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The prevalence of myopia has been steadily rising, with 28 per cent of the global popula-
tion said to be affected in 2010 and to rise to affect nearly 50 per cent by 2050. Increasing
levels of myopia increase the risk of vision impairment and in particular, high myopia is
associated with the risk of serious and permanent visual disability due to associated sight-
threatening complications. To stem the burden associated with higher levels of myopia,
there are efforts to slow the progression of myopia, and several optical and pharmaceuti-
cal strategies have been found useful in slowing myopia to varying degrees. More recently,
numerous multifocal soft contact lenses and extended depth of focus soft contact lenses
(collectively referred to as myopia control contact lenses) were found effective in slowing
myopia. As opposed to overnight orthokeratology, myopia control contact lenses are worn
during the day and the hypotheses proposed to explain the efficacy of these lenses are
generally based on the premise that the stimulus for eye growth is a defocused retinal
image with hyperopic blur either centrally or peripherally. Although the individual power
profiles of the lenses vary, the contact lens generally incorporates ‘positive power’ to
reduce the hyperopic blur and/or impose myopic defocus or in the case of the extended
depth of focus lens, has a power profile designed to optimise retinal image quality for
points on or in front of the retina. The use of soft contact lenses as a platform for myopia
control offers an exciting and effective avenue to manage myopia but there is a need for
further research on issues such as the mechanism underlying control of myopia, improv-
ing efficacy with lenses, and understanding rebound on discontinuation. More signifi-
cantly, although contact lenses are generally safe and improve quality of life in older
children, one of the major challenges for improved uptake and acceptance of contact
lenses centres on the perceived risk of complications with lens wear. This issue needs to
be addressed.
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Owing to the vast global population
affected and the burden of visual disability
imposed by the condition, myopia is con-
sidered to be a pressing public health issue.
With an estimated 1.5 billion people
affected in 2010, myopia is the most com-
mon cause of distance vision impairment
and is expected to rise to nearly five billion
by 2050."

For many, the visual disability of myopia
is easily remedied with corrective devices
but the risk of uncorrectable visual impair-
ment rises with increasing myopia.®> For
some, especially during adulthood, myopia
can result in permanent visual disability due
to co-morbid conditions such as myopic
macular degeneration, myopic maculopa-
thy, retinal detachment and glaucoma.”™®
Data from Japan and Taiwan suggest that
myopic macular degeneration is already a
major cause of blindness in these

societies™'® and models projecting future eliminate blurred vision at distance but

prevalence rates for myopia, high myopia

and myopic retinopathy suggest that visual

impairment and myopic retinopathy are

likely to increase substantially by 2050."%!!
In recent years, there has been a surge

of interest in solutions to better manage

myopia to reduce:

e the risk of the eye becoming high
myopic and the associated risk of devel-
oping sight-threatening complications

¢ the burden associated with progressing
myopia, for example, reduce replacing
optical devices frequently

¢ vision impairment due to uncorrected
myopia.

Currently, myopia management mostly
involves correction with spectacles and con-
tact lenses, and to a lesser extent refractive
surgery and orthokeratology. These approa-
ches correct for the refractive error and
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with the exception of orthokeratology do
not arrest or slow the axial length increase
that leads to progression.

While myopia is multifactorial with both
genetic and environmental factors playing
a role in onset and progression, research
indicates that it is well within the reach of
the practitioner to slow the progress of
myopia. In this regard, there is compelling
evidence from animal studies that environ-
mental factors such as form deprivation
and defocus can be used to predictably
manipulate the development and progres-
sion of refractive errors.'%!13 Significantly,
experiments have demonstrated that opti-
cal defocus (plus and minus lenses creating
myopic and hyperopic defocus) can be
used to alter eye growth in a highly regu-
lated manner involving both direction and
magnitude.'*"®  Specifically, lenses with
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concentric, plus powered that
impose myopic defocus were shown to sig-
nificantly influence emmf:tropisation.”’18
In addition, over the years, anecdotal
reports as well as optical and pharmaceuti-
cal approaches trialled in humans have
indicated the feasibility of slowing the pro-
gression of myopia. For example, spectacle
interventions using bifocal or multifocal
spectacle lenses, or overnight orthokeratol-
ogy, provide evidence for controlling the
progression of myopia.'®?

