PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Verkicharla PK, Kammari P, Das AV
(2020) Myopia progression varies with age and
severity of myopia. PLoS ONE 15(11): e0241759.
https://doi.org/10.1371/journal.pone.0241759

Editor: James Fielding Hejtmancik, National Eye
Institute, UNITED STATES

Received: May 22, 2019
Accepted: October 20, 2020
Published: November 20, 2020

Copyright: © 2020 Verkicharla et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Minimal data is
uploaded as supplementary file. Complete data is
available on request and it cannot be shared
publicly because of the confidentiality. The data is
from the electronic medical records of the patients
and thus may have sensitive information for which
we opted not to sharing it with public per the
regulations of institutes research ethics committee.
Data is available from the Institutional Data Access
for researchers (contact via email to
myopiaresearch@lvpei.org or administrator at
elena@Ivpei.org) who meet the criteria for access
to confidential data.

RESEARCH ARTICLE
Myopia progression varies with age and
severity of myopia

Pavan Kumar Verkicharla®'?**, Priyanka Kammari3®, Anthony Vipin Das®*

1 Myopia Research Lab, Prof. Brien Holden Eye Research Centre, LV Prasad Eye Institute, Hyderabad,
Telangana, India, 2 Brien Holden Institute of Optometry and Vision Sciences, LV Prasad Eye Institute,
Hyderabad, Telangana, India, 3 Department of eyeSmart EMR & AEye, LV Prasad Eye Institute, Hyderabad,
Telangana, India, 4 Department of Comprehensive Ophthalmology, LV Prasad Eye Institute, Hyderabad,
Telangana, India

® These authors contributed equally to this work.
* pavanverkicharla @Ivpei.org

Abstract

Objective

To investigate annual myopia progression in individuals from South Indian states across dif-
ferent age groups, and its association with age of onset and severity of myopia.

Methods

This retrospective study included the data of 6984 myopes (range: 1-30 years), who visited
at least twice to LV Prasad Eye Institute and on whom a standard retinoscopy technique
was performed to determine refractive error. Based on spherical equivalent (SE) refractive
error, individuals were classified into mild, moderate, high and severe myopic groups. Myo-
pia progression was calculated as difference between SE at 1-year follow-up visit and at
baseline. To determine the age-specific myopia progression, individuals were further cate-
gorized as myopes who are at least 15 years or younger and those who are above 15.

Results

The mean annual progression of myopia was influenced by both the age group (p < 0.001)
and severity type of myopia (p < 0.001). The overall mean myopia progression ranged from
-0.07 £0.02 D (standard error) to -0.51 + 0.02 D across different age groups with maximum
change in refractive error noted in children aged 6—10 years and the least in adults aged 26—
30 years. Myopia progression was greater in severe myopes, followed by high, moderate,
mild myopes and in individuals aged < 15 years compared to those aged >15 years (-0.45 +
0.01vs.0.14+£0.01, p<0.001). Severe myopes alone had similar annual myopia progres-
sion rate irrespective of age (i.e <15 and >15 years, p = 0.71). Early onset of myopia was
associated with high myopia in adulthood.

Conclusion

The magnitude of myopia progression in children from South Indian states is comparable to
that of Caucasians and Chinese. The greater progression in ‘severe myopes’ across
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different age groups emphasize the need for regular follow-ups, monitoring axial lengths,
and anti-myopia strategies to control myopia progression irrespective of the age and degree
of myopia.

Introduction

Myopia is one of the common refractive errors in children, worldwide. It is estimated that about
one billion myopes globally are at risk of developing myopia related complications by year 2050
[1, 2]. The prevalence and progression of myopia are known to vary with various factors such as
age, age of onset of myopia, the severity of myopia, country, and ethnicity [3, 4]. Previous studies
indicated that the mean annual myopia progression in children was about half-a-diopter in
Europeans (-0.55D) and a slightly higher progression rate in Asians (-0.82D) [5]. The Northern
Indian Myopia study that involved 10000 school children aged 5 to 15 years from one state of
India (Delhi) reported an annual myopia progression of -0.27 + 0.42 D [6]. A recent study that
involved Indian children and young adults based on a hospital-based data indicated that 4.3% of
the myopes had pathologic myopia similar to that of Caucasians and East Asians [7, 8].

