Editorial

Issues and Challenges for Myopia Research
TY Wong, rrese, mpH, php, SM Saw,?viess, MPH, Php

Myopia is an ocular disorder of major public health and socioeconomic significance in many East Asian urban cities.! In
Singapore, the prevalence of myopia is one of the highest worldwide, affecting 28% of school children at the start of their primary
education and 70% of those completing university education.** Four of 10 adult Chinese people >40 years old have myopia.* Of
greater concern is that a substantial proportion of Singaporeans have high myopia, usually defined as a refraction of —6.0 D or
higher. One in 10 adults has high myopia, compared to 1 in 50 in most Western populations.* There is also increasing evidence
that both prevalence and severity of myopiamay be increasing. Serial cross-sectional data from military recruits and school children
of similar ages in Singapore show that myopia prevalence hasincreased from the 1970s to the late 1990s.5¢However, the definitions
and measurement techniques of repeated surveys differ and may not be directly comparable.

What is the clinical and public health significance of these trends? Do we know what is the aetiology of myopia? Can we identify
new and modifiable risk factors for myopia progression? Will therapies to halt progression of myopia become available? What
are current and future challenges for myopia research? These and other issues are addressed in this issue of the journal.

Why do We Care about Myopia?

Animportant question isthe clinical significance of myopia. There has long beena concern that blindness and visual impairment
from myopia will lead to major public health problems for many countries in Asia.” However, whether this will occur is not clear,
and the exact ocular morbidity of myopia is not well-defined. Although blindness registry data indicate that myopia is the fourth
leading cause of blindness in Singapore,® these data are not representative of the general population. In fact, well-conducted
population-based prevalence surveys in the United States (US) suggest that myopia is not a leading cause of either visual
impairment or blindness in adults (although, admittedly, the rates of myopia are lower in the US).*1°

High or pathological myopia has been associated with myopic macular degeneration, macular holes, retinal breaks and retinal
detachment.** However, the significance of low and moderate levels of myopia, which affect the vast majority of the population,
is unclear. We know even less about the clinical significance of pathological ocular complications, such as retinal breaks found
in patients with longer axial lengths. Nonetheless, several recent large population-based studies suggest that even mild to moderate
levels of myopia may be related to higher risk of cataract!#*® and glaucoma**® in adults >40 years of age. In addition, myopia has
also been associated with diminished quality of life, visual function and lower utility values. A study of 112 adult myopic patients
showed that patients with high myopia (refractive error at least—10.0 D) had significantly worse visual function and vision-related
quality of life scores.*® The utility values of myopic high school children in Singapore are also lower.*’

Beyond the medical implications, myopiaincurs significant socioeconomic costs. Direct cost related to the correction of myopia,
including refractive eyewear and surgery, is estimated to be in excess of SGD$150 millionayear.” There are also substantial indirect
costs related to treatment of myopia complications, such as retinal detachment and contact lens-related corneal ulcers.

Aetiology of Myopia: the Nature versus Nurture Debate

Despite several decades of research, the aetiology of myopia is unknown. The relative contribution of genetic predisposition
(nature) versus environmental risk factors (nurture) has been the subject of much study and debate.’®% Several lines of evidence
pointto astrong genetic role. First, racial differences in myopia prevalence between different countriesand, in Singapore, between
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different racial groups, point towards a genetic predisposition to myopia.'® In a recent study in Singapore, higher rates of myopia
were seen in Chinese compared to Indian and Malay school children, despite controlling for education.?! Second, a consistent
association between a parental history of myopia and development of myopia has been documented.??* This relationship remains
after controlling for similar lifestyle habits in parents and children.!® Third, data from twin studies show significantly greater
concordance in myopia rates among monozygotic compared to dizygotic twins.? Finally, genetic studies have identified several
loci for certain pathological variants of myopia.?®%

In support of an “environmental” contribution of myopia, population-based studies have shown higher myopia prevalence* and
longer axial lengths?® in younger compared to older cohorts (suggesting changing environmental factors over time). Environmental
factors could explain the rapid increase in myopiarates in a few decades in populations where the gene pool remains the same. High
incidence and progression rates of myopia have been reported in individuals who spend long hours on near-work activity, such as
carpet weavers, visual display terminal workers and microscopists.?-3* Several environmental risk factors for myopia, including
higher educational attainment, higher socioeconomic status and increased amount of near-work activities, are well-documented
in children®?3 and adult*** populations. However, the exact mechanism of how these factors induce the development and
progression of myopia remains controversial.

