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A B S T R A C T

Aim: To study the causes and risk factors for development of myopia and to see short term progression in
children of 0 – 15 years.
Settings and Design: A prospective observational study was conducted among children attending the
Ophthalmology department of a Tertiary care centre in Central India, from October 2019 to September
2021.
Methods and Material: In order to determine the refractive status of the eye, all subjects underwent
visual acuity tests, anterior and posterior segment examinations, and various other investigations. Data was
collected during the first year concerning their parents’ use of spectacles, duration of indoor activity near
work, and outdoor activity, and progression was tracked during the second year. Statistical software SPSS
23.0 version was used to tabulate and analyze the data.
Results: Amongst 714 children between the age 0 – 15 years, myopia was seen in 19.9% subjects. Amongst
those with myopia, 28% showed progression. In those showing progression, 50% belonged to 11 – 15-year
age group, a female predilection of 64.3%, 50% with parental history of refractive error, 71.4% subjects
were involved in > 2 hours/day of indoor active near work and 57.1% subjects were involved in < 2 hours/
day of outdoor activity. In subjects with progression of myopia, 71.4% had an increase in axial length of < 1
mm. While in subjects less than 10 years of age, steeper cornea was a more common factor for progression
as compared to increase in axial length, seen in 57.1% cases.
Conclusion: Myopia progression in the growing age group is inversely correlated with time spent engaging
in outdoor activity, on the other hand, it shares a strong positive correlation with time spent on indoor active
near work. Corneal curvature plays a more significant role in progression of myopia as compared to axial
length in younger age group.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

The most common cause of visual impairment around the
world is refractive error (RE), which is also the second
leading cause of treatable blindness, with myopia being the
commonest refractive error.

* Corresponding author.
E-mail address: gaish24@gmail.com (G. Aishwarya).

Myopia is the most common ophthalmic condition in the
world with an estimated 22.9% of the world population, or
1.406 billion people, being affected.1,2 Myopes carry higher
risks of ocular morbidity including retinal detachment,
glaucoma, myopic macular degeneration, and cataracts.3

Correspondingly, un correctable visual impairment is
estimated to increase 7-fold to 13-fold by 2055 in high-risk
areas.4 Many East Asian countries are particularly affected,
where the prevalence of myopia in school children exceeds
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90% in some regions.5–7 Apart from physiological factors,
genes and other environmental factors also play a role in
the onset and progression of myopia. Prior studies have
demonstrated an association between myopia and near-work
activities such as studying, reading, and screen time among
children.8

Additionally, time spent outdoors has been shown to
be protective against myopia.9 potentially due to light
stimulation of retinal dopamine which discourages axial
growth.10 In this field of study where there continues to
be controversies in etiology, there is recent agreement that
children who spend more time outdoors are less likely to
become myopic.

While myopia is often considered a benign condition it
should be considered a public health problem for its visual,
quality of life, and economic consequences.11 Studies
related to incidence and progression of myopia is scarce
in this part of the country, hence this study was planned
to evaluate the incidence and progression of myopia with
special reference to causes and risk factors, which will
provide insights to the better management of myopes.

2. Materials and Methods

A prospective observational study was undertaken wherein
all subjects aged 0-15 years, attending Ophthalmology
department of a tertiary care centre in Central India from
October 2019 to September 2021, willing to participate and
those with no history of use of spectacles, were included
in the study after explaining the procedure properly and
taking written and informed consent from the respective
parents/guardians. Subjects aged greater than 15 years,
not willing to participate, previously diagnosed of having
refractive error or with history of previous intraocular
surgery or trauma or other ocular diseases were excluded
from the study. The study was undertaken after approval
from the Institutional Ethics Committee.

The first year was allotted to data acquisition regarding
establishment of subjects with myopia, with follow up in
the next one year to look for progression and the factors
influencing it.

