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Abstract

Introduction: This study aimed to investigate secular trends in the prevalence of myopia
over 6 decades (from the 1920s to 1980s) in Chinese adults in Singapore. Materials and
Methods: Parental myopia prevalence was estimated using a parent-completed questionnaire
in paediatric cohorts that included: 1) The Singapore Cohort Of Risk factors for Myopia
(SCORM), 2) The Strabismus, Amblyopia and Refractive Error in Singaporean Children
(STARS), and 3) The Growing Up in Singapore Towards healthy Outcomes (GUSTO).
Published estimates for myopia prevalence from 5 adult studies in Singapore were reviewed.
Secular trends in the prevalence of myopia were correlated with changes in the education
system. Results: The prevalence of parental myopia in SCORM (n = 2943), STARS (n =
4938), and GUSTO (n=1072) was 47.8%, 53.4%, and 73.4%, respectively; corresponding
calendar years these parents might have started schooling were 1966, 1973, and 1983 (born
in 1960, 1967, and 1977), respectively. Mean age of parents was 41.3, 40.1, and 33.4 years,
respectively. Prevalence of myopia in adult studies in persons who started elementary school
in 1928, 1934, 1938, 1939, 1942, 1948, 1952, 1958, 1962, 1972, 1982, and 1995 were 36.4%,
39.7%, 30.0%, 31.5%, 33.0%, 26.4%, 32.5%, 48.7%, 39.4%, 52.0%, 82.2%, and 85.9%,
respectively. Conclusion: During the past few decades, the prevalence of myopia increased
rapidly, especially in persons who started elementary school after the 1980s (born after
1970). The education system was expanded after Singapore’s independence in 1965, and
the new education system was introduced in 1978. These changes, together with increasing
intensive schooling, may have contributed to the increase in myopia prevalence.
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Introduction

Myopia is a significant public health problem. The
prevalence of myopia is increasing substantially worldwide,
particularly in east and southeast Asian urban areas,' where
80% to 90% of school leavers have myopia and 10% to
20% have high myopia.>® This is of concern because
myopia is associated with ocular complications leading to
substantial visual loss.*®In addition, the economic burden of
myopia is also high, with the total estimated costs towards
annual visits and optical purchases for myopia (excluding

presbyopic lenses and sunglasses) of approximately SGD
959 (USD 755) million per year in Singapore.” Although
myopiogenesis is known to interplay between genetic and/
or environmental factors with the debated “nature versus
nurture” effect, the steep increase in prevalence in the last
few decades could possibly indicate a strong influence of
the environment on myopia development.??

Previous studies have investigated trends in myopia
prevalence and it is evident that the epidemic of myopia
in several countries has gradually increased over
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generations.*!? Cross-sectional surveys (National Health
and Nutrition Examination Survey [NHANES]) conducted
between 1971 to 1972 and 1999 to 2004 on the United States’
population have shown significantly higher prevalence of
myopia in persons aged 12 to 54 years in the latter cohort
(41.6%) than the earlier one (25%).> An Israeli study
reported anincrease in the prevalence of myopia from20.3%
in 1990 to 28.3% in 2002 among candidates for security
service aged 16 to 22 years.’ In Singapore, serial surveys
involving military conscripts showed an increasing trend
in myopia prevalence in young adults aged 16 to 25 years,
from 26% in 1974 to 1984, 44% in 1987 to 1991, 77% in
1996 to 1997, and 81% in 2009 to 2010, respectively.>!%-12
However, they were limited by reporting changes over
shorter periods of 10 to 30 years or including selective
populations such as military conscripts.

We aimed to investigate the secular trends in myopia
prevalence in Chinese adults using individual-level
questionnaire data of parents from 3 paediatric cohorts,'*'®
and published estimates from 5 adult studies in Singapore.

