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For many people, myopiaisacondition that causesonly a
little inconvenience or a cosmetic blemish in the form of
spectacles. Nowadays, there are several ways to overcome
the need for wearing spectacles such as contact lenses or
varioustypes of refractive surgery. However, for some people
with more severe or pathological myopia, it isadisfiguring
and disabling condition, which not only impairs their life-
style, career opportunities, and quality of life, but also carries
arisk of ophthalmic complications, including retinal degen-
eration or detachment, glaucoma, macular degene-ration, or
choroidal neovascularization.**

Since its introduction in the mid-1990s, laser in situ
keratomileusis has rapidly become the most widely per-
formed refractive surgery, with high patient satisfaction.
However, not all patients with myopia are suitable candi-
dates for this procedure and complications such as corneal
flap displacement, undercorrection or overcorrection, epi-
thelial ingrowth under the flap, inflammatory keratitis, and
late corneal ectasiaare still subjects of concern. Minor side
effects such as dry eyes, night-time starbursts, and reduced
contrast sensitivity may also occur.®

The cause of myopia has been the subject of research and
debate for more than a hundred years. Some researchers
consider that myopiais primarily an inherited disorder and
others believe that accommodation during protracted near work
plays an important role in the development of myopia The
high incidence of myopiain some ethnic groups, including
Chinese people, and afamilia clustering indicate an inherited
disorder.®” Goss et d reviewed a number of studies, some of
which proposed an autosomal dominant mode of inheritance,
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others autosomal recessive inheritance, and still others, an X-
linked pattern of inheritance for myopia.® Young et a recently
reported significant genetic linkage on chromosome 18p for
high myopia (>6.00 diopters) with an autosomal dominant
mode of inheritance.® Using animal models, it has been shown
that visual environment exerts a powerful influence on the
refractive state by affecting the axial length of the eye during
the postnatal period. From the evidence available, it islikely
that genetic and environmental factors interact in a complex
manner in the development of myopia.*

In 1981, Hubel and Wiesel were awarded the Nobel Prize
for their investigations of brain function. These researchers
demonstrated that eyeball elongation and myopia can bein-
duced in monkey eyes by ocular occlusion during a critical
period after birth.!* Thisform-deprivation myopia has shaped
the basis of investigations into the mechanism of myopia
development. Similar axial elongation has been reported in
human infants who have unilateral eye diseases such as con-
genital cataract, ptosis, vitreous hemorrhage, or keratitis.*?
Interestingly, animal models have demonstrated that the
eye can recover from induced myopia after the source of
deprivation is removed. Several studiesin young monkeys,
tree shrews, and chicks have shown that if the defocusing
lens or translucent occluder is removed, the eye alters its
growth rate to reduce the interocular refractive difference
and achieve emmetropia. The process involved can be re-
garded as evidence for a visually guided process of active
emmetropization. This emmetropization processis probably
the result of coordinated growth of the eye and its compon-
ents to achieve optimally focused retinal images of distant
objectswith relaxed accommodation. Further studies showed
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that such emmetropization can be prevented by giving cor-
rective lenses to the animals.*® This evidence supports the
hypothesis that the quality of the visual image isimportant
in guiding the coordinated growth and refractive devel op-
ment of the eye. The underlying mechanism that controls
this interesting phenomenon is still not well understood,
although it has attracted the interest of many researchers
since this has important implications for the pathogenesis
of myopia and any potential therapy.

Several models of myopiasuggest that growth of axia length
is stimulated by blur. Accomodative lag has been suggested
as an important source of blur in the development of
myopia Severa studies have demonstrated that people with
myopiahave agreater lag of accommodation than those with
either emmetropia or hyperopia***> When children with
accommodative lag perform near tasks, there is a greater
degree of hyperopic blur on the retina. The increased blur
on the retina may be a factor in the development of myopia.
Children with abnormal accommodative convergence to
accommodation ratio, or esophoria, are also more prone to
develop myopia because they must relax accommodation to
maintain single binocular vision.***8 This produces a blurred
image on near work and may lead to progression of myopia.

