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Purpose: To describe the prevalence of refractive error in school children in a tribal district, Rayagada, Odisha 
state, India. Methods: In a cross‑sectional school eye health study, the students with diminished vision and 
other ocular abnormalities were referred for a further eye examination to the vision technicians after initial 
screening by the trained school teachers. The examination by vision technicians consisted of an external eye 
examination, photorefraction using a Spot screener and subjective correction. Those not improving with 
subjective correction were referred to the ophthalmologist for further examination. Results: The school 
teachers measured vision in 153,107 children; 5,990 students reached a vision technician. There was a near 
equal number of boys (50.06%) and girls (49.94%). The average age was 10.5 ± 2.63 (range: 5–15) years. The 
prevalence of refractive error was 9.7% (95% [CI]; 9.0–10.5%) in the vision technician‑examined children. 
Myopia (4.9%) and astigmatism (5.4%) were more common than hyperopia (0.2%). The presenting visual 
acuity (PVA) was worse in children with hypermetropia (PVA 20/100‑20/200 in 40% of children). Spherical 
equivalent of refractive error did not have a good correlation with age (R2 = 1.3); but increasing age was 
associated with increased risk of myopia  (odds ratio 1.14; 95% CI 1.09–1.20; P < 0.001). Conclusion: The 
quantum of refractive error was close to other similar studies in India but the prevalence of myopia was 
relatively less.
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Uncorrected refractive error  (URE) accounts for 48.9% 
of combined visual impairment and blindness in the 
world—53.7% visual impairment and 20.6% blindness.[1] This 
translates to over 7 million people blind and over 116 million 
people visually impaired. At 62.89%, the refractive error‑related 
visual impairment and blindness in South Asia (includes India) 
are higher than the global average.[1] Over a decade and a half, 
1990–2015, the crude prevalence of refractive error has reduced 
only by 2% from 1990 to 2015.[1] The estimated annual global 
economic loss due to URE is USD 269 billion.[2] The impact of 
refractive error is greater in children since it affects their social 
and mental well‑being, education, and development.[3‑5] The 
solution to the URE is simple refraction and dispensing of the 
required spectacles through the challenges lie in an inadequate 
number of eye health personnel,[6] training required for accurate 
retinoscopy, and in certain countries the cost and supply of 
spectacles. Between the strategies for screening for refractive 
error in children in the population and in the school, the latter 
is considered more cost‑effective.[7]

In this communication, we report the prevalence of refractive 
error among the school students screened in the schools in the 
district Rayagada, one of the tribal districts of Odisha, India. In 
this school sight program (SSP) we examined 153,107 children 
and used Spot screener (Welch Allyn, New York, USA) after 
confirming its reliability in a specified range in children.[8] 

This communication is part of the Tribal Odisha Eye Disease 
Study (TOES).

Methods
The Rayagada district SSP is described in detail earlier.[9] In 
brief, it was a multistage screening of school students partly 
executed in the school and partly executed in a community 
eye hospital. The first‑stage eye screening was performed 
by the trained schoolteachers in the school. In this stage, 
the trained schoolteachers  (trained at the Rayagada‑based 
secondary eye center to test vision by using Snellen E chart, 
basic eye anatomy, and common external eye disorders 
such as red‑eye, white shining deposits suggestive of Bitot 
spot) screened the students in their school. Vision in each 
eye was tested separately  (with spectacles, if any), at 6 m 
followed by an external eye flashlight examination and a 
Hirschberg test. Students with presenting visual acuity (PVA), 
20/30, uncooperative students, and those detected to having 
any ocular anomaly were referred. The second stage was 
photorefraction using Spot screener; this was conducted in the 
school by the optical dispensing person specifically trained in 
photorefraction; this was followed by subjective correction by a 
vision technician in the school by placing the appropriate lenses 
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in the trial frame and testing the vision with the chart placed 
at 6 m. The third stage of comprehensive eye examination 
was performed by an optometrist and an ophthalmologist 
in the community eye hospital. The final stage of surgical 
corrections, if any, was performed by a fellowship‑trained 
pediatric ophthalmologist in a tertiary eye care facility. The 
institute ethics committee approved the study (2016‑15‑CB‑14) 
and protocol adhered to the provision of the Declaration 
of Helsinki for research involving human beings. Written, 
informed consent was obtained from the teachers in the school 
for examination in their premises and from the parents when 
the children were examined in the hospital.

