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There has been growing interest in myo-
pia as a public health problem in Asia and
other developing and developed coun-
tries because the prevalence rates of myo-
pia appear to have increased over the past
decades.1-4 The pattern of geographical
distribution of myopia has become more
apparent in recent years. The general
trend is that the prevalence rates of myo-
pia are highest in urban areas of Asia such
as Taiwan, Hong Kong and Singapore,
and lowest in predominantly agricultural
areas in non-Asian countries. This inter-
esting phenomenon may arise if there are
selective environmental and specific
hereditary factors in urban Asian areas,
which may lead to high prevalence rates
of myopia.
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The prevalence rates of myopia are higher in urban Asian cities such as Hong Kong and
Singapore. One observation over the past few decades is that the prevalence rates of
myopia have been rising and there is an epidemic of myopia in Asia. The age-old ques-
tion of the roles of nature and nurture in this process remains unanswered. The strong-
est evidence for an environmental link to myopia is near work activity. Childhood expo-
sure to night lighting has also been explored in different studies but the results have
been mixed. Twin studies, segregation analysis and association studies have demon-
strated that hereditary factors play an important role in myopia development. The exact
nature and interplay of genetic and environmental factors is not known and data suggest
that environmental factors may interact with genetic factors to increase the risks of
developing myopia. Future research is needed to identify specific modifiable lifestyle
factors and genetic markers for myopia. This will enable preventive measures such as
health education to be instituted.
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PREVALENCE RATES OF MYOPIA

Comparisons of the prevalence rates of
myopia in children from different studies
are hindered by differences in the selec-
tion of the study population (general
population versus selected group), age
range of the population (adult versus chil-
dren), definition of myopia, instruments
used to measure myopia (questionnaire or
refraction), the use of cycloplegia and the
non-participation rate (Table 1).2,5-10 In a
joint effort to compare prevalence rates
across different study populations, the
Refractive Error Study in Children (RESC)
was conducted in China, Chile, Nepal,
rural India and urban India using the same
sampling strategies, procedures to meas-

ure refraction and definitions of myopia.4-8

It appears that the prevalence rates of
myopia are higher in urban areas com-
pared with rural areas (7.4 per cent in ur-
ban India and 4.1 per cent in rural India)7,8

and the prevalence rates in Asia are gen-
erally highest in Chinese (55 per cent in
15-year-old male rural Chinese versus less
than three per cent in rural Nepalese).4,5

Other prevalence surveys include a study
of 11,178 school children in Taiwan
(prevalence rates of myopia were 12 per
cent for six year olds and 84 per cent for
teenagers 16 to 18 years).2 The initial cross
sectional results of the Singapore cohort
study of the risk factors for myopia
(SCORM) showed that the prevalence
rates of myopia were 27.8 per cent in
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seven-year-olds, 34.3 per cent in eight-year-
olds and 43.9 per cent in nine-year-old chil-
dren in Singapore.9 The most noticeable
trend is that the prevalence rates of myo-
pia in children living in urban Asian cities
such as Singapore and Taiwan are much
higher compared with rural Asian and
non-Asian areas.

The prevalence rates of myopia in adults
vary in different countries and different
ethnic groups (Table 2).10-17 The literature

is difficult to interpret as the populations
studied differ, the age range may vary,
definitions of myopia may not be consist-
ent and refraction techniques are not iden-
tical. Similarly, studies of trends over time
may not be directly comparable because
the sampling strategies, methods of refrac-
tion and characteristics of the study popu-
lation may differ. In general, the preva-
lence rates of myopia seem to be highest
in urban Asian areas such as Singapore

(38.7 per cent in adults 40 to 79 years)16

and lower in the United States and Aus-
tralia (22.7 per cent in adults 40 years and
older in East Baltimore;11 15 per cent in
adults 49 to 97 years old in the Blue Moun-
tains).13 Data from the Baltimore Eye Sur-
vey (United States),11 Beaver Dam Eye
Study (United States),10 Andhra Pradesh
Eye Disease Study (India),15 Visual Impair-
ment Project (Australia)14 and Tanjong
Pagar Survey (Singapore)16 reveal that the

Author (year/country) N Study population Definition of Cycloplegia Prevalence rates of myopia
myopia used?

