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A B S T R A C T

In recent years, a trend has been noted for increasing numbers of myopia cases found globally, which could potentially be indicative of a bigger problem. However,
the cause of this trend remains unknown and in addition, we have yet to be able to establish a reliable method for preventing the onset of myopia. Furthermore,
previous myopia studies have not paid adequate attention to hyperopia. That is to say, it has been suggested that the development of refraction in infancy and the
onset of myopia are distinct from emmetropization. However, myopia studies also need to focus on the development of refraction in infancy, which involves
hyperopia. Based on this viewpoint, our new hypothesis is that the trend towards myopia is associated with changes during the infancy period. The supporting
evidence for these changes can be found in four areas, epidemiology of hyperopia, relationship with body height, incidence of esotropia, and birth month research. If
this hypothesis is true, we need to investigate why there has been a decrease in hyperopia patients rather than why there has been an increase in myopia patients.

Introduction

Myopia is a refractive error in which light from a distance cannot be
focused on the retina owing to excessive extension of the axial length
[1]. Recently, there has been a global trend for increases in the number
of myopic patients, which could potentially be indicative of a bigger
problem [2]. However, the reasons for these increases are unknown,
and as of yet there has not been any reliable way established for pre-
venting the onset of myopia.

It has been previously speculated that the onset of myopia might be
associated with performing near vision tasks over a long period of time
[3]. For example, highly educated people have a higher myopic pre-
valence rate [4], and experimental studies have shown that myopia
arises in animals when they wear minus lenses that simulate near vision
work [5]. Therefore, it appears logical that increases in near vision
work due to the recent modernization of life have caused this increased
trend of myopia. Alternatively, however, while many basketball and
volleyball players are tall, this does not necessarily mean that there is a
causal relationship between jumping movement and height. Moreover,
it cannot be shown that the recent global trend towards taller in-
dividuals has been caused by increases in daily jumping movement.
Furthermore, although an enormous number of studies have examined
myopia over the years, they still have not proven there is a causal re-
lationship between near vision work and the onset of myopia.

Another environmental factor that has been suspected as affecting
myopia onset is the light environment. A previous study has shown that
sunlight suppressed the progression of myopia [6], while another study
found that breeding animals under various light environments could

produce myopia [7]. Also, the relationship between circadian rhythm
and refraction cannot be ignored [8]. In addition, there have been
concerns that night light pollution due to recent urbanization might
adversely affect overall health [9]. Furthermore, the possibility exists
that changes in the light environment could be associated with the
increasing tendency of myopia globally.

In general, infants are hyperopic at birth, and then rapidly develop
towards emmetropia in infancy [10,11]. After this period of emme-
tropization, myopia typically develops starting when children reach
school age. Inevitably, most studies on myopia have examined the ac-
tual onset and progress of myopia. This is because many researchers
have imagined the following implicit refraction development model to
study myopia [10].

Refraction= Early Variation+ Emmetropization+Myopic Onset
(Model 1; Fig. 1)

As this model indicates, myopia research is based on the idea that
the onset of myopia stems from the development that occurs before
emmetropization. However, by adding the concept of hyperopia and its
development from a continuous perspective from infancy, this leads to a
new hypothesis.

New model on refractive development

In our refractive development model, eyeball growth from 0 years of
age to adulthood is modified by emmetropization. This model can be
stated as follows:

Refraction= Early Variation+Growth (k)+ Emmetropization (e)
(Model 2; Fig. 2)

https://doi.org/10.1016/j.mehy.2019.05.017
Received 24 March 2019; Accepted 12 May 2019

⁎ Corresponding author at: Matsuda Eye Clinic, 2965, Shinge, Sennan, Osaka 590-0503, Japan.
E-mail address: matuda@osaka.med.or.jp (K. Matsuda).

