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Abstract 
Aim: The aim of the present study was to compare the refractive error and related ocular 
morbidities between school children in Bihar region. 
Methods: An analytical cross‑sectional study design was adopted to screen school children 
from randomly selected schools in urban and rural areas of Bihar and duration of the study 
was 1 year. All children aged 5–15 years that were present in the school on the day of 
examination were included in the study. Seven urban and eight rural schools were then 
randomly selected. A total of 1680 students were allocated for the evaluation. Either due to 
the non‑availability of the consent form or the child itself, 1500 (89.9%) were included for 
the final evaluation. 
Results: Out of 1500 students, 800 belong to urban school and 700 belong to rural areas. The 
gender distribution between groups was similar (P = 0.6). The proportion of preparatory and 
secondary students of rural and urban was significantly different (P < 0.05). The coverage of 
RE services among urban students was significantly greater than rural students. 70% urban 
students were and 35% rural students in preparatory. The prevalence of RE was significantly 
higher in urban as compared to rural students. The prevalence of hyperopia was significantly 
higher among rural students compared to urban school students (P = 0.001). The prevalence 
of myopia was significantly higher among urban students compared to rural students (P < 
0.001). The prevalence of anisometropia was significantly higher in urban students compared 
to rural students (P = 0.001). The prevalence of strabismus was significantly higher in urban 
students compared to rural students (P < 0.001). The proportion of rural students with 
“functional normal vision” was significantly higher than urban students (93.42% vs. 65%). 
Conclusion: This study revealed that the most common cause of ocular morbidity was 
refractive error. The majority of the causes were either treatable or preventable. A simple 
school screening was an effective and an easy method for early detection of ocular problems. 
Keywords: Childhood blindness, eye screening, myopia, refractive error, Spot Screener. 
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Introduction

The child of today is the adult citizen of 
tomorrow and leader of the community 

and country as a whole in different spheres 
of life. It worries us more learning that in 



 
  

International Journal of Pharmaceutical and Clinical Research                         e-ISSN: 0975-1556, p-ISSN: 2820-2643 
 

Kumar et al.                          International Journal of Pharmaceutical and Clinical Research  

825   

the world today a child goes blind every 
minute. Over 90% of blind children 
receive no schooling and will be unable to 
realize their full potential. Thus, blindness 
in children accounts for one‑third of the 
economic cost of blindness although it 
represents <4% of the overall magnitude. 
[1] Childhood blindness is the second 
largest cause of blind‑person years, 
following cataract. Globally, 
approximately 70 million blind person 
years are caused by childhood blindness. 
There are an estimated 1.4 million blind 
children worldwide, 73% of whom live in 
low‑income countries. [2] An additional 7 
million suffer from low vision, and another 
10 million children have a correctable 
refractive error causing visual impairment 
(refractive bilateral visual acuity [VA] of 
<6/18). [3] 
India has an estimated 320,000 blind 
children, more than any other country in 
the world. [4] Estimated National 
Prevalence of Childhood Blindness/Low 
Vision is 0.80/1000 in India. [5] Most of 
the available studies demonstrate that 
corneal and lenticular conditions are the 
predominant causes of blindness, whereas 
among children outside blind schools, 
refractive errors are important causes of 
visual impairment and blindness. [3] In 
children of age range 5–15 years, the 
visual impairment is 6.4%, with refractive 
errors as the major cause. [6] 
The World Health Organization (WHO) 
estimates that 19 million children under 15 
years of age are visually impaired. 
Uncorrected refractive error (RE) was the 
main cause of visual impairment (VI) in 12 
million children. [7] RE includes myopia, 
hyperopia, and astigmatism. [8] The 
magnitude of RE is a factor and changes in 
refractive status as children grow warrant 
frequent reassessment and management. 
[9] Unfortunately, undetected VI in 
children can have a lifelong impact on 
learning ability, academic performance, 
personality, and quality of life. [10] 
Therefore, in children, early detection and 

