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Key Points

e The prevalence of myopia in children is high in urban East Asian
countries.

e The myopia and HM prevalence among young adults is much higher in
East Asia than in Western countries.

e The burden of HM is huge because HM can cause PM changes and visual
impairment.

e The prevalence of PM among adults has been relatively low, but it is likely
to increase in future.

e [tis important to develop public policies and preventive measures to retard
the epidemic myopia.
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2.1 Introduction

Myopia has become a significant global public health and socioeconomic problem
[1-4]. Developed countries, especially among East Asia, have been faced with high
prevalence of myopia and high myopia (HM) and the same trend has been shown in
other parts of the world with less extent [5, 6]. (The definition of myopia and HM is
spherical equivalence (SE) of —0.50 diopters (D) or less and SE —5.00 D or —6.00
D, respectively.) The prevalence of myopia and HM in young adults in urban area
of East Asian countries has risen to 80—-90% and around 20%, respectively [7, 8].
According to a summary of 145 studies regarding the global prevalence of myopia
and HM, there are approximately 1950 million (28.3% of the global population) and
277 million (4.0% of the global population) cases, and they are predicted to increase
to 4758 million (49.8% of the global population) for myopia, and 938 million (9.8%
of the global population) for HM by 2050 [9].

Most cases of myopia are considered as a benign condition because vision is cor-
rected with spectacles, contact lenses, or refractive surgery. However, severe cases
of myopia are associated with the risk of irreversible vision impairment and blind-
ness due to pathological changes in retina, choroid, and sclera. One study has shown
that 25% of HM will develop pathologic myopia (PM) and 50% of those with PM
will have low vision as older adults. Thus, HM and PM are likely to increase drasti-
cally in the older generation. Based on the global prediction of HM on 2050, PM
may increase to over 200 million in future [9]. Treatment strategies against PM
have not been effective and costly [10]. Considering the burden of PM in the future,
it is important to develop public policies and preventive and early interventional
measures to retard the epidemic myopia. In this chapter, we summarize data on the
prevalence of myopia and HM in different generations and the prevalence of PM
from recent epidemiological studies.

2.2  Prevalence of Myopia in Children

In children, cycloplegic refraction is a common procedure to measure refractive
error because children have a possibility to have an overestimation of myopic
refraction, due to increased tone of the ciliary muscle and a constant accom-
modative effort during the examination, and makes the refraction overestimated
approximately over —1 to —2 D [11, 12]. Many population-based studies on chil-
dren have proved that the prevalence of myopia is higher in urbanized East Asian
countries. In surveys of 12-year-old children, the prevalence of myopia is higher
in Singapore (62.0%) [13], Hong Kong (53.1%) [14], and Guangzhou, China
(49.7%) [15] than in the United States (20.0%) [16], Northern Ireland (17.7%)
[17], Australia (11.9%) [18], urban India (9.7%) [19], Nepal (16.5%) [20], and
Cambodia (6.0%) [21]. We summarized the prevalence of myopia among chil-
dren in population studies using cycloplegic refraction between Asian countries
(Table 2.1) and non-Asian countries (Table 2.2).
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2.2.1 Asian Countries