Materials and Methods
Study Populations

Paediatric Cohorts

We assessed the prevalence of myopia in parents (born
in 1959 to 1975) of children from 3 paediatric cohorts: the
Singapore Cohort Of Risk factors for Myopia (SCORM), the
Strabismus, Amblyopia and Refractive Error in Singaporean
Children (STARS), and the Growing Up in Singapore
Towards healthy Outcomes (GUSTO). SCORM is the
first myopia cohort study in Asia involving 1979 children
aged 7 to 9 years who were recruited from 3 schools in

Singapore during the years 1999 to 2001 and were followed
up annually until 2006.'*!* STARS is a population-based
study of 3009 children aged 6 to 72 months conducted
by door-to-door recruitment between 2006 and 2008.!5:16
GUSTO is a mother-offspring cohort of 1176 babies who
were recruited at 2 major public maternity units between
2009 and 2010, and are followed up to the present.!”!3
The refractive state (myope/emmetrope) of parents was
determined based on a self-reported questionnaire by
asking, “Is your child’s mother/father myopic?” with “yes/
no” in SCORM, “history of wearing glasses or contact
lens for short-sighted” in STARS, and “current spectacles
wear/contact lens” for distance vision with “yes/no”
answer (spectacle prescription was also checked wherever
possible) in GUSTO. The refraction data was available on
2943 parents (1479 fathers and 1464 mothers) in SCORM,
4938 (2469 fathers and 2469 mothers) in STARS and 1074
(535 fathers and 539 mothers) in GUSTO, all of Chinese
ethnicity, whose mean year in which elementary school
began were 1966, 1973 and 1983 (born in 1960, 1967, and
1975), respectively.

Adult Studies

We reviewed published estimates from 5 adult studies
in Singapore with myopia data: the Tanjong Pagar Study
(TPS, 1997-1998)," the Singapore Longitudinal Aging
Study (SLAS, 2003-2011),% the Singapore Chinese Eye
Study (SCES, 2009-2011),! and 2 military conscripts
surveys (1996-1997; 2009-2010).!° Myopia was defined
as a spherical equivalent of at least -0.5 diopters by non-
cycloplegic auto-refraction. Details of these studies are
presented in Table 1.

Table 1. Evidence-based Survey of Myopia Prevalence in Chinese Adult Cohorts in Singapore

Age at Recruit-

Author Study Year ment (Years) Birth Year n (Men/Women) Myopia Definition

Wong et al (2000)° TPS 1997 — 1998 4081 1922 — 1952 1113 (500/613)  Auto-refraction SE <-0.5D
Tan et al (2011)° SLAS 2003 —-2011 55-85 1918 — 1948 1835 (670/1165)  Auto-refraction SE <-0.5D
Pan et al (2013)* SCES 2009 — 2011 40— 80 1936 — 1966 3251 (1605/1646)  Auto-refraction SE <-0.5D
Koh et al (2014)* Military conscripts 1996 — 1997 16 —25 1971 — 1981 12,370 (12370/0)  Auto-refraction SE <-0.5D
Koh et al (2014)* Military conscripts 2009 —2010 17-29 1981 — 1993 20,004 (20004/0)  Auto-refraction SE <-0.5D

SCES: Singapore Chinese Eye Study; SE: Spherical equivalent; SLAS: Singapore Longitudinal Ageing Study; TPS: Tanjong Pagar Study

"Wong TY, Foster PJ, Hee J, Ng TP, Tielsch JM, Chew SJ, et al. Prevalence and risk factors for refractive errors in adult Chinese in Singapore. Invest
Ophthalmol Vis Sci 2000;41:2486-94.

"Tan CS, Chan YH, Wong TY, Gazzard G, Niti M, Ng TP, et al. Prevalence and risk factors for refractive errors and ocular biometry parameters in an
elderly Asian population: the Singapore Longitudinal Aging Study (SLAS). Eye 2011;25:1294-301.

‘Pan CW, Zheng YF, Anuar AR, Chew M, Gazzard G, Aung T, et al. Prevalence of refractive errors in a multiethnic Asian population: the Singapore
epidemiology of eye disease study. Invest. Ophthalmol Vis Sci 2013;54:2590-8.