treatment of RE is essential. The WHO 
also recommends vision screening of “12–
13” and “15–16” years old schoolchildren 
and to provide refractive services. [11] The 
development of RE is influenced by both 
environmental and genetic factors. [12] 
The interplay between genes and 
environment may account for a substantial 
proportion of the phenotypic variance. [13] 
Among Indian children, there is a 13% 
prevalence of myopia in Delhi. [14] In 
contrast, children in a southern region of 
rural India had a 2.2% prevalence of RE. 
[15]  
The aim of the present study was to 
compare the refractive error and related 
ocular morbidities between school children 
in Bihar region. 

Materials and Methods 

A cross‑sectional study design was 
adopted to screen school children from 
randomly selected schools in urban and 
rural areas of Bihar and duration of the 
study was 1 year. All children aged 5–15 
years that were present in the school on the 
day of examination were included in the 
study. Seven urban and eight rural schools 
were then randomly selected. A total of 
1680 students were allocated for the 
evaluation. Either due to the non‑
availability of the consent form or the 
child itself, 1500 (89.9%) were included 
for the final evaluation. Before 
examination, permission and informed 
consent duly signed both in Hindi and 
English were taken from the principal of 
the school, and a date for screening was 
fixed. 
Examination was done in the respective 
school campuses in clean, quiet and well‑
lit rooms. Only children present on the day 
of examination were screened. History 
taking was done from the children as well 
as the teachers. VA was measured using 
the Snellen’s VA chart at 6 m. Children 
with VA <6/9 underwent a pinhole vision 
to differentiate refractive errors from 
pathological conditions. Refractive error 
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was diagnosed when a VA worse than 6/9 
improved on pinhole test. Undilated 
retinoscopy and subjective correction for 
children with uncorrected VA <6/6 were 
done. Cycloplegic refraction and post-
mydriatic (PMT) were not done in the 
school. Ocular movements were checked, 
and convergence. 
Distribution of children according to 
schools insufficiency testing was done. 
Anterior segment examination including 
lids, lacrimal sac, conjunctiva, cornea, 
anterior chamber, pupil, iris and lens was 
done using a torch light, and a handheld 
slit‑lamp. Visual axis alignment was 
checked using cover‑uncover, alternate 
cover and Hirschberg tests. Undilated 
fundus examination was done for every 
child using the small pupil aperture of a 
direct or an indirect ophthalmoscope 
depending on the examiner’s preference. 

Children not improving to 6/6 with a 
pinhole underwent a dilated fundus 
examination after tropicamide drops 
instillation. A pro forma was used for 
documentation. Children needing further 
assessment and management were referred 
to a higher center. VA assessment, 
cycloplegic refraction with cyclopentolate
‑tropicamide‑cyclopentolate, PMT, 
orthoptics, a detailed anterior segment and 
posterior segment examination, relevant 
investigations, and the necessary 
management was done for the children 
who reported in the clinic. Interpretation 
and analysis of the data were done using 
Epi Info Software (developed by Centers 
for Disease Control and Prevention (CDC) 
in Atlanta, Georgia, USA) and t‑test was 
used. 
Results

Table 1: Table 1: Distribution of children in schools in rural and urban areas 
School category N% 
Urban 800 (53.34) 
Rural 700(46.66) 
Total 1500 (100) 

Out of 1500 students, 800 belong to urban school and 700 belong to rural areas. 
Table 2: Demographic features of urban and rural school children with refractive error 
 Urban (n=800), n (%) Rural (n=700, n (%) Validation OR (95% CI), P 
Gender 
Boys 440 (55) 420 (60) 0.8 (0.6-1.3), 0.6 
Girls 360 (45) 280 (40) 
Grade of school 
Preparatory 560 (70) 245 (35) 3.7 (2.7-5.0), <0.001 
Secondary 240 (30) 455 (65) 
Spectacles prescribed in past 
Yes 384 (48) 224 (32) 1.9 (1.5-2.9), <0.001 
No 416 (52) 476 (68) 
Using spectacles on day of screening 
Yes 640 (80) 525 (75) 1.2 (0.8-1.8), 0.2 
No 160 (20) 175 (25) 
Family history of RE 
Yes 360 (45) 385 (55) 0.7 (0.5-0.8), <0.001 
No 440 (55) 315 (45) 

