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ABSTRACT
Background Informed decisions on myopia 
management require an understanding of financial 
impact. We describe methodology for estimating lifetime 
myopia costs, with comparison across management 
options, using exemplars in Australia and China.
Methods We demonstrate a process for modelling 
lifetime costs of traditional myopia management 
(TMM=full, single- vision correction) and active myopia 
management (AMM) options with clinically meaningful 
treatment efficacy. Evidence- based, location- specific 
and ethnicity- specific progression data determined the 
likelihood of all possible refractive outcomes. Myopia 
care costs were collected from published sources and key 
informants. Refractive and ocular health decisions were 
based on standard clinical protocols that responded to 
the speed of progression, level of myopia, and associated 
risks of pathology and vision impairment. We used the 
progressions, costs, protocols and risks to estimate and 
compare lifetime cost of myopia under each scenario and 
tested the effect of 0%, 3% and 5% annual discounting, 
where discounting adjusts future costs to 2020 value.
Results Low- dose atropine, antimyopia spectacles, 
antimyopia multifocal soft contact lenses and 
orthokeratology met our AMM inclusion criteria. Lifetime 
cost for TMM with 3% discounting was US$7437 (CI 
US$4953 to US$10 740) in Australia and US$8006 (CI 
US$3026 to US$13 707) in China. The lowest lifetime 
cost options with 3% discounting were antimyopia 
spectacles (US$7280, CI US$5246 to US$9888) in 
Australia and low- dose atropine (US$4453, CI US$2136 
to US$9115) in China.
Conclusions Financial investment in AMM during 
childhood may be balanced or exceeded across a 
lifetime by reduced refractive progression, simpler 
lenses, and reduced risk of pathology and vision loss. 
Our methodology can be applied to estimate cost in 
comparable scenarios.

INTRODUCTION
Myopia, high myopia and associated pathological 
complications are large and growing problems with 
significant costs.1–6 Traditional myopia manage-
ment (TMM) provides single- vision optical correc-
tion of a person’s full refractive error throughout 
childhood and beyond, responding to progression 
and complication as they occur. There are now 
also a range of active myopia management (AMM) 
options, including atropine, novel spectacle designs 
and specialised contact lenses.7 AMM options have 

demonstrated around 50% reduction in myopia 
progression compared with TMM during child-
hood.7–13 Some efficacy questions remain, but 
the lack of broader value analysis creates perhaps 
greater uncertainty regarding public health, industry 
and clinical approaches to childhood myopia.7 14 15

AMM options have implementation costs in 
childhood, whereas savings from lower myopia are 
likely later in life.16 For instance, the frequency of 
myopia complications later in life increases mark-
edly with the level of myopia.6 17 18 Individuals, and 
the health practitioners, systems and funders that 
support them, face an early choice between TMM 
and various AMM options. In addition to efficacy 
evidence, they deserve evidence on the value prop-
osition of their choices.

We compared estimated lifetime societal costs 
between TMM and AMM options for an 8- year- old 
child who presents with −0.75D myopia in both 
eyes. Estimates were completed for ethnic majority, 
urban dwellers in Australia and China, providing 
contrasting myopia and health system situations. 
We present these as exemplars of a methodology 
that can be applied to myopia of any amount, at any 
age, in any place and ethnicity, and can be updated 
for new costs or new AMM options as they become 
available.

METHODS
TMM served as our reference case.19 AMM options 
were identified via PubMed without restriction 
using terms “myopia”, “progression” AND “clin-
ical trial”, together with “contact lens”, “spectacle” 
OR “atropine”. We excluded combination trials, 
studies not describing efficacy and studies less than 
12 months in duration. We included only products 
that were available in both exemplar countries and 
supported by peer- reviewed randomised controlled 
trials. We used spherical equivalent results to indi-
cate treatment efficacy except in orthokeratology, 
which can only report axial length data.

We chose specific starting scenarios to develop 
methodology that can be adapted to explore life-
time societal costs associated with TMM and AMM 
options in any situation. Our exemplars were an 
8- year- old European Australian in an urban area 
of Australia and an 8- year- old Han Chinese in an 
urban area of China, each presenting to an eye 
examination reporting blurred distance vision and 
found to have −0.75 DS cycloplegic refraction in 
both eyes but otherwise normal. We assumed they 
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began TMM and AMM options from this first symptomatic 
myopia presentation and tracked the consequences through life 
expectancy following the Consolidated Health Economic Evalu-
ation Reporting Standards and figure 1.20