SKoh V, Yang A, Saw SM, Chan YH, Lin ST, Tan MM, et al. Differences in prevalence of refractive errors in young Asian males in Singapore between
1996-1997 and 2009-2010. Ophthalmic Epidemiol 2014;21:247-55.
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Table 2. Secular Trend of Self-Reported Myopia Prevalence in Chinese
Adults in Singapore

SCORM" STARS' GUSTO*

Fathers

Year started in elementary 1965 1974 1981

school (mean)

No. of years since Singapore’s 0 +98 +16%

independence

Year of birth (mean) 1959 1968 1975

Age (mean) 43.0 37.7 34.8

Total sample size (n) 1479 2469 535

Total prevalence (%) 40.8 48.6 73.4
Mothers

Year started in elementary

school (mean)

No. of years since Singapore’s +38 +6% +208

independence

Year of birth (mean) 1962 1965 1979

Age (mean) 39.6 424 32.1

Total sample size (n) 1464 2469 537

Total prevalence (%) 54.8 58.2 75.0
Overall

Year started in elementary

school (mean)

No. of years since +18 +8% +18%

independence

Year of birth (mean) 1960 1967 1977

Age (mean) 41.3 40.1 33.4

Total sample size (n) 2943 4938 1074

Total prevalence (%) 47.8 53.4 75.3

SCORM: Singapore Cohort of Risk factors for Myopia; STARS:
Strabismus, Amblyopia and Refractive Error in Singaporean Children;
GUSTO: Growing Up in Singapore Towards Healthy Outcomes

*Saw SM, Tong L, Chua WH, Chia KS, Koh D, Tan DT, et al. Incidence
and progression of myopia in Singaporean school children. Invest.
Ophthalmol Vis Sci 2005;46:51-7. Samarawickrama C, Mitchell P, Tong
L, Gazzard G, Lim L, Wong TY, et al. Myopia-related optic disc and
retinal changes in adolescent children from singapore. Ophthalmology
2011;118:2050-7.

"Dirani M, Chan YH, Gazzard G, Hornbeak DM, Leo SW, Selvaraj P,
et al. Prevalence of refractive error in Singaporean Chinese children:
the strabismus, amblyopia, and refractive error in young Singaporean
Children (STARS) study. Invest. Ophthalmol Vis Sci 2010;51:1348-55.
Chia A, Lin X, Dirani M, Gazzard G, Ramamurthy D, Quah BL, et al.
Risk factors for strabismus and amblyopia in young Singapore Chinese
children. Ophthalmic Epidemiol 2013;20:138-47.

fSoh SE, Lee SS, Hoon SW, Tan MY, Goh A, Lee BW, et al. The
methodology of the GUSTO cohort study: a novel approach in studying
pediatric allergy. Asian Pac J Allergy 2012;2:144-8. Soh SE, Tint MT,
Gluckman PD, Godfrey KM, Rifkin-Graboi A, Chan YH, et al. Cohort
profile: Growing Up in Singapore Towards healthy Outcomes (GUSTO)
birth cohort study. Int J Epidemiol 2014;43:1401-9.

$‘+” indicates years after independence.
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Statistical Analyses

The prevalence of myopia was calculated separately in
males and females. Based on the assumption that people
start their elementary school education from 6 years of age
in Singapore (on average), the year parents commenced
elementary school was calculated using their year of birth.
The prevalence of myopia according to the year participants
started elementary school was calculated and the statistical
significance of the trend was examined using the chi-square
test. Statistical analysis was conducted using Stata version
14 (StataCorp LP, TX, USA).

Results

The prevalence of parental myopia in SCORM, STARS,
and GUSTO and other related details are shown in Table 2.
The prevalence of parental myopia peaked over time with
estimates of 47.8%, 53.4% and 75.3% in parents whose
elementary school began in year 1966 in SCORM, 1973
in STARS, and 1983 in GUSTO (born in 1960, 1967, and
1975), respectively. The mean age of these parents at the
time of data collectionwas41.3+5.3,40.1+3.2,and33.4+
5.5 years. The prevalence of myopia in parents who started/
attended school before the 1980s was significantly lower
(47.8% in 1966 in SCORM, 53.4% in 1973 in STARS),
compared to those who attended school later (75.3% in
1983 in GUSTO).