This review discusses the role of contact
lenses, other than overnight orthokeratol-
ogy, for myopia control.

zones

CONTACT LENSES FOR MYOPIA
CONTROL

The idea that contact lenses might play a
role in slowing myopia progression was
considered as early as 1975 with a finding
that rigid contact lens wear slowed myopia
progression compared to spectacles but not
compared to atropine.?' However, the lack
of use of a controlled clinical trial
approach makes it difficult to put the
results into perspective. It is also not clear
if corneal flattening seen with rigid lens
wear may have influenced the result.

A later study from the 1990s found day-
time wear of rigid gas-permeable (RGP)
contact lenses (as opposed to orthokeratol-
ogy lenses) slowed myopia compared to
matched spectacle lens wearers. Some cor-
neal flattening was found with rigid lens
wear but the refractive power change
attributable to corneal flattening did not
fully explain the significant difference in
progression between rigid lens and specta-
cle lens wear.? However, this finding was
not supported by later evidence that found
no difference in progression between those
wearing RGPs versus spectacles.”

A subsequent trial found myopia pro-
gression to be less with RGPs compared to
soft contact lenses, but the difference was
noted only for spherical equivalent
(<156 £ 095 D with RGP versus
-2.19 £+ 0.89 D with soft lenses) and not
for axial length.24 Therefore, the change in
spherical equivalent was attributed to possi-
bly corneal flattening with the RGP
wearing eyes.

In contrast, earlier studies reporting on
myopia progression with soft contact lenses
in adult contact lens wearers reported
‘myopia creep’ — a phenomenon resulting
in an increase in myopia with low Dk/t soft
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lens wear, especially extended wear, due to
corneal hypoxia and swelling.z‘r”z‘8 No
‘myopic creep’ has been reported with the
use of the new generation of lens materials
used on a daily wear basis.

In studies involving children, use of soft
contact lenses as opposed to spectacle lens
wear did not result in a change in the rate
of progression in m}lopi21.29’30 Interestingly,
the power profiles across the optic zones of
commercially available soft contact lenses
vary greatly and are thought to affect
peripheral refraction and possibly the
growth of the eye.gl’34 If that is the case,
one could expect to see differences in myo-
pia progression with different contact
lenses and also with other modalities. In
this respect, a single group matched study,
albeit with only six months of follow-up
data, reported less progression with single
vision soft contact lens compared to specta-
cle lenses.*

More robust evidence for slowing myo-
pia was found with use of multifocal or
multifocal-like contact lenses with data
from case reports, cross over studies, com-
parative group and randomised longitudi-
supporting  the
multifocal or multifocal-like contact lenses
to slow the progression of myopia.**™*
Indeed, as seen from Figure 1, soft contact
lenses are one of the more effective mod-
besides  orthokeratology
atropine.%_64 It is likely that for myopia
control, contact lenses are a platform
superior to spectacles or time outdoors. In
relation to duration of mechanism for cor-
rection, contact lenses are worn for longer
each day than time typically spent out-
doors. Additionally, in relation to position
of correction, contact lenses are superior
to spectacles because the contact lens is
coupled to eye movement.

Various hypotheses proposed to explain
the myopia control effect of these lenses
include:

e reduction/correction of accommodative
45

lag

e alteration of the position of the periph-
eral retinal image to reduce hyperopic
defocus™

® imposition of sustained myopic defocus
38,40,65

nal studies use of

alities and

across the retina
® correction of the hyperopic blur caused
by negative spherical aberration during
accommodation®®
e alteration/optimisation of the retinal
image quality for points on and in front
of the retina and degradation of retinal

image quality for points behind the

retina.**

Most of these hypotheses are generally
based on the premise that the stimulus for
eye growth is a defocused retinal image
with hyperopic blur either centrally and/or
peripherally.  Therefore, lenses are
designed to minimise hyperopic defocus
and/or impose myopic defocus and the
efficacy of such designs is assessed by moni-
toring the change in axial length and
spherical equivalent refractive error over a
period.

The contact lens that features most often
in these experiments is a multifocal lens
with two portions in the optical zone. One
portion is devoted to correction of the dis-
tance refractive error at the fovea and the
remaining portion that is relatively positive
compared to the distance portion. The dis-
tance portion is commonly located at the
centre (centre distance) of the optical zone
to provide for uniformly clear vision at the
fovea and the diameter depends on the
lens design. The relatively positive zone is
commonly +1.50 D or +2.00 D more posi-
tive compared to the portion devoted to
distance power and is delivered either as
concentric zones or a gradient power.