Cost estimates
In Australia, costs associated with myopia- related clinical care 
were based on Medicare scheduled fees21; spectacle and contact 
lens costs were based on the Optical Distributors and Manufac-
turers Association price reference guide22; spectacle frame costs 
were based on the Victorian Eyecare Service23; and the majority 
of pharmaceutical costs were based on the Pharmaceutical Bene-
fits Scheme (PBS).24 Prepackaged low- dose atropine is not avail-
able in Australia, not covered by the PBS and only available from 
compounding pharmacies.25 Key informants at the Zhongshan 
Ophthalmic Centre in Guangzhou, Guangdong, and the Aier Eye 
Hospital system with centres across China provided representa-
tive ophthalmic examination, vision correction, myopia control 
and myopia complication management costs for China.26 27 
Given our reliance on key informants in China and the evolving 
nature of Chinese healthcare delivery systems, we checked for 
outliers by reviewing any costs that our standard methodology 
suggested were more than three times more expensive in China 

than Australia. Our checking process was to ask a wider array 
of key informants including a cost comparison with Hong Kong 
Special Autonomous Region, China.

In addition to the direct costs, we accounted for related and 
productivity costs associated with myopia care. Related costs 
include transport to relevant examinations, spectacle collection, 
collection of myopia control options and access to management 
of myopia complications. Productivity costs monetised time 
spent receiving eye care, both for adults attending their own 
myopia- related examinations and taking dependents to theirs. 
Disability weights were used as a proxy to estimate the poten-
tial productivity impact of each level of vision impairment.28 All 
related and productivity costs were based on estimates for travel, 
and average adult income adjusted for labour force participation 
rates and employment rates.26 27 29 30

We took a societal perspective in our cost approach, incor-
porating all myopia- related costs regardless of who paid for 
them.19 All costs were current in 2020, and converted from local 
currency to US dollars at the rate provided by the US Federal 
Reserve for 20 October 2020.31 We have not predicted future 
inflation nor price changes as technologies age and become 
mainstream. Similarly, we have not predicted new technolo-
gies or combinations of techniques that may improve myopia 

Figure 1 Clinical care flow diagram. AMM, active myopia management; AMM1, low- dose atropine; AMM2, antimyopia spectacles; AMM3, 
antimyopia multifocal soft contact lenses; AMM4, orthokeratology; AR, antireflection; CL, contact lens; D, diopter; MC, multicoat; MMD, myopic 
macular degeneration; PAL, progressive addition lens; POAG, primary open- angle glaucoma; RRD, rhegmatogenous retinal detachment; SE, spherical 
equivalent; SV, single vision; TMM, traditional myopia management; VI, vision impairment; yo, year old.
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control over the single options that are currently validated. Our 
main outcome has future costs discounted at 3% per annum, 
and we tested the effects of 0% and 5% per annum discounting 
as a sensitivity analysis.32 33 Discounting adjusts future costs to 
present value (2020 value in this case). There is broad consensus 
in economics that discounting is important, but there is ongoing 
debate regarding the rate that should be applied in various 
circumstances, resulting in our sensitivity analysis range.

Likelihood of refractive outcomes
From the common starting point (−0.75D at 8 years of age), 
average and variance in myopia progression under TMM were 
modelled on data from Guangzhou (Guangdong, China) and 
Shanghai (China).34 35 This progression was used directly for the 
Han child in urban China and adjusted to an urban European 
Australian child using the method of Donovan et al through to 
18 years of age.36 The spherical equivalent progression at 18 
years of age was exponentially decayed towards an assumed zero 
progression at 25 years of age. The average and variance data 
were used to generate probability profiles for TMM refractive 
error outcomes at 25 years of age for each exemplar.

We analysed the treatment efficacy results of all AMM options 
that satisfied our inclusion criteria. Results from different studies 
of the same treatment type were weighted by sample size and 
averaged. After averaging, we additionally rejected treatment 
types with <25% treatment efficacy.

Clinical care protocols
Clinical care protocols and evidence- based risk calculations 
governed all decisions on myopia- related need—when and what 
type of ophthalmic examinations would be provided21 37–39; 
spectacle type and replacement schedule22 23 26 27 40 41; additional 
care required by AMM options8 37 42–44; contact lens wear, type, 
replacement schedule and complications21 45–49; risk of myopia 
complications and responses to them21 26 50–75; and risk of vision 
impairment and responses to it.17 18 21 76–78 Figure 1—our clinical 
care flow diagram—illustrates and describes the protocols in all 
age groups.