2.2.1.1 East Asian Countries and Singapore

Taiwanese school children have the highest prevalence of myopia among all school
children worldwide. The prevalence of myopia among 8-year-old children is 36.4%
in Taiwan [22], followed by 34.7% in Singapore [13], 30.8% in Shanghai [25] and
14.0% in Malaysia [48]. Lai et al. reported that the prevalence of myopia among 618
preschool Taiwanese children were also as high as 3.0%, 4.2%, 4.7%, and 12.2% in
the age groups of 3, 4, 5, and 6 years, respectively [23]. A nationwide myopia sur-
vey in Taiwan showed that the prevalence of myopia among 7-year-olds increased
from 5.8% in 1983 to 21% in 2000. At the age of 12, the prevalence of myopia was
36.7% in 1983 increasing to 61% in 2000, corresponding figures for 15-year-olds
being 64.2% and 81%, respectively [7]. In China, Ma et al. reported that the preva-
lence of myopia in Shanghai was 20.1% among 3-year-old to 10-year-old children.
They also showed that the prevalence increased dramatically from 5.2% in 6-year-
old children and 14.3% in 7-year-old children to 52.2% in 10-year-old children [25].
In the urban city of Guangzhou, the prevalence of myopia was 7.7% in 7-year-old,
30.1% in 10-year-old, and 78.4% in 15-year-old children, with an overall prevalence
of 38.1% among 4364 children aged 5—-15 years [15]. In a rural area of Beijing,
Zhao et al. reported that the prevalence of myopia among school children aged 5-7
and 14-15 years were 1.2% and 38.8%, respectively, with an overall prevalence of
14.9% among 5884 children aged 5-15 years [29]. In a suburban area, the preva-
lence of myopia among 3070 school children aged 6, 7, 10, and 14 years was 0.42%,
1.92%, 9.4%, and 28.8%, respectively [27]. In another rural area of northern China,
the prevalence of myopia among 1675 school children aged 5-9, 10-14, and 15-18
years was 0.9%, 4.5%, and 8.2%, respectively, with an overall prevalence rate of
5.0% [49]. In Hong-Kong, 2 population-based surveys were conducted in children
aged 3-6 years during 1996—1997 and 2006-2007, which revealed that prevalence
of myopia increased 2.3-6.3% in a decade [30]. In Singapore, the school-based pop-
ulation study of the Singapore Cohort Study of Risk factors for Myopia (SCORM)
showed that the prevalence of myopia was 29.0% in 7-year-olds, 34.7% in 8-year-
olds, and 53.1% in 9-year-olds [50]. In younger ages from 6 months to 6 years, the
Strabismus, Amblyopia, and Refractive Error in Singapore (STARS) Study reported
that the prevalence of myopia was 11.0% in Chinese children [31].

2.2.1.2 Rest of Asian Countries

On the other hand, the prevalence of myopia is generally lower in other countries in
Asia. In India, 6447 school children aged 5-15 years had 7.4% of the myopia preva-
lence in an urban population in New Delhi [19]. A population-based cross-sectional
study was conducted among children in 1 urban and 3 rural areas. It reported that
the prevalence of myopia among children <15 years of age and >15 years of age
was 3.2% and 20.0%, respectively [32]. In Iran, the prevalence of myopia among
1854 school children aged 7, 10, and 14 years were 1.7%, 2.4%, and 7.6%, respec-
tively, with an overall prevalence rate of 4.4% among 7-year-old to 15-year-old chil-
dren in Shiraz [33]. In 4282 Nepalese secondary school children aged 10-15 years,
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the myopia prevalence was ranged from 10.9% in 10-year-olds to 27.3% in 15-year-
olds [20]. In Thailand, the prevalence of myopia was 11.1% in 2360 children aged
6-12 years [37].

2.2.2 Non-Asian Countries

Nowadays, a rise of the myopia prevalence has also been shown in non-East-Asian
countries that previously were only mildly or moderately affected, such as the UK,
Australia, and the United States, although the prevalence is still lower than that in
Asian countries. In the United States, the prevalence of myopia among 6—-month-old
to 6-year-old children was 1.20% and 3.98% in 1501 non-Hispanic White and 1507
Asian ethnicity children, respectively, as per the Multi-Ethnic Pediatric Eye Disease
Study [38]. In the Baltimore Eye Study, the prevalence of myopia (SE <—1.00 D) was
1.2% in Whites, 6.6% in African-Americans among children aged 6 years, and an
overall prevalence among 6-month-old to 71-month-old children was 0.7% and 5.5%
in 1030 Whites and 1268 African-Americans, respectively [39]. Although few reports
have been published on the prevalence of myopia in children in Europe, regional
differences from country to country were shown even within the same geographi-
cal area. In England, the Aston Eye Study (AES) reported that the prevalence was
9.4% among children aged 67 years, and 29.4% among children aged 12—13 years,
whereas the prevalence was 2.8% and 17.7% among children in the same age groups
in Northern Ireland [17, 41]. In the Netherlands, the myopia prevalence rate was as
low as 2.4% in 5711 children aged 6 years [40]. In Poland, the myopia prevalence
was lower: 2.0% in 6-year-old, 8.4% in 8-year-old, and 14.7% in 12-year-old chil-
dren [43]. In Australia, the Sydney Myopia Study (SMS) reported that myopia was
present in 1.43% in 1765 children aged 7 years, with 0.79% in European children
and 2.73% in other ethnicity children [45]. The Sydney Adolescent Vascular and
Eye Study (SAVES) reported the myopia prevalence to be 18.9% among 12-year-old
children, with 52.5% in East Asian, 8.6% in European Caucasian, and 12.0% in other
ethnicity groups [44]. However, these ethnic differences may not be based solely
on genetic differences. Studies on migrant populations suggest that the prevalence
of myopia among Asian children living in non-Asian countries such as Australia is
not as high as those living in East Asian countries [51]. Finally, in population-based
studies, the lowest prevalence appears to be in Africa. The prevalence of myopia
was 3.4% in 12-year-old to 15-year-old children in Ghana and 4.0% in 5-year-old to
15-year-old children in South Africa [46].