There is a lacuna in the literature about myopia progression in Indians, especially the
refractive error changes in different age groups and with the severity of myopia. Given the
potential role of ethnicity and geographic location on the progression of myopia, information
on the pattern of progression of myopic refractive error across different age groups in Indian
children could help clinicians in choosing appropriate anti myopia treatment strategies. In
that front, this study aimed to estimate the annual myopia progression in Indians and its rela-
tionship with age, the age of onset, and severity of myopia.

Methods

This retrospective study was conducted at the L V Prasad Eye Institute (LVPEI), Hyderabad,
India. The required data of individuals who visited at least twice to any of the LVPEI centers
located in India from January 2010 to January 2016 for ophthalmic consultation was extracted
from the electronic medical records (EMR) database of LVPEI. This study was approved by
the Institutional Review Board of the LVPEI, Hyderabad (Approval Number: LEC 02-18-043)
and was conducted in accordance with the Tenets of the declaration of Helsinki. All individu-
als who came for eye examination had signed on the written informed general consent prior to
their clinical examination approving the use of their data for research purposes. In the case of
a child (< 18 years), the parents/guardian of the child provided the consent.

Individuals aged 1 to 30 years and only with the diagnosis of ‘myopic refractive error’ in
their first visit (taken as a baseline) were included in the study. The medical records of individ-
uals with any missing data of required variables and presence of any other ocular condition/
pathology such as pterygium, post-operative refractive surgeries, corneal disorders, cataract,
etc. that influences the refractive error was not considered for analyses. Overall, there were
6984 (7.7%) myopes who met the inclusion criteria and whose refractive error data was avail-
able for estimating myopia progression for one year of a total 90101 myopic individuals who
visited LVPEI (Fig 1). The follow-up duration of each participant was determined based on the
number of days between each visit (i.e. 335 to 390 day’s gap between each visit was considered
for one-year progression). The collected data included variables such as age, the age of onset of
myopia, gender, demographic details and refractive error (sphere, cylinder and axis). Refrac-
tion of the eye was recorded based on standard objective hand-held retinoscopy technique
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Fig 1. Flowchart with sample distribution based on inclusion and exclusion criteria.

https://doi.org/10.1371/journal.pone.0241759.9001

performed by an Optometrist while the individual viewed at the non-accommodative target
placed at 4 meters from eye. According to the protocol followed at the LV Prasad Eye institute
from where the data was collected, cycloplegic refraction was performed usually in children
younger than 16 years to determine the refractive error. The cycloplegic refraction was per-
formed in 21% of total included myopes and in 40% of children younger than 16 years. The
spherical equivalent refractive error was defined as the sum of the spherical and half of the
cylindrical power. Myopia was defined as spherical equivalent refraction (objective) worse
than -0.5 diopters (D). Based on degree of myopia at baseline, individuals were categorized as
mild (<-0.50D to -3.00D), moderate (<-3.00D to -6.00D), high myopia (<-6.00D to -9.00D)
and severe myopia (<-9.00D). To investigate how the progression of myopia in individuals
with extreme high myopia (without any ocular pathology) vary with that of regular high myo-
pia, we have defined myopia as severe myopia too in this study. Astigmatism was defined
based on the cylindrical component of overall refraction of eye (> -0.25 D) and was further
classified as with-the-rule(WTR) if the axis lied between15 degrees on either side of the hori-
zontal meridian (N = 3167; 68%), against-the-rule(ATR) if the axis was between 15 degrees on
either side of the vertical meridian (N = 1280; 27%) and oblique astigmatism (OA) if the axis
was from 15 to 75 degrees or 105 to 165degrees (N = 245; 5%).