Adding up the costs
We modelled and compared TMM and each AMM option in 
Australia and China. Each scenario had its own unique refractive 
error outcome profile (see the Likelihood of refractive outcomes 
section) that defined the probability of an 8- year- old child with 
−0.75 D progressing to each different spherical equivalent level 
by adulthood. Costs were added up for each possible spherical 
equivalent level, within each scenario, across life expectancy and 
then weighted according to the refractive error outcome proba-
bility profile for each scenario. These weighted costs across the 
spectrum of spherical equivalent outcomes were added to obtain 
our overall cost estimate for each scenario.

Threshold analysis
We performed a threshold analysis for any AMM option in either 
country which exceeded the TMM cost of the same country 
under 3% annual discounting. The threshold analysis deter-
mined the critical, price- adjustable item of each identified AMM 
option, and the price point of that item that would equalise the 
AMM and TMM cost in that country.

Sensitivity analysis
Upper and lower limits of our cost estimates were derived 
from varying spherical equivalent outcomes and all costs to 

reasonable extremes. The upper and lower limits for spherical 
equivalent outcome represent 95% CIs. Cost limits depended 
on type and location. Examples of cost limits include Medi-
care’s ‘no gap’ option for lowest, and industry accepted private 
rates for highest, cost of services in Australia21 and ±SD across 
ophthalmic lens options in Australia.22 Tenth and seventy- 
fifth percentiles were used to define the lower and upper 
limits of adult income.30 Potential productivity lost to each 
level of vision impairment was bracketed using the WHO 
recommendations.28

As an additional sensitivity analysis, we also varied the discount 
rate from 3% (our estimate) to 0% and 5%.32

RESULTS
Our online- only online supplemental result 1 provide all rele-
vant unit costs in online supplemental table S1, estimated spher-
ical equivalent progressions in online supplemental figure S1 and 
estimated myopia complications, related protocols and resulting 
vision impairment in online supplemental table S2) for our 
exemplar scenarios. Four AMM options were identified by our 
methodology to have adequate evidence supporting clinically 
meaningful effects on childhood myopia progression:

 ► Low- dose (0.01%–0.05%) atropine was designated as 
AMM1, with a 46% reduction in spherical equivalent 
progression compared with TMM.8 9 79

 ► Effective antimyopia spectacle designs were designated as 
AMM2, with a 49% reduction based on executive bifocal 
and defocus incorporated multiple segment designs.10 11

 ► Antimyopia multifocal soft contact lenses were designated as 
AMM3, with a 42% reduction.12 80–89

 ► Orthokeratology was designated as AMM4, with a 46% 
reduction.13 90–95

The effect of the AMM options on the likelihood of adult 
refractive error outcomes is shown in figure 2.

The lifetime cost estimates for all possible spherical equiva-
lent outcomes under each scenario are shown in figure 3. The 
cost implications of high myopia are clearly demonstrated. They 
derive from more technical and expensive corrective lenses that 
are replaced more often, best- practice protocols that include 
more regular and specialised ophthalmic examinations, higher 
frequency of pathological complications and higher likelihood 
of vision impairment. The variations between management 
options are less than the changes between spherical equivalent 
powers in most cases. The intuitive implication is that early 
investment to reduce myopia progression may be worthwhile 
to an individual.

Our estimated lifetime societal costs of myopia under each 
exemplar scenario were derived by multiplying the two compo-
nents of figure 3—that is, by weighting the cost estimate for each 
possible spherical equivalent (dark grey columns) by the likeli-
hood of reaching that spherical equivalent (light grey area). The 
resultant cost estimates are shown in figure 4 and online supple-
mental table S3 in our online- only online supplemental results.

China shows greater variation in overall costs between 
interventions than Australia. One reason is that Han Chinese 
have higher risk of greater myopia progression, meaning the 
percentage effect of AMM interventions spreads the probability 
distributions further across the power spectrum. Another reason 
is that the cost increment from standard spectacles and contact 
lenses (used for correcting lower refractive powers) to premium 
spectacles and contact lenses (used for controlling myopia 
progression and correcting higher refractive powers) is steeper 
in China than in Australia.
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Age at which costs are incurred
Figure 5 presents the costs associated with each scenario against 
age. AMM options show additional costs compared with TMM 
during childhood with one exception: low- dose atropine is 
cheaper than TMM at 18 years in China. TMM is more expen-
sive than all AMM options later in life, with the relative cost by 
the end of life depending on place, ethnicity and the discount 
applied. The TMM curve is noticeably steeper in later life for 
Han Chinese than European Australians due to increased risk of 
higher myopia.

Threshold analysis
In our exemplars with 3% annual discounting, only AMM2 
is cheaper than TMM in Australia, whereas both AMM1 and 
AMM2 are cheaper than TMM in China across a lifetime. 
Threshold analysis was undertaken at the 3% discount level to 
determine the price point of critical items that would equalise 
the cost of other AMM options with TMM:

 ► AMM1 critical item: 1- month supply of low- dose atropine.
In Australia: current price US$21.52, threshold price 
US$8.33.