Medical Hypotheses 128 (2019) 78–82

0306-9877/ © 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2019.05.017
https://doi.org/10.1016/j.mehy.2019.05.017
mailto:matuda@osaka.med.or.jp
https://doi.org/10.1016/j.mehy.2019.05.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2019.05.017&domain=pdf


In this model, the growth term includes the growth coefficient k,
and the emmetropization term includes the target value e. If we assume
that the axial length that determines refraction also grows in conjunc-
tion with the height, then the growth term in Model 2 can be expressed
by the Gompertz equation. Although the value of k is determined to
some extent by a genetic factor, similar to the growth coefficient of
height, it is considered not to be constant throughout life but to be
variable in accordance with environmental factors that are present.
However, the eyeball is a precise organ. Therefore, based on the growth
term alone, ametropic changes can be a distinct disadvantage in sur-
vival competition, unless the refraction happens to be emmetropic. To
overcome the survival disadvantages of these visual issues, it is thought
that the process of evolution led to the development of the emme-
tropization mechanism. Emmetropization occurs by adjusting three
elements that include refraction of the cornea, the crystalline lens, and
the ocular axis. It acts like gravity by having an effect on the devel-
opment of the hyperopic side with promotion of the target value e,
while development of the myopic side requires suppression of the target
value e. As a result, the refraction of the population becomes a high
kurtosis distribution concentrated near emmetropia [10]. If the growth
coefficient k is large and the emmetropization mechanism cannot
maintain emmetropia, myopia will develop.

Model 2 can be used to easily interpret various animal studies of
myopia. For example, with form deprivation myopia, the image is out of
focus due to the scattering of the light. Therefore, the experiment is
equivalent to deleting the intervention emmetropization term. In this
case, when there is a constant environment, refraction develops the
pattern seen in Fig. 2A due to only the genetic variation of k, and thus,
the refraction should result in a normal distribution. The form depri-
vation method is suitable for selective breeding, as it has been shown to
be able to easily cause myopia [12]. As compared to the form depri-
vation method, other myopia experiments that change variables in the
light environment are considered to act on k. Since the emmetropiza-
tion term is functioning in these cases, the emmetropia phase shown in
Fig. 2B should be similar to that observed in the experimental results
reported by Cohen et al. [7]. On the other hand, lens-induced myopia
[13] can be interpreted as a replacement of the target value e of the
emmetropization term. Normally e is approximately +0.5 D, but in
conditions where animals wear a −5 D lens, the e will be set to −5 D.
As the lens-induced myopia progresses, it is pulled by the attraction to
the replaced target value e. As a result, the speed will be faster than the
progression seen for the form deprivation experiment that lost attrac-
tion. Thus, the refraction will incorporate the power of the worn lens,
with a resulting correlation of both values.

Fig. 1. Image of refractive development Model 1. This model assumes e is the target for emmetropization, which is approximately +0.5 D. The vertical axis shows the
minus diopter on the upper side. (A) Normal refractive development. (B) Myopia deviates from (A) due to excessive near vision work.

Fig. 2. Image of refractive development Model 2, which takes into consideration growth coefficient k. (A) Refractive development is based on the growth coefficient
k, which is similar to the body height growth. In this case, the refraction is greatly dispersed, which is disadvantageous to survival. As a result, this suggests the
development of an emmetropization mechanism towards e, as indicated by the arrow. (B) The observed refraction development is based on (A), which has subse-
quently undergone modification with emmetropization. Cases with a large k will develop myopia at the time point (!!) when it becomes impossible for the em-
metropization mechanism to maintain e.
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Hsypothesis

Our new hypothesis states that the increasing tendency of myopic
patients in recent years is due to the influences from the light en-
vironment, with these changes already having an effect starting from
the infancy period. Thus, if these changes in the light environment are
in fact the cause of this trend, then k is influenced not only at school age
but also during the infancy period. As shown in Fig. 3, this effect should
be able to be observed as a faster emmetropization. The important point
that should be noted on the time axis of the refraction development that
is shown in Fig. 3 is that the decrease in hyperopia is not a result of the
increase in myopia. Although below we do describe the reasons for
considering changes in the light environment as the cause of these in-
creases in myopia, at the present time these factors cannot be deemed to
be completely reliable. However, if more detailed epidemiological
studies of hyperopia are carried out in the future, the basis of our
current hypothesis should become more evident.

