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Purpose: We estimated the potential global economic productivity loss resulting from vision impairment (VI)
and blindness as a result of uncorrected myopia and myopic macular degeneration (MMD) in 2015.

Clinical Relevance: Understanding the economic burden of VI associated with myopia is critical to
addressing myopia as an increasingly prevalent public health problem.

Methods: We estimated the number of people with myopia and MMD corresponding to critical visual acuity
thresholds. Spectacle correction coverage was analyzed against country-level variables from the year of data
collection; variation in spectacle correction was described best by a model based on a human development
index, with adjustments for urbanization and age. Spectacle correction and myopia data were combined to es-
timate the number of people with each level of VI resulting from uncorrected myopia. We then applied disability
weights, labor force participation rates, employment rates, and gross domestic product per capita to estimate the
potential productivity lost among individuals with each level and type of VI resulting from myopia in 2015 in United
States dollars (US$). An estimate of care-associated productivity loss also was included.

Results: People with myopia are less likely to have adequate optical correction if they are older and live in a
rural area of a less developed country. The global potential productivity loss associated with the burden of VI in
2015 was estimated at US$244 billion (95% confidence interval [CI], US$49 billioneUS$697 billion) from un-
corrected myopia and US$6 billion (95% CI, US$2 billiondUS$17 billion) from MMD. Our estimates suggest that
the Southeast Asia, South Asia, and East Asia Global Burden of Disease regions bear the greatest potential
burden as a proportion of their economic activity, whereas East Asia bears the greatest potential burden in
absolute terms.

Conclusions: Even under conservative assumptions, the potential productivity loss associated with VI and
blindness resulting from uncorrected myopia is substantially greater than the cost of correcting
myopia. Ophthalmology 2019;126:338-346 ª 2018 by the American Academy of Ophthalmology. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Supplemental material available at www.aaojournal.org.
Myopia is an underappreciated but profound public health
problem with tremendous potential economic impact, albeit
with sparse data quantifying its impacts.1 It is widely agreed
that myopia is common and that the prevalence is increasing.
For example, it has been estimated that by 2050, 50% and
10% of the global population will have myopia and high
myopia by World Health Organization (WHO) definitions of
�e0.50 and �e5.00 diopter (D) or less, respectively.1e3

Data are strongest in East Asia, resulting in greater confi-
dence in the estimates there; however, there is reasonable ev-
idence that all regions are following similar trends.1,2 High
myopia is particularly concerning because it is associated with
significantly higher rates of vision impairment (VI) and
blindness via pathologic conditions such as myopic macular
degeneration (MMD).4e8 Future high-myopia projectionsmay
be reduced by myopia control interventions; however, their
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global uptake has been limited. Uncorrected myopia, resulting
from the inability to access spectacles, also can result in VI or
blindness.

Intense near work and lack of time outside seem to increase
the prevalence of myopia and high myopia,2,4 and developed
and emerging economies in East and Southeast Asia have
recorded the highest prevalences.2 However, lower health
expenditure and other variables indicating resource scarcity
seem to increase the risk of someone with myopia
experiencing VI from lack of vision correction or
pathologic complications such as MMD.9,10 Success in sup-
plying vision correction is described by spectacle coverage,
or the percentage of people who have vision corrected to a
normal level by spectacles, among all those who need spec-
tacles. Contreras and Ackland9 reported that distance-vision
spectacle coverage ranged from 2% to 93% across the 27
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countries around the world in which they were able to identify
spectacle coverage data. Fricke et al10 estimated that the
prevalence of VI and blindness resulting from MMD was
highest in Southeast Asia because of the combined effects
of high myopia prevalence, the age distribution of high
myopia, and resource limitations.