2.2.3 Urban and Rural Areas

Collectively, there are significant differences in the prevalence of myopia between
urban areas and rural areas. In China, the prevalence of myopia was 38.1% in
children aged 5-15 years in urban area, Guangzhou, whereas the prevalence of
myopia was 5.0% in children aged 5-18 years in rural area. In an urban area,
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Tehran, the prevalence of myopia was 7.2% in 809 children aged 5-15 years in
the Tehran Eye Study, while a rural area, Dezful, had a lower prevalence of myo-
pia which was 3.4% in children aged 7—15 years [35, 36]. A recent meta-analysis
found a 2.6 times higher risk of developing myopia in children of urban residence
compared with those who lived in rural areas [52]. These differences in the myopia
prevalence among children may be caused by a rigorous education system which
children especially living in urbanized are exposed to. Especially in Eastern Asian
countries, academic success is important, and most children are enrolled in com-
petitive, academically oriented schooling at a very early age [51]. It is influenced
by enduring patterns of behavior and cultural attitudes that may result in the myo-
pic environmental factors, such as higher levels of more intense near-work and
lower levels of outdoor activity.

In summary, the prevalence of myopia in children is higher in East Asian coun-
tries (49.7-62.0% among 12-year-old children) compared with non-Asian countries
and other Asian countries (6.0-20.0%). The prevalence of myopia has remained
consistently high among Chinese children in urban settings, but the evidence does
not support the idea that it is caused by purely genetic difference [53]. The associa-
tion of an urbanized setting with high myopia rates is likely to be influenced by
possible modifiable risk factors such as near-work and outdoor time.

2.3  Prevalence of Myopia and HM in Teenagers and Young
Adults

2.3.1 East Asian Countries

The prevalence of myopia in young adults is more than 80% in urbanized East Asian
countries (Table 2.3). A remarkable increase in the myopia and HM prevalence was
seen in the past decades. In China, Chen et al. conducted a 15-year population-
based survey using noncycloplegic autorefraction to investigate trends in the
prevalence of myopia among 43,858 high school students in Fenghua city, eastern
China, from 2001 to 2015. The overall prevalence of myopia and HM increased
from 79.5% to 87.7% and 7.9% to 16.6%, respectively, during the 15-year period
[54]. In Shandong, another city in eastern China, the prevalence of myopia and HM
using cycloplegic autorefraction in school children aged 17 years was 84.6% and
13.9%, respectively [55]. A cross-sectional study among 5083 university students
in Shanghai showed that 95.5% were myopic and 19.5% were high myopic (SE
<—6.0 D) [56]. In Korea, the prevalence of myopia and HM (SE <—6.0 D) using
cycloplegic autorefraction was higher in an urban population (96.5% and 21.6%)
[8], compared to a rural population (83.3% and 6.8%) [26], among 19-year-old
males in military conscripts. In Taiwan, the prevalence of myopia and HM (SE
<—6.0 D) was 86.1% and 21.2%, respectively, in males aged 18-24 years in mili-
tary conscripts [57]. In Singapore, the overall myopia and HM prevalence in 28,906
young males aged 16-25 years increased from 79.2% and 13.1% in 1996-1997 to
81.6% and 14.7% in 2009-2010, respectively [58].
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2.3.2 Rest of East Asian Countries