Table 3 shows an evidence-based survey of myopia
prevalence in Chinese adults who were born during the
1920s to 1990s. The myopia prevalence of Chinese adults
(aged 40 to 81 years) from the TPS whose elementary
school began from the year 1928 to 1958 (born in 1922
to 1952) were 36.4% in those who began school in year
1928, 30.0% in 1938, 26.4% in 1948, 48.7% in 1958. The
myopia prevalence in Chinese adults (aged 65 to 80 years)
from SLAS were 39.4% in those who began elementary
school in year 1934 (born in 1928) and 31.5% in year 1939
(bornin 1933). The prevalence of myopia in Chinese adults
(aged 40 to 80 years) from the SCES whose elementary
school began from the years 1942 to 1972 (born in 1936 to
1966) were 33% in those who began school in year 1942,
32.5%1n 1946, 39.4% in 1962, and 52% in 1972, showing
a gradual increase over time. Their mean age at the time
of data collection was 75.2, 64.4, 54.7, and 47.6 years,
respectively. The prevalence of myopia in women was,
30.6% in those who began school in year 1942 and 28.8%
in 1952; till 1962, prevalence of myopia in females was
lower than men (34.7% in 1942 and 35.9% in 1962). After
1962, prevalence of myopia in females was 40.8% in 1962
and 56.3% in 1972, higher than the prevalence in men with
37.6% in those who began school in year 1962 and 47.5%
in 1972 in SCES. Prevalence of myopia in Chinese teens
and enrolled young adult military conscripts adults (aged
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Table 3. Evidence-based Survey of Myopial Prevalence'in Chinese Adults in Singapore

Study TPS* SLAS' TPS' SLAS' SCES* TPS° SCES: TPS®  SCES: SCES' M'hta"sytf;y‘;““pts
Men
Year started 1928 - 1938 - 1942 1948 1952 1958 1962 1972 1982 1995
in elementary
school (mean)
No. of years since -37 - -27 - -23 -17 -13 -7 -3 +7 +17 +30
independence’
Birth year (mean) 1922 - 1932 - 1936 1942 1946 1952 1956 1966 1976 1989
Age at recruitment 70- - 60— 69 - 70- 50-59  60-69 40-49 50-59 40-49  16-25 17-29
(range/mean) (74.9) (64.3) (54.8) (47.6) (19.5) (19.8)
Total sample size (n) 104 - 157 - 310 115 454 124 495 346 12,370 20,004
Total prevalence (%) 31.7 - 29.2 - 34.7 252 359 452 37.6 475 822 85.9
Women
Year started in 1928 - 1938 - 1942 1948 1952 1958 1962 1972 - -
elementary school
(mean)
No. of years since -37 - 27 - 23 -27 -13 -7 -3 +7 - -
independence!
Birth year (mean) 1922 - 1932 - 1936 1942 1946 1952 1956 1966 - -
Age (range/mean) 70- - 60— 69 - 70- 60-69 60-69 40-49 50-359 40-49 - -
(75.6) (64.5) (54.7) (47.6)
Total sample size (1) 124 - 150 - 279 188 409 151 598 360 - -
Total prevalence (%) 40.3 - 30.0 - 30.6 27.1 28.8 51.7 40.8 56.3 - -
Overall
Year started in 1928 1934 1938 1939 1942 1948 1952 1958 1962 1972 - -
elementary school
(mean)
No. of years since -37 -31 =27 -26 -23 =27 -13 -7 -3 +7 - -
independence’
Birth year (mean) 1922 1928 1932 1933 1936 1942 1946 1952 1956 1966 - -
Age (range/mean) 70- 75- 60-69  65-75 70- 50-59 60-69 40-49 50-59 40-9 - -
(75.2) (64.4) (54.7) (47.6)
Total sample size (n) 228 - 307 - 589 303 863 275 1093 706 - -
Total prevalence (%) 36.4 39.7 30.0 315 33.0 264 325 487 394 52.0 - -

SCES: Singapore Chinese Eye Study; SLAS: Singapore Longitudinal Aging Study; TPS: Tanjong Pagar Study

“Wong TY, Foster PJ, Hee J, Ng TP, Tielsch JM, Chew SJ, et al. Prevalence and risk factors for refractive errors in adult Chinese in Singapore. Invest.
Ophthalmol Vis Sci 2000;41:2486-94.