Excessive near work has also been postulated as an import-
ant factor in the development of myopia. This may explain
the increasing prevalence of myopia in several Asian
countries and among academics.*>?* This associ ation between
the near environment and myopia has also been supported
by animal models. Eyes of animals exposed to an artificially
near environment become myopic with axial elongation of
the eyeball. It has been suggested that the development of
myopiais closely related to early academic activities and
learning® and may be a form of adaptation to an increased
demand in near work.?® Although this appears to be contra-
dicting the process of emmetropization, myopia would be
the ideal ocular state for habitual near demands since it
brings the eye to an optimal focus for the near environment.

Variousforms of treatment have been tried to prevent or slow
down the progression of myopia. The effects on refractive
development of wearing lenses have been a subject of
debate and research. It has been suggested that full correc-
tion of myopia may have adverse effects on progression of
myopiabecause it removes the stimulus for emmetropization
or causes a hyperopic defocus at near viewing distance.?”
However, most studies fail to demonstrate that partial
correction, distance correction only, or part-time correction
has different effects on the progression of myopia compared
with full correction or no correction.?28 Alternative forms
of lens treatment such as bifocal or multifocal lenses have
been studied but the results are inconclusive and thereis no
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evidence that progression of myopia can be retarded by
wearing an additional lens. 2%

Based on the hypothesis that myopia is due to excessive
or lag of accommodation, cycloplegic agents such as the
muscarinic antagonist atropine or tropicamide have been
tried to prevent the progression of axial myopiain human
and animals models.®%2 Some studies have combined
the use of cycloplegic agents with bifocal or multifocal
lenses.®3* While atropine has been shown to be effectivein
some studies, recent work suggests that atropine prevents
myopia via a non-accomodative mechanism.* Besides
atropine, the M 1 sel ective muscarinic antagonist pirenzepine
or nicotinic antagonist has been shown to be effective at
retarding myopic progression in anima models.®¥"% These
agents may have lower side effects than atropine and further
studies are ongoing to ascertain the effects of pharmaco-
logical treatment on the progression of myopiain humans.
At present, there is insufficient evidence from randomized
clinical trials to support interventions to prevent the pro-
gression of myopia.*®

In this issue of Hong Kong Journal of Ophthalmology, there
are 2 interesting papers of basic research into the pathogen-
esis of myopia. Moe et a report a study on the collagen gene
expression of rabbit sclera at the early postnatal period.*
Previous studies in chicks and tree shrews have shown that
the changes in ocular axial length in form-deprivation myo-
pia are accompanied by changesin scleral metabolism and
morphology, especially at the posterior pole of the eye.’34
The control of collagen metabolism may have an important
role in the prevention of myopia, and further research in this
direction isworthwhile considering in the future. In the study
by Lam et a, an interesting model using Black Moor goldfish
to study the biochemical changes associated with eye growth
is presented.®> Many of us have seen Black Moor goldfish
sold in aguaria or by street hawkers, but few of us may have
thought that they can be used as a model to study myopia.
Biochemical changes in myopia may have an important
bearing on its mechanism and any therapeutic intervention.

Myopiaisacommon problem worldwide, with large global
variation in its prevalence. The frequency and severity
seem to be increasing throughout the world.**2* The magni-
tude of this problem is not reliably known, but is certainly
not trivial. Refractive error has been included as one of
the five priority areas for the vision 2020 program launched
by the World Health Organization for the elimination of
avoidable blindness by the year 2020.% Given the magni-
tude of the problem, further basic research and public edu-
cation programs into the etiology and means of prevention
are warranted to minimize the impact on individuals and
the community at large.

2. Takashima T, Yokoyama T, Futagami S, et al. The quality of
life of patientswith pathol ogic myopia. Jpn J Ophthalmol 2001;
45:84-92.