Zhao 4 (2000/ China) 6134 Aged 5 to 15 years living in At least -0.5 D Yes Absent in 5-year-olds, increased to
rural areas 36.7% in 15-year-old males and 55.0%

in 15-year-old females

Maul 6 (2000/ Chile) 6998 Aged 5 to 15 years in suburban At least -0.5 D Yes 3.4% in 5-year-olds, increasing to
Santiago 19.4% in 15-year-old males and 14.7%

in 15-year-old females

Pokharel 5 (2000/ Nepal) 5526 Aged 5 to 15 years in rural villages At least -0.5 D Yes < 3% of all children

Dandona 7 (2002/ India) 4074 Aged 7 to 15 years living in rural At least -0.5 D Yes 4.1% of all children
villages

Murthy 8 (2002/ India) 6447 Aged 5 to 15 years in urban New At least -0.5 D Yes 7.4% of all children
Delhi

Lin 2 (1999/ Taiwan) 11178 Aged 6 to 18 years in schools in At least -0.25 D Yes 12% at age 6 years, increasing to 56%
urban and rural Taiwan at age 12 years and 84% in teenagers

aged 16 to 18 years

Chua9 (1999/ Singapore) 1119 Aged 7 to 9 years At least -0.50 D Yes 27.8% in 7-year-olds, 34.3% in 8-year-
olds, 43.9% in 9-year-olds

Table 1. Prevalence rates of myopia in children

Author (year/country) N Study population Definition of myopia Prevalence rates of myopia

Wang 10 (1994/ United States) 4926 Adults 43 to 84 years At least -0.50 D 26.2%

Katz 11 (1997/ United States) 5028 East Baltimore, 40 years and older At least -0.50 D 22.7%

Wu 12 (1999/ Barbados) 4709 Black adults 40 to 84 years At least -0.50 D 21%

Attebo 13 (1999/ Australia) 3654 Adults 49 to 97 years in the Blue Mountains At least -0.50 D 15%

Wensor 14 (1999/ Australia) 4744 40 to 98 years urban and rural Victoria At least -0.50 D 17%

Dandona 15 (1999/ India) 2522 All ages 25% urban and 75% rural At least -0.50 D 19.4%

Wong 16 (2000/ Singapore) 1232 Chinese 40 to 79 years At least -0.50 D 38.7%

Wu 17 (2001/ Singapore) 15095 16 to 25 years military conscripts At least -0.50 D 82.2% in Chinese, 68.7% in Indians
65.0% in Malays

Table 2. Prevalence rates of myopia in adults



Clinical and Experimental Optometry  86.5  September 2003

291

Risk factors for myopia  Saw

prevalence rates of myopia are higher in
younger adults and lower in more elderly
adults. In Singapore, the prevalence rate
of myopia in Chinese male military con-
scripts (age 16 to 25 years) in 1996 was
higher (83.2 per cent) compared with
adult Chinese aged 40 to 79 years (38.7
per cent) examined in the same year.16,17

These two studies may not be directly com-
parable as the study populations differ
(male military versus adult population).
It is possible that there may be a ‘cohort’
effect with an increasing prevalence rate
of myopia over the past few decades, pos-
sibly attributed to a rise in reading activity
in certain Asian cities. These differences
in prevalence rates may also be due to in-
trinsic age-related decreases in an individu-
al’s myopia as he or she ages.18 Cohort
studies that document the refraction of
individuals over time are needed to docu-
ment any age-related changes; while secu-
lar trends may be determined from re-
peated surveys of refraction using the
same methodology over time. Prevalence
surveys of myopia should be population-
based with appropriate sampling strate-
gies, different definitions of myopia pre-
sented (for example, spherical equivalent
[SE] at least -0.5 D, SE at least -0.75 D
and SE at least -1.0 D), subgroup analysis
performed by age, gender and ethnic
group and controlled refractive tech-
niques.

ENVIRONMENTAL RISK FACTORS
FOR MYOPIA

The nature versus nurture question of
myopia development has been studied for
centuries and few researchers would ques-
tion the argument that both environmen-
tal and genetic factors contribute to the
development of myopia. However, the ex-
act nature of the environmental factors
and the relative contributions of each
environmental factor remain elusive.
Likewise, there are few data at present on
the genetic markers for myopia. Whether
environmental factors or genes play a
more important role remains an unan-
swered question and it is possible that
environmental factors may interact with
genes to increase the risks of myopia.

