




groups over 2 years are shown in figure 2A and refractive sta-
tuses are provided in table 2. The multiple linear regression ana-
lysis indicated lens wearing time (p=0.02) was found to be a
statistically significant effect on the change of SER in the DISC
group and the coefficient of covariates was 0.06.

Change in AXL
A highly significant correlation was found between changes in
SER and changes in AXL in DISC (r=−0.70, p<0.0001) and
SV (r=−0.68, p<0.0001) groups. The total increase in AXL
was 0.25±0.23 mm in the DISC group and 0.37±0.24 mm in

the SV group. The AXL changes were consistent with the
refractive findings, there was statistically significant difference
between the two groups (mean difference=0.11 mm, p=0.009).
The mean AXL change in the two groups is shown in figure 2B
and further details of AXL are listed in table 2.

Accommodation and pupil sizes
The mean amplitudes of accommodation were 12.37±2.46 D
and 12.07±1.87 D for DISC and SV lenses, respectively. The
amplitudes of accommodation with DISC lenses was not signifi-
cantly different (p=0.875) from spectacles (12.30±2.16 D).

Table 1 Baseline demographics data (mean±SD) of all subjects (n=221) in the DISC and the SV groups

All Completed Dropout

DISC (n=111) SV (n=110) DISC (n=65) SV (n=63) DISC (n=46) SV (n=47)

Age (years) 11.01±1.48 10.85±1.62 11.06±1.55 10.87±1.67 11.05±1.49 10.84±1.60
Gender (female: male) 72:39 64:46 44:21 39:24 28:18 25:22
Cycloplegic autorefraction in SER (D) −2.86±1.02 −2.79±1.06 −2.90±1.05 −2.80±1.03 −2.85±1.12 −2.80±1.07
Axial length (mm) 24.70±0.74 24.65±0.78 24.69±0.74 24.62±0.79 24.70±0.75 24.65±0.74
Corneal power for steep meridian (D) 44.28±1.34 44.14±1.37 44.32±1.25 44.30±1.22 44.24±1.25 44.12±1.36

Corneal power for flat meridian (D) 43.16±1.25 43.02±1.38 43.22±1.23 43.14±1.27 43.12±1.44 43.07±1.36
Distance VA with contact lenses (logMAR) −0.07±0.06 −0.08±0.06 −0.06±0.06 −0.08±0.06 −0.06±0.07 −0.08±0.06
Near VA with contact lenses (logMAR) −0.09±0.01 −0.09±0.03 −0.09±0.02 −0.09±0.03 −0.09±0.02 −0.09±0.03

DISC, Defocus Incorporated Soft Contact; SER, spherical equivalent refraction; SV, single vision.

Figure 1 Flow diagram of progress
through the study. DISC, Defocus
Incorporated Soft Contact; SV, single
vision.
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Children wearing DISC lenses could accommodate normally to
near objects, and were less likely to use the defocusing zones for
viewing during near tasks.

There was no statistically significant difference of pupil sizes
between two groups under photopic (p=0.078) and mesopic
(p=0.087) conditions. The mean pupil sizes of the children
wearing DISC lenses were 5.07±0.80 mm and 6.79±0.70 mm
under photopic and mesopic conditions, respectively. Pupil size
was found to adequately cover correcting and defocusing zones.

Myopic progression versus wearing time
There was no significant difference in wearing time between the
DISC (6.46±2.16 h/day) and the SV groups (6.30±1.65 h/day)
(p=0.644). The correlation of myopia progression and lens
wearing time is shown in figure 3. Myopia progression in the
DISC group was inversely proportion to wearing time
(r=0.342, p=0.005) whereas no such effect was found in the
SV group. Table 3 shows the differences of myopia progression
between two groups from different cut-off of lens wearing time.
The effect of slowing myopia progression became obvious when
there was a minimum of 5 h/day with DISC lenses, and
increased with daily wearing hours.

DISCUSSION
The present study showed children wearing DISC lenses had
25% less myopia progression and 31% less axial elongation
than those wearing SV lenses over 2 years. The rate of myopia
progression was quite linear and no plateau effect was observed
(figure 2A). Those results support our past animal and human
studies in adopting myopic defocus as a means of interfering
with ocular growth.17 19 The regression analysis showed
wearing time was a contribution factor to retardation effect of
myopia progression with DISC lenses. A better effect was
showed when daily wearing hours increased (figure 3, table 3).
A similar temporal dose-response relationship has been reported
in animals which found the effect of defocus related to exposure
time.20 A certain effect of myopia control (46%) could be
achieved by wearing DISC lens for at least 5 h/day. The effect
further increased to 58% when children had worn DISC lenses
for 7 h/day or more. The marginal benefit from increased
wearing was smaller when wearing time reached 8 h. There was
inadequate information about how much wearing time is
needed until effect level-off. The oxygen transmissibility level
(Dk) of lens material limited daily wearing time to 10 h in our
study. Therefore, 7–8 h/day might be an optimal wearing time
for the DISC lens to function.