3. Mitchell P, Hourihan F, Sandbach J, Wang JJ. The



EDITORIAL

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

relationship between glaucoma and myopia: the Blue
Mountains Eye Study. Ophthal mology 2000;107:1026-1027
Miller DG, Singerman LJ. Natural history of choroidal
neovascularization in high myopia. Curr Opin Ophthalmol
2001;12:222-224.

Sugar A, Rapuano CJ, Culbertson WA, et al. Laser in situ
keratomileusisfor myopia and astigmatism: safety and efficacy:
a report by the American Academy of Ophthalmology.
Ophthalmology 2002;109: 175-87.

Pacella R, McLellan J, Grice K, Del Bono EA, Wiggs JL,
Gwiazda JE. Role of genetic factorsin the etiol ogy of junvenile-
onset myopia based on a longitudinal study of refractive error.
Optom Vis Sci 1999; 76: 381-386.

Wu MM, Edwards MH. The effect of having myopic parents:
an analysisof myopiain three generations. OptomM\is Sci 1999;
76:387-392.

Goss DA, Hampton MJ, Wickham MG. Selected review on
genetic factorsin myopia. J Am OptomAssoc 1988;59: 875-884.
Young TL, Ronan SM, Drahozal LA, et al. Evidence that a
locus for familial high myopia maps to chromosome 18p.
AmJ Hum Genet 1998;63:109-119.

Mutti DO, Zadnik K, Adams AJ. Myopia. The nature versus
nurture debate goes on. Invest Ophthalmol Vis Sci 1996; 37:
952-957.

Wesel TN, Raviola E. Increasein axial length of the macaque
monkey eye after corneal opacification. Invest Ophthalmol is
i 1979;18:1232-1236.

Meyer C, Muedller MF, Duncker Gl, Meyer HJ. Experimental
animal myopia models are applicable to human juvenile-
onset myopia. Surv Ophthalmol 1999;44 (Suppl 1):93-102.
McBrien NA, Gentle A, Cottriall C. Optical correction of
induced axial myopia in the tree shrew: implications for
emmetropia. OptomVis Sci 1999; 76:419-427.

Gwiazda J, Thorn F, Bauer J, Held R. Myopic children show
insufficient accommodative responseto blur. Invest Ophthal mol
Vis Sci 1993;34:690-694.

Culhane HM, Winn B. Dynamic accommodation and myopia.
Invest Ophthalmol Ms Sci 1999;40:1968-1974.

Gwiazda J, Grice K, Thorn F. Response of AC/A ratios are
elevated in myopic children. Ophthalmic Physio Opt 1999;
19:173-179.

Schor C. Theinfluence of interactions between accommoda-
tion and convergence on thelag of accommodation. Ophthalmic
Physio Opt 1999;19:134-150.

Goss DA, Rainey BB. Relationship of accommodative response
and near point phoria in a sample of myopic children. Optom
Vis i 1999; 76:292-294.

LinLL, ShihYF, Tsai CB, et al. Epidemiologic study of ocular
refraction among schoolchildren in Taiwan in 1995. Optom
Vis i 1999; 76:275-281.

Matsumura H, Hirai H. Prevalence of myopia and refractive
changesin studentsfrom3 to 17 years of age. Surv Ophthalmol
1999;44 (Suppl 1):109-115.

Wong TY, Foster PJ, Hee J, et al. Prevalence and risk factors
for refractive errors in adult Chinese in Sngapore. Invest
Ophthalmol s Sci 2000;41:2486-2494.

Saw SM, Hong RZ, Zhang MZ, et al. Near-work activity and
myopia in rural and urban schoolchildren in China. J Pediatr
Ophthalmol Strabismus 2001;38:149-155.

Kinge B, Midelfart A, Jacobsen G, Rystad J. The influence of
near work on development of myopia among university
students. three-year longitudinal study among engineering
students in Norway. Acta Ophthalmol Scand 2000; 78: 26-29.
Wensor M, McCarty CA, Taylor HR. Prevalence and risk

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

39.

4]1.