An exception to the above-mentioned
lens profile is that which alters retinal
image quality for extended depth of focus,
wherein the mean power profile of the lens
varies above and below the normal (dis-
tance refractive power) across the optic
zone. Overall, these lenses were assessed in
clinical trials for durations ranging from
one to two years and show efficacy with
respect to slowing myopia anywhere from
20 to 72 per cent for spherical equivalent
and in similar magnitude for change in
axial length (Table 1).

In the studies supporting the effect of
lenses in slowing myopia progression, lens
wear was mostly daily wear with regular
replacement or daily disposable. Additional
benefits may accrue with the use of soft
contact lenses in comparison to other mod-
alities by way of reduced side effects in
comparison to atropine; improved quality
of life, especially in older children and
teens with wear of contact lenses in com-
parison to spectacle lens wear; and reduced
risk of microbial keratitis compared to
overnight orthokeratology.®>®”  Children
aged seven years and older were found to
be capable of handling and wearing most
contact lens modalities.****® With some
lenses commercially available (although at
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Figure 1. Myopia control with outdoor, atropine, contact lens and spectacle lens strategies

the time of this review, none of them has
had specific regulatory approvals for myo-
pia control), clinicians are able to incorpo-
rate soft contact lenses as a tool for myopia
control in their practices.

As much as contact lenses are an effec-
tive and an attractive option for myopia
control, contact lens wear is not without
problems. The central issue weighing on
the performance of contact lenses is
related to safety of lens wear. In children
wearing contact lenses, even though not
serious, complications have been reported;
however, the risks did not appear to be dif-
ferent or less compared to those of adult
contact lens wearers,**%71 Although con-
tact lenses are generally safe, the increased
risk of developing microbial keratitis with
overnight wear and unsafe practices has
resulted in an increased focus on the bene-
fit versus risk ratio of contact lenses as a
platform for myopia control compared to
some of the other interventions (see https:
/ /www.fda.gov/downloads/MedicalDevices

/NewsEvents/WorkshopsConferences/UC
M536686.pdf).

Issues around discomfort and
niences related to lens handling might fur-
ther limit survival in lens wear and effective
use of contact lenses for myopia control.”? In

inconve-

fitting multifocal contact lenses for myopia
control, consideration needs to be given to
the fact that power variations across the opti-
cal zone might affect vision performance
which might in turn affect compliance to
lens wear. Indeed, compliance with proper
procedures for lens wear was assessed and
found to be important in slowing progression
of myopia with defocus incorporated soft
contact lenses.*” In this respect, visual acuity
with a dual focus lens designed for myopia
control was found to be effective but the sub-
jective visual performance as reported by
patients was less compared to habitual
vision.”® In non-presbyopic myopic partici-
pants, lenses featuring multifocality were
found to decrease visual performance, in par-
ticular when power variations across the optic
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zone were large or when the lens was
decentred.”

IMPROVING PERFORMANCE OF
MYOPIA CONTROL LENSES

The performance of myopia control con-
tact lenses so far has spurred thoughts and
questions on various aspects, such as, for
example, improving efficacy with myopia
control contact lenses, rebound on discon-
tinuation of lens wear, efficacy with long-
term wear and use of combination treat-
ments to improve efficacy.

With respect to improving efficacy, evalu-
ating the response of an individual to treat-
ment with any myopia control option,
including contact lenses, continues to chal-
lenge researchers and practitioners alike.
Although the efficacy as reported from the
various clinical trials, that is, a range of
20 to 72 per cent, is encouraging, the result
is an average and therefore some eyes are
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Lens type Authors

Rigid 3%
gas-permeable

Katz and colleagues 200
Walline and colleagues 2004%*

Soft contact lens Horner and colleagues 19992°

Walline and colleagues 2008%°

Multifocals
Bifocals Walline and colleagues 2013*'
Aller 2016
Peripheral Holden and colleagues 20122
defocus Sankaridurg and
management  co|igagues 2011 3°

440

Simultaneous Lam and colleagues 201

dual focus  Anstice and Phillips 201138
Back and colleagues 2016°°

Positive Cheng and colleagues 2016*3

spherical

aberration

Extended depth Bakaraju and colleagues
of focus 2015%
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Control Per cent reduction Study Significant Dioptric Evidence for
group versus control  duration difference difference* (D) myopia control
Spherical Axial (years) between
equivalent length groups