Table 4 summarises recent clinical trials of myopia control
using optical methods. DISC lens (0.11 D/year) showed similar
retardation effect on myopia progression as compared with
PALs (0.07–0.18 D/year).6–11 A study using a combination of
bifocal and base-in prism showed promising treatment effect
(55%) over 2 years in a preselected group with fast progressing
myopia.12 Sankaridurg et al21 have demonstrated myopia pro-
gression was slowed by 34% in 1 year using a multifocal soft
contact lens which was designed for reducing relative peripheral
hyperopia. Anstice and Phillips demonstrated a better slowing
effect (37%) using a concentric bifocal soft contact lens having
2 D myopic defocus in the cross-over study.22 Their results were
consistent with the notion that myopic progression could be
slowed by manipulating myopic defocus simultaneously. The
present study proved myopic defocus could slow myopia pro-
gression in binocular viewing condition.

Variations in retardation effects of DISC lenses may be due to
different retinal profile or peripheral refraction. It was a limita-
tion of the study that the retinal curvature profile was not mea-
sured, and we assumed the myopic defocus induced was
sufficient to cover most part of the retina. Hence if the retinal
profile is very prolate (steepening toward the periphery), the
source of myopic defocus at the periphery will be less and may
end up as hyperopic defocus. As reported in the literature, a
highly prolate shape is not common among myopic eyes.23

Certain amount of myopic defocus might still be imposed on

Figure 2 (A) Mean and SEM of myopia progression (spherical
equivalent refractions) and (B) mean and SEM of axial length
elongation for the subjects who completed the study. DISC, Defocus
Incorporated Soft Contact; SV, single vision.

Table 2 Changes (mean±SD) in cycloplegic autorefraction (SER)
and axial length in subjects who completed the 2-year study at
each visit

DISC (n=65) SV (n=63)

Cycloplegic autorefraction (D)
Baseline −2.90±1.05 −2.80±1.03
6 months −3.11±1.09 −3.06±1.22
12 months −3.26±1.08 −3.28±1.14
18 months −3.40±1.14 −3.51±1.20
24 months −3.49±1.17 −3.60±1.29

Axial length (mm)
Baseline 24.69±0.74 24.62±0.79
6 months 24.76±0.74 24.73±0.82
12 months 24.82±0.74 24.83±0.84
18 months 24.89±0.74 24.91±0.87
24 months 24.94±0.75 24.98±0.88

DISC, Defocus Incorporated Soft Contact; SER, spherical equivalent refraction;
SV, single vision.
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Figure 3 Correlation between
myopia progression (spherical
equivalent refractions) and contact lens
daily wearing time. DISC, Defocus
Incorporated Soft Contact; SV, single
vision.

Table 3 The retardation effect of myopia progression from different cut-offs of lens wearing time

Wearing time (hours/day) Mean SER differences between two groups p Value % retardation of myopia progression 95% CI

All 0.21 0.031 25 −0.39 to −0.02
4 or more 0.23 0.019 28 −0.42 to −0.04
5 or more 0.39 0.001 46 −0.59 to −0.17
6 or more 0.44 0.001 50 −0.69 to −0.20
7 or more 0.54 0.001 58 −0.85 to −0.24
8 or more 0.53 0.014 60 −0.94 to −0.12

SER, Spherical equivalent refraction.

Table 4 Clinical studies of myopia control in the past

Authors (years)
Period
(months) Design

Age (years old),
ethnicity

Criteria of
Rx (D)

Interventions and
sample size (n)

Treatment effect in retarding
myopia progression

Study period
in D (%)

Per year
in D

Present study 24 Randomised, masked 8–13, Chinese −1 to −5. SV CL, n=47
DISC, n=49

0.21 (25%) 0.11

Edward et al (2002)6 24 Randomised, double masked 7–10.5, Chinese −1.25 to −4.5 SVL, n=132
PAL (1.5 D Add), n=121

0.14 (11%) 0.07

Gwiazda et al (2003)7 36 Randomised, masked 6–11, diverse
ethnicity

−1.25 to −4.5 SVL, n=233;
PAL (2 D Add), n=229

0.20 (14%) 0.07

Hasebe et al (2008)8 18 Randomised, masked, cross-over 6–12, Japanese −1.25 to −6 SVL, n=44;
PAL(1.5 D Add), n=42

1st period: 0.31
(18%)
2nd period: 0.02
(2%)

1st period:
0.2
2nd period:
0.01

Yang et al (2009)9 24 Randomised, masked 7–13, Chinese −0.5 to −3 SVL, n=75
PAL(1.5 D Add), n=74

