CAN CONTACT LENSES CONTROL THE PROGRESSION

OF MYOPIA?
L S Heng, C Y Khoo

ABSTRACT

Myopia is a potentially blinding condition with serious socio-economic ramifications. Many causes have been alluded to and one of
the strongest associations is that of formal education and nearwork. Studies done both locally and abroad illustrate this. In addition,
Singaporeans were found to have one of the highest incidences of myopia in the world.

Many meithods, including the use of contact lenses, have been advocated in the control of myepia. Hard contact lenses and more
recently, rigidgas permeable lenses, have been studied both to arrestthe progression of myopia in the young and reduce existing myopia
{ iy orthokeratology) in the Caucasian population. However, the Asian eye differs from the Caucasian eye. This is evidenced by the
increased frequency and severity of myopia, and the difference in the pattern of corneal diseases in our population. As such, there is
a need for local studies to be conducted to assess the effectiveness of this method in our population,
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INTRODUCTION

Myopia isa condition in which parallel rays ol light derived from
an object at infinity is focused in front of the retina when the eye
is at rest (Donders 1864)0.

The refractive components of the eye would include its axial
length, lens and corneal refractive power (curvature), Myopia
results fromacombination of these elements and their relationship
to each other, ie the myopic eye is one in which the refractive
system is too strong for its axial length.

Whilst the optical basis is easily understood, the problem
remains complex as its cause, prognosis, natural history and
treatment remain obscure. For example, a plethora of causes of
myopia have been suggested. These include convergence, poor
reading posture, dim illumination, elevated intraocular pressures,
eye rubbing, congestion, uncorrected astigmatism or exophorta,
dietary deliciencies, infcctious diseases, scleral weakness and
nearwork®.

Although myopia may be congenital or develop in the pre-
school child, it is most frequently observed in school children.
This is a cause of concern because it is a cause of significant
visual disability in young people who are at the peak of their
creative ability. Apart from occupational restrictions, progressive
myopiamay also lcad toirreversible changes inthe eye associated
with significant visual loss or blindness.

Visual Activity and Myopia

One of the strongest associations with myopia is that of visual
activity. Refractive errors have been convincingly associated
with the degree of formaleducation. Danishstudiesby Tscherning
in 1882 and subsequently repeated by Goldschmidt in 968
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found that one-third of men admitted Lo university education had
myopia of greater than 1.5 dioptre (D) compared with 2-3% for
unskilled workers. A graded decrease in myopia was found for
those with intermediate education. Simitar findings were found
in the United States by Sperduto et al (1983)%,

In a local study done between April 1987 to January 1992,
110,236 Singaporean males between 15-235 years were assessed(®,
The study populalion was as follows: Chinese 88,315 (80.1%),
Malay 12,854 (11.7%) and Indian 8138 (7.4%) and Others 929
(0.8%). The prevalence of myopia among this group by race is
summarised in Table I and the prevalence of myopia by cducational
attainment is shown in Fig 1.

Table I — Prevalence of myopia among young
Singaporean males (all educational groups) by race,

Myopia
Race Total No. of Males | No. of Males | Prevalence
Chinesc 88,315 42,804 48.5%
Malay 12,854 3,144 24.5%
Indian 8,138 2,474 30.4%
Others 929 322 34.7%
Total 110,236 48,744 44.29%

Source: Singapore Med J 1993; 34: 29-32.

An earlier similar study by Chew, Chia and Lee between
[974-84 surveyed a total of 320,409 men who had undergone full
physical examinations™. Similarresults were obtained. Of interest
is the distribution of high myopes (> -7D) on the differing
educattonal levels. It was atso noted that whilst the proportion of
very high myopia (> [0D) was aimost unchanged amongst the
various levels, those between 7-10D increased significantly with
the level of education. The implication therefore is that school
myopia in our population can reach a pathological degree of
severity.

This data collected locally once again confirmed asignificant
association between educational attainment and the prevalence
and severity of myopia. Thus, the association of refractive error
with education is strong, consistent and dose dependent.

As formal educalion is a reflection of nearwork, more direct
studies of visual activity or refractive errors were conducted.
Results of studies by Ashion in 1985® were suggestive of an



association whilst studies by Angle and Wissman (F980) and
Richler and Bear (198" found statistically significant
association.