 ► AMM3 critical item: 3- month supply of antimyopia multi-
focal soft contact lenses.
In Australia: current price US$166.47, threshold price 
US$27.22.

In China: current price US$157.25, threshold price 
US$99.22.

 ► AMM4 critical item: 2- year period of subsequent orthoker-
atology care and lenses.
In Australia: current price US$599.85, threshold price 
US$85.54.
In China: current price US$1623.87, threshold price 
US$865.93.

DISCUSSION
In our exemplars, the additional early costs of AMM options 
are substantially balanced across a lifetime by reduced refractive 
progression, simpler corrective lenses, fewer lens replacements, 
reduced risk of eye disease and vision loss, and reduced manage-
ment of myopia complications. The cheapest lifetime cost of all 
scenarios tested was low- dose atropine in China, regardless of 
discount level.

Pricing extremes—such as a bottle of low- dose atropine being 
14 times more expensive in Australia than China—suggest 
likely fluidity over time. Low- dose atropine is currently diluted 
from 1% atropine by specialised compounding pharmacies in 
Australia; changing to direct manufacture would likely reduce 
AMM1 costs. Distribution and supply of antimyopia multifocal 
soft contact lenses are likely to improve in China and result in 
lower AMM3 costs. Our exemplars are based on static 2020 
prices. New technologies, competition, generic versions, profes-
sional preferences, consumer trends and demand are likely to 
change prices over time.

Specialty contact lenses represent a significant step in commit-
ment and cost for a family who otherwise intended to wear spec-
tacles, but a relatively small step for a family who intended to 
pursue regular contact lenses regardless of any AMM option. 
We have compared the contact lens- based AMM options with 
an average TMM case, that is, someone with a 22% chance of 
wearing standard soft contact lenses to correct (not control) 
their myopia between 12 and 54 years of age. However, families 
most likely to consider AMM3 or AMM4 are likely to be inter-
ested in contact lenses regardless. As such, it is worth knowing 
the comparison between TMM, AMM3 and AMM4 for a child/
family who want to correct myopia using contact lenses rather 
than spectacles between 8 and 18 years of age, that is, having a 
100% chance of wearing standard soft contact lenses to correct 
myopia in TMM. Under this variation, lifetime TMM costs in 
Australia increase to US$22 809 without discounting, US$11 
345 with 3% discounting or US$7851 with 5% discounting. 
Under the same variation in China, TMM costs increase to 
US$25 787 without discounting, US$9896 with 3% discounting, 
or US$6561 with 5% discounting. The lifetime cost of AMM4 
under this variation is less than TMM in Australia at the 3% 
discount level. Combining 100% contact lens wear in TMM 
during childhood with threshold analysis for the remaining 
scenarios at the 3% discount level:

 ► Threshold price of AMM3 in Australia would be US$139.55 
per 3- month supply of antimyopia multifocal soft contact 
lenses.

 ► Threshold price of AMM3 in China would be US$153.60 
per 3- month supply of contact lenses.

 ► Threshold price of AMM4 in China would be US$1352.04 
for care and lenses per subsequent 2- year periods.

Our exemplars persist with each AMM intervention for 10 
years regardless of myopia progress in the specific case. This 
would effectively mean persisting with a specific AMM in an 
individual even when the AMM appears ineffective in slowing 

Figure 2 Probability profiles for adult spherical equivalent outcomes 
from a starting point of an 8- year- old child presenting with −0.75 
D. Profiles are for (A) European in Australia and (B) Han in China. 
AMM, active myopia management; AMM1, low- dose atropine; AMM2, 
antimyopia spectacles; AMM3, antimyopia multifocal soft contact 
lenses; AMM4, orthokeratology; D, diopter; TMM, traditional myopia 
management.
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myopia progression in that individual. It also effectively means 
persisting with an AMM when it appears to have been effective 
enough to consider ceasing treatment. In reality, clinicians make 
adaptive, iterative decisions based on evidence and observation. 
They are likely to change management as cases evolve, poten-
tially to a different AMM if rapid myopia progression continues 
with the first option, or ceasing intervention if progression drops 

below an acceptable threshold.37 The rigidity of our assumptions 
is a sensibly conservative modelling approach, increasing our 
estimated cost of AMM options compared with TMM.