Vision impairment resulting from either MMD or un-
corrected myopia has the potential to diminish both quality
of life and productivity significantly. Economic evaluations
quantifying such impacts are scarce but given the number of
working-age people with VI resulting from MMD, there is
the potential for a profound burden on communities. The
global productivity loss resulting from uncorrected refrac-
tive error has been estimated at $202 billion United States
dollars (US$) per annum after adjustment for country-
specific labor force participation and employment
rates.11,12 This includes hyperopia and astigmatism as well
as myopia and was based on uncorrected refractive error
data from 2007. Economic evaluation of health care in-
terventions provides valuable data for evidence-based
advocacy, policy decisions, and patient care decisions.
Given the apparent and predicted increases in myopia
prevalence and the lack of data specific to productivity loss
associated with myopia, we estimated the global economic
productivity loss associated with the burden of VI and
blindness resulting from uncorrected myopia and the path-
ologic consequences of myopia in 2015.
Methods

Estimating Vision Impairment Resulting from
Uncorrected Myopia

We used WHO VI definitions: mild VI is worse than 20/40 but 20/
60 or better, moderate VI is worse than 20/60 but 20/200 or better,
severe VI is worse than 20/200 but 10/200 or better, and blindness
Figure 2. Flow diagram summarizing the systematic search and review process
exclusion criteria are provided in the text.
is worse than 10/200.13,14 Evidence suggests that uncorrected
myopia of �e0.75 D but >e1.00 D, �e1.00 D but >e2.50 D, �
e2.50 D but >e4.00 D, and �e4.00 D or less cause acuity levels
that most closely match the WHO VI definitions.15 We estimated
the prevalence of myopia in these brackets in each country, in
each 5-year age group from 0 to 100 years or older, in urban and
rural areas, using the methods of Holden et al.2 Holden et al
performed a systematic review that identified 145 studies
covering 2.1 million participants; modelled myopia definition
against prevalence to enable standardization of data sources;
modelled myopia prevalence over time to enable standardization
to a reference year of 2010 as well as projections forward and
backward from there; meta-analyzed within regions, in 21 sepa-
rate age groups, with separate urban and rural data; interpolated
and extrapolated as needed between age groups and regions; and
then combined prevalence with population data to calculate the
number of people affected by myopia, as summarized in Figure S1
(available at www.aaojournal.org).2 We searched for alternative
models, but found no comparable evidence.

We extracted country-specific population data for 2015, in the
same 5-year age groups from the United Nations World Population
Prospects.16 Population data from the United States Census Bureau
were used for a small number of low-population states aggregated
within the available United Nations data.17 Country populations
were split into urban and rural proportions using urbanization data
from the United States’ Central Intelligence Agency’s World
Factbook.18 Countries were grouped into the 21 Global Burden of
Disease regions for the purpose of data presentation.19 Population,
urbanization, and myopia prevalence estimates were combined to
ascertain the number of people with myopia that, if uncorrected,
would cause VI matching the visual acuity brackets with WHO
disability weight data.

We performed a systematic search for myopia correction rates,
coverage, or both on November 14, 2017, summarized in Figure 2.
We included articles that (1) were population-based studies quan-
tifying spectacle correction rates, coverage for distance refractive
error, or both; (2) included a mechanism to differentiate people
with VI resulting from eye disease rather than from uncorrected
refractive error; (3) used sampling representative of entire com-
munities; and (4) had a sample size of at least 400 participants. We
for identifying evidence regarding myopia correction rates. Inclusion and
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Table 2. Estimated Number of People Affected Globally by Each Level of Vision Impairment Resulting from Uncorrected Myopia and Myopic Macular Degeneration, Together with
the Estimate of the Potential Lost Productivity in Those with Vision Impairment Resulting from Uncorrected Myopia and Myopic Macular Degeneration

No Vision
Impairment

Mild Vision
Impairment

Moderate Vision
Impairment

Severe Vision
Impairment Blindness Total

Care-Related
Productivity Loss
(United States

Dollars)

Total Including
Care (United
States Dollars)

Visual acuity bracket �20/40 <20/40 but �20/60 <20/60 but �20/200 <20/200 but �10/200 <10/200 <20/40
No. of people with VI caused by

uncorrected myopia
0 53 909 952 234 146 213 124 503 383 125 025 629 537 585 177

Lower 95% CI 0 54 652 862 115 944 069 59 107 849 52 244 036 281 948 817
Upper 95% CI 0 204 952 517 423 269 413 234 104 213 253 776 658 1 116 102 802