Spectacle -4 -6 2 X 0.05, (worse) No evidence for

Soft CL 29 -7 3 v 0.63, unadjusted Myopia control
Some change in
spherical equivalent but
not substantiated by
axial growth patterns

Spectacle -18 Not 3 X 0.18, (worse)  No evidence for

perf. myopia control
Spectacle -17 -7 3 X 0.22, adjusted, Progression may be
0.19, unadjusted influenced by material,
(worse) mode of lens wear and

lens power profile
Slow progress of myopia

Soft CL 50 29 2 v 0.50, adjusted

Soft CL 72 79 1 v 0.57, unadjusted

Soft CL 39 41 3.6 v 0.64, unadjusted

Spectacle 34 33 1 v/ 0.29, adjusted

Soft CL 25 42 v 0.20, unadjusted

Soft CL; 36 50 0.8 v 0.25

contralateral

Soft CL 59 53 2 v 0.54

Soft CL 20 39 1 X 0.14, adjusted

Soft CL 51 58 0.5 v 0.25, unadjusted

53 53 0.26, unadjusted

*Adjusted for factors influencing progression of myopia, for example, age. CL: contact lens.

Table 1. Summary of evidence for myopia control with contact lenses

likely to derive greater benefit from the
treatment compared to others.

A significantly higher level of myopia
control was achieved in a clinical trial that
was limited to children with near esofixa-
tion disparity,45 but other than this risk fac-
tor, there are no other reliable indicators
identified of who is likely to respond to
myopia control strategies. Conducting fur-
ther clinical trials might shed light on fac-
tors related to improved efficacy but the
lack of understanding of the underlying
mechanism limits our ability to maximise
the chance of obtaining positive responses.
Research is required with regard to: selec-
tion of individuals based on age, ethnicity
or other patient-related factors; the amount
of relative positive power; type of design;
effect of combination treatments et cetera.

© 2017 Optometry Australia

While the ocular response to optical
defocus is well characterised in animal
models, little is known about how optical
signals are decoded and relayed along the
pathways in the retina, choroid and sclera,
and how this is translated to structural
changes that lead to increased axial length.
In this respect, even though the choroid is
found to respond to defocus,75 much more
research is needed to determine how the
optical signals are translated, if any, to
long-term changes in the sclera, or if there
are other independent mechanisms in the
retina and/or sclera that drive changes in
eye length.

Regarding long-term efficacy, clearly
there is need for research. In a five-year
study in which children were randomised
to either multifocal or single vision contact

lenses for the first 3.5 years, a consistent
and significant myopia control was found
with the use of the multifocal lens. For the
remainder of the study, both groups were
continued in multifocal lenses and there
was a change in slope of progression simi-
lar to those seen with multifocal lenses,
when eyes wearing control single vision
lenses were switched to multifocal lenses.*?

With respect to rebound of myopia upon
discontinuation from lens wear, to date,
there have been no studies that have moni-
tored the progression in soft contact lens
wear after discontinuation from myopia
control contact lens wear. In considering
evidence from other optical strategies, chil-
dren wearing former progressive addition
spectacle lenses showed no difference in
progression compared to children wearing
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single vision spectacles.57 This suggests that
while there was still eye growth, there was
no faster progression or rebound.

However, data from contralateral studies
involving multifocal soft contact lenses or
orthokeratology suggest otherwise. In a
contralateral study involving orthokeratol-
ogy lens wear in one eye and RGP lens
wear in the other eye, lenses were crossed
over after six months. In the eye that previ-
ously wore an orthokeratology lens there
was faster than normal axial length pro-
gression during the second period when
subjects were switched to rigid lens wear,
suggesting a rebound effect.”® A similar
result was seen in another study that
involved contralateral wear of bifocal soft
contact lenses versus single vision soft
lenses for 10 months.”® Clearly, further
work is needed to determine whether there
is rebound on discontinuation and whether
there is variation in the magnitude of
rebound depending on whether the dis-
continuation occurs during the sensitive
period of ocular growth or after growth has
stabilised.