Recent research has also identified several novel risk factors for myopia. Of these, “night-light” as a potential risk factor has
generated the greatest controversy and media attention.®>3 Dietary factors have also been recently suggested as possible risk factors
for myopia.* These risk factors are potentially modifiable and deserve further investigations. However, it is difficult to obtain
accurate recall data on night-light habits before 2 years or nutrient data in the young child.

Future Research Direction

As this issue of Annals will show, much needs to be done in myopia research. Few experimental studies on animal models are
available, but these experiments will offer critical insights into the possible mechanisms of action of these interventions and,
therefore, their potential long-term impact on developing eyes. An accurate and precise quantification of “near-work activity”
remains problematic and is another area of useful investigation.*” Modifiable parameters of near work, such as posture while reading
and breaks during reading and lighting, need to be further studied. In designing epidemiological studies to investigate risk factors
of, and morbidity and complications for myopia, researchers should collect ocular biometric data, which may provide information
beyond refractive dataalone. Newer devices, such as non-contact optical biometry instruments, have been found to provide reliable
and accurate axial length data, and may be used in large studies involving children. Other research areas should be concentrated
on elucidating the genetic factors involved in the pathophysiology of myopia. Finally, the testing of novel therapeutic approaches
in rigorous randomised controlled trials to obtain valid and unambiguous conclusions is critical, and is discussed in detail in the
following article. Myopia affects a significant proportion of people of all ages. Tackling this problem will, therefore, necessarily
require a multi-disciplinary approach involving laboratory scientists, clinicians, ophthalmologists and other public healthcare
providers.

REFERENCES

1. Saw SM, Katz J, Schein OD, Chew SJ, Chan TK. Epidemiology of myopia. Epidemiol Rev 1996;18:175-87.

2. Chua WH, Saw SM, Wu HM, Hong CY, Chan WY, Wong A, et al. Refractive errors in schoolchildren: the Singapore Myopia Cohort Study. In: Thorn F,
Troilo D, Gwiazda J, editors. Proceedings of the V111 International Conference on Myopia; 2000 July 7-9; Boston, United States. United States: Conference
on Myopia, 2000:11.

3. Saw SM, WuHM, Seet B, Wong TY, Yap E, ChiaKS, etal. Academic achievement, close-up work parameters, and myopia in Singapore military conscripts.
Br J Ophthalmol 2001;85:855-60.

4. 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.

Chew SJ, Chia SC, Lee LK. The pattern of myopia in young Singaporean men. Singapore Med J 1988;29:201-11.

Au Eong KG, Tay TH, Lim MK. Education and myopia in 110,236 young Singaporean males. Singapore Med J 1993;34:489-92.

Seet B, Wong TY, Tan DT, Saw SM, Balakrishnan V, Lee LK, et al. Myopia in Singapore: taking a public health approach. Br J Ophthalmol 2001;85:521-6.

See JL, Wong TY, Yeo KT. Trends in the pattern of blindness and major ocular diseases in Singapore and Asia. Ann Acad Med Singapore 1998;27:540-6.

Rahmani B, Tielsch JM, Katz J, Gottsch J, Quigley H, Javitt J, et al. The cause-specific prevalence of visual impairment in an urban population. The Baltimore

Eye Survey. Ophthalmology 1996;103:1721-6.

10. Sommer A, Tielsch JM, Katz J, Quigley HA, Gottsch JD, Javitt JC, et al. Racial differences in the cause-specific prevalence of blindness in east Baltimore.
N Engl J Med 1991;325:1412-7.

11. Curtin BJ. The Myopias. Basic Science and Clinical Management. Philadelphia: Harper and Row, 1985.

12. Wong TY, Klein BE, Klein R, Tomany SC, Lee KE. Refractive errors and incident cataracts: the Beaver Dam Eye Study. Invest Ophthalmol Vis Sci
2001;42:1449-54.

© © N o

Annals Academy of Medicine



13.

14.

15.

16.
17.
18.
19.
20.
21.

22.
23.
24.

25.

26.

27.

28.

29.

30.
31.
32.

33.
34.

35.
36.
37.

Editorial—TY Wong & SM Saw 3

Wong TY, Foster PJ, Johnson GJ, Seah SK. Refractive errors, axial ocular dimensions, and age-related cataracts: the Tanjong Pagar Survey. Invest
Ophthalmol Vis Sci 2003;44:1479-85.