Fig 1 - Prevalence of nyopia
(By educational attainment)}
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Educational Attainment

NFE : No formal education

PRI : Primary education (Less than 6-8 years of education}
PSLE  : Successfully completed 6-8 years of education

SEC : Secondary (Less than 4 years of secondary education)

GCE 'N" 1 Passed the General Certificate of Education (Nornal) Level
GCE 'O : Passed the General Certificate of Education (Ordinary) Levet
GCE A’ : Passed 1he General Certificate of Education (Advanced) Level

In cur increasingly competitive society where paper
qualification is thought to be the key to future success, great
emphasis has been placed on obtaining a good formal education.
We have also consequently observed a significant rise in the
frequency of myopia.

The Local Scene

The increasing incidence of myopia in our school children has
been a cause of concern in Singapore. Indeed, next to Japan,
Taiwan and Hong Kong. we have one of the highest incidence of
myopia in the world.

A study done on 128 third-year medical studenis (aged 20-
22) contirmed this. The group which comprised predominantly
Chinese students, 44% females and 56% males, had an 82%
incidence of myopia. The mean refractive error for the females
was -4.76D and that for males was -3.75D1Y,

[nn another study on myopia in school children between April
1984 - July 19835, the Ministry of Health surveyed 8,082 10-year-
old children in Primary 4. There were 4,189 boys and 3,893 girls.
69.1% were Chinese, 16.3% Malays and 4.1% Indians. 64.8% of
the children had myopia of at least 0.5 dioptre, making the
prevalence 24.9%. The prevalence rate of myopia amongst
Chinesc was significantly higher (28.9%) than Malays and Indians
(15.1% each). There was no significantdifference found between
the sexest™.

Also highlighting this problem in Table 1f is the resuit of a
survey done on school children done between 1985 and 1989 on
defective vision by educational level®™. In 1987, 14.34% of
Primary § students had vision of 6/18 or worse, rising to 55.56%
in the Secondary 4 students. In 1989, 19.01% of Primary 1
students had the same vision, rising to 57.75% in the Secondary
4 students, In terms of total percentages, there has been a steady
rise of those with defective vision (6/12 or worse) by about 2-3%
per year! It is therefore of great interest whether myopia can be
controlled or its progression halted.

Use of Hard Contact Lenses in Myopia Contro!

Many methods have been advocated in thc control of myopia.
These include under-or-over correcting the myopia, use of bifocal
lenses, use of minus lenses for distance only, use of eye exercises
or visual training, daily instillation of pharmaceutical agents and
surgery (including laser). Contactiens use has alsobeen advocated
in the control of myopia. Two techniques have been used.
Conventional fitting of lenses has been used in an attempt to

DIP  :Diploma (Successfully completed 3-year diploma course) arrest or reduce progression of myopia in the young. Alternatively,
UNIV  : University (Successtully completed 3-5 years of universily education) orthokeratology or intentional flattening of the comea, with
Table 11 — Defective vision by educational level (1985 — 1989).

Visual Acuity > 6/18 Visual Acuity > 6/12
1985 1986 1987 1988 1989
No. % No. % No. % No % No. %
Pri | 3473 8.89 3,731 9.36 5,726 14.34 6,548 16.28 7.801 19.01
Pri6 15,546 32.96 15,770 36.78 18,289 46.03 21.579 50.51 19,959 52.07
Sec 4 16,907 4521 17,521 49.08 19,567 55.56 20,435 52.85 21,854 57.75
Total 35,926 29.06 37,022 31.26 43,582 37.94 48,562 39.84 49,614 42.04

Source; Personal communication with Dr, Uma Rajan, School Health, Ministry of Health Singapore.
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fitting of flat lenses, has been used to try to reducc the amount of
existing myopia in adults.

The effectivencss of contact lenses in the control of myopia
has been a matter of controversy since 1956, Morrison reportcd
that over a two-year period, a large number of young myopes
(1,021), aged between 7-19 years, fitted with polymethyl
methacrylate (PMMA) lenses showed no progression of
myopia‘'*, His patients had been (itted lrom 1.62 to 2.50D flatter
than the Rattest corneal meridian. In asubsequent report in 1960,
it was found that progression of myopia was also halted when he
used the conventional alignment method of fitting!'>.

The possible factors involved in the control of myopia with
contact lenses were discussed by Bailey in 19581%. The apparent
stabilisation was thought 10 be due to the following lactors:

i} The tlanening of the cornea.

i} Deccrease of axial length as a result of rcduced anterior
chamber depth sccondary to the flattening.

iii) Overcorrection of thenyopia due to presence of photophobia
during the initial and subsequent refraction while wearing the
lenses.

iv) Reduced tear filmi thickness due to settling of the lenses on
the cornea.

v} Failure to take effective power into consideration when
ordering the contact lenses.

vi) Ophthalmometer error in the verification of finished lenses.

vii)Tendency for a practitioner to overlook myopic
overcorrections during subsequent follow ups.