No. of people with VI caused by
MMD

0 NA 6 951 621 3 374 015 10 325 636

Lower 95% CI 0 NA 3 809 955 1 843 515 5 653 470
Upper 95% CI 0 NA 16 389 447 7 979 864 24 369 311

Lost productivity resulting from VI
caused by uncorrected myopia

0 $556 452 501 $40 361 667 459 $79 916 819 422 $106 384 610 563 $227 219 549 945 $16 652 385 400 $243 871 935 345

Lower 95% CI 0 $267 534 741 $10 343 814 871 $18 452 220 966 $17 005 144 314 $46 068 714 892 $3 140 316 223 $49 209 031 116
Upper 95% CI 0 $3 190 201 999 $110 434 870 007 $227 634 536 720 $308 071 130 801 $649 330 739 527 $47 710 583 416 $697 041 322 943

Lost productivity resulting from VI
caused by MMD

0 NA $3 055 930 776 $2 202 456 544 $5 258 387 320 $373 042 193 $5 631 429 513

Lower 95% CI 0 NA $1 146 342 492 $817 553 825 $1 963 896 316 $139 072 507 $2 102 968 823
Upper 95% CI 0 NA $9 299 604 818 $6 834 290 981 $16 133 895 799 $1 148 409 339 $17 282 305 138

Sum of lost productivity resulting
from VI caused by uncorrected
myopia and MMD

0 $556 452 501 $123 334 417 657 $108 587 067 106 $232 477 937 265 $17 025 427 593 $249 503 364 858

Lower 95% CI 0 $267 534 741 $29 942 378 330 $17 822 698 139 $48 032 611 209 $3 279 388 730 $51 311 999 939
Upper 95% CI 0 $3 190 201 999 $347 369 011 545 $314 905 421 783 $665 464 635 326 $48 858 992 755 $714 323 628 082

CI ¼ confidence interval; MMD ¼ myopic macular degeneration; NA ¼ not available; VI ¼ vision impairment.
Estimated care-related productivity loss is also provided together with the sum of potential lost productivity in the individuals and care-related productivity loss.
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excluded articles not available in English or that did not specify the
number of eligible participants or participation rate, had unspeci-
fied or ambiguous definitions, had a participation rate of less than
70%, or were based on duplicate data used in other included
studies. After applying inclusion and exclusion criteria and adding
additional articles identified by key informants and reference lists
of identified studies, we included 37 studies from 36 different
countries, with a combined sample size of 174 736.20e31 The
included studies are summarized in Table S1 (available at
www.aaojournal.org).

Distance spectacle coverage data from the 37 accepted studies
were analyzed against health and development indicators from the
country and year of data collection. We assessed the relationship of
spectacle coverage with gross domestic product (GDP) per capita
(in US$ and in international dollars adjusted for purchasing power
parity),32 gross national income per capita (in both US$ and
international dollars),32 Gini coefficient,32 eye care practitioner
need,11 health expenditure per capita (in both US$ and international
dollars),32 ratio of public-to-total health expenditure,32 average
years of education,32 adult literacy,32 Human Development Index
(HDI),33 Socio-Demographic Index,34 annual per capita electric
power consumption,32 and mobile or cellular telephone
subscriptions (per 100 people).32 The equation providing the best
explanation of variance was used to calculate country-specific spec-
tacle coverage in 2015.

We also investigated the effect of urbanization and age on
spectacle coverage within a country. From the identified correction
coverage studies, 7 reported differences based on urban-
ization,21e24,27,30,35 whereas 6 reported differences based on
age.23,24,30,36e38 We modelled this evidence to describe the effect of
urbanization and age on spectacle coverage in countries at different
levels of development.