The presenting vision was tested for each eye 
separately  (with spectacles, if any) in the school by placing 
the Snellen vision chart at 6 m distance under standard 
lighting conditions. The objective refraction was performed 
by Spot photo screener as described by us earlier.[10] Those 
with visual acuity of <20/20 received subjective refraction by a 
vision technician based on photo screener findings. Spectacles 
were provided to all those improving to 20/20 on photo 
screener‑based refraction, and those who did not improve were 
referred to the community eye hospital. In general, the protocol 
and sequence of examination used the National Program for 
Control of Blindness and Visual Impairment (NPCB and VI) 
guidelines,[11] adhered to the international guidelines[12] and 
added the new technology of refraction.

Refractive error was considered as the diagnosis when 
the visual acuity was less than 20/40 and improved to ≥20/40 
with correction. Myopia was defined as measured objective 
refraction of ≥−0.5 D spherical equivalent  (SE) in one or 
both eyes. Hyperopia was defined as measured objective 
refraction of ≥+2.00 D SE in one or both eyes, provided neither 
eye was myopic. Astigmatism was defined as measured 
objective refraction of ≥0.75 D cylinder in one or both eyes. 
These refractive errors were categorized according to the 
Refractive Error Study in Children (RESC) Survey Group.[12] 
Data were entered into the Excel sheet and analyzed after 
cleaning and cross‑checking.

Results
The teachers screened 153,107 students and referred 8,493 (5.5%) 
students for examination by the vision technicians/optometrists. 
This included 3,230 children in the 5–9 year age group (38% of 
8,493 referred children) and 5,263 children in the 10–15 year 
age group  (62% of 8,493 referred children). But only 5,990 
students (70.5% of 8,493 referred children) reached the vision 
technician—2,082 students in 5–9 age group  (65% of 3,230 
children in this age group) and 3,908 students in 10–15 
age group  (74.3% of 5,263 children in this age group). The 
other children could not be examined despite several 
attempts. The optometrists referred 883 (14.7% of examined) 
children for ophthalmologist examination. There were 
an equal number of boys  (2,999; 50.06%) and girls  (2,991; 
49.94%) in the examined children. The average age was 
10.5  ±  2.63  years  (age range 5–15  years). There were 
more children of the age of 10  years  (n  =  832, 13.8%) and 
12 years (n = 799, 13.3%) and less number of children in the 
age group of 5 years (n = 125, 2%) and 6 years (n = 284, 4.7%).

Refractive error was detected in 583 students (prevalence: 
9.7%; 95% CI: 9.0–10.5%). The refractive error distribution was as 

follows: myopia‑ 295 students (prevalence: 4.9%), hyperopia‑ 13 
students  (prevalence: 0.21%), and astigmatism‑  324 
students  (prevalence 5.4%)  (The addition of these numbers 
exceeds 583 since few children had astigmatism with myopia/
hyperopia). The prevalence of myopia was higher in the age 
group of 7 years (8.85%) and 13 years (6.73%); the prevalence of 
astigmatism was higher in higher age groups 14–15 years (10.8% 
and 17.7%, respectively) [Table 1]. PVA was worse in children 
with hypermetropia  (40% with PVA 20/100‑20/200) than 
children with astigmatism and myopia  (PVA 20/30‑20/60 in 
68.9% and 61.2%, respectively). [Fig. 1] SE of refractive error 
did not have a good correlation with age [R2 = 1.3, P < 0.05; 
Fig. 2]. Increasing age was associated with an increased risk of 
myopia (odds ratio 1.14 [95% CI 1.0928–1.2034, P < 0.001]. Male 
gender was also associated with slightly increased risk. (odds 
ratio 1.03 [95% CI 0.80–1.32, P < 0.001] [Table 2]. Comparison 
with other Indian studies of refractive error screening in schools 
is shown in Table 3.