Detailed history was taken regarding use of spectacles
and presence or absence of pre-existing refractive error in
mother and/or father. For children more than 5 years of age,
detailed history regarding the duration of indoor and outdoor
activities were taken and average duration was recorded
based on last 1 week recall. The subject’s indoor activities
involving active near work (including reading/ writing,
indoor games involving active near work, use of TV, mobile
phones, computer for various purposes like playing video
games, watching videos, or attending online classes) and
outdoor activities, if yes, the duration spent doing each, were
asked and recorded respectively. The results of the duration
spent on indoor as well as outdoor activities were tabulated
as less than and more than 2 hours for ease of computation,

depending upon the mean average of the number of hours
spent on the same per day, rounded off to the closest possible
whole number, based on the account given by the parents of
the subjects for the last 1-week recall.

Visual Acuity assessment, Anterior and posterior
segment examination followed by wet retinoscopy,
refraction, automated refractometry, A scan, B
scan, Applanation tonometry, pachymetry and video
keratography findings were recorded.

The subjects with progression of myopia were given
proper spectacle correction, were closely monitored for
compliance as well as for complications, and were managed
according to the institution’s treatment protocol. As this
study was an observational study with focus on causes
and risk factors for progression, treatment portion was not
included for data compilation as part of the study.

2.1. Statistical analysis

Data collection proforma was made and data was collected
and entered in MS Excel sheet. All the variables were
grouped into, as per mathematic transformation of them into
nominal/ Ordinal. Chi square test was applied at appropriate
places, where categorical data was analysed. A p-value of
<0.05 was assigned as statistically significant.

3. Results

A total of 714 subjects participated in the study, of which
19.9% of them had myopia at the time of the initial
examination. The gender predilection was determined to be
53.5% female against 46.5% male. Majority of the subjects,
or 46.5%, were between the ages of 6 and 10; the rest were
of either age groups with a slight preponderance towards the
higher end of the age limit.

Table 1 shows that among 714 children between the age
0 -15 years, in those showing progression, a major portion
belonged to the 11-15-year age group. A female predilection
was noted along with an equal distribution of subjects
with parental history of refractive error. A strong positive
correlation was seen in subjects involved in > 2 hours/day of
indoor active near work and an inverse correlation was seen
in subjects involved in < 2 hours/ day of outdoor activity.

The Table 2 shows that in a younger age group, corneal
curvature plays a major role in progression as compared to
axial length, whereas the same does not hold true for the
higher end of the growing age group.

4. Discussion

In the present prospective observational study, 19.9% were
found to be having myopia, whereas majority of the
subjects were found to be hypermetropic. The age wise
distribution of the subjects showed maximum subjects
having myopes belonging to 1-5 years age group, of which
4 subjects showed progression, whereas maximum number
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Fig. 1: Flowchart for subject distribution in the study

Table 1: Distribution of subjects according to co-relation between age, gender, refractive status of the parents, usage of screens, duration
spent on indoor active near work and outdoor activity, axial length and corneal curvature with progression of myopia

Age Group
(in years)

Visits Chi Square
statistic

P Value
First Visit Follow up visit Progression

≤5 n % n % n %
6.10 32 22.5 22 22.0 4 14.3 4.4216
11-15 66 46.5 48 48.0 10 35.7 0.3519
Gender
Male 66 46.5 44 44.0 10 35.7 1.1103
Female 76 53.5 56 56.0 18 64.3 0.5739
Family history
Father 12 8.5 10 10.0 2 7.1 4.0213
Mother 22 15.5 20 20.0 8 28.6
Both 20 14.1 10 10.0 4 14.3 0.6737
None 88 62.0 60 60.0 14 50.0
Usage of screens
Present 122 85.91 56 56 16 57.15 29.3062
Absent 20 14.08 44 44 12 42.85 <0.00001
Duration spent on indoor active near work
≤2 hrs / day 84 59.20 34 34 8 28.57 19.1
>2 hrs / day 58 40.80 66 66 20 71.43 0.000074
Duration spent on outdoor activity
≤2 hrs/ day 86 60.6 82 82 16 57.1 14.1652
>2 hrs/ day 56 39.4 18 18 12 42.9 0.00084
Axial Length (in mm)
≤21 10 7.0 6 6 0 0.0 21.3689
22-23.9 110 77.5 54 54 24 85.70 0.000023
≥24 22 15.5 40 40 4 14.30
Corneal Curvature (in D)
K1 Values
(IN D)

