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Abstract 
 

Myopia, characterized by the inability to focus light from distant targets due to the elongation 
of the posterior eyeball, results in blurred vision. The global prevalence of myopia has surged, 
particularly in East and Southeast Asia, where rates approach 100% in young urban 
populations. Structural changes in the posterior eye associated with elongation can lead to 
sight-threatening pathologies such as myopic maculopathy, a special concern for high 
myopias (SE<-6.00D).  
Research has focused on understanding myopia onset and progression and developing 
interventions to slow its progression. Studies in non-human primates have shown that 
hyperopic defocus accelerates eye growth, while myopic defocus can retard this growth. Dual 
focus optics, which introduce myopic defocus, have been effective in animal models and 
inspired the development of MiSight, a dual focus contact lens designed to slow myopia 
progression. 
Assessing efficacy of myopia control treatments is complex due to varied visual environments 
and the need for long-term monitoring to provide evidence of sustained effectiveness. 
Concerns about the long-term sustainability of initial myopia control effects and the safety of 
daily full-time contact lens wear in young children necessitated comprehensive clinical trials 
to assess both efficacy and safety. The MiSight study, a multi-year, multi-center clinical trial 
was designed to meet this need. This thesis is based upon seven publications that examine 
the ability of a dual focus contact lenses to safely slow myopia progression. Chapters explore 
the challenges of assessing treatment efficacy while quantifying risks of long-term contact lens 
wear in children. Different approaches for assessing efficacy are explored, along with efforts 
to quantify the treatment "dose" delivered to the retina. 
This work has shown that a contact lens intervention based on the principle of delivering 
myopic defocus to the retina can sustain slowed eye growth for multiple years in safe and 
effective manner. 
 
Keywords: axial length, contact lenses, emmetropic eye growth, myopia, myopia control, 
myopia progression, refractive error 
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CHAPTER 1:INTRODUCTION 
1.1. Pathological eye growth, myopia development and the motivation to 

intervene 
Myopia is characterized by an inability to focus light from distance targets because the optical 
components of the eye focus light rays in front of, rather than on, the retina, resulting in a 
blurred image and an accompanying visual disability. Although historically corrected with 
optical appliances and considered by many to be an optical anomaly and a benign condition, 
myopia is not typically produced by excessive power in the eye’s optics, but rather by 
excessive growth of the posterior eye. This excessive elongation of the posterior eye can result 
in sight threatening pathological complications later in life. The most commonly recognized 
consequence being myopic maculopathy. (Hayashi, Ohno-Matsui et al. 2010) More recently 
evidence has been assembled to relate the presence of Myopia as a risk factor for Cataract, 
Glaucoma and Retinal Detachment. (Flitcroft 2012) 

Due to a dramatic increase in myopia prevalence globally, (Holden, Fricke et al. 2016, 
Rudnicka, Kapetanakis et al. 2016) it is now considered a significant global public health 
concern. A report co-produced by the World Health Organization and Brien Holden Vision 
Institute outlined critical areas of future focus for this issue. (Mariotti, Kocur et al. 2015) Of 
particular concern are recent estimates from East and Southeast Asia indicating myopia 
prevalence rates nearing 100% in young urban populations. (Lin, Shih et al. 2004, Jung, Lee 
et al. 2012) Equally concerning is the significant increase in high myopia prevalence, classified 
as myopia greater than 6.00D (Lin, Shih et al. 2004) (Tsai, Liu et al. 2021) due to the greatly 
increased risk of sight threatening pathology associated with high myopias. (Flitcroft 2012) 
The picture in the rest of the world is similarly concerning, with studies in the USA (Vitale, 
Ellwein et al. 2008) and United Kingdom (McCullough, O’Donoghue et al. 2016) showing 
increased myopia prevalence over the last few decades. This rising prevalence is appearing 
in tandem with evidence of onset of myopia at younger ages, (Fan, Lai et al. 2011) and earlier 
onset is highly correlated with a greater final level of myopia and hence an associated 
increased risk of retinal pathologies later in life. (Chua, Sabanayagam et al. 2016, Verkicharla, 
Kammari et al. 2020) Reports on the incidence of rhegmatogenous retinal detachment show 
an increase in prevalence in younger eyes contrasting with the typical appearance later in life. 
(Park, Choi et al. 2013)  These factors combine to create an alarming prediction of future 
associated retinal diseases and untreatable vision loss in millions of individuals, particularly in 
East Asia. (Verkicharla, Ohno‐Matsui et al. 2015) 

Although risks of pathology are much higher in highly myopic eyes, it should not be assumed 
that the situation only reaches a concerning level once meeting the somewhat arbitrary stated 
threshold of spherical equivalent refractive errors of more than -6.00D.  Flitcroft in a seminal 
paper (Flitcroft 2012) stated “there is no safe level of myopia”. The relationship between 
increasing levels of myopia and increased likelihood of sight threatening vision problems is 
well established, with each increasing diopter of myopia associated with a 67% increase in 
the prevalence of myopic maculopathy. (Bullimore and Brennan 2019) Due to the far greater 
numbers of myopes with refractive impairment less than 6 diopters of myopia, there are a 
large population of patients at risk with of later pathologies who have so called “physiological 
myopia”. Flitcroft emphasizes that this label incorrectly implies that lower levels of myopia are 
not associated with pathology.  In fact, observations from the Blue Mountains eye study in 
Australia established that over 40% of the myopia maculopathy cases were recorded in 
patients with Myopia less than 5.00D. (Vongphanit, Mitchell et al. 2002) 

Therefore, the potential value of a treatment that slows myopia progression is its ability to 
reduce the prevalence of higher myopias and hence lower the likelihood of myopic eyes 
experiencing pathologies later in life. Bullimore calculated that reducing myopia levels by 1D 
would create a 40% reduction in the risk of suffering maculopathy. (Bullimore and Brennan 
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2019) These calculations highlight a disease continuum (Flitcroft 2012, Brennan 2015) in 
which any excessive growth in the posterior eye places the eye at risk of damage later in life.  
However, proof that slowed progression as a result of treatment in a young eye will ultimately 
lower the risk of pathology when that eye ages may take decades to establish. Nevertheless, 
one cannot ignore the association between myopia level and visual impairment. In 2015, 
estimates detailed 3.3 million people were blind due to myopia, (Fricke, Jong et al. 2018) this 
prevalence rises to 18.5 million by 2025, assuming the same relationship to myopia level. 
Thus, the reality for the eyecare community would be that waiting for evidence of lower 
pathology through myopia control interventions study, would leave a staggering amount of the 
global population blind or visually impaired. Despite this uncertainty, the appetite to arrest this 
condition through some sort of “myopia control” intervention is increasing steadily. (Efron, 
Morgan et al. 2020) 

Most evidence points to the modern environment experienced by children as the underlying 
trigger for the dramatic acceleration of eye growth and the accompanying increase in myopia 
prevalence. (Wolffsohn, Flitcroft et al. 2019) These environmental changes will modify the 
retinal image. (Flitcroft 2012) Experimental studies of non-human primates and other animals 
have shown that altering the retinal image can accelerate or retard eye growth.(Wallman and 
Winawer 2004) Early studies (Wiesel and Raviola 1977) of monkeys showed that eye growth 
could be accelerated by lowering retinal image contrast, and later studies in several species 
showed that eye growth could be adjusted to place the retina coincident with the retinal image 
plane.  (Schaeffel, Glasser et al. 1988, Hung, Crawford et al. 1995, Shaikh, Siegwart et al. 
1999, Smith and Hung 1999, Wildsoet and Schmid 2001, Howlett and McFadden 2009) 

The shift from outdoor to predominantly indoor lifestyles of the modern child is suspected to 
be a significant driver of increased myopia prevalence. The growing emphasis on education 
globally, is a driving force for the dominant indoor experience of modern children. (Mountjoy, 
Davies et al. 2018) (Mirshahi, Ponto et al. 2014) Countries and regions with higher educational 
pressures at an earlier age in particular exhibit higher prevalences of myopia. (Morgan and 
Rose 2013) Conversely, other research has shown that children who spend more time 
outdoors and less time with near viewing exhibit a lower risk of developing myopia compared 
with children with low outdoor time and high reported daily hours of near work. (Rose, Morgan 
et al. 2008) Critically, the indoor environment exhibits significantly lower levels of light, typically 
100-500 lux, (Norton and Siegwart 2013) contrasting with outdoor levels of up to 130000 lux 
on a bright sunny day and even 15000 lux in a shaded environment. Also, because of the 
needs for efficiency, and the low visual sensitivity to very short wavelengths, indoor lighting 
also lacks the shortest visible wavelengths (e.g. below 420 nm) and UV radiation. Although 
lacking convincing data, it has been hypothesized that eye growth regulation and normal eye 
size requires these very short wavelengths to be present in the environmental spectrum. (Torii, 
Kurihara et al. 2017, Mori, Torii et al. 2021)  

Whilst indoors, children spend more time focusing on near targets. (Dahlmann-Noor, Bokre et 
al. 2025) To focus on near targets, children must accommodate, but due to accommodative 
lag, which can be larger in myopic children (Mutti, Mitchell et al. 2006) image planes will likely 
be located posterior to the retina. Since experimentally created hyperopic defocus (negative 
lens rearing) leads to accelerated eye growth and resulting myopia in animals, (Wildsoet and 
Wallman 1995, Smith and Hung 1999) it is possible that chronic hyperopic defocus generated 
by indoor near viewing and accommodative lags can be the driver for accelerated eye to grow 
in humans, creating myopia. It has been suggested, therefore, that the accelerated eye growth 
that causes myopia is an adaptation to the modern environment, and not a failure of the eye 
growth regulation mechanisms. 

Accelerated eye growth associated with hyperopic defocus of retinal images in infant monkeys 
can be prevented when some myopically defocused light is presented simultaneously. The 
animal studies showed that chickens and monkeys reared with negative lenses could be 
prevented from developing myopia by inclusion of some relatively positive power somewhere 
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in the optical path. (Tse, Lam et al. 2007, Liu and Wildsoet 2011, Liu and Wildsoet 2012, 
Arumugam, Hung et al. 2014, McFadden, Tse et al. 2014, Arumugam, Hung et al. 2016) If two 
focal planes are present, the eye will grow to focus the least hyperopic focal plane (the one 
that requires least growth to focus). These dual focus experiments led to the hypothesis that 
adding some myopically defocused light (image plane anterior to the retina) could counteract 
the grow signal generated by accommodative lags and prevent the acceleration of eye growth.  

These results highlight an exciting possibility: The chronic exposure to the myopigenic 
environment of the modern world can be mitigated by delivering myopic defocus to the retina 
of progressing myopic children. In order to be clinically valuable, ophthalmic lenses must 
simultaneously include both the optical power required to create myopic defocus and the 
optics necessary to correct the refractive anomaly of the wearer (and improve vision).  One 
such dual focus strategy implemented in a contact lens (CL) employs a distance correction to 
focus some or most of the light at the retina and some concentric annular zones with added 
plus power. This strategy has been included in the design of the dual focus CL studied in this 
thesis. (Anstice and Phillips 2011) 

1.2. Slowing accelerated eye growth in myopic eyes 
For many years, under correction in juvenile onset myopia was employed in an attempt to slow 
the subsequent progression. Anecdotal reports suggest that this approach aimed to reduce 
the accommodative demand during near tasks in this age group and thus reduce 
accommodative lags. However, subsequent trials have failed to support this hypothesis, (Adler 
and Millodot 2006, Koomson, Amedo et al. 2016) and one study even showed greater 
progression in under-corrected myopic eyes. (Chung, Mohidin et al. 2002) Such studies are 
challenging to implement due to the inevitable associated lifestyle and thus potentially retinal 
image changes that likely accompany under-correction. Uncorrected or under-corrected 
myopic children will not have focused retinal images when viewing distant targets but may 
have well-focused images when viewing near targets, and therefore such interventions to slow 
myopia progression have the potential to increase myopia progression by biasing the child’s 
behavior in favor of near viewing in the indoor environment.  

Repurposing of presbyopic spectacle lens designs to control myopia has had a limited effect 
on myopia progression. Presbyopic spectacles included bifocals, and multifocal lenses have 
been explored as myopia control devices. (Pärssinen, Hemminki et al. 1989, Fulk, Cyert et al. 
2000, Edwards, Li et al. 2002, Gwiazda, Hyman et al. 2003, COMET 2 Study Group 2011, 
Berntsen, Sinnott et al. 2012, Cheng, Woo et al. 2014) Employing presbyopic spectacles were 
thought to reduce accommodative lag and any associated hyperopic defocus, and the nature 
of the optical design would also result in myopic defocus in the superior peripheral retina for 
many near viewing conditions. However, during the 1980’s the “Houston Myopia Study” 
recruited subjects between the ages of 6-15 to be randomized to receive either single vision 
spectacles, bifocal spectacles with +1.00D or +2.00D of addition. Following three years of 
observation there was no statistical or clinically significant difference in myopia progression. 
(Grosvenor, Perrigin et al. 1987) A larger 3 year study using Progressive Addition Lenses 
(PAL) observed only a 0.2D slowing of myopia progression in US children.(Gwiazda, Hyman 
et al. 2003) Slightly greater slowing was observed in children exhibiting accommodative lag 
and esophoria, which prompted a follow on study, which again observed clinically insignificant 
slowing of myopia progression. (COMET 2 Study Group 2011) More promising results were 
observed using executive bifocal type design, with one intervention arm also including a 3Δ 
Base In prism. (Cheng, Woo et al. 2014)  This latter group showed a 50% slowing over 3 
years, but this result has not been replicated. Lenses with a peripheral myopic defocus, not 
specifically targeted at presbyopic correction was also found to only result in modest effects. 
(Sankaridurg, Donovan et al. 2010) 

Newer spectacle designs have emerged that specifically target myopia control. (Lam, Tang et 
al. 2019, Bao, Huang et al. 2022, Bao, Yang et al. 2022, Lam, Tang et al. 2022, Lam, Tang et 
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al. 2023, Chen, Wu et al. 2024) Each of these designs include small “lenslets” to deliver 
additional positive power through some proportion of the spectacle lens to mitigate any 
myopigenic stimuli reaching the retina. Effective slowing of myopia progression has been 
achieved by all three of these dual focus spectacle lens designs. Also, a recent study from the 
group at Wenzhou found that dual focus spectacle lenses with small lenslets containing either 
added plus or added minus power both slowed myopia progression and axial elongation. The 
secondary focal planes defined by the lenslet local curvatures generated by the added plus 
and added minus zones are very different, but because the lenslets employed in the Wenzhou 
study employed a non-coaxial design all optical beams converge toward each other and 
approximately superimpose around the base optical focal plane the resulting retinal blur and 
contrast reduction created are similar for these two designs. (Su, Cho et al. 2024) 

Overnight orthokeratology involves overnight wear of a rigid contact lens that flattens the 
central cornea to reduce the optical power of a myopic eye sufficiently to place the optical 
image plane coincident with the retinal plane.  Upon wakening, the central corneal flattening 
achieves approximate emmetropia, with the peripheral optics creating myopic defocus.  Due 
to the nature of orthokeratology, the impact of OK on myopia progression cannot easily be 
ascertained by monitoring changes in refractive state, and therefore, any myopic control effect 
must be assessed by differences of axial elongation. Several trials have explored controlling 
myopia via this intervention. (Cho, Cheung et al. 2005, Walline, Jones et al. 2009, Cho and 
Cheung 2012, Hiraoka, Kakita et al. 2012, Santodomingo-Rubido, Villa-Collar et al. 2012, 
Charm and Cho 2013, Chen, Cheung et al. 2013, Swarbrick, Alharbi et al. 2015, Kakita, 
Hiraoka et al. 2016, Li, Kang et al. 2016) A meta-analysis reviewing all studies utilizing this 
technique estimated an effect (slower growth than seen in untreated control eyes) of 
approximately 0.14mm per year, supporting that this type of intervention is a viable mechanism 
to achieve myopia control. (Li, Kang et al. 2016) Because the range of myopia that OK can 
correct is limited, it cannot be applied universally to all myopias. (Charm and Cho 2013) There 
is currently no available strategies for controlling the magnitude of myopic defocus present in 
the OK-treated peripheral cornea, and it is this peripheral region which creates myopic defocus 
that is the likely refractive property responsible for reducing the myopia progression rates.  

Early efforts to use soft multifocal or bifocal contact lenses for myopia control also utilized 
existing designs developed for Presbyopia. Designs that generally contain optics with 
additional positive power. (Walline, Greiner et al. 2013, Aller, Liu et al. 2016) The short-term 
investigations showed promise in slowing myopia progression by 50% or more. The initial work 
with lenses designed to correct presbyopia, was continued with longer term studies, also 
showing a strong effect. (Walline, Walker et al. 2020) A contact lens design specifically 
targeted for myopia control employed a dual focus design (the precursor of the MiSight® lens 
(CooperVision Inc.) and was tested in a unique contralateral eye design, treating each eye 
separately in a cross-over design (10 months per condition). (Anstice and Phillips 2011) 
Results were positive with 50% slowing observed for the test intervention. A study using lens 
designs developed at Hong Kong Polytechnic University, with multiple alternating zones of 
correction and myopic defocus, demonstrated modest slowing. (Lam, Tang et al. 2014) The 
Hong Kong study suffered from significant noncompliance and dropout, a result which 
suggested that full time wear may be a critical component of a successful myopia control 
intervention. Slightly less slowing was also observed in another design specifically developed 
for myopia control utilizing myopic defocus through multifocality, studied over 12 months. 
(Sankaridurg, Holden et al. 2011) The same group later developed further novel designs, still 
utilizing myopic defocus, but ostensibly targeting an “extended depth of focus” target. The 
designs achieved slowing of slightly less than 50%, but again with an uncertain impact of 
significant dropout and noncompliance to wear time in the test interventions. (Sankaridurg, 
Bakaraju et al. 2019) Further novel soft contact lens designs have also been assessed with 
some level of success. (Garcia-Del Valle, Blázquez et al. 2021) 
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Most dual focus and multifocal optics introduce two changes to the optical environment of the 
retina. In addition to establishing a second (or multiple) focal plane(s) anterior to the retina 
with plus power, the sum of the defocus and focused images result in lower image contrast 
that present with a fully focused (single vision) image. A unique myopia control spectacle lens 
design includes scatter optics that do not create a second focal plane, but do lower image 
contrast. (Neitz and Neitz 2024) A clinical trial of this approach, showed significant slowing in 
myopia progression and axial elongation in the first year, (Rappon, Chung et al. 2023) but 
more modest gains in subsequent years, that may have resulted from uncertain impacts of the 
COVID-19 pandemic.(Laughton, Hill et al. 2024) The early promise and failure to observe a 
treatment effect in years 2 and 3 emphasize the importance of validating efficacy over multiple 
years.   