The gender distribution between groups was similar (P = 0.6). The proportion of preparatory 
and secondary students of rural and urban was significantly different (P < 0.05). The 
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coverage of RE services among urban students was significantly greater than rural students. 
70% urban students were and 35% rural students in preparatory. 

Table 3: Status of refractive error and related ocular morbidities based on the Spot 
Screener results 

 Urban (n=800) Rural (n=700) Validation 
 n (%) 95% CI n (%) 95% CI  
RE 
Emmetropia  400 (50) 46.4-53.4 392 (56) 52.7-60.0  

 
χ2=10, df=3, 
P=0.001 

Hyperopia 36 (4.5) 3.0-6.0 56 (8)  5.8-9.7 
Myopia  360 (45) 42.1-49.1 245 (35) 32.3-39.4 
Mild  240 (30) 25.5-31.9 175 (25) 23.3-29.8 
Moderate 120 (15) 12.9-18.1 56 (8)  6.5-10.7 
Severe  12 (1.5) 0.6-2.2 5 (0.71) 0.1-1.3 
Anisometropia 
Present 48 (6) 4.8-8.4 21 (3) 1.7-4.2  OR=2.2 (95% 

CI: 1.3-3.8), 
P=0.001 

Absent 652 (94) 679(97) 

Strabismus 
Present 88 (11) 8.8-13.2 28 (4) 2.6-5.5  OR=2.9 (95% 

CI: 1.9-4.5), 
P<0.001 

Absent 712 (89) 672 (96) 

Uncorrected VA 
20/20-20/60 520 (65)  

 
31.9-38.7 

654 
(93.42) 

 
 
4.3-7.8 

 
 
OR=8.4 (95% 
CI: 6.0-11.5), 
P<0.001 

<20/60-20/200 278 
(34.75) 

42 (6) 

<20/200-
20/400 

1 (0.125) 0 

<20/400 0 0 
Missing 0 4 (0.57) 

 
The prevalence of RE was significantly 
higher in urban as compared to rural 
students. The prevalence of hyperopia was 
significantly higher among rural students 
compared to urban school students (P = 
0.001). The prevalence of myopia was 
significantly higher among urban students 
compared to rural students (P < 0.001). 
The prevalence of anisometropia was 

significantly higher in urban students 
compared to rural students (P = 0.001). 
The prevalence of strabismus was 
significantly higher in urban students 
compared to rural students (P < 0.001). 
The proportion of rural students with 
“functional normal vision” was 
significantly higher than urban students 
(93.42% vs. 65%). 

Table 4: Risk factors for myopia between urban and rural school children 
 Adjusted OR  95% CI P 
Areas 
Urban 1.77  1.4-2.2 <0.001 
Rural 1.0 
Gender 
Male  0.9 0.8-1.2 0.7 
Female  1.0 
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School level 
Preparatory  0.78 0.6-0.97 0.03 
Secondary  1.0 
Family history of spectacle usage 
Present  0.56 0.45-0.69 <0.001 
Absent  1.0 
Constant  0.8  0.05 

 
Binominal regression analysis was 
performed to evaluate the interaction of 
different risk factors on the variation of 
myopia among students. Urban students 
and a family history of spectacles were 
significant risk factors. 

