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CURRENT CONCEPTS FOR MYOPIA DEVELOPMENT
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Abstract. The current concepts for the risk factors for myopia state nowadays factors can
be analyzed from the perspective of their modification and the prevention of the eye disor-
der. The main question is not only what the risk factors are, but also how to reduce them in
order to delay the myopia onset and progression. In that regard, some more important risk
factors are identified than others. The risk factors closely linked to the concept of preven-
tion of myopia are: timing, brightness and UV light exposure in outdoor activities; duration
and distance of near work (more than 2 hours per day, less than 20 cm), the type of elec-
tronic devices used, and breaks from near work; indoor illumination (over 250 lux, which
is protective for myopia); age — pre-myops aged 6-8 years are at extreme risk of myopic
complications. The complications of excessive myopia can be sight-threatening. With the
aim of preventing them, a screening program was implemented in Bulgarian schools for a
7-year-period (2018-2025). The results, as well as the new methods of myopia prevention,

are discussed and outlined.
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INTRODUCTION

yopia, which in the past has been con-
M sidered a benign form of the refraction, is

nowadays considered a pandemic affecting
more than half of the world population. Myopia is
a clinical refraction, known mostly as short-sighted-
ness, as the affected people can see clearly at short
distances and blurry in the distance. The punctum
remotum (PR) of such an eye is in the near objects,
and only divergent light rays give a clear image on
the retina. Normally, the disorder develops during
teenage years, and very few people, less than 2%,
are born myopic.

According to the severity of the refractive anomaly, my-
opia is classified as low — up to -3.0 diopters, medium
—up to -6.0 diopters, and high — over -6.0 diopters [7]. In
stationary myopia, diopters usually do not change sig-
nificantly after puberty [9]. In progressive myopia, the
refraction rapidly increases and reaches -10, -20 diop-
ters. It is combined with an increased anterior-posterior
diameter of the eye, thinning of the retina and sclera, as
a result of which degenerative diseases occur.

Epidemiology

Myopia is currently becoming a worldwide epidem-
ic, affecting more and more people worldwide [1,
2, 10]. The disorder is expected to affect almost
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5 billion people by 2050. It is estimated that over
1 billion of them will develop myopia-related com-
plications. Although the current statistics show the
rate of 27% of myopia globally, in the next decade,
the proportion in Asian countries will rise to 87%
[11, 14]. Excessive myopia is supposed to be the
most common cause of severe vision loss world-
wide, which gives the topic of myopia great social
impact and importance.

Risk factors for the development and progression
of myopia

Myopia is caused by the complex interaction between
genetic and environmental factors.

Genetic factors, although repeatedly discussed and
contested, remain to this day a major risk factor for
the development of myopia. It has been proven that
if one of the parents is short-sighted, the risk of the
child being short-sighted is 2 times higher than usual.
With two myopic parents, the risk is 6 times higher
than normal [3, 8].

Ethnic origin and education

Ethnic origin is of importance, and children in Asia
are more prone to myopia development. The dis-
order is extremely common in Asia and Southeast
Asia. Education also plays a role, especially in
countries where education is very important, long-
term, and labor-intensive. In such regions, myopia
is more common. It is clear that schools with numer-
ous study hours and intensive close work speed up
myopia development.

Work at a near distance

It is assumed that a longer time spent in close work
than outdoors leads to a faster progression of myo-
pia. The main risk factor is prolonged close work at
a distance of less than 20 cm. There is a significant
association between computer screen time and the
progression of myopia [3, 16].

The current concepts for myopia risk factors state
that nowadays, the risk factors can be viewed from
the perspective of their modification and the preven-
tion of myopia. The question is not only what the risk
factors are, but also to find ways to reduce them in
order to delay myopia onset and progression. In view
of this perspective, some risk factors, such as the
time spent in near work and computer devices, time
spent outdoors, and illumination, are more important
than others are, as they can be assessed and modi-
fied. The new risk factors coming from the notion to
prevent myopia are:

— Timing, brightness, and UV light exposure in out-
door activities;

— Distance and duration of near work (less than 20
cm, more than 2 hours per day), type of electronic
devices used, and breaks from near work;

— Indoor illumination — over 250 lux — is protective
for myopia;

— Age — pre-myops at 6-8 years are at extreme risk
of myopic complications.