0.26 (17%) 0.13

COMET2 and PEDIG
(2011)10

36 Randomised, masked, multicenter 8–12 −0.75 to −2.50 SV, n=58
PAL(2 D Add), n=52

0.28 (24%) 0.09

Berntsen et al (2012)11 12 Randomised, masked, all worn SV in
2nd year

6–11 −0.75 to −4.50 SV, n=42
PAL(2 D Add), n=41

0.18 (35%) 0.18

Cheng et al (2010)12 24 Randomised, masked 8–13, Chinese −1 to −5.5 SVL, n=41;
BF (1.5 D Add), n=48;
PBF (1.5 D Add, 3ΔBI),
n=46

BF: 0.59 (38%)
PBF: 0.85 (55%)

BF: 0.3
PBF: 0.43

Anstice and Phillips
(2011)22

10 Randomised, paired-eye control,
cross-over

11–14, diverse
ethnicity

−1.25 to −4.5 SV CL, n=40
DF (2 D MD), n=40

1st period: 0.25
(37%)
2nd period: 0.2
(54%)

1st period:
0.3
2nd period:
0.24

Sankaridurg et al
(2011)21

12 Randomised 7–14, Chinese −0.75 to −3.5 SVL, n=40
novel CL, n=45

0.29 (34%) 0.29

BF, bifocal spectacle lens; COMET2 and PEDIG, Correction of Myopia Evaluation Trial 2 Study Group and the Pediatric Eye Disease Investigator Group; DF, dual focus contact lens;
DISC, Defocus Incorporated Soft Contact; MD, myopic defocus; PAL, progressive addition lens; PBF, prismatic bifocal lens; SV CL, single vision contact lens; SVL, single vision spectacle lens.
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peripheral retina with the use of 2.5 D defocus, slowing myopia
progression.

The other limitation was a high dropout rate (∼42%).
Three-fourths of the dropout occurred in the 1st year. The main
reason for both groups was lack of motivation in contact wear.
Most of them wanted to wear contact lenses at the beginning in
an attempt to slow myopia progression. They were unwilling to
wear lenses every day afterwards because they were too busy with
school curriculum and homework, and too rushed to wear lens
in early morning. Some children quit because they refused to
return for eye examination, especially with cycloplegia. A few
children were excluded because of moderate papillae and recur-
rent corneal staining. Those children usually showed poor com-
pliance, such as overworn lenses and improper lens care
procedures. A small portion of the subjects were excluded due to
allergic rhinitis. Most of the withdrawals were not willing to con-
tinue the follow-up. Complete data was not available for all ran-
domised subjects. Statistical analysis on the completed cases and
on a subgroup of children with longer wearing time introduces
bias. Although the dropout rate was high, some children could
successfully wear contact lenses, and adverse reactions were low.

In conclusion, myopia progression and axial elongation were
slowed by wearing DISC lenses compared with SV lenses,
reaching nearly 50% for those maintaining wearing time over
5 h/day. This prophylactic intervention is less invasive than
those by pharmacological treatments, and has great potential for
slowing myopia progression in children. Enhanced patient edu-
cation may improve patient motivation, compliance and possibly
treatment effect. The optimum amount of myopic defocus to
arrive at stopping myopia progression is yet to be worked out;
further investigation and lens customisation are needed.
Improved contact lens material could further prolong safe
wearing time, which may provide more flexibility to wearers
and potentially increase exposure to defocus.

Acknowledgements The authors would like to thank Mr Edmund Chiang (Oxycon
Contact Lenses, Hong Kong) for manufacturing contact lenses and AMO Asia for
sponsorship of the contact lens care solutions.

Contributors CSYL designed data collection tools, monitored data collection for
the whole trial, wrote the statistical analysis plan, cleaned and analysed the data,
and drafted and revised the paper. She is guarantor. WCT implemented the trial,
monitored data collection for the whole trial, analysed the data, and drafted and
revised the paper. DY-YT provided technical input on lens design, revised the paper.
YYT implemented the trial, input data and provide input in statistical analysis. CHT
designed data collection tools, monitored data collection for the whole trial, wrote
the statistical analysis plan, and revised the paper.

Funding The study was supported by grants of RGC GRF (B-Q04G) and Niche
Areas Fund ( J-BB7P) from The Hong Kong Polytechnic University.

Competing interests None.

Patient consent Obtained.

Ethics approval Human Subjects Ethics Subcommittee of the Hong Kong
Polytechnic University.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Visual functions measurement including Visual acuity,
contrast sensitivity, external ocular health conditions, binocular status are also
available for the 24 months of follow-up.