"Tan CS, Chan YH, Wong TY, Gazzard G, Niti M, Ng TP, et al. Prevalence and risk factors for refractive errors and ocular biometry parameters in an
elderly Asian population: the Singapore Longitudinal Aging Study (SLAS). Eye 2011;25:1294-301.

iPan CW, Zheng YF, Anuar AR, Chew M, Gazzard G, Aung T, et al. Prevalence of refractive errors in a multiethnic Asian population: the Singapore
epidemiology of eye disease study. Invest. Ophthalmol Vis Sci 2013;54:2590-8.

SKoh V, Yang A, Saw SM, Chan YH, Lin ST, Tan MM, et al. Differences in prevalence of refractive errors in young Asian males in Singapore between
1996-1997 and 2009-2010. Ophthalmic Epidemiol 2014;21:247-55.

'Methods of diagnosis of myopia: non-cycloplegic auto-refraction (spherical equivalent <-0.5 D).

*-’indicates years before independence and ‘+” indicates years after independence.
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16 to 29 years) whose elementary school began in 1982
t01995 (born in 1976 to 1989) were over 80%, roughly
twice as high as participants who started schooling before
the 1980s in SCES and TPS. The prevalence of myopia
further increased slightly from 82.2% (n = 12,370) in
1982 to 85.9% in 1995 (n = 20,004). The mean age of the
participants at the time of data collection was 19.5 + 1.4
years and 19.8 + 1.2 years, respectively.

Figure 1 showsthe change inmyopiaprevalence in Chinese
male adults as a function of “mean year elementary school
begins” from 5 population-based cohorts (TPS, SCES,
SCORM, STARS, and GUSTO) and military conscripts.
Myopia prevalence data from females was excluded from
the figure for better meaningful comparisons with other
studies that has only men (like military conscripts). The
graph indicates a continuous upward trend over the whole
range of years from the 1940s to the 1990s. It shows a gradual
increase in myopia prevalence from 30% to 50% during the
first 30 years, then an exponential rise in individuals who
started schooling after the 1980s (born after 1970), jumping
to a high prevalence of over 80% (P for trend <0.001).
The major changes in the education system in Singapore
are illustrated chronologically to explore its relationship
with the myopia prevalence.?? The education system was
expanded after independence in 1965, and enhanced its
competitiveness rapidly after the introduction of the New
Education System (NES) in 1978.

1246: TPS
/ 179 SCES
9 10/ § SCORM

4 10 STARS.

6
. 11: GUSTO
) 8
A 12,13: Military Conscripts

Myopia prevalence (
o
[ S

1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 Year Elementary School Begins

1914 1919 1924 1929 1934 1039 1944 1049 1954 1950 1964 1969 1974 1979 1984 1989 1994 Year of Birih

Streaming Exam
1965 1978 @SLEPY o
Educar

Independenge  New Education
School expahsion System (NES)

upvival-] Efficacy-Dri Ability-Driven
Edfcation (1965-1978)  Education (1978-1997) Fducation (1997-)

Fig. 1. Myopia prevalence as a function of year elementary school begins for
Chinese males from SCES, SCORM, STARS, GUSTO and military conscripts,
and education system changes in Singapore (statistical significance of trend; X* =
2528.672, P <0.001). Survival-driven education (1965-1978): Focus on quantity,
expanding schools and aim of higher enrolment rate into educational institutions.
Efficacy-driveneducation(1978-1997): Focus onquality efficacy, streaming students
into different levels of classes for their ability by examination (New Education
System). Ability-driven education (1997-ongoing): Focus on students’ ability,
expanding variationsand flexible choices according tostudents’differences in ability.
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Discussion

Thisecologic study shows that prevalence of myopiamay
be increasing in Singapore in persons who started schooling
from 1928 to 1995 (year of birth 1922 to 1989), with a
secular upward trend and a rapid increase in persons who
began schooling after the 1980s (year of birth after 1970).
Ecologic studies may provide interesting observational
trend data of both exposure and disease. This ecologic
study may confirm findings from prior cohort studies of
the environmental risk factors for myopia and the effect
of the environment on secular trends.