1.3. Challenges of assessing efficacy of a myopia control therapy 
Assessing the efficacy of a myopia control treatment in a human patient population is 
challenging because (1) the study cannot control the visual environments experienced by 
children; (2) the relatively slow progression of myopia in western countries (e.g. 0.25D to 
0.50D /year;(Donovan, Sankaridurg et al. 2012) and (3) possible confounding of treatment 
effects with progression changes unrelated to treatment. (Brennan and Cheng 2019, Brennan, 
Toubouti et al. 2020) Therefore, to average out environmental variance (Goss and Rainey 
1998, Fulk, Cyert et al. 2002) and to create a measurably large axial growth and myopia 
progression signal, assessing myopia control efficacy requires long-term measurement and 
large sample sizes. (Walline, Robboy et al. 2018, Wolffsohn, Kollbaum et al. 2019)  Robust 
randomization and masking are essential to minimize bias that could impact the study results.  
Therefore, rigorous randomized clinical trials try to match control and treatment cohorts with 
sample sizes adequate to detect treatment effects are required. (Lawrenson, Shah et al. 2023) 

Further consideration must be given to the time course of the myopia condition, when 
designing trials. Multiple population based-studies have provided evidence via prevalence 
estimates that myopia onset can occur at ages as young as 5 in white European/North 
American populations (Rudnicka, Kapetanakis et al. 2016, Theophanous, Modjtahedi et al. 
2018, Tricard, Marillet et al. 2022) Onsets at even younger ages have been observed in Asian 
populations. (Ma, Qu et al. 2016, Rudnicka, Kapetanakis et al. 2016) Once myopia has 
developed, myopia continues progress over multiple years. (Goss and Cox 1985, Jones, 
Mitchell et al. 2005, Wong, Machin et al. 2010, Donovan, Sankaridurg et al. 2012, Xiang, He 
et al. 2012, Pärssinen, Kauppinen et al. 2014, McCullough, O’Donoghue et al. 2016, Jones-
Jordan, Sinnott et al. 2021, Qin, Peng et al. 2022) Therefore, although prevalence of myopia 
is generally low in younger children (e.g. 2% in White and 6% in Asian at age 5) the population 
prevalence increases steadily up to adulthood. (Rudnicka, Kapetanakis et al. 2016) In white 
populations 77% of myopias have stabilized (no more progression) by age 18, (Hardy, Hillis 
et al. 2013) but some myopias progress after age 18. (Hardy, Hillis et al. 2013, Pärssinen, 
Kauppinen et al. 2014, Bullimore, Lee et al. 2023) Estimates of myopia progression over this 
time period vary significantly between individuals (Brennan, Shamp et al. 2024) and across 
populations. (Rudnicka, Kapetanakis et al. 2016) This younger onset in Asia results in greater 
prevalence of higher myopia than typically observed in a western population and creates a 
concerning picture for the levels of myopia at stabilization given the age at stabilization and 
faster myopia progression in younger ages. (Chua, Sabanayagam et al. 2016) (Jones-Jordan, 
Sinnott et al. 2021) Because faster myopia progression is observed in the years immediately 
before and just following the age when refractive myopia is first detected clinically (Mutti, 
Hayes et al. 2007) and are generally faster in the younger eyes,(Chua, Sabanayagam et al. 
2016, Jones-Jordan, Sinnott et al. 2021) sustained interventions at younger ages when the 
disease is most aggressive is likely to produce the greatest long term clinical value. Further, 
because the accelerated eye growth underlying myopia can happen over many years from 
early childhood to young adulthood, a clinical trial must identify a targeted age range, and 
most studies recruit subjects between ages 8 and 12. (Walline, Robboy et al. 2018, Wolffsohn, 
Kollbaum et al. 2019)  
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Implementing a myopia control treatment utilizing contact lenses faces an additional 
challenge. There has long been concern that contact lenses are not a safe ophthalmic 
correction for children. (Walline, Robboy et al. 2018) Even when contact lenses are prescribed 
for children, there has been a tendency to recommend part time wear, either in the form of 
fewer hours per day or limited days per week, presumably on the basis that this could limit the 
risk of common contact lens adverse events. However, some study results have suggested 
that part time wear of myopia control interventions may result in lessening treatment effect in 
the primary goal of reducing myopia progression. (Lam, Tang et al. 2014, Sankaridurg, 
Bakaraju et al. 2019, Bao, Huang et al. 2022) Fortunately, with the increased interest and 
prevalence of studies for contact lens wear in myopic children, longitudinal and retrospective 
studies have provided evidence that contact lenses are indeed a safe and effective vision 
correction for the younger wearer. (Dias, Manny et al. 2013, Plowright, Maldonado-Codina et 
al. 2015, Bullimore 2017) Because of the relative paucity of safety data for children wearing 
soft contact lenses, the myopia control study described in this thesis offered an opportunity to 
assess any corneal changes associated with sustained long-term wear of soft contact lenses. 
The study monitored ocular health over 6 years of contact lens treatment, which was followed 
by a retrospective chart review seeking evidence of the rate of microbial keratitis in children fit 
with contact lenses.  

Achieving full time wear in a contact lens intervention also requires an optical correction that 
provides high quality vision in challenging and varying visual requirements of a population 
whose lifestyle and visual needs develop as they mature. In summary, an effective ophthalmic 
myopia control intervention must deliver sufficiently high-quality vision over multiple years to 
ensure compliance. Prior to the MiSight 1 day contact lens study that forms the basis for this 
PhD, a limited number of soft contact lens interventions had evaluated their impact beyond 
one year of treatment. (Walline, Greiner et al. 2013, Lam, Tang et al. 2014) The 6-year myopia 
control trial of the MiSight contact lens was designed to (1) assess efficacy (can this dual focus 
contact lens slow or stop myopia progression?); (2) Does the added myopia control optics 
impact quality of life? (3) Can children wear daily disposable soft CLs for >10 hours per day 
for 6 days per week without experiencing high levels of anterior eye problems?; and (4) can 
treatment efficacy be sustained over time scales required to cover the natural history of 
accelerated myopic eye growth?   
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CHAPTER 2: OPTICAL DESIGN OF THE MISIGHT DUAL-FOCUS 
MYOPIA CONTROL CONTACT LENS 
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2.1. Background to the dual focus design  
Unlike a traditional “single vision” contact lens which has a single optical function to generate 
focused images at the retina, the goal of an optical myopia control intervention is to both 
provide good acuity by the correction of refractive error, the ‘distance correction’ optic, and 
also to include an optic designed to slow or stop the accelerated eye growth associated with 
progressive myopia. Such dual function contact lenses must be compatible with full time wear 
and provide seamless integration with the visual and lifestyle demands of a young population.  
The specific design studied in this thesis is based upon the hypothesis that adding significant 
myopic defocus to the retinal image will slow the progression of myopia and accompanying 
axial elongation. 

Soft contact lens geometries have been optimized over many years and modern designs offer 
predictable optical corrections with high levels of biocompatibility when they locate on the 
surface of the avascular cornea. (Maldonado-Codina 2024, Young 2024) Modern lens designs 
have been shown to perform in a wide range of eyes and for the majority of refractive errors. 
(Dumbleton, Chalmers et al. 2002, Hickson-Curran, Young et al. 2016) Stable contact lens 
centration across the cornea, confirmed with assessment of limbal overlap provides 
approximate centration over the pupil for rays forming the foveal image crucial for good 
distance vision. Decentrations relative to the primary line of sight are common but generally 
fractions of a mm. (Walther, Meyer et al. 2024)  A stable lens position ensures that the optics 
delivered to the retina (distance correction and myopia control signals) remain somewhat 
consistent for different patients and throughout daily wear. However, other important 
considerations cannot be overlooked.  Whereas, we might be able to ensure that the 
geometrical positions of the designed optics remain relatively consistent to the pupil and the 
foveal-relevant primary line of sight during regular wear, the pupil can vary in size over a wide 
range, and vary between individuals. (Winn, Whitaker et al. 1994) Environmental factors that 
control pupil size in an individual include light level, spectral composition of light, and 
accommodation status. (Kasthurirangan and Glasser 2005, Watson and Yellott 2012)  

As outlined in section 1.1, most evidence points to the indoor environment as the myopia 
generating stimulus. One hypothesis singles out the high percentage of indoor time spent 
viewing near stimuli as the stimulus driving the progression of myopia. Therefore, it is critical 
for a myopia control lens design to ensure that both the vision quality and myopia control signal 
are maintained during near viewing. The myopia control contact lens design investigated in 
this thesis was specifically created to deliver approximately stable amounts of vision correction 
and myopic controlling signals across a range of pupil sizes. (Anstice and Phillips 2011) 

A simple two zone design containing a single distance correction and a single zone with added 
plus power to create the myopia controlling myopic defocus signal have been used in animal 
studies (Liu and Wildsoet 2011, Liu and Wildsoet 2012) and human trials. (Walline, Greiner et 
al. 2013) Such 2-zone designs are unable to maintain a stable balance of vision correction 
and myopia control signals to the retina because, (Remón, Pérez-Merino et al. 2020) as the 
pupil dilates, the outer defocus zone will cover an increasing proportion of the pupil (Bradley, 
Nam et al. 2014, Charman 2014). Similarly, the proportions of vision correction and myopia 
control light within the retinal image will vary dramatically across the retina with such designs. 
(Hastings, Tiruveedhula et al. 2024) However, by employing a multi-zone design, the 
proportion of distance correction and myopia control signals can remain approximately 
balanced as pupil size increases. (Bradley, Nam et al. 2014, Charman 2014) The optical zone 
of the dual focus lens that is the topic of this research incorporated four alternating zones with 
a vision correction in a 3.35mm diameter center zone (CZ) surrounded by annular zones of 
interleaves added plus power and distance correction (Figure 1). A second annular distance 
correction zone surrounds the annular zone designed for myopia control, and finally a second 
outer annular myopia control zone (Figure 1). The zone geometries enable a delivery of a 
general dominance of the vision correction optic to ensure high quality vision, while also 
delivering  a significant amount of myopia control signal for a wide range of pupil sizes 
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expected in children at the lower light levels present in the indoor environments, (Silbert, Matta 
et al. 2013) and to provide essentially single vision quality optics when children are not in the 
myopigenic indoor environments but in the high luminance outdoor environments. Where pupil 
diameters of young eyes can be <4mm. (Lazar, Degen et al. 2024) Best vision is generally 
achieved when focusing the central region of the pupil in an aberrated eye, and studies of 
eyes fit with either center near or center distance multifocal contact lenses observed that best 
distance vision and distance optical quality is achieved when the center of the lens contains 
the distance correcting optics. (Xu, Bradley et al. 2013, Hair, Steffensen et al. 2021) By 
assigning a relatively large region of the dual focus CL center for distance correction, the 
studied lens gave optical and visual priority to distance vision. 

 

 

 

Figure 1: Optic zone arrangement of MiSight contact lens.  Shaded areas indicate defocus zones. 
 

This design approach results in a combination of refractive correction and myopia control 
optics for all pupil sizes greater than 3.35mm (Figure 2a). Because soft contact lenses center 
well on the cornea, they are generally decentered by on average 0.25mm relative to the pupil 
center and primary line of sight (Walther). Such small decentrations will ensure the dual focus 
distance correction center zone will remain within the pupil.(Walther, Meyer et al. 2024)  More 
significantly, due to the axial separation of the contact lens on the corneal anterior surface and 
the eye’s entrance pupil, a parallax effect will alter the proportion of distance correction and 
myopia control optics in the retinal image for off-axis targets, but again, a balance between 
distance correction and myopia control is maintained over a wide region of the central retina 
and pupil sizes (Figure 2b). 
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Figure 2 Proportion of pupil covered by the vision correction (red) and myopia control (blue) zones of 
the MiSight contact lens as a function of pupil diameter (top panel) and off-axis location of a light source 
(bottom panel) A parallax model was used to calculate the off-axis values assuming an axial separation 
of 3.5mm between the contact lens and the eye entrance pupil. The y-axis, "Proportion of pupil 
covered," represents the fractional area of the pupil occupied by each zone, calculated as the ratio of 
the zone’s effective area to the total pupil area, reflecting the lens’s optical contribution to vision 
correction and myopia control. 
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The pupil coverage results in Figure 2 highlight the achieved goals of this lens design: to 
provide a retinal image dominated by a refractive error-correcting distance vision optic, but 
including a significant proportion of myopically defocused light to act as a myopia control signal 
that is resilient to changes in pupil size and lens decentration, and delivers this myopia control 
signal across the central retinal area since there is evidence that the retinal location other than 
the fovea may contribute to eye growth regulation. (Smith 2011) 

2.2. Choice of defocus power in dual focus lens design and power profile 
information 

The treatment zones (Figure 1) were designed to incorporate approximately 2 dioptres of 
added plus (2 diopters of less minus) relative to the base or distance lens power (Figure 3, left 
panel). An early version of this dual focus design was studied by Anstice et al.(Anstice and 
Phillips 2011)  The current design is modeled on that earlier design, including the choice of 
added plus 2 dioptres in the treatment zone. Small adjustments were made to zone diameter 
to adapt for the manufacturing platform used for this version of the lens design. Prior to the 
current investigation, Phillips et al examined the impact of adding +2D to a sphere correction 
for one eye only, the other eye having its typical distance correction lens. Eyes with the added 
plus 2D of power exhibited a consistent slowed myopia progression and axial 
elongation.(Phillips 2005) 

The targeted power profile (Figure 3 left panel) and the full power map (Figure 3 right panel) 
of the studied lens reveal the concentric ring nature of the design and the stable powers within 
each zone.  Unlike many optical power profiles designed for presbyopic correction, the 
distance power within MiSight is constant across the full radius of the zone. This deliberate 
feature was included to ensure high quality optics for the primary function of correcting 
refractive error and providing high quality vision for the patient. Many optical designs for 
correcting presbyopia, some of which have been employed off label for myopia control, 
(Walline, Greiner et al. 2013, Walline, Walker et al. 2020) may feature a radially varying 
“multifocal” power profiles across the lens providing increased depth of focus but possibly 
compromising distance vision quality. Multifocal designs with little area dedicated to distance 
vision correction will result in inferior distance vision image quality . (Chateau and Baude 1997) 
The juvenile myopic population targeted for this treatment have a full range of accommodation, 
(Anderson, Glasser et al. 2010) and as such have no need for a range of focal planes and its 
associated vision compromise and are expected to accommodate to near targets, using the 
distance correction optics of the dual focus lens for vision at all distances. Experimental 
studies of young eyes fit with multifocal and dual focus contact lenses confirm that with 
binocular viewing, accommodation is dominated by the distance correction optic (Altoaimi, 
Kollbaum et al. 2018) as expected given the dominant influence of binocular vergence on 
accommodative behavior. (Fincham and Walton 1957, Ramsdale and Charman 1988) 
Although the dual focus lens was designed to prioritize vision quality, image quality and vision 
were monitored during the trial (Chapter 4). 
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Figure 3: Power and zone geometry of the studied dual focus myopia control contact lens. The power 
profile (left panel) is the design ideal, whereas the power map (right) was obtained using a high-
resolution single pass aberrometer (Optocraft) from a single contact lens. Distance correction zones 
(blue) and added myopia control zones (yellow) reveal the stable power in each zone, and the abrupt 
power shifts between zones.  
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CHAPTER 3: A THREE-YEAR CLINICAL TRIAL OF A DUAL FOCUS 
MYOPIA CONTROL LENS  
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3.1. STUDY DESIGN CONSIDERATIONS 
The original dual focus design incorporating 2D of myopic defocus underwent feasibility testing 
in a contralateral eye cross over study over 20 months, where the efficacy of the design to 
slow myopia progression was assessed for each eye in successive 10 month treatment 
periods. (Anstice and Phillips 2011) Children in this study were slightly older (recruitment 
criteria: age - 11 to 14 years) than those monitored in many studies for myopia control. The 
results in that study confirmed the hypothesis of excellent visual acuity and normal 
accommodative response with this dual focus design. The dual focus intervention showed a 
statistically and clinically significant slowing in the progression in both periods. Spherical 
Equivalent Refraction (SER) was slowed by approximately 0.25D, whilst axial length 
elongation (AL) was slowed in each period by approximately 0.1mm. Each of these outcomes, 
translated to a myopia control efficacy measure of the amount of slowing expressed as a 
proportion of the untreated progression [((Control eye progression – Test eye progression) / 
Control eye growth) x 100%] of approximately 50%. 

This study had a few limitations both from a scientific and translational perspective. Whilst 
having the advantage of each child acting as their own control for demographic and 
environmental factors influencing myopia progression, a contralateral eye study nonetheless 
poses challenges in interpretation of the findings. Although the study implemented measures 
to avoid right eye and left eye lens confusion, such as tinting the contact lens for the right eye, 
long-term contralateral studies can result in unintentional mixing of interventions between the 
right and left eyes. In a contralateral study, where a single vision correction is applied to the 
non-treated eye, there is a potential for better binocular accommodation than might occur with 
bilateral prescription of a dual focus myopia control lens.  