Myopia progression was calculated as the difference between spherical equivalent refractive
error at 1-year follow-up visit and at baseline. Further analysis was performed only on right eyes
data as the spherical equivalent refraction was not significantly different between right and left
eyes (p = 0.74). Considering the influence of age, emmetropization and plasticity of eye on
change in refractive error, especially in children, all the myopes were categorized into 6 groups in
5-year intervals i.e. 1-5, 6-10, 11-15, 16-20, 21-25, 26-30 years. Our data analysis also showed
agreement to such a bimodal distribution of the progression of myopia based on age and also
corroborates with the previous studies that indicated slowing of the progression of myopia
around age 15 years [9]. As a decent number of previous studies reported the progression of
myopia in individuals aged up to 15 years, the participants in this study was further divided into
two major divisions (myopes who are at least 15 years or younger and those who are above 15)
to determine age-specific myopia progression for comparisons with previous studies.
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To investigate the association of “apparent age of onset of myopia” on the development of
high myopia in adulthood, information related to the age of onset of myopia was analyzed
only for adults aged 20 years or above. Age cutoff of 20 years was chosen to ensure that we
could subgroup into 5 year age bins for easy comparisons. Overall, the information related to
age of onset of myopia in adults aged greater than 20 years was available in 1682 individuals
(who either also belonged to 1 year progression data or might have just come only once after
the age of 20 years). Based on information obtained from the history section of the medical
records, “history of wearing glasses since “x” years” was equated to the age of onset of myopia.
For the participants who did not wear any refractive correction, prior to the consultation at
LVPEI or were not diagnosed to have myopia earlier to the visit at LVPEI, their age of onset of
myopia was considered at that particular visit date.

Statistical analysis was performed using Microsoft Excel (version 2016) along with IBM SPSS
statistical software (version 20). Considering that the data was obtained from four tertiary eye-
care centers of LVPEI located in Andhra Pradesh (two centers), Telangana and Orissa, further
sub-analysis was performed to see if any difference in outcome exists due to regional variations.

Majority of the individuals belongs to three major states, namely Andhra Pradesh
(N = 3567; 51%), Telangana (N = 1843; 27%) and Orissa (N = 1289; 19%). The remaining of
the individuals belong to other states of India (N = 285; 4%). Two-tailed unpaired t-tests were
performed to investigate the association of gender and age of onset of myopia. Multiple
ANOVA tests were performed separately to find the association of myopia progression with
age, the age of onset of myopia, type of astigmatism: WTR, ATR, and OA; location of the par-
ticipants: Telangana, Andhra Pradesh and Orissa).

Results

Of all the myopic individuals included in this study, 95% (N = 6645) of the individuals had iso-
metropic refractive error and only 5% had aniso-metropic refractive error (>1.00 D difference
between two eyes). Table 1 shows the baseline spherical equivalent and annual myopia pro-
gression values based on age, gender and severity of myopia. Mean age and spherical equiva-
lent refraction of the included myopes was 15.7 + 6.5 years (standard deviation) and
-3.24 + 3.03 D, respectively. There were more males (n = 3723; 53%) compared to females
(n =3261;47%) and a number of individuals with a mild degree of myopia (65%) compared to
that of moderate (23%), high (7%) and severe myopia (5%).

The mean annual progression of myopia was influenced by both the age group (ANOVA, F
(5,6983) = 76.23, p < 0.001) and severity type of myopia (ANOVA, F (3,6983) = 36.08,
p < 0.001). Post-hoc analysis indicated a bimodal distribution of the progression of myopia
based on age with the progression rates was not significantly different between age groups 1-5,
6-10, and 11-15 years and between 16-20, 21-25 and 26-30 years. The overall mean myopia
progression ranged from -0.07 £ 0.02 D (standard error) to -0.51 £ 0.02 D across different age
groups with maximum annual change in refractive error noted in children aged 6-10 years
and the least in adults aged 26-30 years (Fig 2). Further analysis based on stratification of
broader age group indicated significantly greater myopia progression in individuals aged < 15
years compared to those aged >15 years (-0.45 + 0.01 vs. 0.14 £ 0.01, p < 0.001). Myopia pro-
gression was greatest in severe myopes, followed by high, moderate, mild myopes (Table 1).
Post-hoc analysis indicated significant inter-group differences for severity group (p<0.01 for
all expect for mild vs moderate myopes, p = 0.11). Eighteen percent of myopes aged <15 years
and seven percent of myopes aged >15 years had rapid progression of myopia (>1D). Myopia
progression in severe myopic individuals alone was similar in both the age groups (i.e <15 and
>15 years) and was not statistically significant (p = 0.71) (Fig 3).
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Table 1. Baseline mean spherical equivalent values and myopia progression based on age, gender and severity of
myopia.