CONCLUSIONS

The use of multifocal contact lenses to slow
the progress of myopia is substantiated by
independent clinical trials and has proven
to be one of the more effective myopia
control strategies available to date. How-
ever, there remain unanswered questions
around improving and retaining the effi-
cacy observed with these lenses, many of
which improved by further
research. Because myopia control contact
lenses are to be employed predominantly
in children and teenagers when myopia is
most progressive, practitioners need to con-
sider not only patient and carer expecta-
tions around contact lenses, but also the
risks and benefits of multifocal contact
lenses compared to other strategies.

can be

DISCLOSURE

The author is an employee of the Brien
Holden Vision Institute, which has a com-
mercial interest in the control of myopia.
The author is a co-inventor on patents and
patent applications in relation to optical
designs and methods for the control of
myopia.

REFERENCES

1.

10.

11.

12.

14.

15.

16.

17.

18.

Clinical and Experimental Optometry 100.5 September 2017

436

. Tideman

. Williams

Holden BA, Fricke TR, Wilson DA et al. Global
prevalence of myopia and high myopia and tem-
poral trends from 2000 through 2050. Ophthalmol-
ogy 2016; 123: 1036-1042.

JW,  Snabel MC, Tedja MS
et al. Association of axial length with risk of
uncorrectable visual impairment for Europeans
with myopia. JAMA Ophthalmol 2016; 134: 1355—
1363.

. Chen §J, Cheng CY, Li AF et al. Prevalence and

associated risk factors of myopic maculopathy in
elderly Chinese: the Shihpai eye study. Invest
Ophthalmol Vis Sci 2012; 53: 4868-4873.

KM, Bertelsen G, Cumberland P
et al. Increasing prevalence of myopia in Europe
and the impact of education. Ophthalmology 2015;
122: 1489-1497.

. Barth T, Zeman F, Helbig H, Oberacher-Velten

L. Clinical features and outcome of paediatric reti-
nal detachment. Ophthalmologica. 2017; 237: 63-72.

. Moisseiev E, Yiu G. Retinal detachment in severe

myopia. Lancet 2017; 389: 1133.

. Gu YH, Ke GJ, Wang L et al. Risk factors of rheg-

matogenous retinal detachment associated with
choroidal detachment in Chinese patients. Int |
Ophthalmol 2016; 9: 989-993.

. Jonas JB, Xu L, Wei WB et al. Myopia in China: a

population-based cross-sectional, histological, and
experimental study. Lancet 2016; 388 Suppl
1: S20.

. Iwase A, Araie M, Tomidokoro A et al. Prevalence

and causes of low vision and blindness in a Japa-
nese adult population: the Tajimi Study. Ophthal-
mology 2006; 113: 1354-1362.

Hsu WM, Cheng CY, Liu JH, Tsai SY, Chou P.
Prevalence and causes of visual impairment in an
elderly Chinese population in Taiwan: the Shih-
pai Eye Study. Ophthalmology 2004; 111: 62—69.
Brennan NA. Projected generational increase in
myopic retinopathy in the United States. Invest
Ophthal Vis Sci 2014; 55: 3618.

Wiesel TN, Raviola E. Myopia and eye enlarge-
ment after neonatal lid fusion in monkeys. Nature
1977; 266: 66-68.

. Wallman J, Turkel J, Trachtman J. Extreme myo-

pia produced by modest change in early visual
experience. Science 1978; 201: 1249-1251.

Diether S, Schaeffel F. Local changes in eye
growth induced by imposed local refractive error
despite active accommodation. Vision Res 1997;
37: 659-668.

Smith EL 3rd, Hung LF, Huang J, Arumugam B.
Effects of local myopic defocus on refractive
development in monkeys. Optom Vis Sci 2013; 90:
1176-1186.

Schaeffel F, Glasser A, Howland HC. Accommo-
dation, refractive error and eye growth in chick-
ens. Vision Res 1988; 28: 639-657.

Arumugam B, Hung LF, To CH, Sankaridurg P,
Lii EL. The effects of the relative strength of
simultaneous competing defocus signals on
emmetropization in infant rhesus monkeys. Invest
Ophthalmol Vis Sci 2016; 57: 3949-3960.
Benavente-Perez A, Nour A, Troilo D. The effect
of simultaneous negative and positive defocus on
eye growth and development of refractive state in
marmosets. Invest Ophthalmol Vis Sci 2012; 53:
6479-6487.

. Gwiazda J. Treatment options for myopia. Optom

Vis Sci 2009; 86: 624—628.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

Cheung SW, Cho P, Fan D. Asymmetrical increase
in axial length in the two eyes of a monocular
orthokeratology patient. Optom Vis Sci 2004; 81:
653-656.