Discussion 
Worldwide, childhood blindness accounts 
for the second largest cause of blind‑
person years, after cataract. [16] Globally 
approximately 70 million blind‑person 
years are caused by childhood blindness. 
Out of around 1.4 million blind children 
worldwide, 270,000 are estimated to be in 
India. [17,18] Uncorrected refractive 
errors are a significant cause of avoidable 
visual disability, especially in developing 
countries. [18] 
Half of the participants had RE. The 
prevalence of RE was significantly higher 
in urban students compared to rural 
students. Hyperopia was more common in 
rural students, while myopia was more 
common in rural students. Gender was not 
associated to RE in either group. 
Secondary grade urban students had 
significantly higher rate of RE. 
Compliance with spectacle wear was equal 
in both groups. The association of family 
history of RE to the RE in a child was 
significantly higher in rural students than 
urban students. The existing 
ophthalmic/optical services cover only 1/3 
of the rural students and nearly half of the 
urban students with RE. Anisometropia 
and strabismus were more prevalent in 
urban compared to rural students. 
Myopia was significantly more prevalent 
among urban students compared to rural 
students. Warkad et al. [19] in the Odisha 

province in India reported a 38% 
prevalence of myopia among 6‑17 years 
of age group. Alsaqr et al. [20] reported a 
53.3% prevalence of myopia among 12–20
‑year‑old Saudi children in Riyadh. The 
findings of our study concur with these 
studies showing the wide variation in the 
prevalence of myopia. As the use of 
electronic gadgets increases among 
students, it reduces the amount of outdoor 
activities that children participate in. 
Outdoor activities are a known protective 
factor against myopia. [9] Sustained near 
work in low illumination is a risk factor 
for the development and rapid progression 
of myopia. [14] Strabismus was more 
prevalent among urban (11%) compared to 
rural (4%) students. Mittal et al. [21] 
reported strabismus was present in 6.1% of 
India children between 5 years and 15 
years of age.  
In the current study, mild VI was more 
prevalent in rural than in urban students. 
However, moderate VI was more prevalent 
in urban compared to rural students. This 
could be the result of different type of RE 
in these two groups; urban students having 
a higher rate of myopia and rural students 
had a higher rate of hyperopia. VI based 
on distant VA measurement will naturally 
be greater in urban students due to the 
higher rate of myopia. It should be noted 
that this grading of visual disabilities is 
based on uncorrected VA. Students with 
mild VI are less affected in their daily 
activities and thus are less likely to accept 
visual aids such as spectacles. This 
explains the low uptake of refractive 
services among rural students compared to 
urban students. Teachers and students 
should be counseled to note early signs of 
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distant vision defects, including the 
inability to see writing the blackboard and 
should be referred for comprehensive eye 
examination.  
A history of seeking assistance to eye 
professionals was much higher in urban 
students compared to rural students. This 
could also due to differing awareness of 
ocular conditions among parents of 
students in each group.  Health education 
initiatives directed at the public should 
relay the asymptomatic nature of the early 
stages of RE. In addition, the need for 
proactive steps to identify RE in students 
should be targeted at rural students and 
their parents. Compliance with spectacle 
wear was high in both groups. In this age 
group (teenagers), the use of spectacle is 
somewhat undesirable. This could be due 
to the poor knowledge of the alternatives 
such as contact lens. In addition, the option 
of future (as an adult) refractive surgery 
should be discuss to reduce or eliminate 
spectacle wear. [22]  
This study has some limitations. The RE 
was based on the prescription generated by 
the Spot Screener and not the conventional 
method of cycloplegic refraction. The 
validity of this device as a vision screener 
compared to traditional cycloplegic vision 
screening has been established. [23] 
Therefore, the American Academy of 
Pediatric Ophthalmology and Strabismus 
and the American Academy of Pediatrics 
recommend the Spot Screener for 
instrument‑based vision screening. 
Strabismus evaluation was also based on 
the device report and not by clinical 
assessment. The Spot Screener is a valid 
device to use while diagnosing strabismus. 
[24] The prevalence of amblyopia could 
not be calculated in our study as we noted 
presenting vision only and not the best‑
corrected VA. Finally, the study was based 
on a cross‑sectional study design, so the 
risk factors should be interpreted 
judiciously. [25] 
Conclusion 