In contrast to the uniformly high prevalence in Eastern Asian countries, the prev-
alence of myopia and HM in young adult populations in other countries varies
among different ethnicity and geography (Table 2.4). In Israel, a 13-year series
of population-based prevalence survey was conducted on young adults aged
16-22 years during the years 1990-2002. The overall prevalence of myopia and HM
(SE <—6.0 D) using noncycloplegic autorefraction increased from 20.3% and 1.7%
in 1990 to 28.3% and 2.05% in 2002, respectively [59]. In the Tehran Eye Study,
the prevalence of myopia using cycloplegic autorefraction was 29.3% among young
adults aged 16-25 years [36]. In Australia, the prevalence of myopia was 20.4% in a
population-based cohort using cycloplegic autorefraction in mostly White subjects
aged 19-22 years [60]. In the Sydney Adolescent Vascular and Eye Study (SAVES),
myopia was present in 30.8%, with 59.1% in East Asian, 17.7% in European
Caucasian, and 34.9% in other ethnicity group; and HM (SE <—6.00 D) was present
in 1.9% among 17-year-old young adults [44]. In Europe, the prevalence of myo-
pia and HM (SE <—6.50 D) among 4681 Danish conscripts was 12.8% and 0.3%,
respectively [61]. A population-based study in Norway reported that 35.0% were
myopic among 1248 young adults aged 20-25 years [62]. In the United States, the
myopic prevalence rate was 27.7% in young adults aged 18-24 years [63].

As shown above, the myopia prevalence among young adults in East Asia is
much higher than in Western countries. This is most likely reflecting the higher
myopia prevalence among school children in Eastern Asia and can be further accel-
erated by their education system. This age population usually spend much time
in study and are expected to achieve high scores for competitive college entrance
examination, especially in Asia. In one study conducted in China, the prevalence of
myopia in postgraduates was higher than in undergraduates [56], suggesting that
associated factors, such as higher school achievement and prolonged near-work and
less outdoor time, might contribute to the increasing prevalence of myopia [51]. We
summarized the myopia prevalence in East Asian countries (Table 2.3) and rest of
East Asian countries (Table 2.4). When comparing the results, we must be cautious
because some conscript-based studies investigated only men, and conducted eye
examination without cycloplegic refraction, which may make the refraction overes-
timated approximately over —0.50 D in younger adults [64].

24  Prevalence of Myopia and HM in Adults

In adults, the prevalence rates of myopia vary widely with age reflecting the hyper-
opic shift by aging in older generations. According to the results from the Beaver
Dam Eye Study, the prevalence of myopia was likely to decrease with age among
individuals aged above 43 years [65]. Wong et al. showed that the highest prevalence
of myopia was in the age group of 40 years and above 70 years among Chinese-
Singaporean adults aged 40-81 years old [66]. It suggested that the prevalence in
elderly adults older 70 years could be overestimated due to lens nuclear sclerosis
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Fig. 2.1 Reported prevalence of myopia in adult population based on population studies

inducing refractive myopia. Population-based data indicate that Asian adult popu-
lation is more susceptible to myopia compared with similarly aged western popu-
lation. However, compared to the prevalence of myopia in children, the regional
difference is not obvious in adults. We summarized the prevalence of myopia in
adult population-based studies in the world (Fig. 2.1). It must be noted that there is
lack of consensus in definitions of myopia and HM, and the definition varies among
studies and that there is a difference of age population affecting by nuclear cataract,
thus not directly comparable among different studies.

2.4.1 Asian Countries

2.4.1.1 East Asian Countries

In China, the prevalence of myopia and HM (SE <—6.0 D) was 32.3% and 5.0%,
respectively, in 1269 adults aged 50 or more years in the Liwan Eye Study [67]
conducted in an urban city of Guangzhou. In rural areas, 26.7% were myopic and
1.8% were high myopic in 6491 adults aged 30 or more years in the Handan Eye
Study [4]. The Beijing Eye Study reported that the myopia and HM (SE <—6.0
D) prevalence was 22.9% and 2.6%, respectively, in 4319 adults aged 40 or more
years in urban and rural Chinese populations [68]. However, these data may lead to
substantial underestimation of the myopia prevalence because refraction data were
obtained only from those with visual impairment. In Taiwan, the Shinpai Eye Study
in adults aged over 65 years reported that the prevalence of myopia and HM (SD
<—6.0 D) was 19.4% and 2.4%, respectively [69]. In Singapore, the prevalence of
myopia in Singaporean-Chinese, Malay, and Indians was 38.7% [66], 26.2% [70],
and 28.0% [71], and corresponding figures for HM being 9.1%, 3.9%, and 4.1%,
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respectively. In Japan, the prevalence of myopia and HM in urban areas is relatively
high, 41.8% and 8.2%, respectively, in 3021 adults above 40 years in the Tajimi
Study [72]. However, the myopia rates may be overestimated because of the use
of noncycloplegic refraction for the younger population who may have excessive
residual accommodation. A latest population-based study from a rural area showed
that the prevalence of myopia and HM was 29.5% and 1.9%, respectively, among
adults aged 40 years or older in the Kumejima Study [73]. In this study, the preva-
lence of myopia was nearly the same as those in urban areas of China, while the
prevalence of HM was similar to that reported in rural areas of other Asian coun-
tries. In South Korea, the prevalence of myopia and HM was 20.5% and 1.0%,
respectively, among adults above 40 years in the Namil Study [74]. Relatively low
prevalence in the study was reflected by rural lesions, it was similar to that of rural
Chinese population.