AIM

The aim of the study is to outline the current con-
cepts of myopia risk factors in Bulgarian schools and
analyze the importance of the risk factors for myopia
progression.

MATERIALS AND METHODS

In the period from 2020 to 2024, 990 children were
screened (280 boys and 710 girls). Three types of
refraction groups were found: emmetropes, hyper-
metropes and myopes. We performed our screen-
ing in three different types of schools: schools in
rural towns, language schools, and sports schools
in Sofia.

RESULTS

Risk factors for myopia in Bulgarian schools in the
period 2020-2024.

The distribution of the studied children by sex and
age is shown in Table 1.

Table 1. Distribution of the children according to sex and age

Character- Sex N Mean sD Min. | Max.

istics age age age

Boys | 280 732 | 048 | 7.00 | 8.00

Girls 710 7.25 047 | 6.00 | 8.00

All 990 7.27 047 | 6.00 | 8.00

It was found that in the language schools, the number
of myopes was the largest, while in the rural town
schools and sports schools, the corresponding num-
bers were identical.

The average age of the examined children was 7.24
years (range 6-8 years). In this age group, almost
an equal number of children have emmetropia or
hypermetropia (Table 2), which are the most com-
mon refractive anomalies for this age. Myopia is less
common, and those who are detected are at risk of
developing pathological myopia. Myopia prevailed in
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girls in comparison to boys (20.21% vs 13.86%, re-
spectively).

Although the maijority of children had been examined
by ophthalmologists before and had prescriptions for
glasses, they did not wear them. Almost 68% did not
follow the prescription of wearing glasses, and this is
a hazardous tendency, which also leads to myopia
development and progression. We also found a large
increase in the time spent in front of electronic de-
vices in recent years.

In light of the current concepts of myopia, it turns
out that hours spent outdoors daily are most impor-
tant for preventing the development of myopia. Our
results show a statistical relationship between the in-
dicator — time spent outdoors per day — and myopia.
The relationship is inversely proportional. The more
time spent outdoors per day, the lower the number of
myopic children is (p = 0.013) (Table 3). Time spent

outdoors has a protective effect on the development
of myopia.

The same is valid for weekend sports. The time spent
playing sports on the weekend has a statistically sig-
nificant effect on the development of myopia, and
more time spent playing such activities reduces the
development and progression of the disease.

The alarming tendency of having more time in front
of the computer instead of sports activities outdoors
is a phenomenon seen in the post-COVID-19 pan-
demic period. The number of children spending time
outdoors with sports every day has decreased, and
those spending eight or more hours in front of com-
puters has increased (Table 4).

There is a general negative trend toward a decrease
in outdoor activities in the weekend and everyday in
the Bulgarian schools. More and more our children

Table 2. Distribution of myopia among the children between 6 and 8 years of age

Indicator Group N Mean SD Min Max
Emmetropes 300 7.27 0.45 7.00 8.00
Age Hypermetropes 320 7.31 0.47 7.00 8.00
Myopes 220 7.24 0.49 6.00 8.00

Table 3. Statistical evaluation of the influence of time outdoors in minutes on the development and progression
of myopia — Kruskal-Wallis test

Indicator Group N Mean Median SD Min Max p
. Emmetropes 300 117.00 120.00 69.04 30.00 320.00
(T;]T:uts:;“t outdoors per day [y o ctropes 320 75.00 60.00 4127 | 3000 | 22000 | 0013
Myopes 370 84.46 60.00 67.25 0.00 300.00

Table 4. The time spent in front of the computer screens and computer games increases while that of sports activities
in the weekend decreases