In addition to refractive error and amblyopia, few other 
ocular disorders were detected by the optometrists and/or 
ophthalmologists. These disorders were: Vitamin A deficiency, 
cataract, and posterior segment disorders. Details are described 
by us earlier.[13]

Discussion
This was the first prevalence study of refractive error covering 
nearly the entire student population in a predominantly tribal 
district of India. In this study, photorefraction (Spot screener; 
sensitivity and specificity in detecting amblyopia risk factors 
93.3% and 96.9%, respectively[8]), manual refraction and 
cyclorefraction were done as appropriate.

Rayagada is a backward district in Odisha. It ranks 
465 in 640 districts in India  (2011 census) and the human 
development index  (HDI) is 0.18.[22] The literacy rate in 
this district is only 42.13%.[23] The district has 2,272 schools 
(2,224 are public schools).[24] The Government of Odisha is now 

Table 1: Age‑specific prevalence of refractive error among 
children

Age (years) Myopia (%) Hyperopia (%) Astigmatism (%)

5 0.8 0 1.6

6 0.35 0 1.0

7 8.85 0.22 1.5

8 1.34 0 2.3

9 2.54 0.31 3.5

10 2.52 0.10 3.4

11 3.12 0 4.97
12 3.37 0.37 4.13

Table  2: Gender‑specific prevalence of refractive error 
among students

Gender Total 
students

Myopia 
%

Hyperopia 
%

Astigmatism 
%

Male 2992 5.6 0.26 4.6

Female 2998 4.2 0.16 6.1
P (Chi‑square test) 0.01 0.39 0.009
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making every effort to encourage parents to admit the children 
in the schools by offering free and compulsory education 
through the “Right of Children to Free and Compulsory 
Education (RTE) Act, 2009.”[25] A 2014 report had indicated 
16.7% school dropouts in Odisha (boys: 17.5%; girls: 21.3%) 
and the main reason was the lack of interest in the students.[26] 
It is unclear if it was related to poor eyesight, too. A 2018 
Government of Odisha report indicates an increase in the 
school enrolment.[27] But we suspect it may not be uniform 
across the state. In any case, it is known that correction 
of refractive error and wearing correcting spectacles are 
necessary for better academic performance in the school[26] 
and could also decrease school dropouts.

In the present study, 9.7% of the students were detected 
to have a refractive error. The prevalence in the entire school 
student population of the district was 0.4%. In general, the 
prevalence of myopia was less than comparable studies in 
different states of India.[14,15.17,19] However, the definition of 
refractive error was not uniform across the studies; few studies 
have considered any child with difficulty in the distance and 
near vision as a refractive error[14] whereas few others have 
considered all “plus” power and “minus” power as hyperopia 
and myopia, respectively.[15] We are equally unsure if this is 
related to late school entry and increased outdoor activities of 
the students in the tribal Rayagada district.[28,29] But we are unable 
to explain why a larger number of boys had myopia and a larger 

number of girls had astigmatism. There was also an increase in 
astigmatism with age. Hyperopia was less in this study, similar 
to all other reported studies [Table 3]. But this could also be 
attributed to the following reasons: (1) accommodation was not 
tested in children who read 20/20 on the Snellen chart; (2) Spot 
screener used in the study is known to underestimate hyperopia 
in children.[5]

The weakness of the study: the vision technicians examined 
only 70% of the referred students. Other students were 
unavailable for a number of reasons. We have earlier reported 
that the sensitivity and specificity of school teachers in detecting 
refractive error were 83% and 53.2%, respectively.[9] It is 
possible that we missed some of the students with decreased 
visual acuity.

Strength of the study: this was a first district‑wide study 
performed systematically. Thus, this cohort was superior to 
cluster random sampling and/or convenient sampling used 
in other studies.[4,8]

Conclusion
In conclusion, refractive error in the tribal district of Odisha is 
comparable with the prevalence in another population‑based 
study in the neighboring state of Andhra Pradesh, India. The 
region being resource‑scarce; particular attention is required 
to increase the skilled manpower.