Many studies arc carried out using PMMA lenses for myopia
control. Of interest are the studies by T. Stuart-Black Kelly and
collecagues from Bath!'” and Stone and her colleaguest?.

In the 1975 study from Bath, a large study comprising
children first noted to have myopia between ages of 10 and 15
years was conducted. Five groups were formed. Group | was the
control group which was treated withconventional lens refraction
and spectacles. Group 2 was given bifocals at atropine correction
and treated with phenylephrine 5% drops at night. Group 3 was
treated with contact lenses only. Group 4 comprised failures who
were treated with contact lens subsequently and Group 5 comprised
children who were treated with atcopine daily either as an initial
treatment or as failures of Group 4.

In the control group, myopia increased steadily by half a
dioptre per year until 18-23 years of age. All controls showed
increased myopic changes after 4 years of follow-up.

In Group 2, refractions were less myopic by an average of
1/2 dioptre by 3 months and these arrests lasted a considerable
period.

In Group 3, the arrest rate over 4 years was 38%. The arrest
rate stayed between 20 to 30% for as long as 13 years. However,
1 to 2 eyes in this group, as in the control group, showed
significant worsening of the myopia.

Of interest is that Group 4 showed that two-thirds had
arrested myopia after 6-9 months of contact lens use despite
having failed treatment previously. Group 5 children on daily
atropine drops also showed arrest of myopia.

Although it was neither a randomised or matched study, the
results obtained were suggestive that treatment using contact
lenses with or without pharmaceutical agents was able to arrest
or reduce the amount of myopia.

One of the most definitive studies on the use of PMMA lenses
for myopic control was carried out by Stone and colleagues™. In
a 5-year study comprising 84 subjects and 40 matched controls,
the mean increase in myopia for contact lens wearers was found
to be 0.10D per year compared with spectacle wearers of 0.35D
per year (controls). Children in the experimental group were
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fitted with lenses of diameter 9.2mm or smaller, and an optic zonc
width of 7mm or smaller, fitted just steeper than the flaticst
keratomeler readings. It was found that the corneal changes were
much less than the change in refraction and hence myopia
correctioncoutd not be solely due to corncal flattening. However,
axial length was not measured and the effect of contact kens use
on this factor was not known.

Orthokeratology or the practice of fitting contact lens to
reduce myopia by flattening the cornea is well known. The
tlattening, however, is not permanent. In most cases, “retainer”
lenses have to be wom at [east on a reduced basis to maintain this
eftect.

Ina large clinical study, Kerns (1976, 1977, 1978) compared
26 controls {conventional contact lens wearers} with 36 eyes
(subjects)*™*, These subjects were fitted sith thicker, flatter and
larger lenses so as to induce flattening. Kerns found that withany
given patient the results were not predictable. On the average, at
the end of the study, subjects had about | dioptre less myopia than
controls, but had 0.5D more astigmatism.

In another large scale randomised clinical trial, Polse et al
(1983) studied about 40 controls and 40 subjects®. Once again,
larger and thicker lenses were fitted flatter than the controls.
Similar findings ot a reduction of 11 of myopta compared with
0.5D for controls were found. Astigmatism was however not
found in this trial and was attributed to the centration of the fil of
the lenses in these subjects.

The “2:17 ratio in orthokeratology is a concept in which the
reduction in myopia is approximately twice the dioptric amount
of corneal flatiening. This ratio was investigated by Ericksonand
Thom using data from 4 orthokeratology studies®. On the
average there was a reduction of 0.72 dioptre when there was no
change in the keratometric readings. When there was a change,
the reduciion in myopia failed to keep up with the keratometric
changes in this ratio.

The suggested reason was that in the treatment, corneal
flatiening occurred primarily at the apex and then secondarily at
the surrounding annulus. As it was only the latter that was
measured, these keratometric readings may not be a valid method
of assessing the effect of lenses on corneal curvature and its
relationship in myopia control.

Of note is that orthokeratology is only able to minimally
reduce myopia and hence is suitable only in low myopes. In
addition, one can conclude that corneal flattening is not the only
factor in the reduction of myopia by contact lenses.

Rigid Gas Permeable (RGP} Lenses in Myopia Conirol
Interest in myopia control with contact lenses abated with
popularity of soft hydrogel lenses. However, with the introduction
of hard gas permeable lenses, this interest was rekindled.