Similar to this study’s result, an upward secular trend has
been seen in other countries. In the United States’ national
survey NHANES, myopia prevalence in persons aged 12 to
54 years was significantly higher in 1999 to 2004 (41.6%, n
=9609)thanin 1971 to 1972 (25%, n=5282).* In the Israeli
study that examined 919,929 security service candidates
aged 16 to 22 years, myopia prevalence rose from 20.3% in
1990 to 28.3% in 2002.° In other observational studies, the
rapid increase of myopia prevalence in the 20" century was
first noted in Eskimos in North America as the population
moved into settlements. While no cases of myopia were
recorded in 1947, 4.7% of adults and 16.6% of children
had myopia in 1962 in Eskimos.? In Singapore, all the
major races (Chinese, Indians, and Malays) experienced
dramatic growth in myopia prevalence roughly in parallel
with approximately 50% to 85%, 30% to 75%, 25% to 70%,
respectively, between 1987 and 2010.%** In the Chinese
population, a Taiwanese study examined 300 randomly
selected students for each age group from 7 to 18 years
between 1983 and 2000, and found the dramatic upward
trend in myopia prevalence, from 5.8% to 21% among 7
year olds, from 36.7% to 61% among 12 year olds, and
from 64.2% to 81% among 15 year olds.” The Beijing
Childhood Eye Study examined 15,066 children aged from
7 to 18 years in 2008 and found that prevalence of myopia
0f<-1.00 D increased from 9.7% in 7 year olds to 74.2% in
17-18 year olds. The latter figure was already higher than
the prevalence in elderly Beijing Eye study population 10
years before, which indicates an ongoing myopic shift in
the young generation and prognosticates an increase in
myopiaprevalence in the future adult population in mainland
China.?® In other meta-analysis, the study including 50
population-based studies with 215,672 subjects aged 0 to
96 years reporting the prevalence of myopia from 16 Asian
countries found that the upward trend for both age and year
of birth, 28.2% with 60 to 69 years old to 47.3% with 20
to 29 years old, 23% with people born in 1960 to 1969 to
39.9% born in 1920 to 1929.?” The meta-analysis including
145 studies covering 2.1 million people from all over the
world estimated significantincrease in prevalence globally,
from 22.9% in 2000 to 49.8% in 2050.%®
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Worldwide myopiaprevalence is increasing, which should
be related to environmental factors. The environmental
factors for myopia are near-work and lack of outdoor
time.”-3 In adult studies of myopia, it is difficult to obtain
near-work activity prior to the onset of childhood myopia
and often the final level of education attained is the best
surrogate.® The increased myopia prevalence in the 20"
century might be associated with increasing intensive
education, mediated by more near-work and lifestyle
changes with reduced outdoor time.**?

Several studies investigated increasing myopia prevalence
and the relationship between myopia prevalence and
education systems. Forinstance, the Chinese study examined
8267 children aged 3 to 10 in 2013 in Shanghai, and found
that myopia prevalence increased from 1.78% in 3-year-
olds to 52.2% in 10-year-olds, which was statistically
associated with attending elite “high-level” school.** The
Korean National Health and Nutrition Examination Survey
2008-2011 examined 23,392 people aged 20+ years by auto-
refraction, and found that myopia prevalence in the younger
generation (78.9% in 20 to 29 years old, 60.7% in 40 to
49 years old) was much higher than the older generation
(16.1% in 60 to 69 years old), which was associated with
an increased education level. The change may be related
to the rapid economic development of Korea, and with the
accompanying transformation in education, high level of
education (high school or university graduate) increased
sharply from 16.2% to 96.9% over 40 years.** The Tajimi
study that examined a random sample of 3021 Japanese
aged 40 years or older found that the prevalence of myopia
decreased with increasing age from 70.3% in 40 years
to 13.5% in 80 years, and suggested that the decrease
may reflect a rapid economic development and education
expansion after the end of the Second World War in 1945.%

In Singapore, between 1819 and 1963, the education
system was modelled after the British system. Immediately
following independence in 1965, major reforms—the so-
called “Survival-Driven Education”—focusing on quantity
ofeducation were implemented. The NES was introduced in
1978 to allow pupils to study at their pace, more suited for
their ability. The Primary School Leaving Examination at 12
years and primary streaming exam for Primary 3 students,
were used to channel students into different level of classes,
and had begun in 1978 and 1979, respectively. In addition,
in 1984, the ‘Gifted Education Programme’ commenced,
in which very highly performing students were channelled
into a special programme with extra enrichment classes. A
large proportion of students are engaged in extra academic
lessons called “tuition”. The change in the education system
with more intensive schooling since 1978, may have led to
the increasing prevalence of myopia in Singapore.*!