N Baseline SE Annual progression
Total 6984 | -3.24 +3.03 -0.33 £ 0.68
Age
0-5 308 | -3.81 +3.94 -0.49 + 0.86
6-10 1231 | -3.31 £3.30 -0.51 +0.79
11-15 2291 | -3.13£2.61 -0.46 + 0.68
16-20 1466 | -3.46 + 3.10 -0.23 £ 0.56
21-25 1032 | -3.19 £ 3.16 -0.11 £0.51
26-30 656 | -2.86 + 2.90 -0.07 £ 0.54
Age groups
<15 years 3830 | -3.24 £2.97 (-0.45 £ 0.01
>15 years 3154 | -3.25 £ 3.09 0.14 £ 0.01
Gender
Males 3723 | -3.21 £ 3.06 -0.31 £ 0.66
Females 3261 | -3.29 +2.99 -0.36 +£0.70
Severity of myopia
Mild 4541 | -1.65 = 0.69 -0.29 + 0.60
Moderate 1604 | -4.33 + 0.84 -0.36 + 0.69
High 475 | -7.36 £ 1.01 -0.40 £ 0.81
Severe 364 | -13.04 + 3.32 -0.67 £ 1.10

https://doi.org/10.1371/journal.pone.0241759.t001

Both gender (males: -0.31 + 0.01 D vs. females: -0.36 £ 0.01 D, p = 0.09) and the location of
individuals did not influence the overall progression of myopia (ANOVA, F (2, 6696) = 32.85,
p = 0.07). The mean annual myopia progression in individuals from Andhra Pradesh, Telan-
gana and Orissa are -0.3 = 0.01D, -0.30 + 0.02 D, and -0.37 + 0.02 D, respectively. Astigmatism
was found in 67% (n = 4692) of the individuals. Mean myopia progression was not signifi-
cantly different among individuals with different types of astigmatism (ANOVA, F (2,4689) =
2.63, p = 0.72); corresponding mean myopia progression values are: with-the-rule (-0.31 + 0.01
D), against-the-rule (-0.26 £ 0.19 D), oblique astigmatism (-0.32 + 0.04 D).

N=308 1231 2291 1466 1032 656

0.00 l - -7
-0.25 I
-0.50

-0.75

Mean progression of myopia (D)

0-5yr 6-10yr 11-15yr 16-20yr 21-25yr 26-30yr
Age (years)

Fig 2. Mean myopia progression based on age. Error bars represent standard error of the mean.

https://doi.org/10.1371/journal.pone.0241759.9002
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Fig 3. Mean annual progression of myopia based on the severity of myopia in myopes younger than 15 years and

those 15 years or older. Error bars represent standard error of the mean. Note (*) indicates the significance of
variables.

https://doi.org/10.1371/journal.pone.0241759.9003

The mean spherical equivalent refraction in adults who developed myopia at an early age
had significant high myopia compared to the ones who developed at later age, i.e. in 0-5 years
and 6-10 years the mean spherical equivalent was -8.13 £ 1.13 D and -6.33 + 0.43 D respec-
tively, and in individuals with 21-25 years and 26-30years of age the mean spherical equivalent
was-2.10 + 0.09 D and -2.01 + 0.13D, respectively (p<0.001) (Fig 4).

Discussion

The results from this study indicate that the annual myopia progression in children and young
adults from South Indian states varied with age, the age of onset of myopia and severity of

N=32 N=78 N=320 N=481 N=496 N=275

0.00
-2.00 o m
-4.00 o

-6.00 §

-8.00

10.00 T T T T T T
0-5 6-10 11-15 16-20 21-25 26-30

Apparent age of onset of myopia (years)

Mean spherical equivalent (D) in adulthood.

Fig 4. Mean spherical equivalent based on the age of onset of myopia, only in adult individuals who are at least 20
years and above.

https://doi.org/10.1371/journal.pone.0241759.g004
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myopia, but not with gender, geographic location of the individual and type of astigmatism.
The mean myopia progression was about half-a-diopter in individuals aged <15 years of age
(-0.47 to -0. 51D) and less than a quarter of diopter in individuals aged above 15 years. Similar
differences in the magnitude of progression between the age groups were reported in Chinese
individuals aged 7 to 70 years [10, 11].