2.4.1.2 Rest of East Asian Countries

In other Asian developing countries, the prevalence of myopia is slightly lower:
17.2% among adults aged 40 or more years in Mongolia, and 22.1% among
adults aged 30 or more years in Bangladesh [75, 76]. Further, the myopia rate in
the Bangladesh study may be overestimated because of the use of noncyclople-
gic refraction for the younger group aged 30-39 years who may have excessive
residual accommodation. In a rural area in India, the prevalence of myopia and HM
was 27.0% and 3.7%, respectively, in 2508 Indian adults aged above 39 years [77].
Relatively high prevalence in rural Indian population may be caused by higher rates
of nuclear cataract. The prevalence of myopia is slightly higher at 36.5% among
adults aged 30 or more years in Pakistan, and at 30.2% among adults aged 40 or
more years in Iran [78, 79]. The myopia rate in the Pakistan study may be overesti-
mated because of the cohort effect of younger group aged 30-39 years.

2.4.2 Non-Asian Countries

In the USA, the latest report in the Chinese American study showed the relatively
high prevalence of myopia and HM, 35.1% and 7.4%, respectively, in 4144 Chinese
adults aged 50 years or older [80]. This result is similar to or slightly higher than
same Chinese populations from other studies in urban Asian countries (38.7% in the
Tanjong Pagar Study, Singapore and 32.3% in the Liwan Eye Study). The Barbados
Eye Study reported the prevalence of myopia was 21.9% in 4709 African-Americans
aged 40-84 years [81]. Another population-based study in Latino showed that the
overall prevalence of myopia (SE <—1.00 D) and HM in the worse eye was 16.8%
and 2.4%, respectively, among 5927 adults aged 40 years or older [82]. In Europe,
although the myopia rate varies across the countries, two latest population-based
studies proved that it was nearly the same as those in urban Asian countries. The
Gutenburg Health Study in Germany reported that the prevalence of myopia and
HM was 35.1% and 5.6%, respectively, in 13,959 adults aged 35-74 years. The high
prevalence of myopia in the study can be explained by the fact that this cohort had
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younger participants than most other studies [83]. In the Netherlands, the preva-
lence of myopia was 32.5% in a total of 3530 adults aged above 46 years in the
Rotterdam study [84]. This study may have overestimated the prevalence of myopia
because the refraction method was subjective refraction. In UK, a population-based
study showed that 23.0% were myopic among a total of 7444 adults aged above
48 years [85]. In other European countries, the prevalence of myopia is slightly
lower: 19.4% among adults aged 38 or more years in Norway, 19.1% among adults
aged 76 or more years in France, and 14.2% among adults aged 60 or more years
in Greece [84]. In Australia, the prevalence of myopia was relatively lower, 15.0%
in 3654 adults aged over 49 years in the Blue Mountain Eye Study in 1999 [86].
In the two population-based studies, the lowest prevalence appears to be in Africa.
In Nigeria, the prevalence of myopia and HM was 16.1% and 2.1%, respectively,
among 13,599 adults aged over 40 years as per the Nigeria National Blindness
and Visual Impairment Study [87]. In South Africa, the prevalence of myopia was
11.4% in 1939 adults aged over 35 years [88]. In the same vein, the prevalence of
myopia was relatively low 14.4% among adults aged 35-55 years in MIROR Study
in Colombia [89].