This study revealed that the most common 
cause of ocular morbidity was refractive 
error. The majority of the causes were 
either treatable or preventable. A simple 
school screening was an effective and an 
easy method for early detection of ocular 
problems. Early detection and 
management reduces the disease 
progression and can prevent visual 
disability. Schools form an effective media 
where mass communication can be done, 
and students can be taught about routine 
eye care and personal hygiene. Teachers of 
the schools should be briefed about 
common ocular problems and taught how 
to identify children with ocular problems, 
so that they can report the same to the 
child's guardian and necessary action can 
be taken in time. 
References 
1. Vision for Children – A Global 

Overview of Blindness, Childhood and 
Vision 2020 Right To Sight [WSDO7 
Report].  

2. World Health Organization. Preventing 
Blindness in Children. Report of a 
WHO/IAPB Scientific Meeting, 
Hyderabad, India, 1999. WHO/PBL/ 
00.002077. Geneva: World Health 
Organization; 2000. 

3. Jose R, Sachdeva S. School eye 
screening and the National Program for 
Control of Blindness. Indian pediatrics. 
2009 Mar 17;46. 

4. Gilbert C, Rahi J, Quinn G. Visual 
impairment and blindness in children. 
In: Johnson G, Minassian D, Weale W, 
West S, editors. Epidemiology of Eye 
Disease. 2nd ed. UK: Arnold 
Publishers; 2003. 

5. Jose R. Present status of the national 
programme for control of blindness in 
India. Community Eye Health J 2008; 
21:103-4. 

6. Kishore J. National Health 
Programmes of India. 9th ed. New 
Delhi: Century Publications; 2011. p. 
420‑1. 



 
  

International Journal of Pharmaceutical and Clinical Research                         e-ISSN: 0975-1556, p-ISSN: 2820-2643 
 

Kumar et al.                          International Journal of Pharmaceutical and Clinical Research  

830   

7. Rono HK, Bastawrous A, Macleod D, 
Wanjala E, Di Tanna GL, Weiss HA, 
Burton MJ. Smartphone-based 
screening for visual impairment in 
Kenyan school children: a cluster 
randomised controlled trial. The 
Lancet Global Health. 2018 Aug 1;6 
(8):e924-32. 

8. Aldebasi YH. Prevalence of 
correctable visual impairment in 
primary school children in Qassim 
Province, Saudi Arabia. Journal of 
Optometry. 2014 Jul 1;7(3):168-76. 

9. Rose KA, Morgan IG, Ip J, Kifley A, 
Huynh S, Smith W, Mitchell P. 
Outdoor activity reduces the 
prevalence of myopia in children. 
Ophthalmology. 2008 Aug 1;115(8): 
12002079-85. 

10. Schneider J, Leeder SR, Gopinath B, 
Wang JJ, Mitchell P. Frequency, 
course, and impact of correctable 
visual impairment (uncorrected 
refractive error). Survey of 
ophthalmology. 2010 Nov 1;55(6):539 
-60. 

11. World Health Organization. Global 
Initiative for the Elimination of 
Avoidable Blindness: Action Plan 
2006‑2011. Geneva: World Health 
Organization; 2007. 

12. Wojciechowski R. Nature and nurture: 
the complex genetics of myopia and 
refractive error. Clinical genetics. 2011 
Apr;79(4):301-20. 

13. Fan Q, Verhoeven VJ, Wojciechowski 
R, Barathi VA, Hysi PG, Guggenheim 
JA, Höhn R, Vitart V, Khawaja AP, 
Yamashiro K, Hosseini SM. Meta-
analysis of gene–environment-wide 
association scans accounting for 
education level identifies additional 
loci for refractive error. Nature 
communications. 2016 Apr 6;7(1):110 
08. 