The annual progression values are similar to those in Caucasian children (aged 6 to 15
years) living in Australia (-0.31 to -0.41D), Europe (-0.55D), UK and USA (-0.34 D to -0.50D)
and in East Asian countries like China and Singapore (-0.31 to -1.2 D) [5, 12-14]. The results
from this study indicate a greater mean progression than that of the findings from the North-
ern Indian Myopia Study performed on urban school children (-0.27 + 0.42 D) [6]. In this data
set, participants were majorly from three different states of South India and it is possible that
these regions are in the similar level of urbanization and due to which the myopia progression
was similar between these groups. Similar results were reported by others in Chinese and Cau-
casian children [15, 16]. The reason for the variations in the myopia progression among differ-
ent countries and within India (North and South Indian states) could possibly be explained by
the variations in the location, lifestyle and ethnicity among different population groups. [20]
How lifestyle varies within the locations of India is beyond the scope of this manuscript. Indi-
viduals with a higher degree of myopia had greater myopia progression compared to those
with a mild degree of myopia. A similar association was reported too in Taiwanese, Chinese
and Singaporean school children [3, 17-19]. The exact mechanism on why high and severe
myopes progress at a faster rate compared to that of mild myopes is not clear, an indirect rela-
tion can be speculated towards an association with the earlier age of onset of myopia. The find-
ing that there was similar mean annual myopia progression rates in severe myopia group
irrespective of the age is reported for the first time. It is possible that the severe myopia cohort
might have a different causal relationship with myopiogenesis unlike physiological myopia
and could be due to the greater influence of genes in myopiogenesis and progression in high
myopia [20, 21]. However, given that there was no information about parental myopia in the
data set, the interpretation about the relationship between the potential role of genes on the
greater progression rate in severe myopes should be made with caution. The early onset of
myopia was associated with high myopia in adulthood compared to the ones who developed at
a later age. Although there are subtle differences in the way “early onset of myopia” was
defined among various research studies, the results from this study corroborate with that of
the previous studies in that the earlier the age of onset of myopia might impose a greater risk
of developing high myopia in adulthood [3, 16].

The biggest strength of the current study is the inclusion of a big data for determining the
annual myopia progression estimates, i.e. 6984 individuals. This is the largest data used thus
far to determine myopia progression in the Indian population from South Indian states,
including the participants from three different geographic locations of India like Andhra Pra-
desh, Telangana and Orissa. This study does have some limitations. Firstly, the retrospective
nature of the data set may lead to inter-observer variability in the assessment of refraction at
each follow-up visit and could have caused the greater variability in the outcome. Our study is
a hospital-based study where a sizeable number of patients walks in only if they have some
vision-related problem. However, considering that a strict criterion was used for exclusion of
participant with other ocular condition/pathology that influences the refractive error, caution
on the generalizability of the results of this study could be decreased. It is possible that children
with high refractive error during early childhood (specially aged 1-5 years) might visit the ter-
tiary eye care center which could have led to mean values shift towards the myopic side in this
specific age group. Other limitations were the unavailability of various potential factors such as
parental myopia, time spent outdoors, the actual age of onset of myopia and thus explanation
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of the role of various risk factors attributing to myopia progression (specially the severe
myopes) in Indian population is beyond the scope of this retrospective study. The location
from where the participant came was obtained only from the postal address that was given for
the communication purposes at the time of registration and thus may not be a representative
of the location at which they grew up or living. Further studies involving separate data from
rural and urban areas, with data related to various factors such as exposure to light levels/time
outdoors, are required to provide insights on myopia progression pertinent to the specific eth-
nic scenario.

In conclusion, the magnitude of myopia progression in Indian children from the South
Indian states are comparable to that of Caucasians and Chinese, and warrants the implementa-
tion of various strategies for myopia control in Indians. This finding of the greater progression
in ‘severe myopes’ compared to that of the mild myopes across different age groups emphasize
the need for regular follow-ups with short intervals, monitoring axial lengths, and application
of anti-myopia strategies to control myopia progression irrespective of the age and severity of
myopia.
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