Prolonged near work exceeding 4 hours daily 

increased odds by 2.42-fold (95% CI: 1.68-3.49, p<0.001), while limited outdoor activity (<1 

hour daily) increased odds by 1.86-fold (95% CI: 1.28-2.71, p=0.001). Excessive screen time 

(>3 hours daily) was associated with 1.68-fold increased odds (95% CI: 1.16-2.44, p=0.006). 

Children attending private schools showed higher refractive error prevalence compared to 

government schools (adjusted OR=1.42, 95% CI: 1.01-2.00, p=0.044). 

A concerning finding was that only 38.5% (104/270) of children with refractive errors were 

using appropriate optical correction at the time of examination. An additional 14.1% (38/270) 

had spectacles but with inadequate correction (requiring change based on current refraction), 

while 47.4% (128/270) had never received any optical correction despite having significant 

refractive errors. Among children with myopia, the spectacle coverage rate was 42.9% 

(72/168), while for astigmatism it was 28.8% (23/80), and hyperopia 40.9% (9/22). 

Barriers to spectacle use identified through parental interviews included: lack of awareness that 

child had vision problem (34.3%), financial constraints (28.6%), concern about cosmetic 

appearance/teasing (18.1%), belief that spectacles worsen vision (12.0%), and lack of access 

to optical services (7.0%). 

 

 

4. DISCUSSION 

 

This comprehensive cross-sectional study establishes that refractive errors affect 21.6% of 

urban school children aged 6-16 years, with myopia being the predominant error type at 13.5%, 

followed by astigmatism 6.4%, and hyperopia 1.8%. 

The overall refractive error prevalence of 21.6% in our urban Indian cohort falls within the 

range reported by systematic reviews of Asian populations (10-60%), though notably lower 

than recent studies from East Asian urban centers where prevalence exceeds 50-80% [26]. 

Comparison with previous Indian studies shows increasing trends: the Refractive Error Study 

in Children (RESC) conducted in New Delhi two decades ago reported 7.4% prevalence [27], 

while more recent studies from urban Karnataka and Maharashtra reported 15.6% and 18.2% 
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respectively [28]. This temporal increase likely reflects evolving lifestyle patterns, educational 

pressures, and environmental changes in contemporary Indian urban settings. 

The myopia prevalence of 13.5% in our cohort, while concerning, remains substantially lower 

than rates in East Asian populations where prevalence exceeds 60-80% in adolescents [29]. 

Morgan et al., in a systematic review encompassing 145 studies, documented dramatic myopia 

prevalence gradients across Asian regions, with highest rates in Taiwan, Singapore, Hong 

Kong, and mainland China [30]. The difference between Indian and East Asian prevalence 

potentially reflects both genetic susceptibility variations and environmental/behavioral factors 

including differing educational systems, competitive pressures, and cultural attitudes toward 

outdoor activities [31]. 

The dramatic age-related increase in refractive error prevalence observed in our study, rising 

from 8.3% in 6-8 year-olds to 32.5% in 14-16 year-olds, with myopia increasing from 3.3% to 

21.1%, corroborates the pattern of myopia onset and progression during school years [32]. This 

age-dependency reflects the dynamic nature of ocular growth, with the critical period for 

myopia development occurring between ages 6-14 years when axial elongation is most active 

[33]. McCullough et al. demonstrated that earlier myopia onset associates with faster 

progression and higher adult myopic error, underscoring the importance of early intervention 

[34]. 

The mean myopic spherical equivalent of -2.14 ± 1.36D in our cohort, with 4.2% exhibiting 

high myopia (≤-6.00D), raises concerns about future sight-threatening complications [35]. 

High myopia associates with substantially increased lifetime risks of retinal detachment (8-10-

fold), myopic macular degeneration (40-fold), and glaucoma (2-3-fold), representing a major 

public health concern as affected individuals age [36]. 

The absence of significant gender differences in refractive error prevalence (males 22.0% vs. 

females 21.2%, p=0.642) contrasts with some studies reporting female preponderance in 

myopia [37]. Meta-analyses suggest that gender differences vary by population and age, with 

females sometimes demonstrating earlier myopia onset but males showing higher prevalence 

in certain age ranges [38]. The lack of gender difference in our study may reflect similar 

educational exposures and lifestyle patterns for both genders in contemporary urban Indian 

schools, contrasting with traditional settings where gender-based educational disparities were 

more pronounced [39]. 

272 

http://www.neuroquantology.com/


Neuroquantology | Dec 2017 | Volume 15 | Issue 04 | Page 258-280| Doi:. 10.48047/nq.2017.15.4.NQ24042 

Dr Dinesh Shrey. Prevalence and Pattern of Refractive Errors among School Children in an Urban Population: A Cross-Sectional Study 

EISSN 1303-5150 www.neuroquantology.com 

 

 

273 

Our finding that parental myopia represents the strongest risk factor (OR=3.84 for both parents 

myopic) validates extensive literature on genetic contributions to refractive error development 

[40]. However, the rapid secular trends in myopia prevalence globally demonstrate that 

environmental factors substantially modulate genetic predisposition [41]. The interaction 

between genetic susceptibility and environmental triggers suggests that children with high 

genetic risk (parental myopia) may be particularly vulnerable to environmental myopiagenic 

factors, potentially benefiting from targeted preventive interventions [42]. 