Supporting evidence

Epidemiology of hyperopia

Prevalence of hyperopia and prevalence of myopic patients are in-
versely related. For example, a report that compared urban and rural
areas found that the percentage of hyperopia was as small as 7.1% in
urban areas as compared to 30.8% in rural areas. In contrast, myopia
was 13.9% in urban areas while it was 7.5% in rural areas [14]. Also, it
is a well-known fact that as compared to Western populations, there are
fewer hyperopia patients found in Asian populations, who have been
shown to exhibit more myopia than Westerners. One important point
that needs to be checked is whether or not the decrease in the tendency
of hyperopia prevalence occurred at the same time as the recent in-
creased tendency of myopia prevalence. Unfortunately, at the current
time, epidemiological studies have yet to clarify this point [15]. The
reason for this appears to be due to the fact that a reduction in the
disease is less problematic than an increase, combined with that fact the
decrease of hyperopic patients is considered to be a natural result of the
increase of myopic patients. Thus, if the decrease of hyperopic patients
is a natural result of the increase of myopic patients, the explanation for
the increase in myopia should also be able to explain the decrease in

hyperopia. That is, if the cause of myopia is due to near vision work,
this should also lead to a reduction in the hyperopia. However, near
vision work training has yet to be established or recommended as a
treatment for hyperopia.

Signs that a subject will develop myopia in the future are thought to
be present during the period when hyperopia is present (Fig. 2B). There
have been reports that some populations with greater myopia were able
to reduce hyperopia at a faster rate, for example, 10-, 20-, 30-, and 40-
week-old infants in Hong Kong exhibited changes from +2.98 D,
+1.97 D, +1.33 D, to +0.80 D, while in Italy the values in the same
ages groups were +2.60 D, +3.00 D, +2.70 D, and +2.50 D [16].
Also, when comparing the average refractions of 6-year-old children in
different countries, the refractions were, +0.96 D in Japan, +1.26 D in
Australia, and +1.41 D in Northern Ireland, with the remaining hy-
permetric values before the development of myopia also shown to be
less in the more myopic population [10]. As seen in Fig. 3, the recent
refraction of infants should result in more myopia. Thus, do these re-
sults also demonstrate that there should be less hyperopia than was
observed in the past? In other words, signs of myopic tendency should
now be beginning to appear during infancy. Until the present, the ex-
istence of these events has rarely been investigated. When examining
preschool children (average age 4.6 years) in Hong Kong, the average
refraction between the 1996 group and the 2006 group exhibited a
significant difference, changing from +0.92 D to +0.67 D [17].
Meanwhile, it has also been reported that the average refraction for
Chinese children even now still remains at +1.44 D at the age of three
and +1.33 D at the age of six [18]. Even so, comparison of these past
and present reports cannot be made, as it is difficult to compare these
studies due to differences in the examination methods [19–21].

Relationship with body height

Although it has been reported that refraction and height are related
[22], the correlation is low [23]. The main reason for this has been
considered to be due to the strong modification of emmetropization
that can occur unlike that for body height. Since the axial length, which
mainly determines refraction, is a physical dimension of the body, it is
fully conceivable that refraction and body height might be common
essential features. Body height is hereditary and correlated with the
height of both parents. Moreover, people in urban areas are taller than
that found in rural areas. In addition, body height has been shown to be
correlated with the amount of exposure to the sun [24]. On the other
hand, it is clear that refraction is also strongly hereditary, and that
urban areas have higher myopic prevalence than rural areas. Further-
more, it has been reported that refraction is also related to the amount
of exposure to the sun [25].

Body height at adulthood can be predicted by the amount growth
that occurs up to 2 years of age [26]. In addition, the recent trend of
higher heights has also been noted to appear during the growth period
that occurs up to 2 years of age [27]. These features may also be ap-
plicable to the refraction and thus, perhaps future myopia can be pre-
dicted based on the development of refraction in children up to 2 years
of age. Similar to the trends for higher heights, the recent myopia trend
may be also be associated with changes in children up to 2 years of age.
Furthermore, if the myopic tendency is associated with the height
trend, environmental factors would be suspected to be altered in the
light environment rather than associated with increases in the amount
of near work, which is not related to height [25]. Since the amount of
sunlight does not tend to fluctuate over the years, these changes are
thought to be due to changes in the light at night caused by artificial
lighting associated with urbanization [28].