2.4.3 Generational Gap

There is a difference in myopia and HM prevalence among age groups. In gen-
eral, the generational differences of prevalence of myopia and HM are seen with
the highest rates in young adults and the lowest rates in older adults. We have
shown the higher prevalence rates of myopia (65.5-96.5%) and HM (14.7-21.6%)
in East Asian young adults in the previous section [8, 57, 58]. By contrast, the
lower prevalence rates of myopia (approximately 25-40%) and HM (2.4-8.2%)
were reported among East Asian middle-aged and elderly adults [69, 72, 90].
Particularly, the burden of HM is important because HM is more likely to develop
PM changes that tend to be visually disabling. Some studies supported the idea of
two types of HM, one is related to educational parameters such as near-work and
frequent among young adults, and the other is more likely related to the earlier
onset of myopia by genetic factors in contrast to environmental factors and occurs
in older adults [91, 92]. Jonas et al. compared highly myopic young individuals
and highly myopic adult individuals and assessed the association of the prevalence
of HM with parameters of education. It revealed that education-related parameters
did not show a clear association with HM in older generation, while in contrast,
HM in school children showed a strong association with education [91]. Thus, it
has been assumed that the development of pathologic myopia (PM) in later life
may be different depending on two forms of HM with different etiologies. One
form of HM is caused by mutations of genes responsible to scleral modeling and
leading to abnormal deformity and thin sclera [93], while the other form caused
by insufficient outdoor time in younger adults may be driven by reduced release
of retinal dopamine [1].
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In summary, the higher prevalence rates of myopia were also seen in urban East
Asian countries (approximately 25-40%) and in Western Europe or the United
States (approximately 20-35%), compared to other developing Asian countries and
some countries in Western populations such as Australia (approximately 15-20%).
Similarly, urban Asian countries have higher prevalence rates of HM (5-9%), com-
pared with other Asian countries (2-5%) or non-Asian countries (2—7%). However,
the geographic difference of myopia prevalence in older populations is not pro-
nounced compared to that in younger populations. From a viewpoint of ethnic-
ity difference, Chinese have a substantially higher prevalence of myopia compared
with other racial groups, and a similar pattern of even greater magnitude was seen in
HM prevalence. The prevalence of myopia and HM in Chinese ethnicity in western
countries is similar to other studies of Chinese in urban Asian countries [80].

2.5 The Prevalence of PM

Pathologic myopia (PM) has been reported as one of the most common causes of
blindness worldwide. Studies reported that PM is the major cause of blindness or
visual impairment (VI) in 7% in Western populations and in 12-27% in Asian popu-
lations [94-99]. According to a review to estimate blindness and VI with myopic
macular degeneration (MMD), 10.0 million people had VI from MMD (0.13%), 3.3
million of whom were blind (0.04%) in 2015, and furthermore 55.7 million people
will have VI from MMD (0.33%), 18.5 million of whom will be blind (0.19%) in
2050 [100].

Before we discuss the prevalence of PM in detail, it must be noted that the defini-
tion of PM has been inconsistent in previous studies. Avila et al. proposed a defini-
tion of myopic maculopathy that included posterior staphyloma, and it has been
used most frequently in earlier studies [101]. However, this classification was not
based on the actual progression pattern. In 2015, the META-analysis for Pathologic
Myopia (META-PM) study group proposed a new classification system for PM
for use in future studies [102]. In this classification, myopic macular degeneration
(MMD) is categorized into 5 categories according to severity: no myopic retinal
lesions (category 0); tessellated fundus only (category 1); diffuse chorioretinal atro-
phy (category 2); patchy chorioretinal atrophy (category 3); and macula atrophy
(category 4). And three additional lesions of MMD that cause central vision loss
were included as plus sign: lacquer cracks, myopic choroidal neovascularization
(CNV), Fuchs spot. PM is defined if an eye has category 2 or above, or presence
of plus sign, or the presence of posterior staphyloma. We summarized population-
based studies on PM prevalence in adult populations (Fig. 2.2).