Indicator Group N Mean Median SD Min Max p
_ Emmetropes 300 178.83 180.00 85.82 45.00 330.00
gﬂr:’;“tes ofsportonthe week- ' metropes 320 | 20500 | 21000 | 8266 | 9000 | 360.00 | 0022
Myopes 370 143.78 120.00 82.54 0.00 300.00
Emmetropes 300 91.50 90.00 35.26 30.00 220.00
Minutes in front of the computer | Hypermetropes 320 79.38 75.00 37.84 0.00 180.00 0.141
Myopes 370 100.95 60.00 42.65 30.00 200.00
Emmetropes 300 64.50 60.00 30.18 30.00 120.00
Time of reading and writing Hypermetropes 320 50.63 55.00 26.90 0.00 120.00 0.168
Myopes 370 66.62 90.00 40.26 20.00 180.00
. . Emmetropes 300 68.17 60.00 30.86 0.00 120.00
;;";nee‘s’f(ﬂ?nyl:'t‘gsjomp“ter Hypermetropes 320 4813 | 4000 | 3167 000 | 12000 | 0001
Myopes 370 82.03 90.00 49.95 15.00 300.00
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sit in front of the computers, play games or read and
write at a near distance. All that leads to a general
increase in the line of myopia level in our schools. It
is becoming not a plateau curve but a steep one in
the last 5 years after the COVID-19 pandemic. There
is a major trend of rise of myopic refraction in our
schools, which is now more evident than it was be-
fore. It is alarming and has to be addressed quickly.

A major part of our screening in Bulgarian schools
considered classrooms illumination. Numerous au-
thors, especially in China, point out that by increasing
the illumination from 100 to 500 lux the axial elonga-
tion of the eyeball is stopped and thus it is protective
against the development of myopia. In our screening,
we measured the indoor illumination with the help of
a lux meter. The following results have been found:
illumination from 100 to 110 lux is available in 40% of
the classrooms; illumination from 200 to 220 lux — in
40% of classrooms; and illumination from 300 to 350
lux —in 20% of classrooms.

Although it is obligatory to provide illumination of
220 lux in our classrooms, about 40% have illumi-
nation lower than that, exposing the children to the
risk of developing myopia. Moreover, some of these
classrooms were the classrooms of children in the
first year of school — about 6 years of age, which is
absolutely forbidden. Only a very small proportion of
classrooms in the Bulgarian schools (20%) have a
level of lighting, which has a protective effect on the
development of myopia, with illumination of 300-350
lux.

In three of the studied schools, screening was con-
ducted in the same classes in two consecutive years.
It turns out that during the follow-up, 96.7% of the
children who were hemitropic remained so, 78% of
the hyperopic children also retained their hyperopia
diopters, and in 21% there was an increase in hy-
peropia (Table 5).

Table 5. The change of the refraction in one-year period in
the same classes in two consecutive years

Refractllon on the first year of Progression N %
screening

No 290 96.7
Emmetropes

Yes 10 33
H ; No 250 78.1

ermetropes
P P Yes 70 219

No 130 35.1
Myopes

Yes 240 | 649

In myopic children, however, the trend is the oppo-
site; in 64% myopia progressed and in only 35%, it

remained unchanged. This can be explained by the
poor working habits of myopic children — more work
on computers and less time outdoors, as well as poor
lighting in classrooms.

In one of the studied schools, after our screening pro-
gram, the lighting was changed, increasing the illumi-
nation in the classrooms to 300 lux. After the change,
the screening showed a reduced number of myopic
children (Figure 1). The Mann—-Whitney test for statisti-
cal dependence shows that the improvement in light-
ing statistically reduces the progression of myopia.

There is an inverse relationship between classroom
illumination and myopic shift in children. The better the
ilumination is, the lower the number of myopic chil-
dren. The lower the classroom lighting you have, the
greater the number of myopic children, and vice versa.

350

300 —— °

2501

200

100

T T
Room lighting -1 Room lighting -2

Fig. 1. The figure shows a decrease in the number of
myopes when classroom lighting is improved in the same
school

Other risk factors, suspected for myopia progres-
sion, are the time spent in reading and writing af-
ter school, distance for near work, way of going to
school — with a car or on foot, additional sport exer-
cises during the weekend, good compliance to myo-
pia treatment, and not wearing prescribed glasses,
which are all serious risk factors. Also, the adequate
and early healthcare is important, a late first visit to
an ophthalmologist, is a risk factor for myopia pro-
gression and development.

Although all of the above-mentioned risk factors seem
to be related to myopia development, we could not find
a statistically significant relationship in our study.

CONCLUSION

Current concepts of myopia risk factors bring us more
questions than before: What are the factors that in-
fluence treatment decisions and treatment outcomes

10
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— the age of myopia onset, rate of previous myopic
progression, family history, sex, ethnicity, lifestyle
conditions, social-economic status, education and
school habits, environmental light and illumination?