A further limitation in extrapolation of those preliminary results was the potential confounder 
of prior treatment of the eyes that were untreated in part 2 of the study. Also, during part 2, 
these subjects were generally anisometropic due to different progression rates during part 1 
of the study. (Anstice and Phillips 2011) The impact of anisometropia on eye growth regulation 
is poorly understood, but some evidence suggests anisometropia can influence eye 
growth.(Abrahamsson and Sjöstrand 1996) With concerns of carry-over effects potentially 
impacting Part 2 results, conclusions were largely limited to the results of Part 1, which in turn 
only illustrates an efficacy duration of 10 months. As mentioned in earlier sections, Juvenile 
onset myopia is likely to persist for greater than a decade of progression in some individuals, 
and therefore to establish the clinical value of this dual focus lens design, longer trials with 
bilateral treatment protocols were required. 

The clinical trial of this novel myopia control contact lens was designed to answer the following 
scientific and clinical questions: 

• Does the addition of 2D of added plus power in two annular zones in this dual focus 
CL generate a clinically and statistically significant treatment effect in juvenile myopic 
subjects when prescribed bilaterally?  

• Can a treatment effect be sustained over multiple years? (at the start of this study in 
2012, no randomized clinical trial had successfully shown treatment efficacy 
sustained over 2 years) 

• Will the lens be effective at slowing myopia progression for a cohort of emerging 
young myopes (8-12 years)? (Myopia progression rates are generally higher in 
younger eyes, (Chua, Sabanayagam et al. 2016) the Anstice feasibility study enrolled 
children between ages 11 and 14). (Anstice and Phillips 2011) 

• Will geographic location and/or subject ethnicity influence efficacy?  (Myopia 
prevalence, progression and levels vary between countries and 
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ethnicities).(Rudnicka, Kapetanakis et al. 2016) The interaction between these 
features of the condition to myopia control results was unknown.  

• Will treatment effect vary with age and gender? (Untreated younger myopic children 
and females have been shown to display faster progression). (Chua, Sabanayagam 
et al. 2016);(Donovan, Sankaridurg et al. 2012) 

• What are the ocular health implications of all day, 6 days per week, and multiple 
years of contact lens wear in children?  

• Will myopic children adapt to contact lens wear and accept this as their habitual 
vision correction and myopia control therapy?  (If myopia control efficacy requires a 
consistent exposure to the treatment optic, successful treatment may require all day 
wear on most days). (Rah, Walline et al. 2010) 

• Can significant myopia control be achieved without serious compromise of normal 
vision? 

All of these factors were as yet unanswered and were considered critical to enable successful 
translation of a myopia control soft contact lens intervention into general clinical practice 
globally. 

3.2. Study design and measures to eliminate bias. 
The design of this trial progressed alongside discussions with regulatory agencies to address 
the requirements for obtaining regulatory approval and, crucially, a clear indication for use for 
slowing of myopia progression. This indication would provide eye care practitioners with 
explicit "on-label" prescribing guidance. At the time, the United States Food and Drug 
Administration (FDA) presented detailed requirements for achieving such an indication. 
Several years after the trial protocol was finalized, the FDA co-sponsored a workshop in 
collaboration with leading professional organizations representing optometry and 
ophthalmology in the U.S. The workshop aimed to establish a consensus on the design and 
conduct of clinical trials necessary for FDA approval and an appropriate indication for use, as 
formal guidance was not yet available. The resulting framework focused on providing 
"reasonable assurance of safety and effectiveness" for the device. The findings from this 
workshop were subsequently published in a peer-reviewed manuscript by Walline et al. 
(Walline, Robboy et al. 2018) The study protocol implemented for the MiSight clinical trial 
reflected opinions of the FDA as detailed during this workshop and resultant publication. 
 
Multi-center trial and ethnicity – To provide evidence that the treatment results were broadly 
generalizable and not limited to a single geographic region, the study recruited participants 
from three continents: North America, Europe, and Asia. Each site was tasked with recruiting 
an equal number of participants, and a unique randomization schedule was provided to each 
location. This approach ensured an equal balance between treatment and control groups at 
each site. Myopia has been shown to onset earlier (Rudnicka, Kapetanakis et al. 2016) and 
progress more rapidly (Donovan, Sankaridurg et al. 2012) in Asian populations. Including an 
Asian site with equal randomization between treatment and control groups was a deliberate 
effort to achieve an appropriate balance of ethnic representation and ensure the results 
reflected diverse population outcomes. 
 
Age – Similar to ethnicity, studies of myopia progression in Asian (Chua, Sabanayagam et al. 
2016) and Western populations, (Jones-Jordan, Sinnott et al. 2021) show myopia progressing 
slower in older children regardless of when Myopia onsets. A meta-analysis (Brennan, Shamp 
et al. 2024) of 64 studies of axial growth in myopic eyes identified separate mathematical 
predictions for Asian and Non Asian populations.  This analysis highlights a number of 
important considerations: (1) Asians progressed faster than non-Asian at every age (2) Each 
population displayed faster progression at younger ages, with progression slowing by 15% at 
each advancing year for both populations. A later meta-analysis suggested slowing of 10% 
per year for refractive error progression. (Smotherman, Brennan et al. 2023) Therefore, 
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without well balanced control and treatment cohorts, the associated factors of age and 
ethnicity will likely affect the mean progression and growth rates. The dual focus study design 
tried to limit the impact of cohort differences in these associated factors by stratifying 
randomization, requiring each site to recruit a balanced population by age groups of 8-10 and 
11 - <13. 

Choice of control intervention and masking – The potential for bias, whether conscious or 
unconscious, on the part of patients (or also parents, in this case) or investigators is well-
documented. (Kotz and West 2022) Bias can arise from factors such as the collection of 
primary outcome measures or instructions that inadvertently influence behavior in either the 
test or control group. This risk becomes even more significant in long-term trials conducted 
over multiple years, as in this study. 

In the MiSight trial, the control group would not receive active treatment, which increases the 
likelihood of bias due to  a greater risk of loss to follow-up in untreated and potentially faster 
progressing eyes. (Kristman, Manno et al. 2004) While single-vision spectacle lenses are the 
most commonly used ophthalmic correction for children in this age range, their use as the 
control intervention posed significant challenges. Specifically, maintaining masking with a 
spectacle control group is virtually impossible. Additionally, disparities in wearing time between 
test and control groups can introduce bias, potentially skewing the observed treatment effects. 
Data from the ACHIEVE study (Walline, Jones et al. 2008) revealed that contact lens wearers 
had a significantly higher total wearing time for corrective lenses (Contact lenses and 
Spectacles: mean 97.5 hours/week) compared to Spectacle wearers (p = 0.0006). If both the 
treatment and control groups wear soft contact lenses, differences in wearing time are likely 
to be reduced or eliminated, enabling a more valid assessment of the treatment effect. Further, 
given the quality of life advantages experienced by young CL wearers over 
spectacles,(Walline, Jones et al. 2009, Rah, Walline et al. 2010)  both the treated and control 
subjects share the lifestyle benefits of CLs which would balance retention motivations and 
increase the likelihood of matched environmental experiences between the two groups . 
 
At the time of the study design, concerns were present that single vision contact lenses might 
induce greater myopia progression in progressing myopes, potentially exaggerating the 
observed myopia control effect. A study by Walline et al assessed this hypothesis in a large 
parallel group study. (Walline, Jones et al. 2008) The study found greater refractive 
progression in the contact lens wearing group, but the reported –0.22 D greater progression 
in the contact lens group was not statistically greater (95% CI: –0.46 to +0.02 D) than observed 
in the spectacle lens group. Additionally, axial length changes between the two groups were 
greater in the spectacle lens group and again not statistically significant (contact lenses: 0.59 
± 0.37 mm; spectacles: 0.63 ± 0.34 mm; P = 0.37).  

Horner et al. (1999) randomized 175 adolescents (aged 11–14) to wear either reusable soft 
contact lenses or spectacles, focusing solely on refractive error. After three years, myopia 
progression was –1.07 ± 0.85 D in the contact lens group and –0.91 ± 0.80 D in the spectacle 
group, a difference that was not statistically significant. (Horner, Soni et al. 1999) Also, six-
month myopia progression comparison between CL and SL wearers found less progression 
in the CL corrected eyes (–0.37 ± 0.29 D) compared to the spectacle group (–0.60 ± 0.29 D, 
p < 0.001), with a 44% smaller axial length increase (contact lenses: 0.14 ± 0.12 mm; 
spectacles: 0.25 ± 0.12 mm, p < 0.001). (Jara, Sankaridurg et al. 2010) An analysis of Asian 
children (ages 6–16) wearing single-vision spectacles (n = 633) or contact lenses (n = 55) 
found no significant difference in age-specific annual myopia progression (SER, p = 0.38) 
across prospective studies in China, Hong Kong, and Singapore. (Sankaridurg, Holden et al. 
2014) 

Given the benefits to reduce the risk of bias and the almost zero likelihood of single vision 
contact lens wear disrupting the myopia progression rates, the MiSight trial was designed with 
a single focus soft contact lens as the control intervention.  To increase likelihood of effective 
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masking, the single vision soft contact lens was chosen as Proclear 1 day, CooperVision Inc.  
As a further enhancement to masking, the test and control contact lenses benefited from being 
fabricated from the same material, contained the same geometrical features and were 
produced with identical manufacturing processes.  In fact, the only difference in the lens 
making process was the front contact lens surface mold to produce the optical features 
detailed in Chapter 2. The back surface and mold of the contact lens are identical in test and 
control products.  These similarities enhance the likelihood of identical lens fit performance 
and wearer comfort for the two cohorts. Additionally, the distance correction optics in both the 
treatment and control lenses (power range for the study -1.00D to -6.00D) included controlled 
negative longitudinal spherical aberration level of -0.60D over a 6mm pupil diameter.  

Masking was then further enhanced by strategies applied to the lens packaging. The lens 
blisters, which are produced in a strip of five were closely matched between test and control 
lenses with no distinguishing features between test and control lens, except for lot numbers 
essential for lens traceability (Figure 4).  

 

Figure 4: Lens blister and lens carton for study lenses in the MiSight trial.  Lens A = Proclear 1 day; 
Lens B = MiSight 1 day 
 
Participant selection criteria - Age range at baseline (8-12 years) and spherical equivalent 
range (-0.75 - -4.00D) were chosen to be representative of the target patient population 
identified for this product and to limit variability associated with age and level of myopia. Minus 
4.00D was chosen at the top end of inclusivity to allow subjects estimated progression to 
maintain within product availability (-6.00D) and outside of definition of high or “pathological” 
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myopia, throughout the study duration. (Flitcroft, He et al. 2019) Often seen in tandem with a 
refractive error criterion, some trials have adopted an additional inclusion criterion of evidence 
of prior progression. (Cheng, Woo et al. 2014, Pauné, Morales et al. 2015, Aller, Liu et al. 
2016, Polling, Tan et al. 2020)  Whilst this could provide some advantages in avoiding 
participants in either group whose myopia had stabilized, this trial elected not to apply this 
criterion, preferring to ensure generalizability to all myopes that might present in clinical 
practices. Astigmatism was limited to <1.00D, to limit vision compromise due to uncorrected 
astigmatism leading to lower wearing times or dropout because the dual focus lenses were 
not toric lenses. The study selection criteria also set a limit on anisometropia in the refractive 
error criterion and excluded any prior myopia control treatment, an approach consistent with 
most myopia control studies to date. (Wolffsohn, Kollbaum et al. 2019) Finally, the study also 
required all participants to have no prior experience with contact lens wear, this enabled some 
uniformity when assessing data related to adaptation, wear time and subjective experiences. 
 
Study Treatment Wearing Time: Some myopia control studies have observed significant 
variability in wearing time and attributed this ‘lack of compliance’ to the resultant measures of 
efficacy, which didn’t meet expectations for the intervention. (Lam, Tang et al. 2014, 
Sankaridurg, Bakaraju et al. 2019) In an effort to ensure compliance, subjects were asked to 
provide “Agreement to wear the assigned contact lenses for a minimum of 10 hours per day, 
at least 6 days per week, for the duration of the 3-year study” at informed consent stage. As 
well as “Agreement to inform the study investigator if this schedule is interrupted.” Concerns 
of safety related this full-time wear requirement were mitigated by the study contact lenses 
being provided in daily disposable modality and close monitoring of the subjects’ ocular heath 
throughout the study. 
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3.3. Publication: A 3-year Randomized Clinical Trial of MiSight Lenses for 
Myopia Control. 
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3.4. Additional Analyses from the 3-year trial 
At the conclusion of this three-year trial, cycloplegic auto-refraction measurements showed a 
progressive slowing of myopia in the dual-focus treated population. The unadjusted spherical 
equivalent refractive error (SERE) reduction was 0.40D after year 1, 0.54D after year 2, and 
0.73D at the study’s conclusion. After adjusting for covariates outlined in the statistical plan, 
the estimated mean three-year progression was –0.65D in MiSight-treated eyes compared to 
–1.31D in control eyes (p<0.0001). Despite these positive results, the study narrowly missed 
the target of 0.75D reduction, whether assessed using raw unadjusted means or the adjusted 
values from a linear mixed model which accounted for differences between control and 
treatment groups of potential covariates unrelated to treatment. 

However, neither the methodological differences nor the small shortfall from the 
target represent a clinically significant margin. It is essential to interpret these findings in the 
context of clinical quantization, where refractive changes are typically measured in 0.25D 
steps using trial lenses or a phoropter. In contrast, refractive error measurements in this study 
were: 

a. Performed under cycloplegia, and 
b. Assessed using an open-field auto-refractor with a resolution of 0.01D. 

This higher-resolution measurement differs from what is typically used in clinical practice, 
where refractions are generally conducted in 0.25D increments using a phoropter or trial 
lenses. To align with standard clinical assessments, the study also included manifest refraction 
measurements. The mean change in manifest refraction was –0.53±0.62D in MiSight-treated 
eyes compared to –1.29±0.70D in control eyes, resulting in a 0.76D difference. This suggests 
that the observed reduction in refractive error progression is clinically meaningful and aligns 
closely with the gold standard outcomes reported in the three-year manuscript. 

Additionally, this study provided an opportunity to compare refractive error measurements with 
and without cycloplegia, with the former serving as the primary endpoint in the earlier 
manuscript. Figure 5 illustrate the data at baseline and the three-year follow-up, respectively. 
The most striking observation is the clear divergence in SERE between the treated and control 
eyes over time. The strong correlation (R² = 0.88) across all refraction levels in both groups 
indicates that a well-conducted manifest refraction can serve as a reliable measure of myopia 
progression—even in the absence of time-consuming cycloplegic refraction or an optical 
biometer. 

 
 
 
 
 



P. CHAMBERLAIN, PhD THESIS, ASTON UNIVERSITY 2025
  43 
 

 

 

Figure 5: Scatterplot showing the correlation between spherical equivalent non-cycloplegic and 
cycloplegic autorefraction at baseline (A; n=288 eyes) and at 3 years (B; n=216 eyes). Eyes in the 
treated (blue) and control (red) groups had almost identical SEs at baseline  

3.5. Myopia Control effect across the population 
Although the randomized controlled trial provides an unbiased estimate of the average 
treatment effects, this study design cannot reveal treatment effects of individual subjects 
because the control and treatment cohorts are composed different individual eyes. For 
example, the faster growing treated eyes, could reflect slowed growth of eyes that if left 
untreated would have experienced even faster accelerated growth, or a failure of treatment in 
those eyes. In spite of this limitation, distributions of growth and progression (Figure 6 here 
and Figure 3 in publication) have been examined and the similarity of treated and control eye 
distribution standard deviations has been interpreted as evidence of a fixed treatment effect 
for all eyes. (Brennan, Toubouti et al. 2020, Charman and Radhakrishnan 2021)  However, 
the analysis these authors employed is based upon an assumption of a unimodal gaussian 
distribution (with a single SD). The data from the MiSight 3-year trial (Figure 6) clearly show 
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an indication that the treated eye axial elongation population was not normally distributed. 
Normalcy of distributions is most easily seen when plotting the data as q-q plots.  

 

Figure 6: Frequency distribution of change in axial length from baseline to 36 months. The navy and 
red bars represent MiSight and control groups respectively. 

Figure 7 shows q-q plots for 3-year progression of SE and axial elongation for the MiSight and 
Proclear groups. Vertical separation and approximate linearity of the functions reveal the 
treatment effect and the approximate logistic distribution of the results.  Notably, the faster 
progressing and faster growing treated eyes converge with the progression and growth of the 
faster growing control eyes, which is consistent with the notion that these faster progressing 
treated eyes are in fact not responding to the treatment intervention.  

Do all treated subjects, including fast and slow progressors receive an identical treatment 
benefit? The current clinical trial data cannot answer this question as no evidence of prior 
progression for these subjects are available. A more direct way to assess treatment effects in 
individual eyes is to track growth and progression of the same eyes prior to treatment and then 
once treatment has begun.    
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Figure 7: QQ plots for the treated (blue) and control (red) eyes. Changes from baseline to 36 months 
for SE (top) and axial length (bottom) are plotted as a function of ordered logit scores. 

3.6. Additional factors explored for influence on treatment effect. 
Small differences in covariates between the control and treatment groups offered an 
opportunity to assess whether age group (8-10;11-12), sex, site or baseline myopia affected 
the treatment effect. None of these factors were significant contributors to the treatment effect. 
The possible impact of an additional two factors (pupil size and wear-time), that were not part 
of the original linear mixed model analysis were also explored. Each of these factors could 
influence the efficacy of the myopia control intervention.   