Near work
In animal experiments, visual deprivation
leads to a degradation of the retinal image
and aberrant eye growth with local effects
on the choroid and sclera.3,19 Near work is
one of the most frequently cited risk fac-
tors for myopia and several observations
support this hypothesis. First, the preva-
lence rates of myopia may have increased
over the past 10 to 20 years in Asia, though
the data are not conclusive.1,2 This possible
rise cannot be attributed to genes as the
genetic pool has not changed dramatically
over this short period. Environmental fac-
tors such as a progressively more competi-
tive education system may have had an in-
creasing impact in recent years. Second, the
prevalence rates of adult-onset myopia and
rates of progression of myopia are highest
in groups of individuals who spend long
hours on intensive near work, such as
microscopists, carpet weavers and visual
display terminal workers.20-22

Prior studies conducted in Newfound-
land, Israel and Hong Kong have found
that near work or school attendance may
be associated with myopia.24-26 However,
the estimates of near work were rather
crude and as the studies were cross-
sectional in nature, the ‘cause-effect’ rela-
tionship could not be determined. In
cross-sectional studies, information on
near work and myopia is determined at the
same point of time, while in cohort stud-
ies, near work is evaluated at the begin-
ning of the study and the incidence rate
of myopia is determined later. More recent
studies include the initial cross-sectional
results of a cohort study investigating the
environmental risk factors for myopia in
Singapore school children aged seven to
nine years (SCORM).26 The multivariate
adjusted odds ratio of higher myopia (SE
at least -3.0 D) for children who read more
than two books per week was 3.05 (95 per
cent confidence interval [CI] 1.80, 5.18).
The observed ‘epidemic’ of myopia in Asia
may arise because of the increasingly stress-
ful education system in Asian cities such
as Singapore and the associated high lev-
els of reading. However, at present, it
would not be recommended to advise par-
ents to discourage young children from
reading as the evidence is not compelling

and reading habits should continue to be
nurtured. Future cohort studies with large
sample sizes, different measures of near
work and the associated parameters, as
well as accurate cycloplegic refraction and
biometry measures should be conducted.

The results of studies of the role of near
work in influencing the rate of progres-
sion of myopia in children who are already
myopic are less consistent. Although near
work may lead to the development of myo-
pia, its effects on the worsening and pro-
gression of myopia after myopia onset may
be different. In studies of the progression
of myopia, near work is assessed at base-
line and associations with the subsequent
rate of progression of myopia are deter-
mined. In a study of 153 myopic Singapore
school children aged six to 12 years, near
work was not associated with myopia pro-
gression;27 while myopic children (n = 238)
who spent more time reading had faster
myopia progression rates in Finland.28

Other potentially modifiable near work
parameters that may be associated with
myopia or myopia progression such as
poor lighting while reading, reading while
lying down and reading printed material
within close distances have not been ex-
tensively studied in either cross-sectional
or cohort studies.29 Information collected
has often relied on parental recall and is
subject to misclassification bias. Future
studies could examine the effect of near
work on the progression of myopia in
populations of varying age and ethnicity.
There should be a large sample size, long
follow-up time and low drop-out rate.

Night lighting
The relative duration of daily light and
dark phases may influence axial length
growth and development of refractive er-
rors.30,31 The findings from epidemiologic
studies are mixed. A study of 479 children
aged two to 16 years showed that children
who slept with lights at night had higher
risks of myopia.32 However, confounders
such as parental myopia were not assessed
and the children were recruited from a
select population (one tertiary eye hospi-
tal). Another study of myopic law students
(n = 77) in the University of Pennsylvania
found that students who were exposed to
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5.6 hours or less of daily darkness were
more likely to have faster rates of progres-
sion of myopia (defined as need for a
stronger spectacle prescription during law
school), compared with students exposed
to more than 5.6 hours of daily darkness
(97 per cent versus 76 per cent: p = 0.01).33

This observation was not repeated in two
population-based studies in United States
and Singapore school children.34-36 We pro-
pose that birth cohort studies should be
conducted with detailed measures of the
night-lighting habits of children before the
age of two years with detailed refraction
and biometry parameters.

Gene-environment interaction
The high prevalence rates of myopia in
certain ethnic groups (Chinese and Japa-
nese populations) suggest that genes play
a major role but the apparent dramatic
change in prevalence rates over the last
generation indicates that environmental
factors are also important. Twin studies
conducted in the United Kingdom and
Taiwan have found that the concordance
rate for myopia is higher for monozygotic
compared to dizygotic twins with estimates
of heritability as high as 90 per cent.37,38

However, heritability is population-specific
and varies with different gene pools. Seg-
regation analysis studies by Ashton39 in
Hawaii suggest that the results may be mul-
tifactorial. Genetic loci for high myopia
have been identified (18p11.31, 12q 21-
23, 7q36), and further genome-wide scans
are being conducted to screen for the gene
defects for myopia.40-42 There was an allelic
association between the trabecular
meshwork-induced glucocorticoid re-
sponse (TIGR/myocilin) gene and severe
myopia in 104 Chinese families.43 The high
prevalence rates of myopia in Asia may be
attributable to gene-environment interac-
tion in populations with a genetic suscep-
tibility to myopia and high levels of read-
ing activity.