Table 3: Comparison of school eye screening reports in India

School‑based study in India[12‑17]

Study Indian 
State

Age Category Total 
Children

RE % Myopia % Hyperopia % Astigmatism %

U % R %

Basu[14] Gujarat 7‑15 100 0 3002 15.2 13.9 0.7 0.6

Ghosh[15] Bengal 6‑14 100 0 2570 13.8 11.9 2.5 9.1

Uzma[16] Telangana 7‑15 46 54 3314 17.5 ‑ ‑ ‑

Saxena[17] Delhi 5‑15 100 0 9884 ‑ 13.1 ‑ ‑

Padhye[18] Maharashtra 5‑15 60 40 12,422 3.7 2.1 0.6 0.2

Seema[19] Haryana 6‑15 ‑ 100 1265 14.0 12.1 1.5 5.4
Current Study Rayagada

Odisha
5‑15 ‑ 100 5990 9.7 4.9 0.2 5.4

Population‑based study in India[18,19]

Dandona [20] Andhra 7‑15 100 4074 4.76 3.75 0.7 3.6
Nirmalan[21] Tamil Nadu 0‑15 100 10,605 0.6 ‑ ‑ ‑

R: Rural; RE: Refractive error; U: Urban

Figure 1: Presenting visual acuity versus refractive error Figure 2: Linear regression showing spherical equivalent with age



August 2020		  1599Panda, et al.: Refractive error in tribal children in Odisha

Financial support and sponsorship
Nil.

Conflicts of interest 
There are no conflicts of interest.

References
1.	 Available from: http://atlas.iapb.org/global‑burden‑vision-

impa i rment /gbv i - change ‑preva lence -causes ‑v i sua l -
impairment-1990‑2015/. [Last accessed on 2018 Apr 22].

2.	 Smith TS, Frick KD, Holden BA, Fricke TR, Naidoo KS. Potential 
lost productivity resulting from the global burden of uncorrected 
refractive error. Bull World Health Organ 2009;87:431‑37.

3.	 Pratt C, Bryant P. Young children understanding that locking leads 
to knowing (so long as they are looking into a single barrel). Child 
Dev 1990;61:973‑82.

4.	 Packwood EA, Criz OA, Rychwalski PJ, Keech RV. The psychosocial 
effects of amblyopia study. J AAPOS 1999;3:15‑7.

5.	 Aghai G, Dibajnia  P, Ashkesh  E, Nazari M, Falavarjani KG. 
Behavior disorders in children with significant refractive errors. 
J Curr Ophthalmol 2016;28:223‑5.

6.	 Das  T, Ackland  P, Correia M. Hanutsaha  P, Mahipala  P, 
Nukella PB, et al. Is the 2015 eye care service delivery profile in 
Southeast Asia closer to universal eye health need! Int Ophthalmol 
2018;38:469‑80.

7.	 Limburg H, Vaidyanathan K, Dalal HP. Cost effective screening 
of schoolchildren for refractive errors. World Health Forum 
1995;16:173‑8.

8.	 Panda L, Barik U, Nayak S, Barik B, Behera G, Kekunnaya R, et al. 
Performance of photoscreener in detection of refractive error in 
all age groups and amblyopia risk factors in children in a tribal 
district of Odisha. The Tribal Odisha eye disease study (TOES). # 
3. Trans Vis Sci Technol 2018;7:12.

9.	 Panda L, Das T, Nayak S, Barik U, Mohanta BC, Williams J, et al. 
Tribal Odisha eye disease study.  (TOES) #2. Rayagada school 
screening program‑ Effectiveness of multistage screening and 
accuracy of schoolteachers in vision screening and other ocular 
anomaly detection. Clin Ophthalmol 2018;12:1181‑7.

10.	 Reddy S, Panda L, Kumar A, Nayak S, Das T. Tribal Odisha eye 
disease study (TOES) # 4. Accuracy and utility of photorefraction 
for refractive error correction in tribal Odisha  (India) school 
screening. Indian J Ophthalmol 2018;66:929‑33.