Pupil size 
Experience with concentrically designed multifocal contact lenses that provide increased 
depth of focus for presbyopic patients have established that pupil size can have a dramatic 
impact on the image quality which, although still a factor, is less so for designs with multiple 

y = -0.36x - 0.60
R² = 0.97

y = -0.30x - 1.26
R² = 0.98

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
-6 -4 -2 0 2 4 6

C
ha

ng
e 

in
 R

ef
ra

ct
iv

e 
Er

ro
r (

D
)

Logit Score

MiSight

P1D

y = 0.16x + 0.36
R² = 0.95

y = 0.15x + 0.61
R² = 0.97

-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4

-6 -4 -2 0 2 4 6

C
ha

ng
e 

in
 A

xi
al

 L
en

gt
h 

(m
m

)

Logit Score

MiSight
P1D



P. CHAMBERLAIN, PhD THESIS, ASTON UNIVERSITY 2025
  46 
 

annular zones, (Young, Grey et al. 1990, Bradley, Nam et al. 2014) Young eyes generally 
exhibit larger pupils than older presbyopic eyes,(Winn, Whitaker et al. 1994) and individual 
eyes can have different pupil sizes at any light level. As discussed in Chapter 2 larger pupils 
can expose greater amounts of defocus in eyes fit with concentrically designed multifocal 
contact lenses or in treated OrthoK eyes.(Faria-Ribeiro, Navarro et al. 2016, Ji, Yoo et al. 
2018) Evidence of enhanced slowing of myopia in OrthoK-treated eyes as a function of pupil 
size has been reported, but this result does not appear to be universal.(Chen, Niu et al. 2012, 
Huang, Zhao et al. 2023, Guo, Zhang et al. 2024) As illustrated in Chapter 2 Figures 2&3, the 
MiSight design provided alternating zones of defocus and correcting zones to minimize 
dependency of the myopia control effect on pupil size. 
In the current clinical trial, pupil size was measured at all follow up visits with the Neuroptic 
pupilometer.  Progression rates and axial growths were on average slightly greater with larger 
pupil sizes (-0.07D per mm and +0.03mm per mm of pupil diameter), but pupil size accounted 
for between 3 and 6 % of the data variance suggesting that pupil size has a minor or zero 
effect on growth and progression during treatment. It is important to emphasize that single 
measures of pupil diameter in the clinic may be poor indicators of the chronic pupil sizes 
encountered by each subject during their daily lives.  
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Figure 8: Scatter plots of changes in SE (top) and axial length (bottom) from baseline to 36 months 
as a function of the measured photopic pupil diameters. 

Wear-time 
Wear time compliance was another factor considered important to collect and analyze in 
relation to in myopia progression in the treated eyes. In this trial, with the protocol initiated in 
2011, compliance was assessed by the administration of a questionnaire. Central to this 
analysis was the collection of data from individual subjects related to wear time, both in terms 
of days per week and hours per day.  Each of these factors were assessed separately for 
both weekdays and weekends and at each follow up visit, which after an initial period of visits 
settled to a cadence of 6 monthly intervals. To reduce potential for bias, subjects were not 
asked to state hours per day of wear, but rather recall the typical hour and minute of lens 
application and removal.  
Studies of myopia control in other specially designed contact lenses for myopia control 
intervention have collected wear time information and these studies reported that reduced 
wear time linked with greater myopia progression in treated eyes. (Lam, Tang et al. 2014, 
Sankaridurg, Bakaraju et al. 2019) Figure 9 reports myopia progression and eye growth 
against average daily wear time (hours per day) collected individually for weekdays and 
weekends at each annual visit during this study.  
No correlation was observed between average wear time and the annualized progression of 
myopia, as measured by spherical equivalent refractive error (SERE) or axial length (AL). 
This is evidenced by the flat regression line and a very low R-squared value. The outlier data 
point, an average wear time of 2 hours per day, was from a single subject in the first year of 
the study who exhibited poor lens wear compliance. Notably, in years 2 and 3 of the MIST-
401 study, this subject wore the lens for an average of 13 and 14 hours per day, respectively. 
Overall, there was no association between wear time and myopia progression or axial 
elongation in the treated eye group.  
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Figure 9: Scatter plots of annual changes in SE (top) and axial length (bottom) as a function of the 
reported average daily wear time at each annual follow up visit. 

The absence of significant correlations between measured covariates—pupil size and wear 
time suggests that other factors play a more dominant role in influencing myopia progression 
and eye growth. This lack of association may stem from the careful design considerations 
discussed earlier in this thesis. The treatment optics were meticulously engineered to 
maintain a balance between correction and treatment optics across a range of pupil sizes 
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while preserving normal accommodative response. Additionally, the daily disposable 
modality, along with high compliance in wear time, may reflect either the ease of lens use or 
the quality of instructions and monitoring provided by study sites. 
As outlined in the published findings, several other covariates also had no significant impact 
on treatment effect. These included baseline age group (8-10 vs. 11-12 years), sex, and 
ethnicity. The only variable that showed a significant interaction with treatment effect was visit 
number, though this time-based factor may inherently correlate with age. The lack of a direct 
age effect may be explained by the overlapping age ranges of participants over the three-
year study period, which likely minimized age-related differences. 
These findings provide compelling evidence of the generalizability of the treatment effect 
observed in the first three years. The consistency across different demographic groups 
reinforces the broad applicability of this intervention and offers a strong foundation for future 
research.  
The first phase of this trial demonstrated that dual-focus soft contact lenses are an effective 
strategy for slowing myopia progression over a three-year period, offering clinically 
meaningful benefits for children at risk of developing high myopia. However, since myopia 
progression does not abruptly stop after childhood, it became clear that further investigation 
was necessary to assess the long-term sustainability of these effects. 
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CHAPTER 4: A 6-YEAR RANDOMIZED CLINICAL TRIAL OF MISIGHT 
LENSES FOR MYOPIA CONTROL 
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4.1. Background and study design 
The MiSight study was the first randomized clinical trial of a soft contact lens for myopia 
control to extend beyond two years. At the time of completion and publication, only one other 
study had examined myopia progression beyond this duration. (Hiraoka, Kakita et al. 2012) 
However, that study did not employ strict randomization, as participants could choose 
whether to be in the treatment group. In contrast, the MiSight trial was pioneering in providing 
the first randomized, controlled evidence of a sustained ability to slow myopic eye growth 
over multiple years. The results showed that eye growth was slowed across both major ethnic 
groups enrolled in the study—Asian and Caucasian—and in both younger and older age 
groups, offering encouraging evidence that dual-focus contact lenses could be an effective 
intervention for a broad population. 
While these findings were promising, several critical questions remained. Myopia can 
progress from early childhood through young adulthood, raising the question of whether the 
slowed growth and progression observed in the trial could be further sustained throughout 
the natural course of myopia development. Additionally, it was unclear whether continuing 
treatment into the teenage years would maintain the benefits observed in younger children. 
These uncertainties led to the decision to extend the study for an additional three years to 
explore two primary hypotheses: that slowed eye growth in the original treatment group would 
persist if treatment was maintained, and that contact lenses would remain safe and effective 
for myopic children as they transitioned into adolescence. 
A direct continuation of the placebo-controlled study, however, was not considered ethical or 
feasible. The informed consent process at the start of the original trial had clearly stated that 
the study would last for three years, meaning any extension required a new consent process. 
Since the treatment’s efficacy had already been demonstrated, it was unlikely that families 
would accept a 50% chance of continued monitoring in an untreated placebo group, which 
could lead to significant retention issues. Practical concerns further complicated the situation, 
as the treatment lens had by this point become commercially available in the countries where 
the trial was conducted. Given these challenges, it was determined that the best path forward 
was to modify the study design. 
For Part 2 of the trial (Years 4-6), all participants from the original cohort were invited to 
continue in an open-label study, in which all eyes would receive treatment. The study lens 
supply was transitioned to a commercial lot number system, simplifying inventory 
management. This design shift eliminated the placebo group, but it also created new 
opportunities and challenges. By the conclusion of Part 2, participants would be between the 
ages of 14 and 18, allowing researchers to observe a substantial portion of the natural 
progression of juvenile-onset myopia. 
Without a concurrent randomized control group, the standard approach of comparing mean 
control and mean treated eyes was no longer available. Instead, the study focused on five 
key research questions.  

1. Would slowed average growth and progression observed in the treated cohort 
during years 1-3 be maintained during the additional 3 years of treatment? (compare 
growth of original treated cohort during years 1-3 with that observed during years 4-
6) 

2. Would axial growth in eyes from the original control cohort slow significantly once 
treatment was initiated? (compare growth of the original control cohort during years 
1-3 with that observed during years 4-6) 

3. Would prior treatment or absence of treatment affect the treatment magnitude? 
(compare growth and progression during years 4-6 between the original control 
group and the original treatment group) 

4. Could the MiSight myopia control contact lens slow axial growth and myopia 
progression for those eyes that were faster or slower progressing prior to treatment 
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(during years 1-3)? (Compare change in growth and progression of individual eyes 
between years 1-3 and years 4-6).  

5. Could switching the initial control eyes from single vision lenses to myopia control 
treatment lenses have the potential to identify those eye/subjects who do not 
respond to treatment? (Compare growth and progression of individual eyes between 
years 1-3 and years 4-6) 
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4.2. Publication: Long-term Effect of Dual-focus Contact Lenses on 
Myopia Progression in Children: A 6-year Multicenter Clinical Trial 
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CHAPTER 5: OCULAR HEALTH AND SAFETY IN A LONGITUDINAL 
TRIAL OF SOFT CONTACT LENSES  
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5.1. Application of contact lens aftercare principles to MiSight trial  
 
The concept and application of aftercare play a critical role in healthcare, particularly 
when prescribing a medical device. This becomes even more crucial when the recipient is a 
pediatric patient, where ongoing monitoring is essential to ensure both safety and efficacy. 
In optometry, conditions such as myopia and presbyopia are progressive, requiring frequent 
follow-ups to maintain optimal vision correction. 
In the case of contact lens aftercare, regular monitoring serves as a protective measure 
against potential adverse ocular responses. Since contact lenses interact directly with 
the exposed epithelium and may disrupt normal corneal physiology, aftercare is critical in 
detecting early complications. (Efron 2019) Close monitoring during the adaptation phase 
allows clinicians to detect early signs of chronic responses to contact lens wear or issues 
with lens fitting, preventing long-term complications. 
 
A review by Efron and Morgan examined the historical and clinical perspectives of contact 
lens aftercare. (Efron and Morgan 2017) They identified four key motivations for follow-up 
visits: 

1. Preserving ocular health 
2. Maintaining good vision 
3. Optimizing comfort 
4. Ensuring proper lens fit and performance. 

Among these factors, preserving ocular health was of paramount importance when designing 
the clinical trial for this myopia control intervention. At the time of study design, longitudinal 
data on soft contact lens wear in children was limited. Additionally, the study specifically 
aimed to recruit children with no prior experience in soft contact lens wear, further 
emphasizing the need for careful aftercare protocols to ensure safe adaptation and sustained 
ocular health throughout the trial. 
Complications related to the wearing of soft contact lenses in the general population are 
relatively common. (Efron and Morgan 2017) Approximately one third of wearers have 
reported experiencing some sort of complication from contact lens wear. (Donshik, Ehlers et 
al. 2007, Cope, Collier et al. 2015) Complications in turn may result in a temporary 
abandonment of lens wear, reduction in wear time, or more seriously loss in vision. Adverse 
events are generally classed into two broad categories; Serious – a category that includes 
microbial keratitis, a condition associated with soft contact lens wear, which can result in a 
permanent change to a body structure (i.e. the cornea) and in some cases loss of vision; and 
Non–Serious – this category includes all other adverse events that are not vision threatening 
and do not result in a permanent change in body structure.  Non-serious events are further 
classified into significant and non-significant.  Significant events are usually symptomatic and 
likely result in a temporary cessation of lens wear, but do not threaten long term vision or 
ocular health. They often require some sort of treatment intervention that likely includes 
temporary cessation of contact lens wear. Examples of significant adverse events include a 
Contact Lens Induced Peripheral Ulcer (CLPU), a non-infectious corneal inflammatory event. 
Non-significant events are often asymptomatic and do not result in permanent damage to a 
structure but may require temporary cessation of lens wear, perhaps to guard against 
sequential problems. Events in this category include ocular conditions unrelated to contact 
lens wear like blepharitis and conjunctivitis. Routine aftercare appointments, as reflected in 
the visit schedule for this research trial, are appropriate to observe chronic asymptomatic or 
mildly symptomatic complications of soft contact lens wear that would not trigger an 
unscheduled visit to the eye-care practitioner.  
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Table 1 (Adapted from Stapleton et al 2021) provides a list of complications and adverse 
events associated with soft contact lenses that are most relevant to modern disposable 
hydrogel and silicone hydrogel materials. (Stapleton, Bakkar et al. 2021) 

 
Category Condition  Acute / 

Chronic 
Infection  Microbial Keratitis  Acute 
Inflammation Infiltrative keratitis  Acute 
Metabolic/ Hypoxic Epithelial Oedema  Chronic  
 Microcysts  Chronic  
 Vacuoles  Chronic  
 Stromal oedema Chronic  
 Stromal vascularization Chronic 
 Endothelial blebs Chronic 
 Endothelial Polymegathism / Polymorphism  Chronic 
Mechanical Corneal abrasion / erosion Acute  
 Superior epithelial arcuate lesion (SEAL) Acute 
 Contact lens related papillary conjunctivitis 

(CLPC) 
Chronic 

 Lid Wiper Epitheliopathy  Chronic  
Toxic/Allergic Contact lens related papillary conjunctivitis 

(CLPC) 
Chronic 

 Solution Induced Corneal Staining (SICS) Acute/Chronic  
Dry eye  Meibomian Gland Dysfunction (MGD) Chronic 
 Conjunctival Staining  Chronic 
 Corneal staining  Chronic 