Kelly TS, Chatfield C, Tustin G. Clinical assess-
ment of the arrest of myopia. Br J Ophthalmol
1975; 59: 529-538.

Grosvenor T, Perrigin D, Perrigin ], Quintero S.
Rigid gas-permeable contact lenses for myopia
control: effects of discontinuation of lens wear.
Optom Vis Sci 1991; 68: 385-389.

Katz J, Schein OD, Levy B et al. A randomized
trial of rigid gas permeable contact lenses to
reduce progression of children’s
Am ] Ophthalmol 2003; 136: 82-90.
Walline JJ, Jones LA, Mutti DO, Zadnik K. A ran-
domized trial of the effects of rigid contact lenses
on myopia progression. Arch Ophthalmol 2004;
122: 1760-1766.

Blacker A, Mitchell GL, Bullimore MA
et al. Myopia progression during three years of
soft contact lens wear. Optom Vis Sci 2009; 86:
1150-1153.

Dumbleton KA, Chalmers RL, Richter DB, Fonn
D. Changes in myopic refractive error with nine
months’ extended wear of hydrogel lenses with
high and low oxygen permeability. Optom Vis Sci
1999; 76: 845-849.

Jalbert I, Stretton S, Naduvilath T, Holden B,
Keay L, Sweeney D. Changes in myopia with low-
Dk hydrogel and high-Dk silicone hydrogel
extended wear. Optom Vis Sci 2004; 81: 591-596.
Harris MG, Sarver MD, Polse KA. Corneal curva-
ture and refractive error changes associated with
wearing hydrogel contact lenses. Am | Optom Phy-
siol Opt 1975; 52: 313-319.

Horner DG, Soni PS, Salmon TO, Swartz TS.
Myopia progression in adolescent wearers of soft
contact lenses and spectacles. Optom Vis Sci 1999;
76: 474-479.

Walline JJ, Jones LA, Sinnott L et al. A rando-
mized trial of the effect of soft contact lenses on
myopia progression in children. Invest Ophthalmol
Vis Sci 2008; 49: 4702-4706.

Kwok E, Patel B, Backhouse S, Phillips JR.
Peripheral refraction in high myopia with spheri-
cal soft contact lenses. Optom Vis Sci 2012; 89:
263-270.

Shen J, Clark CA, Soni PS, Thibos LN. Peripheral
refraction with and without contact lens correc-
tion. Optom Vis Sci 2010; 87: 642-655.

myopia.

. Wagner S, Conrad F, Bakaraju RC, Fedtke C,

Ehrmann K, Holden BA. Power profiles of single
vision and multifocal soft contact lenses. Cont Lens
Anterior Eye 2015; 38: 2-14.

de la Jara PL, Sankaridurg P, Ehrmann K,
Holden BA. Influence of contact lens power pro-
file on peripheral refractive error. Optom Vis Sci
2014; 91: 642-649.

de la Jara PL, Sankaridurg P, Ho A et al. A sili-
cone hydrogel contact lens produced less myopia
progression than single vision spectacles in Chi-
nese children over a 6 month period. Invest
Ophthal Vis Sci 20105 51: 2198.

Aller TA, Wildsoet C. Bifocal soft contact lenses
as a possible myopia control treatment: a case
report involving identical twins. Clin Exp Optom
2008; 91: 394-399.

Turnbull PR, Munro O], Phillips R]. Contact lens
methods for clinical myopia control. Optom Vis Sci
2016; 93: 1120-1126.

© 2017 Optometry Australia



38.

39.

40.

41.

42.

43.

4.

45.

46.

47.

48.

50.

51.

Anstice NS, Phillips JR. Effect of dual-focus soft
contact lens wear on axial myopia progression in
children. Ophthalmology 2011; 118: 1152-1161.
Sankaridurg P, Holden B, Smith E 3rd
et al. Decrease in rate of myopia progression with
a contact lens designed to reduce relative periph-
eral hyperopia: one-year results. Invest Ophthalmol
Vis Sci 2011; 52: 9362-9367.

Lam CS, Tang WC, Tse DY, Tang YY, To CH.
Defocus Incorporated Soft Contact (DISC) lens
slows myopia progression in Hong Kong Chinese
schoolchildren: a 2-year randomised clinical trial.
Br ] Ophthalmol 2014; 98: 40-45.