The country-, urbanization-, and age-specific distance spectacle
coverage estimates determined by these models were bound to
Standard error ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðintercept variance þ ðslope variance � HDI4Þ � ð2 � covariance � HDI2ÞÞ

q
:

lower and upper limits of 0% and 100% and were converted to the
rate that refractive error remains uncorrected. The results were
combined with the number of people with the relevant levels of
myopia to estimate the number of people with mild, moderate, and
severe VI and blindness from uncorrected myopia in 2015, as
summarized in Figure S1 (available at www.aaojournal.org).

Estimating Vision Impairment Associated with
Myopic Macular Degeneration

Even with refractive correction, higher myopia increases the risk of
VI from a range of conditions including cataract, glaucoma, retinal
pathologic features such as tears and detachment, and MMD.39e41

However, data disaggregation is difficult to achieve for most of
these conditions, and we were able to separate only VI associated
with MMD with any surety. Country-specific VI and blindness
resulting from MMD prevalence data for 2015, in 5-year age
groups from 0 to 90 years of age or older, were derived using the
methods and data of Fricke et al.10 We combined population data
with the MMD data to estimate the number of people with VI and
blindness resulting from MMD in 2015, as summarized in
Figure S1 (available at www.aaojournal.org).

Estimating Lost Productivity

The Global Health Estimates Technical Paper published by WHO
was chosen as the most current and internationally accepted source
of disability weight data.13 The number of people with each level
of VI, from each cause, within each age group, in each country was
multiplied by the disability weight relevant to the impairment level
(mild VI, moderate VI, severe VI, and blindness),13 age-specific
labor force participation rates,32,42 employment rates,32 and GDP
per capita for 2015 in US$, as summarized in Figure S1
(available at www.aaojournal.org).32 Published disability weights
aggregate urbanization effects at the global level, whereas labor
force participation, employment, and GDP per capita aggregate
urbanization effects at the country level. The result is an estimate
of the potential productivity lost at each level and to each cause
of VI in 2015 US$.

Additionally, there is likely to be some “care cost” associated
with each person with moderate VI, severe VI, or blindness that
is likely to vary dramatically in nature and amount depending on
impairment level, jurisdiction, and personal circumstance. To our
knowledge, there are no studies quantifying care costs for people
with a range of VI levels across different jurisdictions. Previous
authors have conceptualized the care costs as assistance from an
adult with normal sight who would lose productive time to the
affected individual.12,43 We used their precedent of a 10% po-
tential productivity loss for the care of each person with blind-
ness and a 5% potential productivity loss for the care of each
person with moderate or severe VI.12,43 We assumed that there
would not be any productivity loss in the care of individuals with
mild VI.
Confidence Intervals

Uncertainty in our cost estimates derived from 4 sources. First, the
95% confidence intervals (CIs) of the myopia prevalence estimates
were entered into our calculations.2 Second, uncertainty in
spectacle coverage was estimated using the varianceecovariance
of the regression model, where
Third, the 95% CIs of the VI associated with MMD were
entered into our calculations.10 Finally, we applied the 95% CI
estimate for vision loss in the 2015 WHO disability weights, i.e.,
33.3% average uncertainty calculated as: 0.5 (upper bound e
lower bound) / median value.13
Results

We estimated that there were 201 million people (95% CI,
148e538 million) with myopia of e0.75 D or less but more than
e1.00 D, 857 million (95% CI, 638e1105 million) with myopia of
e1.00 D or less but more than e2.50 D, 463 million (95% CI,
337e617 million) with myopia of e2.50 D or less but more than
e4.00 D, and 515 million (95% CI, 381e686 million) with myopia
of e4.00 D or less globally in 2015. The following equation was
found to explain best the variance of spectacle coverage between
countries (R2, 78%):

Distance spectacle coverage ¼ 1:698 � ðHDIÞ2 � 0:178:

This formula was used to estimate spectacle coverage in each
country of the world, with 2 country-specific adjustments. First,
analysis of distance spectacle coverage in urban and rural areas of
the same age groups of the same country suggested the following
adjustments:21e24,27,30,35 (1) in countries with HDI of less than 0.4,
the ratio of urban-to-overall spectacle coverage was 1.35, whereas
the ratio of rural-to-overall spectacle coverage was 0.43; (2) in
341
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Figure 4. Graphs showing global productivity loss resulting from myopia in
each age group in 2015 (A) in Unites States dollars (US$) per capita and
(B) in billions of US$.