Table 1: Examples of contact lens associated complication. 
The rapid pace of development in the soft contact lens industry over the last 30 years has 
contributed to some of the listed complications being less commonly observed. When the 
need for frequent contact lens aftercare was first established, it was partially in response to 
chronic conditions more commonly observed in low water content, low oxygen transmissibility 
materials with extended replacement cycles.  The advent of first high water content hydrogel 
materials (Lippman 1990) and then silicon hydrogel materials (Alvord, Court et al. 1998, 
Morgan and Efron 2002) eliminated some of these chronic conditions. Further, the advent of 
disposable lenses, beginning with monthly and progressing to daily disposable lenses in 1994 
also contributed to fewer contact lens complications being observed at routine follow up 
appointments. (Efron 2018, Tanner and Efron 2018, Efron 2024) Daily disposable lenses 
eliminated the need for chemical disinfection systems and appear to have reduced the 
severity of many contact lens complications. (Dart, Radford et al. 2008, Stapleton, Keay et 
al. 2008)  
Despite significant advancements in the field of contact lenses, concerns persist, particularly 
regarding the prescription of soft contact lenses for children. A recent update to a global 
survey on attitudes toward myopia control, conducted by Wolffsohn et al., highlighted safety 
concerns as a primary reason for hesitancy in prescribing myopia control interventions. 
(Wolffsohn, Calossi et al. 2016, Wolffsohn, Calossi et al. 2020) The largest proportion of 
respondents—one-third of surveyed practitioners—cited ‘inadequate information’ as the 
main factor behind their reluctance to recommend myopia control contact lenses for children. 
In the United States, prescribing data estimated that pediatric contact lens fittings (for 
individuals under 18) account for approximately 11% of all contact lens fits. (Efron, Nichols et 
al. 2015) A similar global survey applying the same methodology revealed that soft contact 
lens fittings for children aged 6-12—an age range closely mirroring the baseline ages of 
subjects in the MiSight trial (8-12 years)—represented only 1.6% of all contact lens fits. 
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(Efron, Morgan et al. 2011) However, the introduction of myopia control soft contact 
lenses has led to a gradual increase in their use among children and adolescents, with 
utilization rising to approximately 7% of all lens fits by 2018. (Efron, Morgan et al. 2020) 
Further insights from a U.S.-based optometrist survey indicate that practitioners 
generally recommend initiating contact lens wear between the ages of 10 to 12. (Sindt and 
Riley 2011) However, these findings may be subject to response bias, as optometrists willing 
to participate in surveys about pediatric contact lens fitting may not be fully representative of 
the profession as a whole. 
In summary these data emphasize a need for greater information about safety of soft contact 
lenses in children. Do children’s eyes respond similarly to those of adult contact lens 
wearers? Therefore, the clinical trial designed to quantify the efficacy of myopia control 
contact lenses in children offered the opportunity to explore the ocular health consequences 
of daily contact lens wear in a pediatric population. 
The MiSight study monitored the impact of full-time soft contact lens wear on chronic or acute 
complications in a young population. The methods used for grading and tracking of contact 
lens complications such as those identified in Table 1 is well established.  Terry et al, proposed 
a set of standards for establishing criteria for clinically acceptable changes in anterior ocular 
health during contact lens wear. (Terry, Schnider et al. 1993) The CCLRU grading system, 
whilst modified over time, has provided the foundation for assessing the ocular response to 
contact lens wear over the last 30 years, and was employed in the current trial. 
Limbal hyperemia, is commonly associated with contact lens wear, and has shown to be 
correlated to the oxygen transmissibility of the contact lens material. (Papas, Vajdic et al. 
1997) Limbal vessels are located at the corneal periphery, in close proximity to limbal 
epithelial stem cells, which are essential for the regeneration of the corneal epithelium. 
Hypoxic conditions in this region can adversely affect the function and renewal of these stem 
cells. Studies have shown that hypoxia can disrupt the microenvironment of the limbus, 
leading to compromised stem cell activity and potential corneal surface abnormalities. (Wang, 
González et al. 2016) These changes, if chronic can progress to corneal vascularization 
which is present more often in contact lens wearers than with non-lens wearers. (Holden, 
Sweeney et al. 1986) In severe cases, proliferation of immature new vessels can lead to other 
complications, potentially resulting in loss of acuity. (Efron 2019) 
These chronic complications related to hypoxia are potentially of particular concern for the 
design of this protocol. As mentioned, the material of the MiSight 1 day lens is hydrogel, which 
with a reported Dk (oxygen transmissibility) of 25 x 1011, a transmissibility level approximately 
4-5 times lower than many of the modern silicon hydrogel materials. The clinical protocol also 
required full time wear of a minimum 6 days per week and 10 hours per day, to reduce the 
likelihood of lack of wear time becoming a confounding factor in the myopia progression 
result.  
Epithelial cell disruptions leading to corneal staining can occur as either an acute or chronic 
consequence of contact lens wear. Detection of epithelial damage is performed using sodium 
fluorescein, a dye that penetrates compromised cell membranes or gaps between damaged 
epithelial cells. The standard application method involves moistening sodium fluorescein 
strips with sterile saline before placing them in the inferior conjunctival sac. This staining 
technique allows clinicians to assess corneal integrity, as areas of disrupted epithelium take 
up fluorescein and become visible under blue light. (Terry, Schnider et al. 1993) The presence 
of corneal staining, or more specifically a break in the protective epithelial barrier, may 
increase susceptibility to infection. (Vaidyanathan, Hopping et al. 2019) Corneal staining is 
graded based on size, extent, and location (superior, inferior, temporal, nasal, or central), 
facilitating diagnosis of underlying causes. As detailed in Table 1, toxic (lens care solution-
related), mechanical, dehydration-induced, or infectious insults can result in staining. 
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Contact lens-induced papillary conjunctivitis (CLPC) is a chronic inflammatory condition that 
commonly occurs with contact lens wear due to repeated mechanical irritation of the 
palpebral conjunctiva during blinking. Clinically, the conjunctiva exhibits increased redness 
and rough papillary formations ("papillae"). Without intervention, the condition may progress 
to giant papillary conjunctivitis (GPC), characterized by enlarged papillae (>1mm). Both 
conditions may lead to excess mucus production, blurred vision, itching, and reduced 
tolerance to contact lens wear. 
Corneal infiltrative events (CIEs) include infiltrative keratitis (IK) and contact lens peripheral 
ulcer (CLPU). IK typically presents with mild or no symptoms, slight redness, and small, 
multiple infiltrates, whereas CLPU appears as a distinct corneal lesion in the periphery, visible 
due to fluorescein staining, indicating epithelial disruption. Unlike infectious corneal ulcers, 
CLPUs typically exhibit well-defined borders, allowing differentiation. While CIEs are 
generally considered non-infectious, some researchers (Morgan & Efron) have proposed that 
they may exist on a continuum with infectious keratitis, meaning that some cases may 
represent early-stage microbial infections. (Morgan, Efron et al. 2005, Efron and Morgan 
2006) This hypothesis has clinical merit, as many clinicians adopt a precautionary 
approach by treating severe CIEs as potential infectious keratitis. However, this continuum 
model complicates efforts to precisely classify and estimate the incidence of corneal 
infiltrative complications of specific severities. 
The incidence of corneal infiltrates appears to be between 2-3% per year with continuous 
wear of silicone hydrogel lenses, and the additional factor of the closed eye wear during sleep 
can add an additional risk. (Chalmers, McNally et al. 2007) Similar rates are estimated in 
daily wear silicone hydrogel. Daily disposable hydrogel lenses like MiSight 1 day pose less 
risk (between 0 and 0.14% per year). (Chalmers, Hickson-Curran et al. 2015) There is little 
available data to explore the covariate of patient age on the incidence of CIE with contact 
lens wear.  However, the “Contact Lens Assessment in Youth (CLAY)” study provides some 
insight. (Lam, Kinoshita et al. 2011) This study was a multicenter retrospective study targeted 
to assess the safety of soft contact lenses in this population via events that interrupted lens 
wear within eye care clinics in a university setting. Additional measures outside of the 
controlled environment of a clinical trial were collected on young wearers from age 8 to 34 
years of age. The results showed that age was a significant nonlinear factor in the incidence 
of CIE, with the lowest incidence occurring in the 8-12 year olds and the highest in the 18-25 
age group. (Chalmers, Wagner et al. 2011) In a subsequent analysis from the same study, 
Wagner et al surveyed risk factors and found a correlation between the ages with greater 
events and the propensity for less compliant behaviors in contact lens wear. (Wagner, 
Chalmers et al. 2011) Whilst not a clear causal relationship, the data highlight the benefits of 
clear instructions to patients and the use of aftercare visits to reinforce those practices. 
Overall, the incidence of CIE in this study were between 3-4% per year of wear in this real-
world setting, with the incidence in the younger population lying somewhere between 0.3 -
2.3% per year. When considering risk factors for the occurrence of CIE overnight wear, 
reusable lenses with multi-purpose cleaning solution (versus hydrogen peroxide) and, 
perhaps surprisingly, use of silicone hydrogel lenses were the key modifiable risk factors 
contributing to a greater odd of suffering a CIE event. The same analysis found the 1st year 
of wear as a non-modifiable risk factor. (Chalmers, Wagner et al. 2011) 
In summary, as proposed in a recent review paper by Bullimore, this literature fails to find 
evidence that corneal infiltrative events associated with contact lens wear is greater in 
younger populations than in adults, and may in fact be lower in the 8-11 age group. (Bullimore 
2017) However, given the proposed specific indication of use for the MiSight lens, with the 
expectation of 6 days per week of >10 hours wear, careful monitoring of corneal health in the 
young subjects (ages 8-12 at baseline) was warranted. 
The most concerning potential complication of contact lens wear to most eye care 
practitioners is microbial keratitis. Despite being a rare complication, the potential loss of 
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vision is a significant personal and societal cost. As discussed earlier in the chapter, 
regardless of whether the condition is part of a CIE continuum, (Efron and Morgan 2006) 
failure to conduct early assessment and treatment can lead to more severe consequences. 
(Keay, Edwards et al. 2006) Microbial Keratitis risk factors include overnight wear, with the 
risk increasing the longer overnight wear is prescribed especially when using hydrogel lenses. 
Smoking was another modifiable risk factor associated with increased odds of infection. 
Lower socio-economic class was a non-modifiable risk factor but being female gender was 
protective. (Keay, Stapleton et al. 2007)  A daily disposable contact lens wearing modality, 
such as that employed in the MiSight trial, has been speculated to result in lower severity of 
the condition. (Stapleton, Bakkar et al. 2021) 
A clear definition of a condition is critical in both clinical practice and epidemiological studies. 
The most common definition of microbial keratitis for the purposes of diagnosis specifies:  
One or more corneal stromal infiltrates greater than 1 mm with pain mild plus 1 or more of 
either anterior chamber reaction greater than minimal or mucopurulent discharge or positive 
corneal culture. This same definition was applied in the analysis reviewed in the following 
publications within this chapter.  Early reports of the incidence of microbial keratitis in daily 
wear indicate between 2.5 and 5 (Poggio, Glynn et al. 1989, Cheng, Leung et al. 1999) or 
approximately 2 per 10000. (Stapleton, Keay et al. 2008) The lower incidence levels observed 
in the more recent study may be attributable to methodological differences between the 
epidemiological studies or possibly enhancement in contact lens material or care solution. 
The latter study also assessed the rate for overnight wear to be 20 per 10000 in overnight 
wear, which is supported by a FDA mandated post market surveillance study on the lotrafilcon 
A material. (Schein, McNally et al. 2005)  
There are no formal epidemiological studies exploring the rate of microbial keratitis (MK) in 
children.  However, Bullimore in a review paper examined a number of long-term studies 
which reported safety outcomes including MK. (Bullimore 2017) The review found none of 
the prospective studies reported MK. The CLAY study found evidence of 2 cases in the 13-
17 age group, but none in the 8-12 age group. Despite this encouraging picture in a younger 
age group, there was a clear absence of data in this age group.  Concern over this gap in the 
literature was repeatedly raised during preliminary discussions with regulatory bodies when 
seeking clearance of the MiSight clinical trial. To supplement the prospective monitoring of 
eyes enrolled in the MiSight efficacy study, we planned a retrospective chart review as a novel 
method to ascertain a rate of MK in contact lens wearing children.  This study assessed the 
MK rate in general contact lens wear, versus in our efficacy trial, which had insufficient power 
to establish a rate of this rare condition. 
The following publications explore first the presence of contact lens complications in the 
MiSight trial and the rate of microbial keratitis in young contact lens wearers, matched in age 
to those enrolling in the MiSight trial, but in a real-world setting. 
 
 
 
 
 
 
 
 
 
 
 



P. CHAMBERLAIN, PhD THESIS, ASTON UNIVERSITY 2025
  68 
 

5.2. Publication: Ocular health of children wearing daily disposable 
contact lenses over a 6-year period 
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5.3. Publication: Adverse event rates in the retrospective cohort study of 
safety of paediatric soft contact lens wear: the ReCSS study 
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CHAPTER 6: CONSIDERATIONS FOR THE ASSESSMENT OF 
EFFICACY 
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6.1. Exploring further quantifications of efficacy across the 6-year trial 
The 6-year clinical trial of the MiSight contact lens indicated that hydrogel myopia control 
contact lenses could be worn safely by children on a full-time basis over many years. The 
evidence detailed in Chapter 4 also provided support for continued slowed eye growth for the 
original treated group as well as slowed growth and progression in the original control group 
who began treatment during the second three-year study period.  However, due to the lack 
of a concurrent matched control group during the second three-year phase, efficacy was 
assessed less rigorously using comparative analyses between treated and untreated 
populations over different phases of the study. For example, efficacy estimates were derived 
by comparing untreated progression (T3 group) in the first three years (Years 1-3) with treated 
progression for the same population in the subsequent three years (Years 4-6). Efficacy was 
also implied for the continuing treatment group (T6) by comparing growth and progression 
during treated years 4-6 with that observed during years 1-3, and also by comparing T6 
results with the newly treated T3 group during the second three-year period. While 
informative, such methods are inherently limited by the absence of concurrent matched 
untreated control data. 
One of the primary challenges in efficacy assessment is the inherent variability in myopia 
progression due to demographic and environmental factors. For instance, race, gender, 
geographic location, and even seasonal variations significantly influence untreated myopia 
progression. (Goss and Rainey 1998, Fulk, Cyert et al. 2002, Donovan, Sankaridurg et al. 
2012, Gwiazda, Deng et al. 2014)  The general slowing of myopia progression with age further 
complicates efforts to isolate treatment effects within a cohort and complicates comparison 
between studies. (Jones, Mitchell et al. 2005, Chua, Sabanayagam et al. 2016) These age 
and environmental effects are likely contributors to the reported high variability over time in 
growth and progression of myopic eyes which complicates efficacy assessment from 
comparisons of pre-treatment and during treatment growth and progression. (Mutti, Sinnott 
et al. 2022) 
Projections of long-term myopia control treatment efficacy are crucial for contextualizing 
myopia control within broader healthcare objectives such as reducing risk of future eye 
disease (Flitcroft 2012) given the correlation of myopia level to risk of eye disease. (Bullimore 
and Brennan 2019) The link to future eye disease prevention also enables an estimation of 
the cost vs. benefit of these interventions on health systems, (Fricke, Sankaridurg et al. 2023, 
So, Lian et al. 2024) which may play an important role when government consider investment 
and/or promotion of infrastructure to support myopia control interventions. These projections 
were uncertain because many clinical studies of myopia control are short term (Lawrenson, 
Shah et al. 2023) with data collected for only one or two years and many of these studies 
exhibit a reduction in efficacy after the first year. (Brennan and Cheng 2019, Brennan, 
Toubouti et al. 2020) Reductions in efficacy defined by absolute mm or diopters were also 
observed in the MiSight Trial (Chapter 3). This raises the important question of whether 
myopia control interventions can be sustained over the extended periods, which can exceed 
10 years, during which the myopia continues to progress? (Hardy, Hillis et al. 2013, Qin, Peng 
et al. 2022)  
In addition to the inherent challenges of long-term clinical trials, maintaining untreated control 
groups over long periods poses ethical dilemmas, as discussed in Chapter 4, particularly as 
myopia control treatments become more widely available. In the MiSight trial and similar 
studies, untreated groups were transitioned to treatment after the initial phase or 
discontinued, limiting the ability to measure long-term efficacy against a concurrent control 
group. (Lam, Tang et al. 2023, LI, Huang et al. 2024, Berntsen, Tićak et al. 2025) High dropout 
rates in control groups, driven by parental reluctance to withhold treatment, exacerbate this 
issue. (Arumugam, Bradley et al. 2024) Therefore, although regulatory pressures and clinical 
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trial rigor prioritize a concurrent control group, after efficacy had been established for MiSight 
(Chapter 3), continuing the untreated control group would be an example of denial of 
treatment.  
In the next two chapters, the precise axial length measurements collected during the 6-year 
MiSight clinical trial are utilized to explore novel approaches to evaluate myopia control 
efficacy given that long term treatment efficacy will not be able to be assessed by comparing 
treated to concurrent randomized and masked untreated control groups. Axial length 
measured with an optical biometer (IOL Master, Zeiss) has proven repeatability (95% limits 
of agreement (LOA) of -0.047 to +0.039. (Lam, Chan et al. 2001) The IOL Master LOA is 
equivalent to a dioptric value of -0.09 to 0.08 diopters which contrast to the less precise (more 
variable) LOA of spherical refractions between -0.36 to +0.40 and between -0.9 to 0.65 
diopters, respectively for automated and subjective refractions. (Bullimore, Fusaro et al. 
1998) These results suggest that myopia progression may be more precisely monitored using 
optical biometry. (Brennan, Toubouti et al. 2020) 

6.2. Efficacy in the context of emmetropic eye growth  
A pertinent question in myopia control is what is the maximum achievable efficacy? 
Theoretical scenarios where 100% efficacy is attained by stopping axial elongation in treated 
populations (average growth equal to zero for multiple years) implies a regression in axial 
length for half of that population. This seemingly implausible outcome is compounded when 
there is evidence of continued axial elongation throughout childhood and into teenage years 
for non-myopic eyes. (Zadnik, Mutti et al. 2004, Mutti, Sinnott et al. 2023, Rozema, Dankert 
et al. 2023) 
Given that emmetropic eye growth does not impact refractive stability, it is often termed as 
“physiological eye growth” or more accurately, fully “compensated eye growth”.(Mutti, Sinnott 
et al. 2023) This occurs as a result of matched increases in the optical length (focal plane 
location) and anatomic length (retinal plane location). Because corneal power stabilizes at an 
early age, (Mutti, Sinnott et al. 2018) it is likely that crystalline lens position and power 
changes are responsible for the overall reduction in optical power as the eye grows during 
childhood and adolescence. (Zadnik, Mutti et al. 2004, Mutti, Sinnott et al. 2018, Rozema, 
Dankert et al. 2019)  
The Orinda Longitudinal Study of Myopia (OLSM) tracked axial growth of emmetropic children 
with at least 2 years of follow up data between the ages of 6 and 14 years old.(Zadnik, Mutti 
et al. 2004) Inspection of the axial length of emmetropic eyes of children between 8 and 15, 
mirroring the ages of the MiSight trial participants, reveals average annual axial length 
increases of approximately 0.15mm at age 8, declining gradually to level less than 0.1mm 
between ages 12-14.  This finding was further supported by the larger data set collected in 
the Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE) study, 
a follow-on study from OLSM which expanded sites to explore ethnic differences in myopia 
progression and eye growth.(Mutti, Hayes et al. 2007)  The average axial elongation of 
0.1mm per year observed in the CLEERE emmetropic populations between 10 and 13 closely 
mirrors the axial growth rate observed in the MiSight treated population (Chapter 3). (Mutti, 
Hayes et al. 2007) The similarity of axial growths of MiSight treated eyes and emmetropic 
eyes of the same age led to the hypothesis that MiSight therapy returned eye growth in 
progressing myopic eyes to physiological eye growth.  A further publication from the OLSM 
study provided equations to predict eye growth for both emmetropes and myopes for a given 
age, allowing estimates of average growth for a population of age-matched emmetropic eyes 
(Jones, Mitchell et al. 2005) to be compared directly with the average growth observed in the 
MiSight treated eyes. (Chamberlain, Peixoto-de-Matos et al. 2019) Similarly, the replicate 
study of ocular component changes in Singapore, provided growth curves for emmetropic 
Asian eyes.(Wong, Machin et al. 2010) The publications in this chapter compared annual 
axial growth in MiSight treated eyes to expected growth of age-and race-matched emmetropic 
eyes via these models.  



P. CHAMBERLAIN, PhD THESIS, ASTON UNIVERSITY 2025
  88 
 

 

6.3. Exploring alternatives to concurrent control groups for quantifying 
efficacy 

When seeking FDA approval for the MiSight lens, the agency expressed concern that the 
studied population was not representative of myopia progression in the United States, and 
related to this, a concern that any efficacy measure would also not be representative of that 
population. At that time, data from three US based studies reported untreated myopia 
progression in children corrected with either single focus contact lenses or spectacles. 
(Gwiazda, Hyman et al. 2003, Walline, Jones et al. 2008, Walline, Walker et al. 2020) The 
average age of the studied US populations at study initiation ranged from 9.4 to 10.5 years 
old, close to the MiSight study average of 10.1 years. Each study explored myopia 
progression for 3 years. Although axial length measurements are more repeatable, (Brennan, 
Toubouti et al. 2020) they are not a direct measure of myopia progression because some of 
the axial growth of myopic eyes can be considered normal “compensated” or non-myopia 
generating eye growth. (Mutti, Sinnott et al. 2023) However, high precision optical biometry 
provides a precise way to compare growth of untreated myopic eyes, with myopic eyes 
undergoing myopia control therapy and with emmetropic eyes. Figure 10 details the 3-year 
axial elongation of untreated myopic eyes over a 3-year period measured in 4 studies, 
including the MiSight trial. Despite these trials being conducted across a 20-year period with 
slightly different ages, they show remarkable consistency in average 3-year axial elongations. 
 

 

Figure 10: Axial length growth of young myopic eyes recorded at 12, 24, and 36 months after a 
baseline measure are plotted for 4 different studies: Control group from the MiSight trial and the 
Blink, COMET and Achieve studies in the US. 