14. Saxena R, Vashist P, Tandon R, 
Pandey RM, Bhardawaj A, Menon V, 
Mani K. Prevalence of myopia and its 
risk factors in urban school children in 
Delhi: the North India Myopia Study 

(NIM Study). PloS one. 2015 Feb 
26;10(2):e0117349. 

15. John DD, Paul P, Kujur ES, David S, 
Jasper S, Muliyil J. Prevalence of 
refractive errors and number needed to 
screen among rural high school 
children in Southern India: A cross-
sectional study. Journal of clinical and 
diagnostic research: JCDR. 2017 
Aug;11(8):NC16. 

16. Resnikoff S, Pascolini D, Mariotti SP, 
Pokharel GP. Global magnitude of 
visual impairment caused by 
uncorrected refractive errors in 2004. 
Bulletin of the World Health 
Organization. 2008 Jan;86(1):63-70. 

17. World Health Organisation. Blindness 
and deafness unit and international 
agency for the prevention of blindness. 
(2000). Preventing blindness in 
children: Report of a WHO/IAPB 
scientific meeting. Hyderabad, India, 
13‑17 April 1999. 

18. World Health Organisation. Blindness 
and deafness unit and WHO program 
for the prevention of blindness. 
Elimination of avoidable visual 
disability due to refractive errors: 
Report of an informal planning 
meeting Geneva, 3‑5 July 2000. 

19. Warkad VU, Panda L, Behera P, Das 
T, Mohanta BC, Khanna R. The Tribal 
Odisha Eye Disease Study (TOES) 1: 
prevalence and causes of visual 
impairment among tribal children in an 
urban school in Eastern India. Journal 
of American Association for Pediatric 
Ophthalmology and Strabismus. 2018 
Apr 1;22(2):145-e1. 

20. Alsaqr A, Abu Sharha A, Fagehi R, 
Almutairi A, Alosaimi S, Almalki A, 
Alluwaymi A. The visual status of 
adolescents in Riyadh, Saudi Arabia: a 
population study. Clinical 
Ophthalmology. 2018 May 22:965-72. 

21. Mittal S, Maitreya A, Dhasmana R. 
Clinical profile of refractive errors in 
children in a tertiary care hospital of 
Northern India. Int J Community Med 



 
  

International Journal of Pharmaceutical and Clinical Research                         e-ISSN: 0975-1556, p-ISSN: 2820-2643 
 

Kumar et al.                          International Journal of Pharmaceutical and Clinical Research  

831   

Public Health. 2016 May;3(5):1189-
94. 

22. Autrata R, Krejčířová I, Griščíková L, 
Doležel Z. Refractive surgery in 
children with myopic anisometropia 
and amblyopia in comparison with 
conventional treatment by contact 
lenses. Ceska a slovenska 
oftalmologie: casopis Ceske 
oftalmologicke spolecnosti a 
Slovenske of talmologicke spolecnosti. 
2016;72(2):12-9. 

23. Mendez MA, Arguello L, Martinez J, 
Vargas MS, Rodriguez AM, Papa CE, 
Peterseim CM, Víquez MO, Trivedi 
RH, Peterseim MM. Evaluation of the 
Spot Vision Screener in young children 
in Costa Rica. Journal of American 
Association for Pediatric 

Ophthalmology and Strabismus. 2015 
Oct 1;19(5):441-4. 

24. Peterseim MM, Davidson JD, Trivedi 
R, Wilson ME, Papa CE, Cheeseman 
EW. Detection of strabismus by the 
spot vision screener. Journal of 
American Association for Pediatric 
Ophthalmology and Strabismus. 2015 
Dec 1;19(6):512-4. 

25. Acendra A. H. Y., Sampayo F. H., 
Robles A. C. W., Ariza M. A. V., León 
J. S. T., & Badillo L. Y. E. Association 
between Guillain-Barré Syndrome and 
Application of the Janssen Vaccine. 
Journal of Medical Research and 
Health Sciences, 2022;5(4): 1950–
1954.  
 

 