Wong TY, Klein BE, Klein R, Knudtson M, Lee KE. Refractive errors, intraocular pressure, and glaucoma in a White population. Ophthalmology
2003;110:211-7.

Mitchell P, Hourihan F, Sandbach J, Wang JJ. The relationship between glaucoma and myopia: the Blue Mountains Eye Study. Ophthalmology
1999;106:2010-5.

Rose K, Harper R, Tromans C, Waterman C, Goldberg D, Haggerty C, et al. Quality of life in myopia. Br J Ophthalmol 2000;84:1031-4.
Saw SM, Gazzard G, Au Eong KG, Koh D. Utility values and myopia in teenage school students. Br J Ophthalmol 2003;87:341-5.

Wallman J. Nature and nurture of myopia. Nature 1994;371:201-2.

Mutti DO, Zadnik K, Adams AJ. Myopia: the nature versus nurture debate goes on. Invest Ophthalmol Vis Sci 1996;37:952-7.

Saw SM, Chua WH, Wu HM, Yap E, Chia KS, Stone RA. Myopia: gene-environment interaction. Ann Acad Med Singapore 2000;29:290-7.

Wu HM, Seet B, Yap EP, Saw SM, Lim TH, Chia KS. Does education explain ethnic differences in myopia prevalence? A population-based study of young
adult males in Singapore. Optom Vis Sci 2001;78:234-9.

Zadnik K, Satariano WA, Mutti DO, Sholtz RI, Adams AJ. The effect of parental history of myopia on children’s eye size. JAMA 1994;271:1323-7.
Saw SM, Hong CY, Chia KS, Stone RA, Tan D. Near work and myopia in young children. Lancet 2001;357:390.

Saw SM, Nieto FJ, Katz J, Schein OD, Levy B, Chew SJ. Familial clustering and myopia progression in Singapore school children. Ophthalmic Epidemiol
2001;8:227-36.

Chen CJ, Cohen BH, Diamond EL. Genetic and environmental effects on the development of myopia in Chinese twin children. Ophthalmic Paediatr Genet
1985;6:353-9.

Young TL, Ronan SM, Alvear AB, Wildenberg SC, Oetting WS, Atwood LD, et al. A second locus for familial high myopia maps to chromosome 12g. Am
J Hum Genet 1998;63:1419-24.

Young TL, Ronan SM, Drahozal LA, Wildenberg SC, Alvear AB, Oetting WS, et al. Evidence that a locus for familial high myopia maps to chromosome
18p. Am J Hum Genet 1998;63:109-19.

Wong TY, Foster PJ, Ng TP, Tielsch JM, Johnson GJ, Seah SK. Variations in ocular biometry in an adult Chinese population in Singapore: the Tanjong
Pagar Survey. Invest Ophthalmol Vis Sci 2001;42:73-80.

McBrien NA, Adams DW. A longitudinal investigation of adult-onset and adult-progression of myopia in an occupational group. Refractive and biometric
findings. Invest Ophthalmol Vis Sci 1997;38:321-33.

Tokoro T. Effect of visual display terminal (VDT) work on myopia progression. Acta Ophthlamol Suppl 1988;185:172-4.

Simensen B, Thorud LO. Adult-onset myopia and occupation. Acta Ophthalmol (Copenh) 1994:72:469-71.

Saw SM, Zhang MZ, Hong RZ, Fu ZF, Pang MH, Tan DT. Near-work activity, night-lights, and myopia in the Singapore-China study. Arch Ophthalmol
2002;120:620-7.

Saw SM, Chua WH, Hong CY, Wu HM, Chan WY, Chia KS, et al. Near work in early-onset myopia. Invest Ophthalmol Vis Sci 2002;43:332-9.

Wong TY, Foster PJ, Johnson GJ, Seah SK. Education, socioeconomic factors, and ocular dimensions in Chinese adults: the Tanjong Pagar Survey. Br J
Ophthalmol 2002;86:963-8.

Quinn GE, Shin CH, Maguire MG, Stone RA. Myopia and ambient lighting at night. Nature 1999;399:113-4.

Saw SM, Wu HM, Hong CY, Chua WH, Chia KS, Tan D. Myopia and night lighting in children in Singapore. Br J Ophthalmol 2001;85:527-8.

Saw SM, Nieto JF, Katz J, Chew SJ. Estimating the magnitude of close-up work in school-age children: a comparison of questionnaire and diary instruments.
Ophthalmic Epidemiol 1999;6:291-301.

January 2004, Vol. 33 No. 1