The consistency observed in untreated myopia progression data suggests that historical axial 
growth data could be used to predict future eye growth of myopic eyes. This approach allows 
researchers to make reliable projections about the expected progression of untreated myopic 
eyes. To achieve this, predictive models have been developed that utilize historical 
progression data to estimate future trends. A meta-analysis examining axial elongation in 
progressing myopic eyes across multiple global populations found that annual growth rates 
followed an exponentially slowing trajectory.(Brennan, Shamp et al. 2024) Notably, the study 
reported that Asian eyes exhibited a 38% higher growth rate compared to non-Asian eyes, a 
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pattern that aligns with numerous studies documenting differences in myopia progression in 
Asian cohorts versus non-Asian cohorts. 
 
Due to the wide variation observed annual growth rates between and within study 
populations, it is not recommended to simply create a ‘virtual control group’ using only mean 
baseline age and racial mix of a baseline population, but rather, use existing untreated data 
in the study cohort and then apply the average 15% per year slowing rule to the measured 
axial elongation. (Brennan, Shamp et al. 2024) This approach was used to predict the 
expected axial lengths of the original control eyes in the MiSight trial if they had remained 
untreated for the second three-year phase of the 6-year study. The applicability of the 15% 
slowing per year rule to the study cohort was confirmed for the MiSight untreated control 
cohort by comparing untreated growth in Years 2 & 3 relative to that observed in year 1. This 
"virtual control group" approach has since been utilized in multiple studies and provides a 
framework for quantifying long-term efficacy. (Bullimore and Brennan 2023, LI, Huang et al. 
2024)  
In the two publications of this chapter, we examined different strategies to assess myopia 
control efficacy when no concurrent randomized control group was available. First, using 
historical axial growth data in emmetropic eyes, eye growth was compared in MiSight treated 
eyes to that observed in emmetropic eyes and test the hypothesis that MiSight treatment 
slowed the accelerated eye growth that underlies myopia progression to that observed in 
non-myopic eyes. (Chamberlain, Jara et al. 2021, Chamberlain, Hammond et al. 2024) 
Historical growth data observed in untreated myopic eyes was used to predict the axial growth 
of the initial control eyes as if they had remained untreated. These “virtual” controls were 
used as would be a concurrent study control to assess treatment efficacy by the amount of 
slowing created by treatment. We also employed an approach to assess treatment efficacy 
based upon time, not mm or diopters, which did not require the control group to be maintained 
for the full 6 years of the extended clinical trial. With this approach we assess how long it took 
treated eyes of individuals and the cohort means to reach levels observed in those untreated 
control eyes during years 1-3 of the study. 
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6.4. Publication: Axial length targets for myopia control 
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6.5. Publication: Six-year cumulative treatment effect and treatment 
efficacy of a dual focus myopia control contact lens 
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CHAPTER 7:QUANTIFYING TREATMENT DOSE IN INDIVIDUAL 
EYES 
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7.1. Motivations for measurement of refractive state in clinical trials 
Most of the myopia progression data presented in clinical trials, including across this thesis, 
whether expressed in refractive error or axial elongation, is derived from aggregated, cohort 
averages. In other words, studies typically report the efficacy of an intervention as a single 
mean value for the entire treated group. However, as treatments based on inducing myopic 
defocus become more widely implemented in clinical practice, eye care practitioners are 
increasingly required to assess and discuss expectations for treatment efficacy of individual 
patients.  
The data from the MiSight clinical trial clearly demonstrate that axial growths and myopia 
progressions during treatment vary enormously from eye to eye (e.g. Chapter 3, Figure 2; 
Figure 3,(Chamberlain, Peixoto-de-Matos et al. 2019), Figure 4,(Chamberlain, Bradley et al. 
2022)) shows that the variability in axial growth of treated eyes is associated with the pre-
treatment eye growth, which in turn is affected by age and other demographic factors (e.g. 
gender, and ethnicity), as well as environmental influences (for example, whether a patient 
lives in an urban or rural setting). There are also additional, perhaps unmeasured, factors 
unique to each patient and their living environment that may influence the rate of eye growth 
and progression such as after-school tutoring and reading. (Peng, Zhang et al. 2023) Beyond 
these patient-specific characteristics, variability can exist in the actual treatment dose 
delivered to each eye.  The current chapter explores treatment dose delivered by MiSight 1-
day lenses to children participating the MiSight clinical trial. 
Factors such as how well the treatment optics are centered relative to the pupil, (Walther, 
Meyer et al. 2024) variations in pupil size under different lighting conditions, (Winn, Whitaker 
et al. 1994) accommodative response in myopes (Nakatsuka, Hasebe et al. 2005, Mutti, 
Mitchell et al. 2006) and particularly myopic eyes wearing the treatment contact lens, (Cheng, 
Xu et al. 2019) and also the inherent shape of the posterior globe can all influence the actual 
level of defocus that reaches the retinal image. (Pope, Verkicharla et al. 2017) Even though 
the lens design (such as the MiSight design described in Chapter 2) incorporates 
approximately +2.00 diopters of additional positive power distributed in annular treatment 
zones—intended to produce a consistent myopic defocus signal across a range of pupil 
sizes—the actual defocus “dose” that each individual eye receives can vary with the above-
mentioned factors.  
Studies of macaque monkeys have led to the conclusion that the peripheral or non-foveal 
retina plays a key role in regulating eye growth (Smith, Kee et al. 2005, Smith, Arumugam et 
al. 2020) which has led to studies of peripheral optics and refractive states in human myopic 
eyes. (Verkicharla, Mathur et al. 2012, Atchison and Rosén 2016, Zheleznyak, Barbot et al. 
2016) Efforts to understand the role of peripheral optics in myopia development and myopia 
control have focused on measuring relative peripheral refraction, comparing the refractive 
state in the periphery with that at the fovea. (Mutti, Sholtz et al. 2000, Mutti, Hayes et al. 2007, 
Mutti, Sinnott et al. 2011) A number of studies have proposed that chronic exposure of the 
peripheral retina to hyperopic defocus (relative peripheral hyperopia) may be a key driver for 
myopia onset and progression, (Mutti, Hayes et al. 2007, Charman and Radhakrishnan 2010, 
Atchison and Rosén 2016) which in turn has led to the hypothesis that controlling myopia 
might be achieved by eliminating or even reversing this peripheral hyperopic defocus. In 
clinical trials, instruments such as the Grand Seiko open field autorefractor have been used 
to quantify the combined refractive effect of the eye plus the contact lens. (Fedtke, Ehrmann 
et al. 2009, Berntsen and Kramer 2013, Hair, Steffensen et al. 2021)  However, these 
instruments only provide a single measurement value—usually taken from a small central 
region of the pupil (approximately 2.3 mm in diameter. (Altoaimi, Kollbaum et al. 2018) With 
the addition of multifocal or zonal contact lenses, the refractive state can vary considerably 
across the pupil. (Sah, Jaskulski et al. 2022) This variation is compounded by off-axis 
aberrations (such as coma and astigmatism) (Escudero-Sanz and Navarro 1999, Mathur, 
Atchison et al. 2008) and by the cosine compression of the pupil in the periphery, which further 
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distorts the refractive measurement. (Mathur, Gehrmann et al. 2013) Moreover, when a zonal 
multifocal lens is used, the axial separation between the lens and the eye introduces a 
significant parallax effect, making peripheral measurements even more challenging, this 
situation can be starkly illustrated in the example of artificial small pupils inlaid into the cornea 
where these effects are most pronounced. (Langenbucher, Goebels et al. 2013, Atchison, 
Blazaki et al. 2016) These examples illustrate the unsuitability of employing basic 
autorefractor measures to measure the refractive states of individual eyes fit with the dual 
focus MiSight lenses, especially when considering non-foveal refractive assessment.  
A second factor that may be generating chronic hyperopic defocus stems from the indoor and 
close-proximity environments experienced by modern children, which are considered a 
significant risk factor for development and progression of myopia. (Flitcroft 2012) Because of 
the near proximity of indoor stimuli, young eyes will be chronically accommodating to achieve 
approximate focus. However, accommodative lags are routinely observed in children and can 
be larger in myopic eyes.  (Nakatsuka, Hasebe et al. 2005, Mutti, Mitchell et al. 2006, Cheng, 
Xu et al. 2019) The presence and magnitude of hyperopic defocus experienced during near 
vision may also be affected by a myopia control treatment optic (e.g. MiSight), although data 
from eyes not undergoing myopia control treatment suggest that the dual focus optics of 
MiSight have little effect on accommodative accuracy. (Altoaimi, Kollbaum et al. 2018, Sah, 
Jaskulski et al. 2022) If accommodative lags are of equal magnitude to the treatment optic 
add powers, the near viewing treated eyes will not be exposed to myopic defocus, but instead 
have added hyperopic defocus. 

7.2. Establishing instrumentation for measurement of complex optical 
designs  

Recognizing the potential risks of eye globe shape and accommodative lags to the treatment 
strategy of delivering significant amounts of myopically defocused light to the retina, the CVI 
team in collaboration with Aston University in the UK and Indiana University in the US sought 
to examine the amount of myopic defocus (and in parallel any decrease in hyperopic defocus) 
present in eyes being treated with MiSight. This chapter 7 of the thesis describes one part of 
this study in which we monitored refractive states of 17 MiSight study subjects at each 
location of their pupils as they accommodated to targets over a wide range of distances. The 
peripheral retina measurements and analysis are complete but have not yet been published. 
To better capture the optical impact of dual focus lenses, we identified a novel pyramidal 
wavefront sensor aberrometer—the Osiris aberrometer—developed by Costruzione 
Strumenti Oftalmici in Firenze, Italy. This instrument features a high sampling density (with a 
sampling size of just 41 µm), which allows it to measure the wavefront slope at many points 
across the pupil, thus can be ideally suited to measure refractive state locally within any 
region of a multizone lens. (Sah, Jaskulski et al. 2022, Sah, Meyer et al. 2023) Unlike 
traditional autorefractors that deliver a single refractive value, the Osiris aberrometer is 
capable of mapping the detailed distribution of refractive errors across both central and 
peripheral regions of the pupil. After validating the Osiris device for measuring both lower 
order and higher order aberrations (Singh, Jaskulski et al. 2019) an identical instrument was 
installed at the Aston University School of Optometry lab. The core aberrometry data were 
exported to our research partner at Indiana University to extract refractive state and defocus 
(refractive state – target vergence) maps of the pupil of eyes who participated in the six-year 
MiSight trial. From these defocus maps, the amount of myopic defocus was quantified and 
considered as a measure of treatment “dose”. Could these measurements reveal that some 
patients might receive a “stronger” myopic defocus dose than others, ultimately influencing 
treatment efficacy? 
To summarize, the journey from a population-based average efficacy to understanding 
individual treatment responses in myopia control is complex. Not only do inherent 
demographic, genetic, and environmental factors contribute to variability in eye growth, but 
so does the intricacy of how a multifocal treatment contact lens interacts with each individual’s 
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ocular optics and affects the treatment dose. Advanced measurement techniques, such as 
those provided by the Osiris aberrometer, offer a promising pathway to accurately map the 
spatial distribution of refractive error across the pupil. This, in turn, allows clinicians to better 
understand the “dose” of myopic defocus each patient receives and to tailor treatment 
approaches accordingly. Ultimately, as we refine these optical measurement methods and 
integrate them with our understanding of individual accommodative behavior, we may move 
closer to personalized myopia control strategies that address the unique optical and 
physiological profile of each patient’s eye. 
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7.3. Publication: Myopia Control Dose Delivered to Treated Eyes by a 
Dual-focus Myopia-control Contact Lens 
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CHAPTER 8: DISCUSSION AND CONCLUSIONS  
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For the practice of myopia control to successfully translate into standard clinical practice there 
must be accompanying evidence that interventions to slow the progression of myopia in 
children can be safe and effective over the timespan that accelerated eye growth continues. 
Assessing efficacy of myopia control treatments is complex due to uncontrolled and unknown 
visual experiences, for example, differing educational demands over time. Concerns about 
the long-term sustainability of initial myopia control effects and the safety of daily full-time 
contact lens wear in young children necessitated comprehensive clinical trials to assess both 
efficacy and safety. This thesis is based upon seven publications derived from the first (and 
only) six-year clinical study of a myopia control intervention. 
This study of a dual-focus soft contact lens aimed to determine whether such a device could 
be effectively integrated into clinical practice as a myopia control intervention for treating 
juvenile-onset myopia in a young population. To achieve this, a group of young myopes with 
no prior contact lens experience were recruited and monitored over a period of six years at 
regular intervals. The study design provided data to address two key questions: Could soft 
daily disposable contact lenses be worn safely by the target population over the long term 
and could this dual focus contact lens slow myopia progression throughout the period in which 
the condition typically advances in this demographic? 
Safety during the study was monitored using standard measures of anterior ocular health, 
assessed with a slit lamp biomicroscope. This procedure was performed comprehensively 
every 6 months over the entire 6-year study period. As concluded in Chapter 5, no serious 
adverse events related to contact lens wear were observed throughout the study. In total, this 
accounted for 653 subject-years of contact lens wear. Across all examinations within this 
period, there were only five instances where any graded measure of ocular health was scored 
as ‘2’ (mild). The annual incidence rate of corneal infiltrative events (CIEs) was 0.61%, 
equivalent to 61 cases per 10,000 patient-years of wear. This data represents the longest 
longitudinal assessment of ocular health from contact lens wear in children to date. 
A clinical study on myopia control, commonly known as the BLINK study ("Bifocal Lenses in 
Nearsighted Kids"), (Walline, Walker et al. 2020) also assessed safety outcomes over a three-
year period in children of a similar age to those in the MiSight study. As observed in the 
MiSight study, adverse events were more likely to occur in the first year (Chapters 3 and 5). 
However, the rate of corneal infiltrative events in the BLINK study was higher, at 197 cases 
per 10,000 patient-years. This increased rate could be attributed to factors such as the use 
of reusable lenses with multipurpose care solutions or the difference in lens material (silicone 
hydrogel vs. hydrogel), both of which have been implicated with a higher incidence of 
infiltrative events. 
A literature review by Bullimore on the safety of soft contact lenses in children reported an 
incidence rate of 136 cases per 10,000 of CIEs, which included studies involving various 
modalities and materials. (Bullimore 2017) This rate, along with those from other longitudinal 
studies, aligns with findings from the CLAY study, (Chalmers, Wagner et al. 2011) which 
reported a rate of 97 per 10,000 in a similar age group to the BLINK and MiSight studies. The 
CLAY study also identified an age-related dependency on CIE rates, with higher rates 
observed in the 13–17 and 18–25 age groups. Other studies have also shown that older 
teenagers have a higher propensity for CIEs. (Chalmers, Keay et al. 2010, Chalmers, Keay 
et al. 2012) 
It is reasonable to speculate that, aside from age, other modifiable risk factors may contribute 
to increased CIE rates. Factors such as smoking, rinsing lenses with tap water, overnight 
wear, and the use of reusable lenses with multipurpose care solutions (often chosen for cost-
effectiveness) have been reported to increase the likelihood of CIEs. (Stapleton, Bakkar et 
al. 2021) For the population in the MiSight study, it is reasonable to speculate that many of 
these factors are unlikely to be prevalent, given the age and associated parental oversight in 
this cohort. 
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The CIE rates reported in studies of younger children compare favorably to those observed 
in adults. In adults, the rate of CIEs associated with daily silicone hydrogel lens wear is 
reported at 316 cases per 10,000. (Szczotka-Flynn, Jiang et al. 2014, Bullimore 2017) 
Implying that fitting daily disposable lenses at a younger age, coupled with proper instruction 
and compliance, may have a positive impact on reducing CIE incidence. The available 
evidence indicates that children experience lower CIE rates compared to older age groups, 
which is reassuring given the full-time wear required by myopia control modalities. The rates 
observed in the MiSight study are aligned with this general body of evidence that infiltrative 
events are at acceptable low levels in children wearing daily disposable contact lenses. 
Sight-threatening microbial keratitis events are exceedingly rare. The 653 subject-years 
collected in this trial were insufficient to provide a complete picture of these rates. To address 
this limitation, the RECSS study (Chapter 5) combined safety data from the MiSight trial with 
retrospective data from clinical practices that fit large numbers of children matching the 
MiSight trial’s inclusion criteria. The observed infection rate was 7.4 per 10,000, with an upper 
confidence limit of 29.6 per 10,000. This rate included all contact lens materials and 
modalities, including the use of multipurpose care solutions— a risk factor not applicable to 
daily disposable lenses. The observed rate in the RECSS study is higher than the typical 1–
2 per 10,000 observed in adults wearing daily disposable lenses. (Stapleton, Keay et al. 2008) 
Potential explanations of this discrepancy may be the smaller sample size and lower 
denominator used in the RECSS rate calculation versus established epidemiology studies for 
rates of microbial keratitis. 
Known risk factors for microbial infection (Morgan, Efron et al. 2005, Stapleton, Bakkar et al. 
2021) and the observed compliance with contact lens wear in children (chapter 5) provides 
no clear reason to anticipate an increased infection rate in children using contact lenses for 
myopia control. The MiSight approval order in the U.S. (https://www.fda.gov/news-
events/press-announcements/fda-approves-first-contact-lens-indicated-slow-progression-
nearsightedness-children) required a post-market surveillance study to expand on the 
RECSS findings with a much larger sample, ensuring that the microbial keratitis rate does 
not exceed 20 per 10,000 (upper confidence limit). This upcoming study will represent the 
largest prospective collection of contact lens safety data across all age groups and lens types. 
The foundation of this dissertation was a traditional parallel group, randomized, controlled, 
and masked study conducted over three years. The primary objective was to evaluate the 
potential of a dual focus contact lens to slow myopia progression, referred to as "myopia 
control efficacy." The two primary endpoints commonly used in clinical trials (Wolffsohn, 
Kollbaum et al. 2019) to measure this efficacy were changes from baseline of: 