We look at them as factors to be modified and fac-
tors for prevention. We know now that everything
in myopia is individual and complex. Risk factors
for myopia development, according to current con-
cepts, are individual for each child. We have to ex-
amine the whole complex to find the risk profile of
myopia and modify it. We all agree that the highly
risky profile includes:

— A 6-8-year-old pre-myope,

Family history of myopic parents,

Female sex,

Asian race,

Inclination for more near work and less outdoor
activity.

Our general aim is to find those children from our
screening and turn their high-risk profile into the low
risk one by modifying the factors of the environment
to more protective ones for myopia. It is now the time
to act, as in myopia as in many other severe disea-
ses, prevention is better than the cure.

Conflict of Interest Statement: The authors declare no
conflicts of interest related to this work.

Funding: The authors did not receive any financial support
from any organization for this research work.

Ethical statement: This study has been performed in ac-
cordance with the ethical standards as laid down in the
Declaration of Helsinki.

Informed Consent from Participants: Informed consent
was obtained from all participants included in the study.

REFERENCES

1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence
of myopia and high myopia and temporal trends from 2000
through 2050. Ophthalmology, 2016, 123:1036-1042.

10.

11.

12.

13.

14.

15.

16.

Morgan IG, Ohno-Matsui K, Saw S-M. Myopia. Lancet, 2012,
379:1739-1748.

Resnikoff S, Jonas JB, Friedman D, et al. Myopia — a 21st-
century public health issue. Invest Ophthalmol Vis Sci, 2019,
60: Mi—Mii.

Fricke T, Holden B, Wilson D, et al. Global cost of correct-
ing vision impairment from uncorrected refractive error. Bull
World Health Org, 2012, 90:728-738.

Wu L, Sun X, Zhou X, et al. Causes and 3-year-incidence
of blindness in Jing-An District, Shanghai, China 2001-2009.
BMC Ophthalmol, 2011, 11: 10.

Flitcroft DI. The complex interactions of retinal, optical and
environmental factors in myopia etiology. Prog Retin Eye
Res, 2012, 31:622-660.

Haarman AEG, Enthoven CA, Tideman JWL, et al. The com-
plications of myopia: a review and meta-analysis. Invest Oph-
thalmol Vis Sci, 2020, 61: 49.

Grzybowski A, Kanclerz P, Tsubota K, et al. A review on the
epidemiology of myopia in school children worldwide. BMC
Ophthalmol, 2020, 20:27.

Troilo D, Smith EL Ill, Nickla DL, et al. IMI-experimental mo-
dels of emmetropization and myopia. Invest Ophthalmol Vis
Sci, 2019, 60: M31-M88.

Tedja MS, Haarman AEG, Meester-Smoor MA, et al. IMI —
myopia genetics report. Invest Ophthalmol Vis Sci, 2019,
60:89-105.

Wolffsohn JS, Flitcroft DI, Gifford KL, et al. IMI — myopia con-
trol reports overview and introduction. Invest Ophthalmol Vis
Sci, 2019, 60:M1-M17.

Flitcroft DI, He M, Jonas JB, et al. IMI — defining and clas-
sifying myopia: a proposed set of standards for clinical and
epidemiologic studies. Invest Ophthalmol Vis Sci, 2019,
60:M20-M30.

Sorsby A. Refraction and its components in twins. Medical
Research Council Special Report Series No 303. London, HM
Stationery Office, 1962, 136-137.

Kepler J. Dioptrice, Augsburg, 1611: Cited by Duke-Elder S,
Abrams D. Ophthalmic optics and refraction. In: System of
ophthalmology. Vol. V. Duke-Elder S (ed.). London, Henry
Kimpton, 1970, 341.

Cohn H. Untersuchungen der Augen von 10060 School-
kindern nebst Vorschlagen 3 fur Verbesserung der Augen
nachtheiligen Schul-Einrichtungen, Leipzig 1867: Cited by
Rehm DS. The myopia myth. Ligonier, IN: IMPA, 1981, 57.
Ch.Vidinova,A. Koeva. Myopia—riskfactors, prevalence in Bul-
garian schools, and prevention. Acta Medica Bulgarica, 2024,
51(4):28-32

Current concepts for myopia development in Bulgarian schools

1"