Walline JJ, Greiner KL, McVey ME, Jones-Jordan
LA. Multifocal contact lens myopia control. Optom
Vis Sci 2013; 90: 1207-1214.

Holden BA, Sankaridurg PR, de la Jara PL et al.
Decreasing peripheral hyperopia with distance
centre relatively plus powered periphery contact
lenses reduced the rate of progress of myopia: A
5 year Vision CRC study. Invest Ophthal Vis Sci
2012; 53: 6300.

Cheng X, Xu J, Chehab K, Exford J, Brennan N.
Soft contact lenses with positive spherical aberra-
tion for myopia control. Optom Vis Sci 2016; 93:
353-366.

Bakaraju RC, Xu P, Chen X et al. Extended depth
of focus contact lenses can slow the rate of pro-
gression of myopia. ARVO 2015: abstract no 1728.
Aller T, Liu M, Wildsoet CF. Myopia control with
bifocal contact lenses: a randomized clinical trial.
Optom Vis Sci 2016; 93: 344—-352.

He M, Xiang F, Zeng Y et al. Effect of time spent
outdoors at school on the development of myopia
among children in China: a randomized clinical
trial. JAMA 2015; 314: 1142-1148.

Wu PC, Tsai CL, Wu HL, Yang YH, Kuo HK. Out-
door activity during class recess reduces myopia
onset and progression in school children. Oph-
thalmology 2013; 120: 1080-1085.

Shih YF, Chen CH, Chou AC, Ho TC, Lin LL,
Hung PT. Effects of different concentrations of
atropine on controlling myopia in myopic chil-
dren. J Ocul Pharmacol Ther 1999; 15: 85-90.

. Chia A, Chua WH, Cheung YB et al. Atropine for

the treatment of childhood myopia: safety and
efficacy of 0.5%, 0.1%, and 0.01% doses
(Atropine for the Treatment of Myopia 2). Oph-
thalmology 2012; 119: 347-354.

Cho P, Cheung SW. Retardation of myopia in
Orthokeratology (ROMIO) study: a 2-year rando-
mized clinical trial. Invest Ophthalmol Vis Sci 2012;
53: 7077-7085.

Hiraoka T, Kakita T, Okamoto F, Takahashi H,
Oshika T. Longterm effect of overnight

© 2017 Optometry Australia

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Myopia control with contact lenses Sankaridurg

orthokeratology on axial length elongation in
childhood myopia: a 5-year follow-up study. Invest
Ophthalmol Vis Sci 2012; 53: 3913-3919.
Santodomingo-Rubido ], Villa-Collar C, Gilmartin
B, Gutiérrez-Ortega R. Myopia control with ortho-
keratology contact lenses in Spain: refractive and
biometric changes. Invest Ophthalmol Vis Sci 2012;
53: 5060-5065.

Hasebe S, Jun J, Varnas SR. Myopia control with
positively aspherized progressive addition lenses: a
2-year, multicenter, randomized, controlled trial.
Invest Ophthalmol Vis Sci 2014; 55: 7177-7188.
Sankaridurg P,
et al. Spectacle lenses designed to reduce progres-
sion of myopia: 12-month results. Optom Vis Sci
2010; 87: 631-641.

Cheng D, Woo GC, Drobe B, Schmid KL. Effect
of bifocal and prismatic bifocal spectacles on
myopia progression in children: three-year results
of a randomized clinical trial. JAMA Ophthalmol
2014; 132: 258-264.

Berntsen DA, Sinnott LT, Mutti DO, Zadnik K. A
randomized trial using progressive addition lenses
to evaluate theories of myopia progression in chil-
dren with a high lag of accommodation. Invest
Ophthalmol Vis Sci 2012; 53: 640—649.

Gwiazda J, Chandler DL, Cotter SA et al. Progres-
sive-addition lenses versus single-vision lenses for
slowing progression of myopia in children with
high accommodative lag and near esophoria.
Invest Ophthalmol Vis Sci 2011; 52: 2749-2757.
Gwiazda J, Hyman L, Hussein M et al. A rando-
mized clinical trial of progressive addition lenses
versus single vision lenses on the progression of
myopia in children. Invest Ophthalmol Vis Sci 2003;
44: 1492-1500.