N % N % N %

<44 76 53.5 52 52 16 57.1 0.242
≥44 66 46.5 48 48 12 42.9 0.993
K2 Values (IN D)
<44 72 50.7 46 46 14 50.0 0.407
≥44 70 49.3 54 54 14 50.0 0.981
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Table 2: Co-relation of change in corneal with increase in axial length according to age

Age Group Increase in
Axial Length

Change in Corneal Curvature Total
N (%) Chi Square P value

< 0.5D
N (%)

0.5 – 1D
N (%)

> 1 D
N (%)

Less than 10
years

< 1 mm 2 (20.0) 6 (60.0) 1 (20.0) 10 (100.0) 1.633 0.4419
1 – 3 mm 2 (50.0) 1 (25.0) 1 (25.0) 4(100.0)

More than
10 years

< 1 mm 7 (70.0) 2 (20.0) 1 (10.0) 10 (100.0) 2.3625 0.3068
1 – 3 mm 1 (25.0) 2 (50.0) 1 (25.0) 4(100.0)

of subjects of this age group, were hypermetropes, owing to
physiological reasons like smaller axial length and flatter
cornea. The results are comparable to the hospital based
cross sectional study conducted by Gupta R et al. (2013)12

to evaluate the prevalence of Myopia in children up to 16
years wherein, prevalence of childhood myopia was 16.5%.

The findings of our study were found inconsistent in
regards to incidence, with a study conducted by Agarwal D
et al (2020),13 on the prevalence of myopia in Indian school
children, which included data from 59 quality assessed
studies, covering nearly 1,66,000 urban and 1,20,000 rural
children, where the overall crude prevalence of myopia
over the last four decades was found to be 7.5% (95% CI,
6.5–8.5%) in the 5-15-year age group.

In the current study, progression of myopia was seen in
28 (28%) of the 100 subjects who showed for follow up.
On the other hand, in the prospective longitudinal study
conducted by Rohit Saxena et al. (2017),14 progression of
myopia was seen in 4731 (49.2%) children.

In our study, majority of the subjects with progression of
myopia, had a positive history for excess usage of screens.
Among those, a larger portion of subjects had a screen time
of more than 2 hours and outdoor activities of less than 2
hours. This distribution indicates, outdoor activity for > 2
hours and indoor activity of < 2 hours is less likely to cause
progression.

Our findings were similar to a cross-sectional study
conducted by Umamaheswari Kannan et al (2016)15

among school children in the age group of 6-12 years,
where duration of watching television (TV), distance from
which TV was watched, duration of computer/video/mobile
games, and the duration of play outside had a statistically
significant association to the prevalence of RE.

The current study also shows findings similar to a
prospective longitudinal study conducted by Rohit Saxena
et al (2017),14 where hours of reading-writing/week
(p<0.001), use of computers/ video games (P<0.001) and
watching television (P = 0.048) were significant risk factors
for progression of myopia. Outdoor activities / time spent
outdoors> 2 hours in a day were protective with an inverse
association with progression of myopia (P< 0.001).

In the study undertaken, most of the subjects were
having axial length of 22-23.9 mm, which was found to be
significant statistically with a p value of <0.05.

In this study, when increase in axial length was compared
to change in corneal curvature in subjects less than 10
years of age, showing progression, it shows that change in
corneal curvature is a more common factor for progression
of myopia in younger children (< 10 years), that is, steeper
cornea is more common. Also, when increase in axial length
was compared to change in corneal curvature in subjects
more than 10 years of age, showing progression, it does
not provide a valid conclusion, whether any of the above
factors is more common in the subjects showing progression
in this age group, which can be attributed to small sample
size. This can be ascribed to the physiological changes in
the which occurs until 10 years of age. No recent or past
studies have been done on the correlation between increase
in axial length and change in corneal curvature with respect
to age, as a factor for progression. Hence, this study paves
the way and forms the basis for future studies to be carried
out on the subject of myopia, where the above factor can
be explored on a larger sample size and a population-based
study design.

5. Conclusion

In this study, we found that in the younger age group
(<10 years), curvature myopia was a more common factor
for progression as compared to axial myopia, which can
be attributed to the physiological changes of the eye with
the increasing age. Hence, physiological risk factors like
longer axial length with faster increase in the same, and
change in corneal curvature should be looked for carefully
to check progression. It has also highlighted that apart from
the common physiological factors, environmental factors,
like time spent on indoor and outdoor activity also play a
significant role in the progression of myopia in paediatric
population. Adequate short - term follow - up planned at
6 months and 1 year should be done for providing timely
refractive correction and thus prevention of Amblyopia.