The association between prolonged near work (>4 hours daily; OR=2.42) and increased 

refractive error risk aligns with meta-analyses demonstrating dose-response relationships 

between near-work duration and myopia [43]. Mechanisms potentially involve sustained 

accommodation, peripheral hyperopic defocus, and reduced distance viewing opportunities, 

though debate continues regarding causal versus associative relationships [44]. 

The protective association of outdoor time observed in our study, with reduced outdoor activity 

(<1 hour daily) increasing refractive error odds (OR=1.86), corroborates landmark research 

establishing outdoor exposure as a modifiable protective factor [45]. The CLEERE Study 

demonstrated that children spending more time outdoors had significantly lower myopia 

incidence, with each additional hour of weekly outdoor activity reducing myopia risk by 2% 

[46]. Randomized controlled trials from China and Taiwan documented that increasing school-

based outdoor time to 80-120 minutes daily reduced myopia incidence by 50% compared to 

control schools [47]. 

The finding that only 38.5% of children with refractive errors were using appropriate correction 

represents a critical public health gap, consistent with global literature documenting substantial 

unmet refractive need in children [48]. Studies from low- and middle-income countries report 

spectacle coverage rates of 10-40%, substantially lower than developed country rates of 60-

90% [49]. The "refractive error treatment gap" reflects multiple barriers including lack of 

awareness, access constraints, affordability issues, and cultural factors [50]. 

Barriers to spectacle use identified in our study—lack of awareness (34.3%), financial 

constraints (28.6%), cosmetic concerns (18.1%), and misconceptions about spectacle harm 

(12.0%)—align with systematic reviews of barriers to spectacle uptake [51]. Ma et al. found 

that providing free spectacles substantially increased uptake compared to requiring purchase, 

while educational interventions addressing misconceptions and reducing stigma improved 

acceptance [52]. School-based programs integrating screening, free/subsidized spectacles, and 
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teacher/parent education demonstrate high effectiveness in reducing uncorrected refractive 

error burden [53]. 

Randomized controlled trials demonstrate that providing spectacles to children with 

uncorrected myopia improves academic test scores by 0.10-0.25 standard deviations, with 

greatest benefits for children with worse baseline vision [54]. Additionally, uncorrected 

refractive errors associate with reduced quality of life, impaired participation in sports and 

recreational activities, and psychosocial difficulties [55]. 

Study strengths include population-based sampling from diverse schools representing varied 

socioeconomic backgrounds, large sample size providing adequate power for subgroup 

analyses, comprehensive examination protocol with cycloplegic refraction eliminating 

accommodation artifacts, standardized procedures and quality control measures ensuring data 

reliability, and systematic assessment of risk factors and spectacle coverage providing 

actionable public health data. Limitations include cross-sectional design precluding assessment 

of refractive error progression and temporal relationships with risk factors, reliance on parental 

report for some exposures (near work, outdoor time) potentially introducing recall bias, single 

urban area limiting generalizability to rural populations where prevalence and patterns may 

differ, lack of objective outdoor light exposure measurement (using accelerometry or light 

sensors), absence of axial length measurements limiting insight into mechanisms underlying 

refractive error development, and inability to assess impact of recent lifestyle changes 

(particularly increased digital device use during COVID-19 pandemic) on refractive error 

patterns. 

 

 

5. CONCLUSION 

 

This study establishes that refractive errors affect more than one-fifth of urban school children, 

with myopia predominating and demonstrating dramatic age-related increases from 3.3% in 

young children to over 21% in adolescents. The substantial burden of uncorrected refractive 

errors, affecting 61.5% of children with refractive errors, represents a significant public health 

concern with implications for academic achievement, quality of life, and future visual health. 

Modifiable risk factors including prolonged near work, excessive screen time, and limited 

outdoor activity provide opportunities for prevention through lifestyle modifications and 

environmental interventions. The strong association with parental myopia suggests genetic 

screening could identify high-risk children for targeted monitoring and early intervention. 
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Implementation of comprehensive school-based vision screening programs, coupled with 

accessible and affordable optical services, represents an essential strategy for addressing the 

substantial unmet refractive need documented in this population. Public health initiatives 

should emphasize increasing outdoor time, moderating excessive near work and screen 

exposure, regular vision screening, and addressing barriers to spectacle uptake through 

education, reducing stigma, and ensuring affordability. Future research priorities include 

longitudinal studies tracking refractive error progression, intervention trials evaluating myopia 

prevention strategies (increased outdoor time, reduced near work, optical interventions), 

assessment of COVID-19 pandemic impacts on refractive error trends, development of 

culturally appropriate educational programs to improve spectacle acceptance, and health 

economic analyses of school vision screening program cost-effectiveness in Indian contexts. 
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