The strengths of our methodology include the use of evidence- 
based refractive outcomes, the application of evidence- based 
AMM effectivity, the probabilistic approach to refractive 
outcome in each scenario, and the broad consideration and 

Figure 3 Lifetime costs of myopia for each scenario (dark grey bars against left vertical axis), at all possible spherical equivalent outcomes (in 
dioptres on the horizontal axis), with likelihood of each spherical equivalent outcome (light grey area curves against the right vertical axis). Costs 
are shown with no discounting, 3% discounting and 5% discounting in Australia (A) and China (B). AMM, active myopia management; AMM1, low- 
dose atropine; AMM2, antimyopia spectacles; AMM3, antimyopia multifocal soft contact lenses; AMM4, orthokeratology; TMM, traditional myopia 
management.
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sourcing of cost data. Our exemplars provide a comparison 
between an established health system dealing with relatively low 
myopia prevalence and progression (Australia) with an evolving 
health system dealing with very high myopia prevalence and 
progression (China).

There are also several limitations. First, we have excluded 
some broader indirect costs and benefits. We have not factored 
in potential utility reductions that could occur with AMM 
options, such as in response to daily atropine instillation, or 
cosmetic issues with antimyopia spectacles. Likewise, we have 
not factored in potential utility benefits of reduced myopia 
progression, such as thinner corrective lenses, less dependency on 
refractive correction, or less anxiety regarding complications or 
vision impairment. We have also not accounted for the potential 
productivity impact of uncorrected and undercorrected myopia, 
nor care costs for assisting a person with vision impairment.

Second, we have taken a simple average of product options 
for items within a scenario, for example, across the 12 options 
for single vision aspheric 1.67 index spectacle lenses listed in 
Australia’s EyeTalk,22 rather than weighting costs by market 
share. Weighted costs would potentially improve the accuracy 
of the estimates for policymakers but distort the choice for the 
end user.

Third, we have taken antimyopia treatment efficacy data from 
trials of 1–5 years and extended them to 10 years, unmodified 
for place, ethnicity or age. It is possible that efficacy will vary 
over time, and between places, ethnicities and ages, but there is 
no clear data to dictate modifications at this stage.

Fourth, we have done our best to model profession and 
industry norms, but management variations exist, and some 
may be cheaper and/or better. Changes in review schedules or 
lens replacement schedules would alter costs. Orthokeratology 
is perhaps the clearest example in which this might change the 
estimation significantly.

Fifth, we based risk of myopia complications on the best 
population- based evidence, which suggests the risk does not rise 
dramatically until 55 years of age. However, clinicians know 
that complications occur earlier and there is certainly evidence 
in support. It is possible that the population- based evidence is 
distorted by the tendency to survey those over 50 years of age 
far more frequently than younger groups.

Figure 4 Lifetime costs of myopia for five interventions in urban 
Australia (A) and China (B). Error bars show bounds of sensitivity 
analysis. AMM, active myopia management; AMM1, low- dose atropine; 
AMM2, antimyopia spectacles; AMM3, antimyopia multifocal soft 
contact lenses; AMM4, orthokeratology; TMM, traditional myopia 
management.

Figure 5 Cumulative costs of myopia in US dollars against age in years, showing each intervention and discount level in Australia (A) and China (B). 
Solid line shows estimate with 3% annual discounting, upper and lower bounds are estimates with no and 5% annual discounting respectively.
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Our estimates suggest the greatest impact on lifetime cost of 
myopia in Australia and China is the level of myopia reached. 
The financial benefits of AMM are likely to be greatest in 
communities experiencing larger myopia progression, that is, 
in this comparison, more in China than Australia. While AMM 
options have upfront cost impacts in childhood, these are mostly 
balanced or exceeded across a lifetime by savings associated with 
the reduced myopia achieved.

Specific supply and distribution issues are influencing relative 
costs in some newer or niche products— contact lens options in 
China and low- dose atropine in Australia are the most obvious 
examples from 2020. However, healthy threshold prices for 
each suggest supply should be commercially viable judged on 
lifetime cost alone. The methodology presented here could be 
used as a guide to test cost- effective prices for antimyopia prod-
ucts and services.

In addition to new products and services, there are multiple 
other existing strategies and options that we have not tested 
but could be explored using this methodology. Any antimyopia 
managements that have efficacy and cost data can be tested. The 
effect of refractive surgery at different stages of adulthood could 
be tested. Local costs or protocol variations can provide compar-
isons in or between any location/s.

In summary, the methodology established here can be applied 
to any myopia scenario to increase clinician confidence in the 
outcomes that are likely under each intervention. Costs can be 
updated and/or adjusted to local circumstance, and modelling 
can be adjusted for additional evidence on TMM progression or 
AMM option efficacy.
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