Yang Z, Lan W, Ge ] et al. The effectiveness of
progressive addition lenses on the progression of
myopia in Chinese children. Ophthalmic Physiol
Opt 2009; 29: 41-48.

Edwards MH, Li RW, Lam CS, Lew JK, Yu BS.
The Hong Kong progressive lens myopia control
study: study design and main findings. Invest
Ophthalmol Vis Sci 2002; 43: 2852—-2858.

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

Cho P, Cheung SW, Edwards M. The longitudinal
orthokeratology research in children (LORIC) in
Hong Kong: a pilot study on refractive changes
and myopic control. Curr Eye Res 2005; 30: 71-80.
Walline JJ, Jones LA, Sinnott LT. Corneal reshap-
ing and myopia progression. Br | Ophthalmol 2009;
93: 1181-1185.

Donovan L, Varnas S

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Chua WH, Balakrishnan V, Chan YH
et al. Atropine for the treatment of childhood
myopia. Ophthalmology 2006; 113: 2285-2291.

Back A, Chamberlain P, Logan N et al. Clinical
evaluation of a dualfocus myopia control 1 day
soft contact lens - 2-year results. 2016. [Cited 3

July 2017.] Available at: http://www.aaopt.org/

clinical-evaluation-dual-focus-myopia-control-1-
day-soft-contact-lens-2-year-results

Walline JJ, Gaume A, Jones LA et al. Benefits of
contact lens wear for children and teens. Eye Con-
tact Lens 2007; 33: 317-321.

Plowright AJ, Maldonado-Codina C, Howarth GF,
Kern J, Morgan PB. Daily disposable contact
lenses versus spectacles in teenagers. Optom Vis Sci
2015; 92: 44-52.

Li L, Moody K, Tan DT, Yew KC, Ming PY, Long
QB. Contact lenses in pediatrics study in Singa-
pore. Eye Contact Lens 2009; 35: 188-195.
Sankaridurg P, Chen X, Naduvilath T
et al. Adverse events during 2 years of daily wear
of silicone hydrogels in children. Optom Vis Sci,
2013: 90: 961-969.

Chalmers RL, Hickson-Curran SB, Keay L,
Gleason W], Albright R. Rates of adverse events
with hydrogel and silicone hydrogel daily disposa-
ble lenses in a large postmarket surveillance regis-
try: the TEMPO Registry. Invest Ophthalmol Vis Sci
2015; 56: 654—663.

Chalmers RL, Wagner H, Mitchell GL et al. Age
and other risk factors for corneal infiltrative and
inflammatory events in young soft contact lens
wearers from the Contact Lens Assessment in
Youth (CLAY) study. Invest Ophthalmol Vis Sci
2011; 52: 6690—-6696.

Sulley A, Young G, Hunt C. Factors in the success
of new contact lens wearers. Cont Lens Anterior Eye
2017; 40: 15-24.

Kollbaum PS, Jansen ME, Tan J, Meyer DM, Rick-
ert ME. Vision performance with a contact lens
designed to slow myopia progression. Optom Vis
Sci 2013; 90: 205-214.

Fedtke C, Bakaraju RC, Ehrmann K, Chung ],
Thomas V, Holden BA. Visual performance of
single vision and multifocal contact lenses in non-
presbyopic myopic eyes. Cont Lens Anterior Eye
2016; 39: 38—46.

Chakraborty R., Read SA, Collins M]. Monocular
myopic defocus and daily changes in axial length
and choroidal thickness of human eyes. Exp Eye
Res 2012; 103: 47-54.

Swarbrick HA, Alharbi A, Watt K, Lum E, Kang P.
Myopia control during orthokeratology lens wear
in children using a novel study design. Ophthal-
mology 2015; 122: 620-630.

Clinical and Experimental Optometry 100.5 September 2017

437


http://www.aaopt.org/clinical-evaluation-dual-focus-myopia-control-1-day-soft-contact-lens-2-year-results
http://www.aaopt.org/clinical-evaluation-dual-focus-myopia-control-1-day-soft-contact-lens-2-year-results
http://www.aaopt.org/clinical-evaluation-dual-focus-myopia-control-1-day-soft-contact-lens-2-year-results

	 Contact lenses to slow progression of myopia
	CONTACT LENSES FOR MYOPIA CONTROL
	IMPROVING PERFORMANCE OF MYOPIA CONTROL LENSES
	CONCLUSIONS
	DISCLOSURE
	REFERENCES