Figure 3. Graphs showing regional productivity loss resulting from myopia
in 2015 (A) as a percentage of gross domestic product (% of GDP) and (B)
in billions of Unites States dollars (US$). Regional productivity loss is
determined by multiple components, each derived via either meta-analysis
or modelling from its own systematically sourced set of primary data via the
methodology summarized in Figure S1 (available at www.aaojournal.org).
GBD ¼ Global Burden of Disease.

Ophthalmology Volume 126, Number 3, March 2019
countries with HDI of 0.4 or more and 0.744 or less, the ratio of
urban-to-overall spectacle coverage was 1.72 e 0.93 � (HDI),
whereas the ratio of rural-to-overall spectacle coverage was 1.52 �
(HDI) e 0.18; and (3) in countries with HDI of more than 0.744,
the ratio of urban-to-overall spectacle coverage was 1.03, whereas
the ratio of rural-to-overall spectacle coverage was 0.95. Second,
analysis of distance spectacle coverage in different age groups of
the same country suggested the following adjustments for age
groups from 40 to 80 years of age inclusive:23,24,30,36,37,44 (1) in
countries with HDI of less than 0.55, the ratio of age-specific
spectacle coverage compared with overall coverage was 2.92 e
0.035 � age; (2) in countries with HDI of 0.55 or more and HDI of
0.80 or less, the ratio of age-specific spectacle coverage compared
with overall coverage was 1.82 e 0.015 � age; and (3) in countries
with HDI of more than 0.80, the ratio of age-specific spectacle
coverage compared with overall coverage was 1.18 e 0.003 � age.

In age groups younger than 40 years and older than 80 years,
the same equations were used for each development level, but with
age as a constant of 40 or 80 years, respectively. It should be noted
that most spectacle coverage data have been gathered from par-
ticipants older than 40 years, so there is less certainty for estimates
342
from those younger than 40 years, although the data that do exist
do not suggest any major variation other than the equations above.
Table 2 shows our estimates of the number of people at each level
of VI resulting from uncorrected myopia, the number of people at
each level of VI resulting from MMD, and the lost productivity
resulting from each cause and/or level of VI.

Figure 3 shows the regional productivity loss owing to VI
resulting from myopia. Southeast Asia, South Asia, and East Asia
stand out as having well over twice the burden of any other region
as a percentage of GDP: 1.35%, 1.30%, and 1.27%, respectively.
Differences between regions result from the interplay between
country-specific variables: myopia and high myopia prevalence,
demographics, HDI, health expenditure, urbanization, labor force
participation, employment, GDP, and population. In absolute terms
(bottom graph), the same 3 regions show larger burdens than any
other region, but East Asia is a particular standout because of its large
population and comparatively high GDP per capita.

Figure 4 shows the global productivity loss owing to VI
resulting from myopia in each age group. Productivity loss in
US$ peaks in the 25- to 29-year age group and then declines.
Differences between age groups result from demographics, myopia
and high myopia prevalences, the effect of age on distance spec-
tacle coverage, the effect of age on VI resulting from MMD, and
the labor force participation rate. When the effect of population age
distribution is negated by considering productivity loss in US$ per
capita terms (Fig 4, top), the burden is distributed more evenly
across working-age adults.
Discussion

Results suggest myopia has a global economic impact, with
the greatest burden focused in Southeast Asia, South Asia,
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and East Asia. Expected increases in myopia prevalence are
likely to cause greatly increased public health and economic
problems in the future unless action is taken to prevent
myopia, to correct and control myopia after it has occurred,
and to manage the pathologic complications of high
myopia.2 Encouraging data suggesting that time outdoors
prevents or delays the onset of myopia, or both,45,46

together with the ability of optical, pharmacologic, and
other interventions to correct VI and slow the progression of
myopia,47,48 offer an opportunity to lessen future burden.