The strength of the current study is that the results

presented here are based on population-based data with
large sample sizes and reasonable response rates (SCORM,
STARS and GUSTO), 3" which include over 7 decades of
data of persons who entered schools in different calendar
years. All participants were of the same race (Chinese)
which is advantageous in avoiding ethnic variation.

There were also some limitations. The most important
limitation is that this is an ecologic study with only
observation of myopia over time and changes in the
schooling system over time.

Inaddition, as this study is an ecological study, ecological
fallacy may be considered. The correlation of exposure and
disease was shown only at the group level but not at the
individual level. Causality cannot be inferred. Education
and myopia development should have various confounders.
In addition to changes in education system, many other
environmental factors such as changes in socioeconomic
status, changes in reduced outdoor life style, increased
near-work with electronic gadgets such as handphones and
computers, or increased crowded urban spaces may also
have contributed to this increase.

Second, the heterogeneity between the studies should
be noted. The method of myopia assessment is different
between studies in that it is based on self-report in STARS,
SCORM and GUSTO, and based on non-cycloplegic auto-
refraction in the others. Self-reporting may have biased the
results as participants may be mistaken or misremember
the information. According to the validity of self-reporting
myopiaprevalence in previous studies, accuracy is different
between the asking methods. The direct asking method of
"Are you myopic?" (like SCORM) showed the sensitivity
and specificity with 0.54 and 0.83, while the indirect method
using a series of questions on the use of eyeglasses and age
at first dispensing (like STARS and GUSTO) showed with
0.76 and 0.74.% Examining prescribed distance glasses like
GUSTO showed a good sensitivity (80%) and specificity
(89%).*® The Singapore Malay Eye Study (population-
based, cross-sectional study), examined 2912 adults aged
40 to 80 years, and found that people with uncorrected
myopia who do not wear spectacles was 4.5%.% We project
that the rates of self-reported myopia in our study may be
underestimated by approximately 4% and thus the true
myopia rates are slightly higher. Parents who participated
in the study might be more concerned about myopia, more
affluent, or closer to the clinical sites, which may also have
introduced a selection bias. The enrolment strategy of
children’s study, such as 3 school-based (2 ordinary schools
from eastern and 1 from northern provinces) design for
SCORM, 2 hospital-based (maternity units) for GUSTO,
and door-to-door recruitment from southwest provinces for
STARS, may not have provided a true representation of the
entire population and may have led to either an over- or
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underestimation of prevalence.

Age is a well known factor affecting the prevalence of
refractive errors. While parental age of paediatric cohorts
were approximately the same, age in the adult cohorts
varied greatly from the teens in military conscripts to 40
to 80 years in SCES and TPS cohorts. Since myopia may
progress till 25 years, some of the young military conscripts
may still become myopic after 16 years. Nuclear cataracts
which is age-related may cause index myopia in later life,
asincreasing nuclear sclerosis of the lens with age leads to a
myopic shift inrefractive status.* Thus, myopia prevalence
in these conscripts may even be higher than the published
estimates, compared with older adults in SCES and TPS.
This may be especially so given the exponential rise in
myopia prevalence in persons who began schooling after
the 1980s (born after the 1970s).

Conclusion

This ecologic study showed a secular upward trend in
myopiaprevalence in Chinese adults who started elementary
school from 1928 to 1995 (bornin 1922-1989), in particular,
an exponential rise in prevalence in persons who started
elementary school after the 1980s (born after 1970), which
may be related to increasing education after independence
and specifically to the enhanced competition introduced by
NES in 1978. Further population-based cohort studies will
berequired to identify the association at the individual level
since this ecological study shows the association only at a
group level. From the perspective of public health policies
to prevent myopia, children should not be given excessive
schooling demands. Policymakers, parents, and education
experts should be aware of the associations of intensive
schooling with myopia.
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