A 3-year study at the University of Houston in 1985 attempted
to answer the following questions-2":

i) Are RGP lenses effective in controlling the progression of
myopia?

ii) To what extent is it due to corneal flattening?

iiiy Does RGP lenses control the axial elongation of the eye?

iv) Is the stabilisation effect permanent?

Grosvenor and his colleagues fitted 100 myopic children
{aged 8 to 13 years) with Paraperm O, and silicone-acrylate gas
permeable contact lenses. These children had normal eyes, apart
from myopia and no more than 2D of astigmatism. They were
matched with a control group of twenty single-vision spectacle
wearers by initial age and initial armount of myopia.

Most subjects were fitted with lens diameters of 9mm and
optic zone width of 7mm by the alignment method. The blind



study was conducted by 2 teams — an evaluation leam and a
patient care team. The evaiualion tcam made baseline
measurements ol relraction, keratomelry and axial length.

Subsequent yearly ineasureiments were made on subjects on a

Saturday morning before they put their lenses on, after having

worn their lenses on a full time basis up to and including the day

before the testing. The paticnt care team supervised the contact
lens fitling and follow up care. Changes in the lenses were made
as necded during the study.

Fifty-six of the 100 subjects remained in the study. The mean
increase in myopia in the subjects was 0. 16D per year (or 0.48 £
0.70D over 3 years) compared with 0.510 per year (or 1.53 %
081D over 3 years) in the controls. Hence, over the 3-year
period, the mean incrcase in myopia was 1B} greater in the
speclacle wearing (control) group than inthc contact lens wearers.

In the contactlens wearers, there was amean corncal {lattening
of 0.37D anda meanaxial length increase of 0.48mm. Incomplete
data was obtained on the controls. However in the data published
by Fledelius {1982), little change in corneal refracting powers
would be expected in this age range and similar myopes had a
mean increase in axial fength of 0.49mmi**  Although
statistically not significant, results of this Houston study pointed
to a trend of reciprocal relationship between corneal tlattening
and axial elongation. The likely cause isdueto the slightdecrease
of anterior chamber depth secondary to corneal pressure by the
contact lens. This effect would also be manifested as a decrease
in progression of myopia.

The effect of discontinuation of contact lens wear onmyopia
has previously been studied by Rengstorff®®3" He found a
gradual increase in myopia back to initial values over a period of
21-48days. Tostudy the permanency of RPG lenses incontrolling
myopia, the Houston group at the end of the 3-year study asked
subjects to give up contact lens wear over a period of time.
Twenty-three subjects discontinued lens wear for an average of
2-5 months. During this period, there was a mean increase on
myopia of 0.27D and a mean corneal steepening of 0.25D. In
totality, comparing the mean values of the contact lens wearers
and the spectacle wearers over the entire study period, the amount
of progression is still smaller [(0.48 + 0.27 = 0.75) D vs 1.53D]
in the former group.

The conclusions of the Houston study are as follows:

i) RGPlensesare able to control myopia to a significant degree.
:[However, due to a large standard deviation in both control
and subject groups, it would not be possible to predict the
effect of contact lenses in controlling myopia for a given
patient.

ii} About half of the effect of contact lenses in controlling
myopic progression is due to corneal flattening as measured
by the keratometer. However, the keratometer may not be a
valid method of measurement in these circumstances.

iii) The results did not confirm that RPG lenses could control
axial elongation of the eye.

iv) Theeffectoflenses in controlling myopic progression required
continued lens wear, This effect was also found to persist
when lens wear was resumed following a period of
discontinuation over a few months.

CONCLUSION

What are some of conclusions that can be drawn and what are its

implication for us locally?

Basically, myopia is a very complex subject. Its aetiology is
multifactorial with contributions from genetics, environment,
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associated systemic conditions and visual activily. Locally,
myopia is reaching pandemic proportions; yel there is a paucity
of studies done in our population. Due to dilferences in genetic
and structure of the Asian eycs, the nature of myopia and its
responsce to the various modalitics of treatment described
previously may differ from Caucasian eyes,

One obvious difference is the grealer incidence of higher
degrees of myopia in our young children. Other differences
include the pattern of coreal diseases —there is a lowerincidence
of keratoconus (warpage of the comea) and corneal dystrophics
in our population. Al these point to the likelihood that there are
significant differcnces between the Caucasian and Asian eyes.
As such, there is a need to conduct comparable well designed
studics to determine if RPG lenses are able to control myopia in
our local population.
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