The HDI provided the best explanation of variance across
national spectacle coverage evidence, as well as the effect of
urbanization within countries. The HDI is a composite
indicator calculated by the United Nations Development
Programme that aggregates life expectancy at birth,
expected years of schooling, and per-capita gross national
income. Countries can achieve a high HDI via extremely
good performance in 1 dimension, but generally, high HDI
indicates a level of achievement over all 3 dimensions:
health, education, and wealth. Our modeling suggests that
older people in rural areas of the least developed countries
carry the greatest burden of VI resulting from uncorrected
refractive error. This does not neatly translate to the regional
myopia-related productivity losses illustrated in Figure 3,
because myopia prevalence, labor force participation and
employment rates, and GDP per capita counteract the
effect of spectacle coverage to various extents. Figure 3
shows that the balance of these factors suggests that East
Asia shows by far the greatest productivity loss resulting
from myopia in total dollar terms, but that South Asia and
Southeast Asia carry a similar burden to East Asia as a
percentage of GDP.

Eyesight influences the way a person relates to and in-
tegrates into society and can impact education, employment,
child development, mental health, and functional capacity in
older people.49 The concentration of VI resulting from
uncorrected refractive error in the least developed
countries increases the difficulty for these countries to
achieve United Nations sustainable development goal 1
(no poverty), goal 4 (quality education), goal 8 (decent
work and economic growth), and goal 10 (reduced
inequalities).

Previous studies based on 2007 data estimated US$202
billion annual global productivity loss resulting from dis-
tance VI caused by uncorrected refractive error, but that it
would cost approximately US$20 billion to build the
infrastructure, train the personnel, and deliver the services
needed to correct all VI resulting from uncorrected refrac-
tive error over 5 years.11,12 These studies differed from the
current study in that they (1) combined all types of refractive
error, (2) did not include VI resulting from MMD, (3) were
based on primary VI data identifying uncorrected refractive
error as the cause, rather than myopia studies adjusted for
correction rates and effect of MMD, (4) used simpler
methods to extrapolate data between regions and over time,
(5) used an all-ages figure for labor force participation rate,
(6) used different disability weights,50 and (7) were based on
2007 and earlier data.

One of the strengths of the current study is the modeling,
described in “Methods” and illustrated in Figure S1 (available
at www.aaojournal.org), which permits evidence-based esti-
mations in countries lacking primary data, facilitates temporal
changes to be accounted for, and enables more realistic age
and urbanization adjustments. Accounting for changes over
time is particularly important when estimating spectacle
correction rates, VI resulting from uncorrected refractive er-
ror, or both because it seems that significant gains have been
made over the past 20 years.51,52 Including VI resulting from
MMD is another strength in terms of attempting to estimate
the cost of myopia as a whole rather than just the refractive
component.