1. Cycloplegic spherical equivalent refraction (SER) – measured in diopters (D). 

2. Axial elongation (AL) – measured in millimeters (mm). 

The study compared these metrics in the treated group fit with dual focus contact lenses 
against a demographically matched control group wearing a standard single vision contact 
lens correction. The effect size was expressed as the absolute difference in the change from 
baseline of both diopters and millimeters between the groups at each year of the study. These 
differences between control and treated eyes were also expressed as proportions (%) of the 
progression observed in the untreated control arm as a way to include the overall progression 
rates of the measured cohort into a measure of efficacy. 
There has been considerable debate regarding the optimal method for expressing myopia 
control efficacy, which will be explored later in this chapter. (Brennan, Toubouti et al. 2020) 
The results of this study, after adjusting for potential demographic imbalances across 
treatment groups, showed a lower progression of myopia in the treatment group by each 
measure. Specifically, the SER difference after three years was 0.67D, while the AL difference 
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was 0.28mm, equivalent to a 59% and 52%, respectively, slowing of SER progression and 
AL growth compared to that observed in the control eyes. 
At the time of its completion, Part 1 of this six-year study provided the best evidence of 
sustained long-term myopia control. More recently, other optical interventions have provided 
multi-year evidence of myopia control. The previously mentioned BLINK study ("Bifocal 
Lenses in Nearsighted Kids") evaluated three-year changes in myopia progression using a 
center distance multifocal contact lenses designed for presbyopia (Biofinity Multifocal). This 
study recruited and randomized 294 children, with an impressive retention of 292 participants 
over the full three-year period. The BLINK study included three arms: a control group (wearing 
Biofinity single-vision lenses by CooperVision Inc.) and two test groups, which used lenses 
with medium (+1.50D) and high (+2.50D) additional plus power to create myopic defocus. 
Similar to the MiSight design, the multifocal lens used in the BLINK study featured a central 
optic zone for distance vision, with additional power applied in the outer optic zone. However, 
unlike MiSight, the BLINK lenses did not have alternating power rings, meaning that with 
larger pupil sizes, the proportion of defocus within the pupil increased (see analysis in 
Chapter 2). The efficacy results for the medium add power intervention were modest 
compared to single-vision lenses, so this review will focus on the high add power results. 
(Walline, Walker et al. 2020) 
Myopia progression in the high add treated eyes was 0.23D less than that observed in the 
control eyes after one year of treatment, which increased to 0.33D by the end of the second 
year and 0.46D by the end of the third year. For axial length, effect sizes increased from 
0.13mm to 0.20mm to 0.23mm at the same time points. Said differently, treatment with the 
multifocal CL slowed axial growth by 0.13mm in the first year, 0.07mm in the second year 
and only 0.03mm in the final year suggesting a gradual decline in efficacy over time. 
(Brennan, Toubouti et al. 2020) The slowing of progression and axial growth observed in the 
BLINK study were slightly lower than that observed in the MiSight trial (Chapter 3). 
Longer-term assessments of spectacle lens and pharmaceutical myopia control interventions 
have been published recently. (Lam, Tang et al. 2022, Li, Huang et al. 2023, Laughton, Hill et 
al. 2024) A novel spectacle lens design, incorporating an array of small lenslets approximately 
1mm in size, each with +3.50D of defocus, (Gantes-Nuñez, Jaskulski et al. 2023) was initially 
studied at a single center in Hong Kong over two years. (Lam, Tang et al. 2019) This study 
randomized 183 subjects into test and control groups, with baseline age and refractive error 
similar to those in other reported studies. Due to ethical considerations similar to that 
discussed in Chapter 4, the control group was discontinued after the second year, but the 
test group was followed for an additional year. (Lam, Tang et al. 2022) 
To assess the myopia control effects for the third year, the authors created a demographically 
matched historical control to estimate untreated progression in the third year. The slowed 
axial elongation effects were 0.19mm after one year, 0.29mm after two, and 0.37mm after 
three years of treatment. Once again, these results demonstrate a significant reduction in 
accrued treatment effect in years 2 and 3. 
Another single-center study in China evaluated a different novel lenslet-based spectacle 
design, randomizing 170 children into a three-arm study for an initial two-year assessment. 
(Bao, Huang et al. 2022) The inclusion criteria, including age and refractive error, were 
comparable to those in previous studies. This study featured two test arms with different 
levels of aspheric lenslets and a single-focus control group. For the purposes of this review, 
only the results of the "Highly Aspheric Lenslets" (HAL) intervention are considered. 
As in the previous study, the control group was discontinued after the initial two years. 
However, rather than relying on a historical control group, the study recruited an entirely new 
untreated population for an additional year while switching the original control group to the 
HAL intervention. (Li, Huang et al. 2023) At the conclusion of the third year, 51 participants 
remained in the original HAL group. Axial elongation reductions in this group were reported 
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as follows: 0.24mm after one year, 0.38mm after two, and an additional 0.11mm during the 
third year—less than half of the progression reduction observed in the first year. (Bao, Yang 
et al. 2022) 
In addition to establishing MiSight as both an effective and safe myopia control treatment, the 
extensive and detailed data from this trial offered an opportunity to address some of the broad 
scientific issues current in the field of myopia control, including this observed impact of study 
duration. The following sections examine the impact of study duration and separately that of 
age on treatment, evidence of varied treatment effect in individual eyes, the impact of 
treatment on both normal and pathological eye growth, and finally some insights into practical 
and ethical inherent in myopia control study designs, and how results from this trial shed light 
on the core mechanisms driving eye growth dysregulation in myopia. 

8.1. Efficacy Over Time and the Impact of Age 
Longitudinal studies of myopia control with three-year data, while important for demonstrating 
continued accrual of treatment gains over time, consistently show diminishing gains with each 
subsequent year. This trend, observed in other studies of myopia control,(Brennan, Toubouti 
et al. 2020) and discussed in the MiSight study (Chapter 3), raises an important question: 
Do these reduced treatment effects reflect a change in sensitivity to the myopia control signal 
analogous to reduced efficacy of some drug therapies (e.g. cancer drugs), (Komarova 2006) 
or are these changes a reflection of the changing pathology cycle unrelated to treatment (e.g. 
if there is no myopia progression, myopia control treatment cannot slow this progression)? 
An examination of adjusted axial elongation in the treatment group from the BLINK study data 
reveals a growth rate of 0.16mm in the first year, followed by 0.14mm in the second year and 
0.12mm in the third year—representing an annual reduction in growth between 12% and 14% 
as the treatment group ages. On its own, this pattern does not suggest that the treatment 
effectiveness is short-lived. Similarly, the test group in the DIMS study exhibited a consistent 
progression of approximately 0.10mm per year across all three years. In contrast, the treated 
HAL group showed axial elongation of 0.12mm, 0.20mm, and 0.17mm in years one, two, and 
three, respectively. Notably, the second-year increase in this group may have been influenced 
by COVID-19-related lockdowns, which could have had an unknown impact on eye growth. 
(Bao, Huang et al. 2022)  
Well-established growth models suggest that untreated axial elongation naturally slows by an 
average of 15% per year with age. (Brennan, Shamp et al. 2024) This pattern has been 
observed across different ethnicities (Asian and non-Asian), age groups, and levels of 
myopia. A 15% reduction in progression will result in a greater absolute year on year slowing 
in a fast-progressing Asian population relative to a slower progressing non-Asian population, 
as is evidenced within this meta-analysis. Thus, when assessing myopia control efficacy by 
comparing treated growth to that of control eyes which are themselves slowing by 15% 
complicates the assessment of sustained efficacy. For example, this pattern of 15% slowing 
per year will result in greater absolute year on year slowing in a faster growing group of 
untreated eyes and thus smaller year on year differences between them and the parallel 
treated cohort progressing more slowly. If this general rule applies, it raises important 
questions about the continued treatment efficacy of myopia control interventions: Could 
decreased absolute slowing in axial elongation measured as the difference in growth of 
treated and control eyes over time simply reflect this mathematical trend in the untreated 
control eyes? Or, more concerningly, does the data suggest that the treatment is not 
producing further reductions in eye growth as subjects age? 
Separating a true change in efficacy from a change in the pathology itself is complicated 
because of the always present covariate of age. For every subsequent year of treatment, the 
child is always a year older. The MiSight trial had annual growth rates from treated and control 
eyes spanning the age range from 8 to 17. Subjects were pooled based on their age at the 
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start of each study year, regardless of the number of years they had participated in the trial 
(Figure 11). (Arumugam, Bradley et al. 2021) 
 

 

Figure 11: Annualized changes in axial length (ALmm/yr.) is plotted as a function of subject age at 
the start of the year over which growth was measured for control (orange symbols) and treatment 
(purple symbols) groups. Univariate models for Estimated Annualized Elongation (EAnE) were 
created for the untreated population (P1d, orange line) and treated populations (M1d, purple line) 
respectively. 
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Age at Start of Year Cumulative 

Axial 
Elongation 8 9 10 11 12 13 14 15 16 17 18 

Control  0.30 0.26 0.23 0.21 0.18 0.16 0.14 0.12 0.10 0.08 0.07 1.84 mm 

Treatment 0.16 0.14 0.12 0.11 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.97 mm 

            
Cumulative 
Difference 
in Growth 
Rates 

Difference in 
Growth Rates 
(mm) 

0.14 0.13 0.11 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.03 0.87 mm 

Difference as % 48 48 47 47 47 46 46 46 47 48 49 47% 

Table 2: Annualized changes in axial length (ALmm/yr.) is tabulated as a function of subject age at 
the start of the year over which growth was measured for control and treatment groups.  

Annual growth rates for both groups, as shown in Table 2, slowed by approximately 15% (+/- 
5%) per year. This suggests that eye growth decreased with age at a similar rate in both 
treated and untreated populations. While the absolute treatment effect diminishes over time, 
it remains stable as a percentage of untreated growth. 
This pattern aligns with findings from the traditional cohort analysis (Chapter 6), which show 
a yearly decline in absolute treatment effects but an approximately consistent percentage 
reduction in eye growth (Table 1, Chamberlain et al, 2023). A similar trend is observed in the 
Stellest HAL 5-year treatment data (Figure 2 and in (LI, Huang et al. 2024). In year 1, the 
treatment effect was 0.22 mm; however, instead of accumulating to 1.1 mm over five years 
(5 × 0.22 mm), it resulted in a total reduction of 0.73 mm. Despite this decline in absolute 
terms, the treatment effect remained relatively stable as a percentage of control growth, 
decreasing only slightly from 58% after one year to 52% after five years. A similar modest 
decline was observed in the cohort data in the MiSight study with percentage efficacy decline 
from 68% in year 1 to 52% after six years.  
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Figure 12: Axial elongation in treated (HAL, Green) and untreated (Red), presented in (LI, Huang et 
al. 2024) 

The consistent treatment effect, when expressed as a proportion of untreated growth, is likely 
due to the natural progression of eye growth with age and underlying pathological cycles. 
This finding suggests that quantifying treatment effects as a proportion or percentage of the 
study control eye growths may provide a strategy to compare treatment efficacy across 
different durations, ages, and ethnicities. 

8.2. Treatment Heterogeneity 
Clinical trials with parallel treatment and control groups assess efficacy by comparing the 
mean outcomes of both groups, producing a single treatment effect value. This value is then 
used to evaluate the overall effectiveness of the treatment. However, when efficacy is 
expressed in absolute terms, it can present a concerning scenario for rapidly progressing 
eyes. For example, an average reduction of 0.25D per year would indicate a highly effective 
treatment for eyes that would have progressed by 0.25D/yr if left untreated, but for an eye 
progressing at 1D per year or more, this would represent a relatively poor outcome. 
Moreover, data from traditional randomized controlled trials (RCTs) provide no insight into the 
treatment effects on individual eyes. The RCT design used in the first three years of this trial 
only measures overall group differences, making it impossible to determine how much an 
individual eye’s growth or progression has changed due to treatment. The unique design of 
Part 2 of the MiSight study afforded an opportunity to explore individual responses to 
treatment by comparing growth of the control group during years 1-3 with the growth of the 
same subjects in treatment during the subsequent 3 years. This analysis detailed in chapter 
4 revealed a subset of eyes where progression of eye growth did not slow when entering 
treatment and were classed as ‘non-responders’. Figure 4 from the published manuscript in 
chapter 6 also reveals the treatment response of eyes that were slower or faster progressing 
prior to treatment. Eyes that progressed faster prior to treatment (years 1-3) (x axis) exhibited 
the greatest amount of slowing in treatment during years 4-6 (separation of data point from 
the Y=X line).   
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The observation that faster progressing eyes receive the greatest absolute treatment effect 
can be challenged as “regression to the mean” in that in a noise dominated data set higher 
values at time 1, will be more likely to be closer to the mean and hence lower at the second 
measurement. (Atkinson and Batterham 2015, Mutti, Sinnott et al. 2022) Such a regressive 
trend is expected if growth from year to year was dominated by individual variability in growth 
rates unrelated to treatment and if there was little or no treatment effect. A subsequent 
analysis based on the data from the manuscript in chapter 4 pooled the faster and slower 
quartiles of control eyes based upon pre-treatment growth over 3 years and revealed groups 
with consistently faster and slower year-on-year average growth and progression for all 6 
years contrary to a regression to the mean expectation (Table 3). (Chamberlain, Arumugam 
et al. 2022) Finally, evidence that faster growing eyes slow in subsequent (treated) years 
cannot be used as evidence of regression to the mean without a concurrent observation that 
slower growing eyes subsequently accelerate their growth (toward the mean) during the same 
treatment years.  Contrary to this latter expectation, treated growth of the slower eyes in Table 
3 remained slower than each year prior to treatment and slower than all three other quartiles 
when averaged across the three years of treatment. The observation (Figure 4 chapter 4, and 
Table 3) that faster progressing and younger eyes experience the greatest change in growth 
once treatment began is confirmation that not all eyes receive the same treatment effect, and 
the observed treatment effects in mm approximately scale with the magnitude of the 
accelerated growth prior to treatment. 

  Pre-treatment Myopia Control Treatment 

  
 Year 1 2 3 4 5 6 

 
Q1 0.07 0.09 0.06 0.02 -0.01 0.05 

Axial Growth 
(mm/yr.) 

Q2 0.19 0.21 0.13 0.00 0.05 0.04 

Q3 0.32 0.25 0.18 0.03 0.06 0.06 

 
Q4 0.42 0.34 0.29 0.07 0.03 0.09 

        

Myopia 
Progression 

(D/yr.) 

Q1 -0.25 -0.23 -0.10 -0.04 0.02 -0.02 

Q2 -0.55 -0.32 -0.20 -0.03 -0.15 -0.02 

Q3 -0.61 -0.40 -0.35 0.00 -0.15 -0.08 

 
Q4 -1.03 -0.49 -0.51 -0.11 -0.23 0.03 

Table 3:  Annual axial growth and myopia progression of the majority eyes that slowed progression 
during treatment grouped by quartiles (Q1-Q4). Quartiles were defined using the accumulated axial 
growths observed during years 1-3. 

A small but unique group of 9 eyes failed to show any evidence of slowed growth once 
treatment began. Evidence of the existence of this subgroup relied on convergent, well-
studied statistical learning, clustering, and regression approaches (Chapter 4). The 
underlying latent structure in the axial growth data revealed by these algorithms is consistent 
with a heterogeneous treatment effect where most eyes respond to myopia control treatment 
(“responders”) while a minority do not (“non-responders”).  However, it is possible that failure 
to observe a treatment effect in individual cases may reflect inherent within-subject variability 
in the measured outcome variable masquerading as treatment heterogeneity. (Atkinson and 
Batterham 2015) In studies lacking pre-treatment data, utilizing the absolute growth and 
myopia progression during treatment may not reflect treatment heterogeneity because as 
revealed in Chapter 4 some eyes grow and progress faster than others both with and without 
treatment. (Brennan, Toubouti et al. 2020, Charman and Radhakrishnan 2021) In the present 
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analysis, the term “non-responder” is applied only to those eyes that exhibited the same 
significant growth prior to and during treatment, which may be a conservative estimate given 
the established 15% slowing each year, but given the unknown applicability to individuals of 
that analysis was considered an appropriate categorization (Chapter 4, Figure 4).  It can also 
be seen in Chapter 4 that there are treated eyes that grew at rates as fast as some of the 
“non-responder” eyes, but they were included in the majority responder group because their 
growth during treatment slowed significantly from their pre-treatment rates. Ironically, if 
response to treatment was assessed by monitoring the absolute growth rates during 
treatment, the faster progressing eyes in the present study would be considered to have the 
least treatment effect in that they grew faster during treatment than other treated eyes 
(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 β� = 0.29). However, these eyes experienced the greatest slowing once treatment had 
begun. Therefore, by an absolute growth criterion, these eyes would be considered least 
responsive to treatment, but based upon change in growth rates, they are the most 
responsive to treatment. Without tracking prior growth rates, this distinction would be lost.  
Although within-individual comparisons of pre-treatment and during treatment effects control 
for both measured and unmeasured time-invariant variables (e.g. gender and race), the 
approach of using changes in progression or growth once treatment begins remains 
susceptible to time-varying factors or individual changes in the study subjects associated with 
growth and progression but unrelated to treatment. As emphasized by other publications, 
(Senn 2004, Kent, Steyerberg et al. 2018, Atkinson, Williamson et al. 2019) changes in 
response of individuals may not provide unambiguous evidence of treatment success (or 
failure) because of variations over time unrelated to the treatment effect. Senn suggests that 
a repeat cross-over design in which treatment is repeatedly alternated with a control on some 
random schedule is the most rigorous approach for assessing treatment effects in individual 
cases, but even this approach comes with limitations  and is likely to be impractical for 
assessing myopia control efficacy since each phase of this design may have to last one or 
more years. (Guyatt, Sackett et al. 1988) 
Comparison of single measures of pre-treatment and during treatment outcome measures 
are vulnerable to inherent variability in these measures making assessment of treatment 
efficacy from such data tenuous at best. (Atkinson and Batterham 2015) The current 
investigation had three repeat measures of individual eye axial growth and myopia 
progression prior to and then during treatment offering an opportunity to identify consistent 
changes accompanying treatment.   
The data from this study suggest that limiting investigations to a single measure of efficacy 
unnecessarily restricts the ability to fully understand the long-term performance of an 
intervention. While debates over appropriate efficacy measures continue, the evidence 
reviewed in this chapter tells a consistent story: successful optical interventions for myopia 
control demonstrate cumulative effects over multiple years and the magnitude of these effects 
scale with the severity of progressions and axial growth that would have happened if left 
untreated. Treatment works best for those most in need of slowed growth. 