Incidence of esotropia

Esotropia, especially the accommodative type, has links to hyper-
opia. In recent years, it has been suggested that the incidence of

Fig. 3. Image of recent myopic trend based on the growth coefficient k of Model
2. The graph shows the change in the average refractive values of the popu-
lation. The average k of the population has increased compared to the past due
to changes in the light environment. In addition, there is a difference in the
infantile hyperopia due to changes in the recent and past history. Moreover, the
time point at which the emmetropization mechanism can no longer maintain e
is accelerated, with the age of onset becoming younger, thereby leading to the
increase in the degree of myopia.
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esotropia has decreased. In West Berkshire in the UK, the incidence of
esotropia was reported to have decreased by 55% between 1971 and
1991 [29]. In Hong Kong, it has also been reported that the number of
esotropia patients is decreasing while the number of exotropia patients
is increasing. Therefore, the ratio of the number of exotropia to eso-
tropia patients is increasing [30]. The increasing trend for this ratio has
also been confirmed in the United States and Japan [31,32]. However,
there have been no significant changes in the incidence when the results
were limited to infantile esotropia [31,33]. Therefore, if the incidence
of esotropia is decreasing, this is thought to be due to a reduction in the
accommodative esotropia caused by hyperopia. The average age of
onset of accommodative esotropia is 2.5 years old [34]. Even if myopia
increases in school-age children, the onset of esotropia does not de-
crease. Thus, recent changes in the incidence of esotropia can be proof
of signs of a myopic tendency beginning to appear in infancy.

Study on birth month

The purpose of studies on the relationship between birth month and
disease is to investigate the influence of the environment in fetal or
infantile periods by using the birth month as a proxy variable. Although
many studies have been done on schizophrenia and multiple sclerosis,
the relationship between refraction and the birth month has yet to be
established. However, it appears that Asians born during the autumn
season are more hyperopic and lesser myopic [35–37]. An inverse
analysis has suggested that the relationship between the refraction of
children and the birth month can be explained by a model that the
deviation of day length affects the development of refraction in infancy,
with a peak at 5months of age [37]. Even in the elderly, this influence
can be confirmed by the fact that the deviation of day length at around
5months of age is an explanatory variable for the corneal curvature in a
regression analysis [38]. Therefore, the influence of the natural light
environment should be of concern for not only suppression of myopia in
school-age children, but also on the effect it can have on the rapid in-
fantile refractive development.

Studies on the birth month have suggested that the melatonin se-
cretion ability of the pineal gland that occurs in infancy may be related
to the onset of several diseases [39]. Myopia is one of the diseases
mentioned. Vigorous secretion of melatonin requires nighttime dark-
ness and daytime sunlight exposure. If the secretion ability during the
infantile period is determined when a child is exposed to a bright en-
vironment at nighttime, the secretory ability may be lowered
throughout the person’s lifetime. Quinn et al. have reported that there
was a difference in the incidence of myopia depending on the nighttime
light environment that occurred during the first 2 years of life [40].
Although this report remains controversial, their results can be ex-
plained by assuming that there is involvement of melatonin. However,
several studies have suggested that in order to elucidate the cause of
myopia, it will be necessary to further investigate the relationship be-
tween melatonin and refraction [41–44].

Conclusion

Previous myopia studies have not paid adequate attention to hy-
peropia. Although there is tacit consent that distinguishes the devel-
opment of hyperopic eyes in infancy and the onset of myopia as a
boundary of emmetropia, investigations into the development of hy-
peropic eyes in infancy will also need to be undertaken. Our new hy-
pothesis states that the recent increasing tendency for myopic patients
is due to changes that have already occurred during the infantile period.
If this hypothesis is true, we need to determine why there has been a
decrease in hyperopia patients rather than focus on only why there has
been an increase in myopia patients.
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