Our study design has some potential limitations. The first
is that the nature of our sequential methodologydestimating
myopia at specific cutoffs, then determining each level of VI
by adjusting by the location- and age-specific rate of
uncorrected refractive errordmeans that errors can be
cumulative. Second, because of lack of evidence to the
contrary, we assumed that spectacle coverage was inde-
pendent of refractive error type and magnitude, as long as it
caused some level of VI. Third, our estimate of care-related
productivity loss was based on assumptions previous
authors have made, rather than primary evidence.12,43 We
consider their assumptions conservative, which is appro-
priate given the lack of primary evidence. Fourth, because
the care-associated productivity loss was a percentage of the
potential productivity loss in individuals with VI and
international labor laws mean that labor force participation
is 0 in those younger than 15 years, our models returned no
care-related impact for any individual younger than 15
years. Although it could be argued that this is overly con-
servative, we note that it is based on the precedence of
previous authors who cited a lack of evidence12,43 and that
children already require some level of care, meaning that it
is more difficult to judge how much in additional resources
may be required for a child with VI. Fifth, we assumed that
people with any level of myopia, with vision correction and
normal visual acuity when wearing their correction, are of
equal employability and earning potential as nonmyopic
people of the same age, country, and urbanization. Sixth, we
believe that we have underestimated the productivity impact
of pathologic conditions associated with myopia and high
myopia. We limited our estimate of myopia-related patho-
logic features to MMD because of the availability of dis-
aggregated evidence, which means that the increased risks
of VI resulting from retinal detachment, glaucoma, and
cataract are not included and that our estimate is likely to be
conservative.40,41 Seventh, published disability weights,
employment rates, labor force participation rates, and per-
capita GDP aggregate urban and rural samples. The aggre-
gations may affect the accuracy of our estimates if the ratio
of urban to rural people affected by myopia-related VI in a
country differs significantly from that country’s overall ratio
of urban to rural people. There are factors pushing this ratio
in both directions (e.g., higher myopia prevalence in urban
areas, but lower spectacle correction rate in rural areas).
Overall, these effects are minimal and we consider our
estimates accurate within stated 95% CIs. We also note that
the potential lost productivity resulting from myopia-related
VI estimated in this study is only one part of the overall
burden of myopia. Further studies are required to quantify
343
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other components of the overall burden, such as the cost of
eye examinations, the cost of refractive corrections, the cost
of managing pathologic consequences of myopia such as
MMD, and related opportunity costs.

The value of any investment to prevent myopia, slow pro-
gression of myopia, improve spectacle correction rates, and
improve outcomes in MMD depends on a comparison of lost
productivity owing to VI resulting from myopia with the cost
of prevention and management interventions. It has been
estimated that the global cost of educating the additional
personnel and establishing and operating the additional eye
care facilities required to deal with VI resulting from uncor-
rected refractive error in 2007 was US$20 billion over 5
years.11 The current estimate of potential global productivity
loss associated with myopia is more than an order of
magnitude larger than this cost of addressing uncorrected
refractive error, highlighting an economic case for
prioritizing the management of myopia. Even without aiming
for myopia prevention or control or dealing with MMD,
simply improving spectacle correction rates for people with
myopia is estimated potentially to gain US$244 billion in
productivity annually for a US$20 billion investment.
Although our CIs cover a wide range, our lower 95%
confidence limit is still 2.5 times the estimated cost of
comprehensively addressing uncorrected refractive error.
Additionally, the cost of addressing uncorrected refractive
error may have increased since 2007. Although the number
of people with myopia has increased,2 this has been
counterbalanced in part by improvements in spectacle
correction rates,51,52 almost certainly retaining an overall net
positive return under even the most conservative assumptions.
Although policy makers in health and financial areas of both
government and the private sector need to consider the esti-
mated productivity effects associatedwithmyopia in a broader
framework of individual and societal costs, our results high-
light the potential economic value of intervention.
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Pictures & Phylogeny
T
he Piscine Lens and the Aphakic Space: Scorpionfish (Scorpaena plumieri)
Most piscine lenses are nearly spherical providing crisp focus. These lenses protrude through the pupil and nearly touch the cornea.

Predatory fish (Fig A, Scorpaena plumieri) have a pyriform-shaped pupil with the pupillary apex directed anteriorly. This pupil permits the
lens to be moved forward during accommodation. The “notch” of the pupil then permits an image to traverse a more peripheral portion of
the lens striking a peripheral fovea. This odd pupil also reveals the anterior equatorial edge of the lens showing the capsule and lenticular
epithelium (Fig B, lens capsule and epithelium, blue arrow; pupillary notch adjacent to aphakic space, black arrows). This epithelium is
highly regular and has flattened cuboidal cells, responsible for the production of the lenticular fibers. This perspective reveals the
remarkable evolutionary diversity in the eyes of different animals even in lens and pupillary size and shape. (Magnified version of Fig A-B
is available online at www.aaojournal.org).
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