In China, the Beijing Eye Study showed a high PM prevalence, 3.1%, among
4319 Chinese subjects aged 40 years or older [103]. PM was defined with myopic
chorioretinal atrophy or staphyloma or lacquer cracks or Fuch’s spot. In the same
definition, the Handan Eye Study showed that the prevalence of PM and HM was
0.9% and 2.1%, respectively, among 6603 Chinese subjects aged 30 years or older
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Fig. 2.2 Prevalence of pathologic myopia (PM) among adults in population-based studies

[104]. The much lower prevalence in this study than Beijing might be due to urban
and rural differences. Among 1058 Taiwanese subjects aged 65 years or older in
the Shinpai Eye study, the prevalence of PM and HM was 3% and 4.2%, respec-
tively, with the definition by Avila et al. [105]. The high prevalence was influenced
by its older population than other population-based studies. The Hisayama study
reported the prevalence of PM and HM was 1.7% and 5.7%, respectively, among
1892 Japanese aged 40 years or older with the definition of PM as myopic chorio-
retinal atrophy, lacquer cracks, or Fuch’s spot [106]. However, this study cannot
exclude the possibility of sampling bias because the response rate was only 44.4%.
In Western countries, the Blue Mountain Eye Study was performed in 3583 adults
aged 49 years or older, who were mainly White urban population of Australia, using
the same PM definition with two studies in China [107]. The prevalence of PM and
HM was 1.2% and 2.7%, respectively. Using the new META-PM classification, the
prevalence of PM and HM was 0.2% and 0.5%, respectively, among 4561 Indian
subjects aged 30 years or older in rural central India [108]. However, the population
in this study may not be adequately representative of the whole population of India
because this study was conducted in rural tribal regions.

As shown above, the prevalence of PM among adult populations was relatively
low in the world. Furthermore, the prevalence of PM among middle-aged and elderly
adults is higher in urban East Asian populations (1.7-3.1%) than rural Asian popula-
tions (0.2-0.9%) and non-Asian populations (1.2%) [109]. It is consistent with the
results of higher prevalence of HM in East Asian countries because the risk of PM
increases with HM [109]. Both the prevalence and severity of PM become higher
in adult population aged 40 years and with severe high myopia. Compared to the
PM prevalence in adult populations, adolescents and children have significantly
lower prevalence [27, 110]. It supports the idea that myopic macular changes are
time-dependent changes as a result of mechanical stretching of the retina from axial
elongation. However, a recent report revealed that myopia-related changes of the optic
disc and macula were commonly found in highly myopic eyes in young adults [111].
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Thus, the disease burden of PM due to high myopia is likely to increase in future, con-
tributed by the aging effect where young adults who have high rates of high myopia
will grow older.

2.6 Conclusion

In children, the prevalence of myopia is substantially higher in urban East Asian
countries (49.7-62.0% among 12-year-old children) compared with other countries
(6.0-20.0% among 12-year-old children). Similarly, in teenagers and young adults,
the prevalence of myopia is higher in East Asian countries (65.5-96.5%) compared
with other countries (12.8-35.0%). However, the geographic difference of myopia
prevalence in older populations is less than that of younger populations. The preva-
lence rates of myopia in adults in urban East Asian countries are only slightly higher
than in Western countries.

A relationship between myopia prevalence and community development is
apparent, and most data have shown urban areas have a higher prevalence of myopia
than rural areas. The association of an urbanized environment with myopia develop-
ment in Asia could be mediated by factors such as intensive education and greater
levels of near-work and less outdoor time. Overall, the prevalence of myopia in
child population seems to be strongly related to the region where they grow up and
the environmental factors such as urbanization, economy, and education.

Generational differences are seen with the highest rates in young adults (myo-
pia 65.5-96.5% and HM 6.8-21.6%) and the lowest rates in older adults (myopia
25.0-40.0% and HM 2.4-8.2%). The disease progression pattern of HM and subse-
quent development of PM may be different between young adults and older adults due
to generational differences, or changes in the lifestyle factors such as the education
system and near-work and outdoor time exposure in rapidly developing urban Asian
countries.

Current data show a relatively low prevalence of PM among middle-aged and
elderly adults so far, and PM increases with age over 40 years and severity of myo-
pia. Despite the relatively low prevalence in general population, PM is the major
cause of blindness or visual impairment in both Asian populations and Western pop-
ulations. According to a previous study, early grades of PM lesions are observed in
young highly myopic adults in urban Asian population, and these structure changes
are likely to worsen with age [111]. Considering the increasing prevalence of HM
among young generations, we must be prepared for the expected increase of disease
burden of PM in the near future.
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