In a twin study of Taiwanese students (n
= 361), myopia was diagnosed by retinos-
copy after cycloplegia. Monozygotic twins
with concordant reading habits (concord-
ance defined as less than one hour differ-
ence in reading activity) had a myopia
concordance rate (concordance defined

as less than 0.5 D difference) of 92.4 per
cent compared with 79.1 per cent in
monozygotic twins with discordant read-
ing habits.44 The myopia concordance rate
was 62.0 per cent in dizygotic twins with
concordant reading habits and lowest
(37.8 per cent) in dizygotic twins with dis-
cordant reading habits. These results sug-
gest that additive gene-environment inter-
action may be present. However, the index
for hereditary factors was zygosity and not
parental myopia. In a cohort study of Sin-
gapore school children, reading inter-
acted with parental myopia to increase the
risks of higher myopia (SE at least -3.0 D).27

The findings were not duplicated in the
Orinda Longitudinal Study of California
children: no significant interaction be-
tween near work and parental myopia was
present in pre-myopic children.45 Further
studies such as family-based association
studies and studies of twins reared apart
and together may help us better under-
stand the interaction of genes and envi-
ronment.

CHALLENGES FOR FUTURE
RESEARCH

There is an ‘epidemic’ of myopia in Asia
and several questions remain unanswered.
Is there a true increase in the prevalence
rates of myopia in Asia over the past few
decades? Are the prevalence rates of myo-
pia higher in all Asians compared with
other races or are the rates higher prima-
rily in the Chinese population? Myopia is
also a public health problem in several
countries such as Australia. Are the preva-
lence rates of myopia increasing and will
they continue to rise in other countries
such as Australia? Is myopia more com-
mon in the Chinese population in non-
Asian countries such as Australia? We sug-
gest that further well-designed studies
could be conducted to address these ques-
tions. There is a need for repeated refrac-
tion surveys using the same sampling tech-
nique and methodology in Asian and
non-Asian countries to estimate trends
over time. The prevalence rates of myo-
pia in urban cities in other predominantly
non-Chinese Asian countries such as

Indonesia, the Philippines and Thailand
need to be determined. In addition,
migration studies should be conducted
to investigate the role of both genes and
environment in different generations of
Asian migrants.

The possible rising prevalence rates of
high myopia (SE at least -6.0 D) may lead
to an increased number of ocular compli-
cations such as myopic macular degenera-
tion, tilted disc and retinal tears. Further
studies should evaluate the pathological
complications of high myopia at different
ages and within different ethnic groups.
The impact of age of onset of myopia, rate
of progression of myopia and changes in
axial length on the development of cata-
ract, glaucoma, retinal tears, optic disc
abnormalities and macular degeneration
need to be further explored. Case control
studies may be conducted to compare the
proportion of myopes in cases with a spe-
cific ocular pathology (for example, pa-
tients with retinal tears) and normal con-
trols. Myopia may also lead to diminution
of visual function and quality of life. More
research is needed on the evaluation of
the compromises in visual function, im-
pact on activities of daily living and loss of
self-esteem among myopic individuals.
Focus groups may be conducted to further
develop and refine questionnaires on
visual function, quality of life and utility
values in myopic individuals.

It is important to decipher the environ-
mental and genetic factors that may con-
tribute to the rapid increase of myopia in
Asia and other parts of the world. The
aetiology of adult-onset myopia may be dif-
ferent from school myopia and the nature
of the environmental factors and genetic
markers that cause myopia to occur in
adulthood should be closely studied. An-
other consideration is that the risk factors
for the onset of myopia may differ from
the risk factors that promote and acceler-
ate the progression of myopia. Further
studies that evaluate the lifestyle and ge-
netic factors linked to the progression of
myopia should be conducted. Research-
ers who are planning further epidemio-
logic studies of the risk factors of myopia
should consider the following issues.
1. A cohort study is ideal as the temporal
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