Though this study is a single centre hospital-based study,
with a short term follow up and smaller size, however, it
provides basis and paves the way for future studies to be
conducted about refractive errors, especially myopia, where
population - based studies would be more insightful as to
the natural course of the disease and for results with external
validity.



542 Aishwarya et al. / Indian Journal of Clinical and Experimental Ophthalmology 2022;8(4):538–542

6. Source of Funding

None.

7. Conflict of Interest

None.

References
1. Chua J, Wong TY. Myopia-the silent epidemic that should not be

ignored. JAMA Ophthalmol. 2016;134(12):1363–4.
2. Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo K, Sankaridurg

P. Global prevalence of myopia and high myopia and temporal trends
from. Ophthalmology. 2000;123(5):1036–42.

3. Smith MJ, Walline JJ. Controlling myopia progression in children and
adolescents. Adolesc Health Med Ther. 2015;6:133–40.

4. Tideman JWL, Snabel MCC, Tedja MS, Rijn GAV. Association
of axial length with risk of uncorrectable visual impairment for
Europeans with myopia. JAMA Ophthalmol. 2016;134(12):1355–63.

5. Lin LL, Shih YF, Hsiao CK, Chen CJ. Prevalence of myopia in
Taiwanese school children: 1983 to 2000. Ann Acad Med Singap.
2004;33(1):27–33.

6. Saw SM. A synopsis of the prevalence rates and environmental risk
factors for myopia. Clin Exp Optom. 2003;86(5):289–94.

7. Dolgin E. The myopia boom. Nature. 2015;519(7543):276–8.
8. Saw SM, Chua WH, Hong CY, Wu HM, Chan WY, Chia KS,

et al. Nearwork in early-onset myopia. Invest Ophthalmol Vis Sci.
2002;43(2):332–9.

9. Baird PN, Schache M, Dirani M. The GEnes in Myopia (GEM) study
in understanding the aetiology of refractive errors. Prog Retin Eye Res.
2010;29(6):520–42.

10. Myrowitz EH. Juvenile myopia progression, risk factors and
interventions. Saudi J Ophthalmol. 2012;26(3):293–7.

11. Hashemi H, Fotouhi A, Yekta A, Pakzad R, Ostadimoghaddam H,
Khabazkhoob M. Global and regional estimates of prevalence
of refractive errors: systematic review and meta-analysis. J Curr

Ophthalmol. 2018;30(1):3–22.
12. Gupta R, Sharma B, Anand R, Bawaria S, Kursange S. Prevalence of

Myopia in children up to 16 years of age observed in tertiary care eye
centre of central India. Int J Med Res Rev. 2013;1(3):99–105.

13. Agarwal D, Saxena R, Gupta V, Mani K, Dhiman R, Bhardawaj
A, et al. Prevalence of myopia in Indian school children: Meta-
analysis of last four decades. PLoS One. 2020;15(10):e0240750.
doi:10.1371/journal.pone.0240750.

14. 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(2):e0117349.

15. Kannan U, Rajendiran A, Yeraballi D, Shanmugavel K, John N, Rene
S. Refractive error and associated risk factors in 6-12 years school
children. Natl J Physiol, Pharm Pharmacol. 2016;6:1.

Author biography

G Aishwarya, Resident
 

 

https://orcid.org/0000-0001-7509-8119

Aditi Dubey, Assistant Professor

Kavita Kumar, HOD

Shaikh Naziya Md Rizwan, Resident

Surendra Singh Kansana, Resident

Cite this article: Aishwarya G, Dubey A, Kumar K, Rizwan SNM,
Kansana SS. Incidence and progression of myopia in children (0 – 15
years) with reference to causes and risk factors in a tertiary eye care
centre in central India. Indian J Clin Exp Ophthalmol
2022;8(4):538-542.

http://dx.doi.org/10.1371/journal.pone.0240750
https://orcid.org/0000-0001-7509-8119
https://orcid.org/0000-0001-7509-8119

	Introduction
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