8.3. Normal Eye Growth and Myopia Control 
The data presented in Chapter 6 (Chamberlain, Jara et al. 2021) showed that the mean axial 
elongation of the treated population closely matched the mean growth of an age-matched 
population of non-myopic subjects. This finding was later expanded in Chapter 6, 
(Chamberlain, Hammond et al. 2024) demonstrating that non-myopic axial growth rates 
remained similar to those observed in the treated population across all six years of the study, 
including in the subgroup that began treatment at an older age (Figure 1, (Chamberlain, 
Hammond et al. 2024)). However, while treated axial growth rates resemble those of 
emmetropic eyes, some degree of myopia progression still occurred. (Chamberlain, Peixoto-
de-Matos et al. 2019, Chamberlain, Bradley et al. 2022) The presence of myopia progression 
in eyes growing at emmetropic rates suggests an inherent inability of already myopic eyes to 
fully compensate for normal (emmetropic) rates of axial elongation. Restated, unlike 
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emmetropic eyes that can increase their axial length during childhood and teenage years 
without developing myopia, the same level of axial growth in already myopic eyes will be 
reflected with increase in refractive error. 
Since both emmetropic and myopic eyes both grow throughout childhood and adolescence 
(Mutti, Rozema), (Mutti, Sinnott et al. 2023, Rozema, Dankert et al. 2023) growth that does 
not generate myopia has been labelled normal or "physiological eye growth," whereas eye 
growth that creates myopia is considered "pathological eye growth". More recently, these two 
“types” of eye growth have been characterized as “compensated” (axial growth is 
accompanied by optical changes that create a matched extension of the optical length of the 
eye) and “uncompensated” (extra axial growth that is not accompanied by a matching 
increase in the optical length of the eye). (Mutti, Sinnott et al. 2023) The 6-year axial growth 
data and emmetropic comparisons shown in Chapter 6 highlight that normal eye growth 
occurs over a similar age span as the progression of myopia. (Comet Group 2013, Qin, Peng 
et al. 2022) The following section examines the relationship between axial growth and myopia 
progression in both untreated and treated eyes to explore the presence of compensated and 
uncompensated eye growth. 
The close relationship between extra eye growth and myopia has been long established, 
(Carroll 1982, Scott and Grosvenor 1993) and Gullstrand’s "exact" and "simplified" schematic 
eyes reveal that if axial length alone changed (zero compensatory changes in the eyes optics 
to lengthen the focal length of the eye), then - 2.57D (exact) and -2.67 (simplified) diopters of 
myopia would accompany each mm of axial growth for an eye length similar to the population 
enrolled into the MiSight trial. The gain (D/mm) will be greater for smaller (younger) eyes 
exceeding 4D/mm at 1 year of age. (Mutti, Sinnott et al. 2018) Although some early data 
reported slopes >-2.5D/mm, (Carroll 1982) Mutti et al. (2023) observed less myopia 
progression per mm of axial growth than predicted from a pure axial elongation model with 
slopes closer to -2D/mm, Table 2, (Mutti, Sinnott et al. 2023). That slope value, less than that 
predicted by solely axial growth of the posterior eye indicates that some compensatory optical 
changes are also happening in progressing myopes.  
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Figure 13: Scatterplot of change of change in SER (D) per millimeter of axial length (AL) change (mm) 
for untreated (orange) and treated (blue) populations in Part 1 of the MiSight study 

Figure 13 illustrates an expected high correlation for changes in AL and SER for untreated 
(R2 = 0.73) and treated (R2 = 0.79) eyes. During Part 1 (years 1-3) the best fit linear 
regression slope for the treated eyes was close to 2D/mm, with a similar slope observed for 
the untreated population. The slopes of  approximately 2D of progression per mm of axial 
length change, are similar to that observed in a like aged myopic population by Mutti et al. 
(Mutti, Sinnott et al. 2023) The comparable slopes observed in both treated and untreated 
populations suggest that the relationship between myopia progression and axial elongation 
in myopic eyes remains unaffected by myopia control treatments that slow axial growth by 
>50%.  If the MiSight population had achieved non-myopic growth solely by eliminating 
pathological eye growth, we would expect a different growth relationship compared to the 
untreated population, one where eye growth only slightly greater than that observed in age 
matched emmetropic eyes resulted in minimal refractive error progression. Conversely, if the 
treatment had only interrupted physiological eye growth, the treated group would have shown 
a progression rate closer to 2.5D per mm, as expected in an eye without compensatory 
changes in the anterior eye optical components. The unchanged slopes of slightly less than 
2D/mm during treatment provides no clear evidence that MiSight treatment affects only one 
of these two possible distinct mechanisms (physiological vs. pathological) governing eye 
growth. This finding has broader implications for future myopia control efforts: unless a 
therapy can selectively target pathological eye growth while preserving physiological growth, 
without inducing refractive error changes, achieving a complete cessation of myopia 
progression (100% slowing) may not be a feasible outcome. Additionally, achieving 100% 
slowing by imparting zero growth over multiple years in a population whose age matches that 
of emmetropic children that still display physiological eye growth, also seems an implausible 
scenario. 
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8.4. Exploring Mechanisms of Myopia Control for Current Optical 
Interventions  

Myopia control effects observed in this study were achieved with defocus created by the add 
power included in the annular treatment zones of MiSight contact lenses.  Similarly, defocus 
generated with small lenslets with positive add power in spectacle lenses has also been 
shown to slow myopia progression. (Lam, Tang et al. 2019, Bao, Yang et al. 2022) Since the 
commercial launch of these myopia control spectacle products, optical engineers have 
characterized the optics of these lenslets with high precision. (Gantes-Nuñez, Jaskulski et al. 
2023) This characterization highlights a significant difference between the defocus designs 
of spectacle lenses and the MiSight lens. Specifically, the imaging properties of the lenslets 
in spectacle designs indicate that they do not combine to create a common on-axis image, 
which is created by the combined annular treatment rings of MiSight. Each of the spectacle 
lens lenslets have foci displaced from the base optic axis and as such are referred to as 
having “non-coaxial” optics. As Gantes Nunez et al. observed, adding these lenslets creates 
a significant diffraction blur and lowered image contrast. Theoretically, these optics will also 
eliminate any presence of peripheral hyperopia, in this case, simply due to the lack of imaging 
properties in the spectacle periphery. This unique feature may indicate an interesting nuance 
to proposed mechanisms of action theories.  Could myopia control effects result from the 
elimination of a hyperopic ‘grow’ signal rather than the introduction of a myopic defocus ‘stop’ 
signal?  
Beyond the extensive evidence from animal and human trials demonstrating the role 
of defocus in myopia control, another hypothesis suggests that reducing retinal image 
contrast across the retina may also slow myopia progression. (Neitz and Neitz 2024) This 
intervention has been introduced into a myopia control spectacle lens commercially known 
as the DOT lens. The theory stems from studies on individuals with Bornholm disease, a 
genetic disorder that results in extreme myopia. Research by Neitz suggests that in these 
patients, some of either the L (long-wavelength) or M (medium-wavelength) cones lack 
photopigment, disrupting normal photon capture. This results in a constant differential photon 
absorption and thus neural signal from adjacent cones, causing the midget bipolar cells to 
perceive persistently high contrast images. The hypothesis proposes that this excessive 
contrast signaling drives extreme myopia progression. Thus, the DOT lens aims to reduce 
retinal image contrast by incorporating scattering elements, thereby decreasing differential 
contrast signaling in the midget bipolar cells. A single four-year study has reported promising 
results supporting this approach. (Laughton, Hill et al. 2024) 
Another proposed mechanism explains how defocus-inducing optics may suppress eye 
growth signals. The peripheral optics of the eye are naturally aberrated, limiting the retina’s 
ability to detect fine image-plane changes or contrast variations. Asymmetric aberrations 
increase with eccentricity, resulting in retinal image structures that differ significantly in the 
presence of either myopic or hyperopic defocus. These aberrations, therefore provide a 
possible signed cue for eye growth, and may play a key role in regulating eye growth. (Ji, Yoo 
et al. 2018) Optical simulations suggest that dual-focus lenses, such as MiSight, reduce this 
directional blur anisotropy, which may weaken any peripheral signed  signal for continued 
axial elongation, effectively slowing eye growth. (Ji, Yoo et al. 2018) 
Does this heterogeneity of successful interventions provide insight into the mechanisms of 
myopia control? More specifically, do all optical interventions ultimately work by reducing 
retinal contrast? This question remains challenging to answer definitively. 
As outlined, all currently proven optical interventions for myopia control—including myopic 
defocus, contrast reduction, and blur anisotropy reduction—occur simultaneously in these 
treatments. This makes it difficult to determine whether contrast reduction alone is 
responsible for slowing progression or if multiple independent mechanisms contribute to 
myopia development and its control. Further research is needed to disentangle these 
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overlapping effects and clarify whether contrast reduction is the primary mechanism or 
just one of several factors influencing eye growth regulation. 

8.5. Ethics and the Future of Myopia Control Studies 
Part 2 of this study demonstrated continued myopia control efficacy through the validation 
and use of a predictive growth model for untreated myopia progression—a so-called "virtual 
control group". (Brennan, Shamp et al. 2024) The ethical reasoning for eliminating the parallel 
control group in the MiSight study was discussed in detail in Chapters 4 and 6. Similar 
practical (recruitment and retention) and ethical concerns have motivated other studies to 
employ virtual control data when seeking to quantify long-term efficacy. (Bullimore and 
Brennan 2023, Chen, Liu et al. 2023, LI, Huang et al. 2024, Zhang, Zhang et al. 2024) 
As myopia control interventions gain regulatory approval in various countries, ethical and 
practical challenges related to control group recruitment and retention are becoming more 
pronounced. Highly educated, higher-income parents—more aware of myopia control 
options—may increasingly be reluctant to enroll their children in trials with a possible 50% 
chance of receiving placebo treatments over multiple years. Given the established 
relationship between socioeconomic status and myopia prevalence, this reality could also 
bias future trial populations that wish to employ untreated control groups. 
Alternative study designs are emerging to address these challenges. (Bullimore, Brennan et 
al. 2023)  For instance, if a new intervention aims to supersede or match effectivity of an 
existing treatment, direct comparisons with statistical planning for non-inferiority or superiority 
can be employed, ensuring that all trial participants receive a treatment. The maturation of 
myopia research, combined with the growing availability of long-term progression data and 
the potential of electronic health records, offers opportunities for significant advancements in 
this field. Integrating these data sources with machine learning and big data methodologies 
could yield transformative insights, building on the foundational work discussed in Chapter 6. 

8.6. Post-Treatment Growth and Rebound Effects 
Following multi-year accruals of slowed myopia progression, it is imperative that evidence is 
provided to the clinical community that these treatment gains will be retained once treatment 
is ceased. The completion of treatment in the 6-year MiSight trial offers an opportunity to 
investigate retention of treatment gains after treatment cessation at ages, and following a 
treatment duration, that would expect to be observed in clinical practice. (Bullimore and 
Brennan 2025)  Based on a review of the current evidence base, Bullimore concluded that 
soft lens interventions resulted in eye growth following treatment cessation that would not be 
classed as ‘rebound’.  
The term rebound has been applied to any acceleration of growth or progression after 
treatment cessation, (Chiu, Tsai et al. 2023) which fails to capture the crucial distinction of 
age-normal growth of untreated eyes versus greater than age-normal growth. (Bullimore and 
Brennan 2025) Age-normal growth after treatment cessation returns an eye to growth levels 
that would have been experienced without treatment and, therefore, the smaller and less 
myopic eye created by prior treatment will continue to be smaller and less myopic than if the 
patient had not been treated. However, if post-treatment growth and progression accelerates 
to greater than expected for untreated myopic eyes of a given age, the faster-than-expected 
accelerated growth will start to eliminate prior treatment gains. (Tong, Huang et al. 2009, 
Chia, Lu et al. 2016, Cho and Cheung 2017, Xiong, Zhu et al. 2022) Indiscriminate use of 
“rebound” terminology to describe any increased eye growth after treatment cessation  fails 
to recognize the different clinical implications of these two types of post-treatment growth. 
(Sánchez-Tena, Ballesteros-Sánchez et al. 2024) Upon treatment cessation, do eyes return 
to age-normal or greater than age-normal growth and progression? The conclusion of the 6-
year MiSight trial offers an ideal opportunity to assess this in the future.  
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8.7. Future Direction 
Despite maintaining a myopia control efficacy above 50% over six years, with growth 
resembling that of non-myopic populations, opportunities remain to enhance efficacy. As 
discussed in Chapters 4 and 6, variability in individual responses, including non-responders, 
suggests a need for strategies to provide effective treatment to all progressing myopes. 
Addressing non-responders or achieving more consistent outcomes across the treated 
population could provide practitioners with more effective management tools. 
Currently, there is no established dose-response relationship for optical interventions, nor a 
method to predict or measure the optimal dose (see chapter 7) for each child undergoing 
treatment. In pharmacological interventions, such as atropine, evidence shows that higher 
concentrations lead to greater myopia control. (Huang, Wen et al. 2016, Yam, Jiang et al. 
2018) In animal models, increasing either the diopters (Tse, Lam et al. 2007) or regional 
coverage area of myopic defocus (Tse, Lam et al. 2007, Liu and Wildsoet 2011, Liu and 
Wildsoet 2012, Arumugam, Hung et al. 2016) have shown dose-response effects. Studies 
using higher add powers or increased contrast attenuation in humans have yielded 
inconclusive results. (Walline, Walker et al. 2020, Rappon, Chung et al. 2023) Long-term 
studies in children are inherently challenging, but a systematic investigation of dual-focus 
lens designs—such as increasing diopters of myopic defocus or expanding pupil coverage 
could provide identify designs with increased efficacy. 
Increasing the proportion of the pupil containing treatment optics may reduce retinal contrast 
as well as increase the amount of defocused light in the image. However, such designs must 
ensure acceptable vision quality, comfort and allow consistent sustained wearability, and 
normal accommodative function. Limited evidence from orthokeratology suggests that 
increased area of myopic regions of the pupil correlates with slower eye growth, but this 
finding remains underexplored in randomized controlled trials.  (Wang, Yang et al. 2018, 
Chen, Guo et al. 2024)  
If optimizing optical interventions alone does not achieve sufficient efficacy, combining them 
with pharmacological treatments like atropine could provide additional benefits. While low-
dose atropine (0.01%) combined with optical interventions has not shown additive effects 
(Jones, Mutti et al. 2022) this may reflect the limited efficacy of such a low concentration. 
(Jawaid, Saunders et al. 2024) A modest dose response was achieved when combining 
0.01% concentration of atropine with orthokeratology. (Tan, Ng et al. 2023) It is not clear 
whether supplemental efficacy of adding atropine works because atropine and optical myopia 
control interventions work by the same or different mechanisms. Also, the impact of atropine 
may partly result from pupil dilation enhancing myopic defocus.  
Combination drug-device products would also face stricter regulatory requirements. Atropine 
is typically administered as a single drop before bedtime to minimize side effects like 
accommodation disruption and pupil dilation. (Chia, Chua et al. 2012) Such a dosing regimen 
would be challenging to implement with a combination product, where release of an agent 
from a device such as a contact lens will follow a zero order release profile, (Yoshida, Sakai 
et al. 1991) which again would require added evidence to prove retention of initially proven 
synergistic effects achieved via a traditional dosing regimen.  Could a combination device 
reduce cohort eye growth under treatment to near-zero levels? Alternatively, would it 
selectively slow the progression of faster-progressing patients or non-responders to existing 
treatments, thereby reducing the standard deviation of eye growth rates in the treated 
population?. (Brennan, Toubouti et al. 2020) 

8.8. Conclusion 
In summary, this work has shown that an intervention based on the principle of delivering 
myopic defocus (with accompanying reduction in contrast) to the retina can sustain slowed 
eye growth for multiple years. This slowed eye growth was also shown to be evident across 
the majority of eyes who were treated for the 3 years of Part 2 and that slowing was 



P. CHAMBERLAIN, PhD THESIS, ASTON UNIVERSITY 2025
  137 
 

proportional to the rate of progression prior to treatment. Therefore, when a myopia control 
response is observed in eyes fit with the MiSight lens, fast progressing eyes will experience 
the greatest absolute reduction in eye growth. The decline in absolute treatment effects 
during each successive year of the 6-year trial was consistent with an overall slowing of 
myopia progression as the children aged, and approximately maintained a stable percentage 
treatment effect for 6 years.  For instance, the slowing of axial elongation for the population 
was observed to be 52% after 3 years (Chapter 3) and remained 52% after six years (Chapter 
6).  
Issues surrounding the best approach to slow myopia progression, the most appropriate 
methods to assess efficacy, and what constitutes an optimum myopia control intervention and 
indeed the true mechanism of action for these optical devices remain active areas of research 
today. This PhD thesis is an example of successful multi-year effectiveness on what amounts 
to the first generation of optical devices for the slowing of myopia progression. The increasing 
range of effective myopia control interventions offer the eye care practitioners and patients to 
select myopia control interventions most suited to their age and lifestyle needs. Most 
significantly, the results in this thesis and other studies make it possible to prevent children 
from developing high myopia and its accompanying high risk of untreatable sight loss later in 
life. 
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