11.	 Jose R, Sachdeva S. School eye screening and national program for 
control of blindness. Indian Ped 2009;46:205‑8.

12.	 Negrel AD, Maul E, Pokharel GP, Zhao J, Ellwein LB. Refractive 
error study in children: Sampling and measurement methods for 
a multi‑county survey. Am J Ophthalmol 2000;129:421‑6.

13.	 Panda L, Nayak S, Warkad VU, Das T, Khanna R. Tribal Odisha 
eye disease study (TOES) report # 5. Comparison of prevalence and 
causes of visual impairment among children in native and urban 

schools of Odisha (India). Indian J Ophthalmol 2019;67:1012‑5.
14.	 Basu M, Das P, Pal R, Kar S, Desai VK, Kavishwar A. Spectrum of 

visual impairment among urban female school students of Surat. 
Indian J Ophthalmol 2011;59:475‑9.

15.	 Ghosh S, Mukhopadhyay U, Maji D, Bhaduri G. Visual impairment 
in urban school children of low income families in Kolkata, India. 
Indian J Public Health 2012;56:163‑6.

16.	 Uzma N, Kumar  BS, Mohinuddin K, Salar  BM, Zafar MA, 
Reddy VD. A  comparative clinical survey of the prevalence 
of refractive errors and eye diseases in urban and rural school 
children. Can J Ophthalmol 2009;44:328‑33.

17.	 Saxena R, Vashist P, Tandon R, Pandey RM, Bhardawaj A, Menon V, 
et  al. Prevalence of myopia and its risk factors in urban school 
children in Delhi: The North India myopia study (NIM Study). 
PloS One 2015;10:e0117349.

18.	 Padhye AS, Khandekar R, Dharmadhikari  S, Dharmadhikari  S, 
Dole K, Gogate P, et al. Prevalence of uncorrected refractive error 
and other eye problems among urban and rural school children. 
Middle East Afr Ophthalmol 2009;16:69‑74.

19.	 Seema S, Vashist BM, Meenakshi K, Manish G. Magnitude of 
refractive error among school children in a rural block of Haryana. 
Int J Epidemiol 2008;6:21-4.

20.	 Dandona  R, Dandona  L, Srinivas M, Sahare  P, Narsaiah  S, 
Muñoz SR, et al. Refractive error in children in a rural population 
in India. Invest Ophthalmol Vis Sci 2002;43:623‑31.

21.	 Nirmalan  PK, Vijayalakshmi  P, Sheeladevi  S, Kothari MB, 
Sundaresan K, Rahmathullah L. The Kariapatti pediatric eye 
evaluation project: Baseline ophthalmic data of children 15 years 
or younger in Southern India. Am J Ophthalmol 2003;136:703‑9.

22.	 Available from: www.usindiapolicy.org.  [Last accessed on 
2018 Jun 15].

23.	 Available from: https://rayagada.nic.in/.  [Last accessed on 
2018 Jun 15].

24.	 Avai lable  from:  http: / /opepa.odisha.gov. in/websi te/
Download/2015‑16.pdf. [Last accessed on 2018 Jun 15].

25.	 Available from: http://opepa.odisha.gov.in/website/RighttoEducata.
aspx. [Last accessed on 2018 Jul 10].

26.	 Gouda S, Sekhar TV. Factors leading to school dropouts in India: 
An analysis of national family health survey‑3 data. IOSR J Res 
Method Edu 2014;4:75‑83.

27.	 Available from: https://data.worldbank.org/indicator/SE.PRM.
NENR. [Last accessed on 2018 Apr 18].

28.	 Glewwe P, Park A, Zhao M. A better vision for development: 
Eyeglasses and academic performance in rural school in China. 
J Dev Economics 2016;122:170‑82.

29.	 Guo Y, Liu  LJ, Tang  P, Lv YY, Feng Y, Xu  L, et  al. Outdoor 
activity and myopia progression in 4‑year follow‑up of Chinese 
primary school children: The Beijing children eye study. PloS One 
2017;12:e0175921.