42.

factorsof myopiainMictoria, Australia. Arch Ophthalmol 1999;
117:658-663.

Goldschmidt E, Lam C, Opper S The development of myopia
in Hong Kong children. Acta Ophthalmol Scand 2001;79:
228-232.

Ong E, GriceK, Held R, Thorn F, Gwiazda J. Effect of spec-
tacleinvention on the progression of myopiain children. Optom
\is Sci 1999;76: 363-369.

Blackie CA, Howland HC. An extension of an accommodation
and convergence model of emmetropization to include the
effects of illumination intensity. Ophthalmic Physio Opt 1999;
19:112-125.

Parssinen O, Hemminki E, Klemetti A. Effect of spectacle use
and accommodation on myaopic correction: final results of a
three-year randomized clinical trial among school children.
Br J Ophthalmol 1989;73:547-51.

Leung JT, Brown B. Progression of myopia in Hong Kong
Chinese school children is slowed by wearing progressive
lenses. Optom Vis Sci 1999; 76: 346-354.

Edwards MH, Li RW, Lam CS et al. The Hong Kong progres-
sivelensmyopia control study: study design and main findings.
Invest Ophthalmol \is Sci 2002;43:2852-2858.

Tigges M, luvone PM, Fernandes A, et al. Effects of muscar-
inic cholinergic receptor antagonists on postnatal eye growth
of rhesus monkeys. Optom Vis Sci 1999; 76: 397-407.

Manny RE, Hussein M, Scheiman M, Kurtz D, Niemann K,
Zinzer K, COMET Sudy Group. Tropicamide (1%): an effect-
ive cycloplegic agent myopic children. Invest Ophthalmol s
Sci 2001;42:1728-35.

Romano PE, Donovan JP. Management of progressive school
myopia with topical atropine eyedrops and photochromic bi-
focal spectacles. Binocul is Srabismus Q 2000; 15:257-260.
Shih YF, Hsiao CK, Chen CJ, Chang CW, Hung PT, Lin LL.
An intervention trial on efficacy of atropine and multi-focal
glassesin controlling myopic progression. Acta Ophthal mol
Scand 2001; 79: 233-236.

Sone RA, Lin T, Laties AM. Muscarinic antagonist effects on
experimental chick myopia. Exp Eye Res 1991;52: 755-758.
McBrien NA, Moghaddam HO, Cottriall CL, Reeder AP. At-
ropine reduces experiemental myopia and eye enlargement via
a nonaccommodative mechanism. Invest Ophthalmol Vis Sci
1993;34:205-215.

Caottriall CL, McBrien NA, Annies R, Leech EM. Prevention of
form-deprivation myopia with pirenzepine: a study of drug
delivery and distribution. Ophthal Physiol Opt 1999;19:
327-335.

Sone RA, Sugimoto R, Gill AS Liu J, Capehart C, Lindstrom
JM. Effects of nicotinic antagonists on ocular growth and ex-
perimental myopia. Invest Ophthalmol Vis Sci 2001;42: 557-565.
Saw SM, Shih-Yen EC, Koh A, Tan D. Interventions to retard
myopia progression in children: an evidence-based update.
Ophthalmology 2002; 109:415-421.

Moe TK, Ji ZL, Barathi A, Beuerman RW. Expression of col-
lagen genesin postnatal rabhbit sclera. HK J Ophthalmol 2002;
6:7-12.

McBrien NA, Lawlor P, Gentle A. Scleral remodeling during
the development of and recovery fromaxial myopiain the tree
shrew. Invest Ophthalmol is Sci 2000;41:3713-3719.

Lam KW, Zhou L, Xiong X, Lai HW, Yew DTW. Mega-
lophthalmia in Black Moor goldfish: an experimental model
to study metabolic events associated with eye expansion. HK J
Ophthalmol 2002;6:13-20.

McCarty CA, Taylor HR. Myopia and vision 2020. Am J
Ophthalmol 2000;129:525-527.

HK)Ophthalmol & Vol.6 No.1