Commercial relationship None. A patent ‘Method of Optical Treatment’ in USA
(patent no. 7506983) and Australia (patent no. 2005289302) were issued on 24

Mar 2009 and 29 July 2010, respectively. The study was registered at ClinicalTrials.
gov, number NCT00919334.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

REFERENCES
1 Lam CS, Edwards M, Millodot M, et al. A 2-year longitudinal study of myopia

progression and optical component changes among Hong Kong schoolchildren.
Optom Vis Sci 1999;76:370–80.

2 Lam CS, Goldschmidt E, Edwards MH. Prevalence of myopia in local and
international schools in Hong Kong. Optom Vis Sci 2004;81:317–22.

3 Lim MC, Gazzard G, Sim EL, et al. Direct costs of myopia in Singapore. Eye
2009;23:1086–9.

4 Vongphanit J, Mitchell P, Wang JJ. Prevalence and progression of myopic
retinopathy in an older population. Ophthalmology 2002;109:704–11.

5 Xu L, Wang Y, Wang S, et al. High myopia and glaucoma susceptibility the Beijing
Eye Study. Ophthalmology 2007;114:216–20.

6 Edwards MH, Li RW, Lam CS, et al. The Hong Kong progressive lens myopia
control study: study design and main findings. Invest Ophthalmol Vis Sci
2002;43:2852–8.

7 Gwiazda J, Hyman L, Hussein M, et al. A randomized clinical trial of progressive
addition lenses versus single vision lenses on the progression of myopia in children.
Invest Ophthalmol Vis Sci 2003;44:1492–500.

8 Hasebe S, Ohtsuki H, Nonaka T, et al. Effect of progressive addition lenses on
myopia progression in Japanese children: a prospective, randomized,
double-masked, crossover trial. Invest Ophthalmol Vis Sci 2008;49:2781–9.

9 Yang Z, Lan W, Ge J, et al. The effectiveness of progressive addition lenses on the
progression of myopia in Chinese children. Ophthalmic Physiol Opt 2009;29:41–8.

10 Correction of Myopia Evaluation Trial 2 Study Group for the Pediatric Eye Disease
Investigator Group. Progressive-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;52:2749–57.

11 Berntsen DA, Sinnott LT, Mutti DO, et al. A randomized trial using progressive
addition lenses to evaluate theories of myopia progression in children with a high
lag of accommodation. Invest Ophthalmol Vis Sci 2012;53:640–9.

12 Cheng D, Schmid KL, Woo GC, et al. Randomized trial of effect of bifocal and
prismatic bifocal spectacles on myopic progression: two-year results. Arch
Ophthalmol 2010;128:12–19.

13 Cho P, Cheung SW. Retardation of myopia in Orthokeratology (ROMIO) study: a
2-year randomized clinical trial. Invest Ophthalmol Vis Sci 2012;53:7077–85.

14 Siatkowski RM, Cotter SA, Crockett RS, et al. Two-year multicenter, randomized,
double-masked, placebo-controlled, parallel safety and efficacy study of 2%
pirenzepine ophthalmic gel in children with myopia. J AAPOS 2008;12:332–9.

15 Wallman J, Winawer J. Homeostasis of eye growth and the question of myopia.
Neuron 2004;43:447–68.

16 Liu Y, Wildsoet C. The effect of two-zone concentric bifocal spectacle lenses on
refractive error development and eye growth in young chicks. Invest Ophthalmol Vis
Sci 2011;22:1078–86.

17 Tse DY, To CH. Graded competing regional myopic and hyperopic defocus produce
summated emmetropization set points in chick. Invest Ophthalmol Vis Sci
2011;52:8056–62.

18 Altman DG. Better reporting of randomised controlled trials: the CONSORT
statement. BMJ 1996;313:570–1.

19 Lo P, Tse DY, Lam CSY, et al. Alternating monvision contact lens wear arrested fast
progressing myopia. Clinical &Refractive Optometry 2010;21:38.

20 Zhu X, Wallman J. 2009. Temporal properties of compensation for positive and
negative spectacle lenses in chicks. Invest Ophthalmol Vis Sci 2009;50:37–46.

21 Sankaridurg P, Holden B, Smith E III,, et al Decrease in rate of myopia progression
with a contact lens designed to reduce relative peripheral hyperopia: one-year
results. Invest Ophthalmol Vis Sci 2011;52:9362–7.

22 Anstice NS, Phillips JR. Effect of dual-focus soft contact lens wear on axial myopia
progression in children. Ophthalmology 2011;118:1152–61.

23 Atchison DA, Pritchard N, Schmid KL, et al. Shape of the retinal surface in
emmetropia and myopia. Invest Ophthalmol Vis Sci 2005;46:2698–707.

Lam CSY, et al. Br J Ophthalmol 2014;98:40–45. doi:10.1136/bjophthalmol-2013-303914 45

Clinical science

 on A
ugust 15, 2022 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjophthalm

ol-2013-303914 on 29 O
ctober 2013. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://bjo.bmj.com/

